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This specification establishes the performance, design, development, and test requirements for the ATN follow-on
NOAA-K through -N-prime satellites.’

The overall intent  of this specification is to provide a spacecraft  capable of producing sensor data consistent with
nominal instrument pe&mance. The specifications included herein are system requirements measured on a complete
satcllite conf@ration. All effects,  including mutual conductance and radiative interkren~,  between satellite
subsystems, instruments, harnesses, and tape recorders shall be considered.

It is also intended that spacecraft subsystem operation shall not degrade instrument performance and that the satellite
systems produce high quality data that is fke from extraneous noise and interference.  Signal-to-noise requirements are
expressed in tkrms  of random statistics; however, it is the intent that coherent noise components be reduced to a level
where they do not appear in the data products. To meet this end, the contractor shall use the best engineering  practices
inhamcss, design, and decouplingfikertcchniques.

The National Oceanic and Atmospheric Administration series of polar orbiting satellites

1
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The latest issue of the following documents forms a part of this specification to the extent specified herein. In the event
of conflict between the document and this specification, the contents of this specification shall be considered a
superseding  requirement.

2.1 SPECIFICATIONS

GSFC S-480-26.1 Performance Assurance Requirements for the NOAA-K, L, M, N, N-prime Satellites,
November 1994

WSMCR 127-1 Range Safety Requirements, Range Safety Regulation, May 151985

X-600-87- 11 Metsat  Charged Particle Environment Study, August 1987 (Revised)

MlL-F-7 179E Finishes and Coatings; Protection of Aerospace Weapons Systems, Structures, and Parts;
General Specification for, November 1972

MIL-P-26536

MIL-P-2740 1

Propellant, Hydrazine

Nitrogen Pressurant

2.2 STANDARDS

FED-STD-209B Federal Standard, Clean Room and Work Station Requirements, Controlled Environment,
April 1973

GSFC-X-560-63-3 Aerospace Data System Standard, July 197 1

MIL-STD-454E Standard General Requirement for Electronic Equipment, 1 March 1976

DOD-STD-480B Configuration Control - Engineering Changes, Deviations and Waivers

MIL-U-D-810 Environmental Test Methods for Aerospace Equipment, 15 June 1967

MIL-STD-882A System Safety Program Requirements, June 28,1977

MlL-STD- 1574A System Safety Program for Space and Missile Systems, August 15, 1979

2.3 PUBLICATIONS

MIL HDBK-5 Metallic Material and Elements for Aerospace Vehicle Structures

2.4 FORMS

GSFC-480-39A Metsat  Configuration Change Request Form
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2.5 OTHERDOCUMENTS

PPL-18

530~UGD-GN

ICD-TlI-25004

ICD-DII-tbd

E 6.12

2280728

2280887

IS-3267415

IS-20029950

Is-3267402

IS-3267400

IS-2280354

2629668

PS-2285033

Is-2285780

IS-2295546

IS-3267401

PS-2303078

IS-2295548

IS-2285557

2613246

3267411

2308226

IS-2624483

Is-2617547

GSFCI’re&mdPartsList,Oct  1986

Ground Network (GN)  Users’ Guide, June 1993

IUteIkCtitilVto the Advanced T&s-N  Spacecraft  (NOAAX,L,M)

Inter&e  contro1Domment to the Advanced Tim+N Spacecmft  (NOAA-N,  N-prime)

c&rolled Clean Arem

Pn%essstandardoperating~~CamtrolledcleanArea

Process standard Cleaning at spacecmftLeve1

ATN-KLMGeneralInsmmmt Interkespccificatian

UniqueInterface s~catiaafortbr:AdvanccdvayHighRcsolluti~Radiamcta
(AVHRR-3)

Unique Inter&e Specification fa the Data Collection and Location System (DCS-2)

uniqueInterface  specificationfmthe  spaceEnviranmentMonitar

Tiros-NUnique Interface  Specification for the Digital Tape Recmder

General Design and Test Requirements, NOAA-K, L, M

Specification far Tim-NElcctrical Aerospace Ground Equipment (NAGE)

Tim-N Unique Ink&e Specification for the High Resolution Ix&red Sounder/2 (HIRS/2)

ATN Unique Instrument Interfact  Specifkation  for the Search and Rescue Repeater (SARR)

unique Interface specification for the Search and  Rescue processor (SARP-2)

Perfblmmce spec&ationExkndedPower-on Pmcesor Software @POPS)

Tim-N Unique Instrument Intexfke  Specification for the Solar Backscatter Ultraviolet
Spectral Radiometer (!3BW/2)

Merfacc Specification Tim-N Satellite Ground System

Contamination Monitoring Plan, Witness Mirror,  Test

Reliability Program Plan far NOAA-K,L,M

ConfQumtionlvla~gement  Plan far Tires

Unique Interface  Specification far the Advanced Microwave Sounding Unit-A2 (AMSU-A2)

Unique Imtfment  Interface Specificaticm  for the Advanced Microwave Sounding Unit
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Module-Al (AMSU-Al)

IS-26 13442 Unique Instrument Interface Specification for the Advanced Microwave Sounding Unit-B
(AMSU-B)

IS-200464 15 Unique Instrument Interface Specification for the Microwave Humidity Sounder

3267408 System Safety Implementation Plan (SSIP)  for NOAA K,L,M Satellites

2295960 ATNAGE Requirements

PS-22855 10 General Requirements Tiros-N Software

3267412 Quality Assurance Program Plan for NOAA-K,L,M

Tiros Safehold System Requirements Document, Oct. 1995



Contract NASS-30350 Attachment 6
GSFC S-480-25.1

PERFORMANCE SPECIFICATION
FOR THE NOAA-K, L, M, N, N-PRIME  SATELLITES

3.1 SYSTEM DEFINITION

The satellite  system shall  sense, acquire, process, and relay meteorological and other Earth and space observation data.

. .
3.1.1 Ged Descm

The satellite comprises the integrated satellite system,  interface with launch vehicle systems, flight computer programs,
and support equipment.

3.1.1.1 Satellite

The satellite is defined as the total operational orbiting vehicle and shall consist of two major components: the spacecraft
bus and the GFE payload. The satellite shall have two configurations: launch and preacquisition;  and operational.
These configurations are illustrated in Figures 1 and 2, respectively. The spacecraB  bus shall be functionally divided
into the following elements:

Structure subsystems
Theimal  control subsystem
Reaction control and propulsion subsystem
Attitude determination and control subsystem
Electrical power and distribution subsystem
Communications subsystems
Command and control subsystem
Data-handling subsystem
Payload adapter hardware

3.1.1.2 Computer Programs

The flight computer programs consist of the software for the onboard  computers necessary to fully support the
operational tests, launch, ascent, and in-orbit operations. This soflware  shall include the required attitude determination
and control, command and control, launch guidance, and interrupt driven controlling executive functions.

3.1.1.3 Support Equipment

The support equipment encompasses all hardware and &ware  needed to make the satellite system operational in its
intended environment when not directly engaged in the performance of its mission. The ground-support equipment
(GSE) consists of the deliverable equipment including mechanical and electrical checkout, servicing, propellant and
pressurant loading, simulations, and all software modules. The factory- support equipment consists of the
nondeliverable checkout soflware  and equipment

3.1.1.4 Launch Vehicle Systems

The launch vehicle system consists of the launch vehicle, launch-site facilities, and support equipment as shown in
Figure 3. On NOAA&L,  and M the launch vehicle consists ofthe  Titan-II booster and fairing. On NOAA N and N-
prime the launch vehicle consists of the Delta II booster and ftig.

5



Figure 1. Launch Configuration
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3.1 .2  ~

The satellite system shall support the mission by placing into orbit and supporting the instrument payload.

.3.1.3 SatelliteFunctional

The satellite system functional schematic diagram shall be as shown in Figure 4. The interrelationships are briefly
described in paragraph 3.1.6.

. .
3 . 1 . 4  I n t e r f a c e

The satellite shall be physically and functionally compatible with the interfacing elements shown in Figure 5. Detailed
interface requirements shall be as documented in the interface specifications  listed in Table 1.

3.1.4.1 Launch Vehicle System Interface Specification

Interface requirements for the NOAA-K, L, and M satellites and launch vehicle systems (noted in Figure 5) shall be
specified in the Titan II ICD to the ATN spacecrafl  (NOAAXLM),  ICD-TII-25004.

Interface requirements for the NOAA-N andN-prime satellites and launch vehicle systems (noted in Figure 5) shall be
specified in theDelta  II ICD to the ATN spacecra (NOAA-N/N-prime ), ICD-DII-tbd.

3.1.4.2 Instrument Interface Specification

General interfaces between the government-furnished equipment (GFE) instruments and the spacecraft that are common
for all units shall be as documented in the “ATN-KLM  General Instrument Interface Specification.” Detailed unique
interfaces for each instrument shall be as specified in the documents listed in Table 1.

3.1.4.3 Standard Recorders

Spacecrafl  interfaces with the digital data recorders shall be as specified in IS-2280354.

3.1.5
. . . .

Gove-t-Feed  Satebte Ewent La

Each satellite system shall be designed to incorporate the GFE listed in Table 2.

. .3.1.6 meramand O-al Concern

The satellite system segment interrelationships with the program shall be as follows:

0 The satellites will be launched f&n the United States Air Force (USAF) Space Launch Complex 4W (NOAA-
K,L,M) or 2W (NOAA-N and N-prime) at Vandenberg Air Force Base (VAFB) with the launch vehicle
contractor and the satellite contractor jointly conducting launch operations. Typical in-flight events
commencing with liftoff  and terminating with the achieving of final orbit will be as shown in Figures 6a
(NOAAX,L,M) and Figure 6b (NOAA-N and N-prime).

Afler completion of the launch sequence, an in-orbit checkout phase will be conducted by NASA. Following
m completion of this checkout phase, the satellite will be turned over to NOAA for operational use.

9
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Table 1 Interface Specifications

Specification for the Advanced Very  High Resolution Radiometer

IS-2280354 Tim-NUnique  Interface Specification for the Digital Tape Rcmrdcr (DTR) and the Solid

IS-2295548 ce Spaification  for the Solar Backsatter  Ultraviolet

IS-26 17547

IS-26 13442 ent Intehcc Specification for the Advanced Microwave Sounding Unit-B

the Microwave Humidity Sounder
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Table 2 Government-Furnished Satellite Equipment List
mr

Item

DTR (Note 2)
AVHRFU3

DC%2
SEMnWn-ED)
SARFY-2
SARR .
SBUWZ(Note  1)
AMSU-Al
AMSU-A2
AMSU-B
MHS
SSR (Note 3)

K

X
X
X
X
X
X
X

DUMMY
X
X
X

L

X
X
X
X
X
X
X
X
X
X
X

M

X
X
X
X
X
X
X
X
X
X
X

N

X
X
X
X
x
X
X
X
X

X
X

N-prime

X
X
X
X
X
X
X
X
X

X
X m

GSFC s-480-25.1
PERFORMANCE SPECIFICATION

FOR THE NOAA-K, L, M, N, N-PRIME SA-

Notes: 1. DUMMY denotes a physical simulation model with proper weight, thermal charactistics,  and
appropriate electrical terminations.

2. One digital tape reconk (DTR)  consists of one electronicsassembly and two tape tnuqort  assemblies.
Each spacecraft  has five DTRs.

3. Each spacecraft  has three Solid State Recorden  (SSR). The SSRs  are also compatible with KLM.
Each SSR replaces one or two DTRs.

13



-6
GSFC S40-25.1

. .

Y

SUN-SYNCHRONOUS MISSION SEQUENCE of EVENTS  WITHOUT  KS)

I-MAE  [SEC,  E V E N T

- 5.0
- 2.0

0.0
9.0

19.0
20.0
25.0
30.0

110.0
135.0
156.9
1 s7.7
161.0
210.1
324.4
349.0
816.8

ttt:
w:7

GO INERTIAL
yg; 4GturnoN  SIGNAL

ROLL  TO FLIGHT  AzlMuTH
END STAGE I ROLL MANEUVER
STAR7 PITCH RATE 1
DRIVE ANGLE OF A7TACK TO ZERO PfTCH RATE 2,
BEGIN ZERO UFT
END ZERO Um; START PfTCH  tiTE 3
STAR7 PITCH  RATE 4
STAGE I END STEADY STATE
STAGE UU SEPARATION
6EGIN WEAR SINE srrfRlNG
?AYLOAD FAIRINC  SEPARATION
STAGE I SHWDOwN
Sv SE?ARATIoN
AKM GNtTlOU

EtmEowcEclunvuoanT;IIM
EUD SPACECRAR VUOU7Y  IRIM

. -



GSFC sao-25.1
PERFORMANCE SPECIFICATION

FOR THE NOAA-K, L, M, N, N-PRIME SATELLI=S

I -
A@ (293  set) I
. sage  II Ignllion

(274 set) 1
I

MECO

/ .
(261 set) . *

.
.

.

(3566 set) p s-~zlan
Separation
(3641 set)

i

I .

I
I

i
I EVt!d I vJ (f?s)
I ’
I l&O?f 1255

I 3 SRM BumM 2191
1 MECO ‘15.647
I SEC0  I 26.320

SEC0  II 24D64

Acceleration (g)

132
1.00
6.62
1.19
129

I
h&in Enght  and 1

SDUth PDk
IgnM - *

NOTE: THE EXACT SEQUENCE WILL BE AS SPECIFIED IN THE DELTA  II To ATN N AND N-PRIME ICD. THIS
DATA IS FOR GENERAL XNFORMATION ONLY AND WIIL NOT BE UPDATED

Figure 6b Typical Launch Sequence Summary (NOAA-N and N-prime)
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0 The operational system will consist of two satellites to collect data for relay to the central processing facility
and to remote users. The two satellites will be nominally positioned in mutually perpendicular
Sun-synchronous orbital planes: a morning descending node orbit and an a&moon ascending node orbit with a
nominal altitude difkrence of 20 nmi.

0 Thesatellitewillbecommanded during its life by the Satellite Operations Control Center (SOCC) through the
command and data acquisition (CDA) stations. The CDAstations  will receive telemetry data. Data transmitted
from the satellite will be received by the CDA stations, automatic picture transmission ground stations, high
resolution picture transmission stations, and a European station, direct TIP transmission stations and SAR
stations. The Air Force Space Tracking Ground Network will provide satellite tracking and orbit
determination. The USAF Satellite Control Facility (SCF)  will provide early orbit and emergency telemetry
X-fXXptiOIl.

3.2 CHARACTERISTICS

The satellite shall be as physically and functionally identical as possible with the NOAA-J spacecrafl. Difkences  shall
be limited to those that are essential to the accomplishment of the requirements included or referenced within this
specification, or are necessitated by design obsolescence.

. .
3.2.1 Perf’ormmce  Charactenstlu

3.2.1.1 Satellite

NOAA-K,L,M

The launch vehicle shall be the U.S. Air Force Titan Il. The major system elements and interfaces during
launch to final orbit shall be as described in the Titan II ICD to the ATN spacecraB (NOAA-KIM), ICD-TII-
25004.

The launch vehicle will be responsible for delivering the satellite to a targeted trajectory position for separation
and takeover by the satellite ascent guidance system.

NOAA-N and N-prime

The launch vehicle shall be the Delta II (7320). The major system elements and interfaces during launch to
final orbit shall be as described in the Delta II ICD to the ATN spacecr& (NOAA-N and N-prime), ICD-DII-
tbd.

The launch vehicle will be responsible for delivering the satellite to a targeted orbit that is biased corn the
mission orbit by the nominal satellite separation velocity.

Orbit

NOAA-I&M

Commencing with, and including, separation loom the launch vehicle, the satellite shall perform all functions
necessary to place it into a final nominally circular Sunsynchronous orbit of 450 or 470 nmi mean altitude.
However, the satellite shall function operationally in orbit altitudes between 400 and 500 nmi. The satellite
shall achieve the following final orbit within the stated 30 tolerances contingent on proper performance  of the
launch vehicle.
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0 Sun-synchronous with the angle between the orbit normal and the solar vector (Sun angle) limited to a
range of 0 to 80 degrees over a two-year operational life.

0 NASA will select the time of nodal crossing for initial injection with a tolerance of A5 minutes of time
(maximum launch window - 10 minutes) so that the Sun angle will remain within the preceding solar
vector range for an operational lifetime of 2 years assuming injection within the limits of the Titan II ICD
to the ATN spacecraft (NOAA-KIM), ICD-T&25004.

The selected orbits are:

1. Orbit #l --descending AM orbit with target parameters of inclination = 98.696 degrees and circular
orbit radius = 3888.148 ntni

2. Orbit #2--ascending PM orbit with target parameters of inclination = 98.856 degrees and circular
orbit radius = 3908.148 nmi

3. Orbit #3--ascending  PM orbit with target parameters of inclination = 98.7442 degrees and circular
orbit radius = 3908.148 nmi

0 Orbit altitude: 450 +lO nmi or 470 *lO nmi (selected by NASA) above a spherical Earth radius of
3438.15 nmi (ascent guidance software constant).

0 Orbit inclination tolerance: a. 15 degree.

0 Apogee to perigee distance difference: <30 nrni.

NOAA-N and N-prime

The launch vehicle will place the satellite into a nominally circular Sunsynchronous orbit of 450 or 470 nmi
mean altitude. However, the satellite shall function operationally in orbit altitudes between 400 and 500 nmi.
The satellite shall separate from  the launch vehicle. After separation, the satellite shall be in the following final
orbit within the stated 3 o tolerances contingent on proper performance of the launch vehicle.

Sun-synchronous with the angle between the orbit normal and the solar vector (Sun angle) limited to a
range of 0 to 80 degrees over a two-year operational life.

NASA will select the time of nodal crossing for initial injection with a tolerance of *S minutes of time
(maximum launch window - 10 minutes) so that the Sun angle will remain within the preceding solar
vector range for an operational lifetime of 2 years assuming injection within the limits of the Delta II ICD
to the ATN spacecraft (NOAA-N and N-prime), ICD-DII-tbd.

Orbit altitude: 450 +lO  nmi or 470 =tlO  nmi (selected by NASA) above a spherical Earth radius of
3438.15 nmi (ascent guidance software constant).

Orbit inclination tolerance: M. 15 degree.

Apogee to perigee distance difference: <30 nmi.

c. Orbital ODerations  -- For the specified operational life, the satellite shall:

0 Be physically and functionally compatible with the GFE payload.

0 Maintain Earth orientation.
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Provide elect&l power sufIicient  to perform the  mission for all required Sun angles.

Collect, store, and transmit GFE payload data over the required links.

Receive and transmit for verification, command and program data, execute valid storage and real-time
commands, and control conditions under which program data shall be accepted.

Collect, store, or transmit telemeuy  data over the required communications links.

Maintain all satellite components, including GFE, within allowable, in-specification, operating temperature
limits during component operations; and maintain temperatures at least within allowable, nonoperating limits at
all other times.

Specific requirements  for these functions are detailed in paragraph 3.6 of this specification.

3.2.1.2 Support Equipment

The support equipment shall perform the functions required to: inspect, test, adjust, calibrate, measure, assemble,
disassemble, handle, transport, safeguard, store, actuate, service, and maintain the satellite during all factory-to-launch
operations; and check out and launch the satellite at the launch site and assist in crew training and validation of
NOAAISOCC  readiness to support post launch activities. As a minimum, these functions shall include the following:

0

0

Balance the satellite in its assembled configuration.

Monitor and evaluate performance of the satellite and its components and subsystems during all phases of
testing.

0 Evaluate the end-to-end performance during functional, environmental, and integrated system development,
qualification, and acceptance tests of the satellite and its subsystems.

0

0

VeriQ the static mechanical interfaces.

Simulate those signals during functional and integrated system tests that would normally be transmitted from
the ground to the satellite.

0

0

Perform end-to-end testing of the integrated satellite in its launch ConfQuration  during system checkout testing.

Petform  servicing, environmental conditioning, electrical power, electrical grounding, and mechanical support
for satellites during all ground operations.

0 Perform loading and detanking of propellants and pressurants for the satellite

3.2.2 . .em

3.2.2.1 Satellite

a &lass  Prw

l J&i& -- The weight of the NOAA-K,L,  and M satellites at launch shall be 4,920 pounds. The weight of the
NOAA-N and N-prime satellites at launch shall be 3200 pounds (tbr). The nominal weight distribution by
subsystem shall be as given in Table 3a for NOAA&L,  and M and in Table 3b for NOAA-N and N-prime.
The spacecraft  margin weight indicated in the table shall be for apportionment between subsystems as design
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Table 3a Nominal Weight Distribution NOAA-K, L, and M (pounds)

Assembly

StlUCtUI.e

Thermal

ADACS (dry)

Power

Communications

Command and Control

Data Handling

GFE

Harness

AKMCaSe

Reaction Control

Balance Weight

Subtotal

Ma@HkllaSt

Adapter

SIC Dj Weight
,

WK ;
i

GN2 (

AKM Expendables

S/C at Liftoff

Estimated Weight

642.1

77.3

117.6

527.0

58.7

68.9

39.9

982.5

233.0

145.6

68.0

38.1

2998.7

157.8

94.7

3251.2

62.8

10.4

1595.6

4920.0
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Table 3b Nominal Weight Distribution NOAA-N and N-Prime (pounds)

Assembly Estimated Weight

StIUCtLKe 642.1

Thermal 77.3

ADACS  @VI 117.6

Power 527.0

Communications 58.7

Command and Control 68.9

Data Handling 39.9

GFE 982.5

HarnesS 233.0

Reaction Control 68.0

Balance Weight 38.1

Subtotal 2853.1

Margins/Ballast 123.7

Adapter 150.0

S/C Dry Weight 3126.8

N2HI 62.8

GN, 10.4

SIC at Liftoff 3200.0
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requirements dictate. The GFE payload margin weight allowance shall be maintained for changes in, or additions to,
instrument payload and any resulting increase in required support equipment including balance weight.

l Center of Mass -- The coordinates and tolerances of the satellite center of mass shall be compatible with launch
vehicle interface requirements.

b.
.s

NOAA-K, L, and M

The satellite, in launch configuration, shall remain within the dynamic envelope of the fairing  and mate with the
launch vehicle as specified in the Titan II ICD to the ATN spascecraft  (NOAA-KLM),  ICD-TII-25004.

NOAA-N and N-prime

The satellite, in launch configuration, shall remain within the dynamic envelope of the fairing  and mate with the
launch vehicle as specified in the Delta II ICD to the ATN spascecraft  (NOAA-N and N-prime), ICD-DII-tbd

C. art  & Storage  m -- The flight configured satellite shall be suitably packaged for transport  in a mmner that
will prevent damage. The satellite shall be shipped in a container whose environment shall be monitored for all
controlled conditions; shock, temperature, and humidity. The storage life ofthe  satellite when stored in a controlled
environment shall be at least 3 years without degradation to required in-orbit operational longevity.

d.
. . .ecuntv Cnta  -- The command uplink  shah be encrypted and authenticated to minim&e  the probability of

unautholized  commanding.

3.2 .3  Reliabilitv

The satellite, excluding GFE payload, shall be designed to have a minimum 2-year orbital lifetime. This includes ascent,
acquisition, and on-orbit operations.

3.2 .4  m

The integrated spacec&t  design shall be such that component failures during ground test, checkout, and storage may be
repaired without degrading the performance or reliability characteristics of other components.r

. .3 . 2 . 5  &vironmental  C o -

3.2.5.1 Satellite

. .Q -- The satellite shall be capable of operating within specification
limits after exposure to both controlled and natural environments while in nonoperating condition during
transportation, handling, and storage. These environments include those experienced during fabrication, storage for
at least 3 years, handling, transportation, and erection at the launch site. Controlled environments shall be provided
when IIcoessBIy to bring the experienced temperature, humidity, shock, and vibration to levels less severe than those
pertaining  to launch, ascent, and orbital operations. The satellite shall be protected from air transportation
temperatures of -40 O to +66  “C with an 1 &degree variation per minute for 5 minutes and truck transportation
temperatures of -40” to 66°C with a 3-degree  variation per minute. The maximum range in altitude will occur
during air shipment f?om sea level to 15,000 meters at a maximum vertical velocity of 30 meters/second.

v -- The contractor shall assess the launch site of the satellite to determine that the environ-
ment meets satellite requirements for launch, ascent, and orbital operations. The contractor will advise NASA afthe
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C.

results  of this assessment

-- The satellite shall be capable of withstanding or shall be protected against the following
fIight-induced  environments without performance  degradation.

-3.0 to +9.0
*3.0

-4.0 to +12.0
*2.0

Radiation and convection heating from  heat shield prior to heat shield jettison
Aerodynamic heating after heat shield jettison
Solar radiation
Emitted and reflected thermal radiation from the Earth
Heating from  operational equipment

- Radiation to space

&itude  -- Sea level to vacuum conditions of the orbital altitude

. .
AW&C FieU -- The acoustic criterion will be as specified in Table 4a for NOAA-K,L,M,  and in Table 4b for
NOAA-N and N-prime..

Sinusoidal Vibration -- A sinusoidal test shall be conducted as described in section 4.4.4.

Structural  Loads

NOAA-K,L,M

The satellite structural loads shall be determined by test and analysis. An analytical model shall be
generated and test verified (i.e., model survey,  low level sine sweep, etc.) to 100 Hz to verify that the
spacecraft dynamic characteristics such as frequency  and mode shapes have been adequately represented.
A coupled loads analysis shall be conducted to determine the limit (flight) loads. The steady state
accelerations are identified as follows:

Event/Axis
Liftoff

Axial
Lateral

Acceleration.

-0.5 to +3.0
*3.0

Maximum Airloads
Axial
Lateral

+1 .o to +3.0
k2.5

Stage I Shutdown
(Depletion)

Axial
Lateral

Stage II Shutdown
(Command)

Axial
Lateral
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l/3 Octave Band Predicted KLM  Design KLM  Test Criteria
Centcr Frequency Free Field (Empty) Criteria (Flight Levels)

W) W/l S” Blankets (dB) @)

50.0
63.0
80.0

100.0
125.0
160.0
200.0
250.0
315.0
400.0
500.0
630.0
800.0

1000.0
1250.0
1600.0
2000.0
2500.0
3150.0
4000.0
5000.0
6300.0
8000.0

10000.0
OASPL (dB)

112.2
113.7
117.3
117.9
119.1
118.4
118.1
119.0
120.0
119.9
120.0
119.9
118.8
115.5
115.8
113.5
111.5
110.0
108.5
104.6
102.7
100.1
96.0

119.0
121.5
124.0
122.0
125.0
124.5
125.0
125.5
124.5
123.5
123.0
121.5
119.0
115.0
112.5
109.0
106.5
106.5
105.5
102.5
103.0
102.5
101.5
96.5

134.5

119.7
121.4
125.0
125.6
126.8
126.1
125.8
126.7
127.7
127.6
127.7
127.6
126.5
123.2
123.5
121.2
119.2
117.7
116.2
112.3
110.4
107.8
103.7

138.0

Note 1: Test Tolerances:

Table 4a Tires Acoustic Environment (NOAAX,L,M)

(MDSSC  10’ x 20’ UPLF)

(Ref: dB = 0.00002 Pa)

SO-2000 Hz

2000-1OOOOHz

OASPL kl dB

i3 dB

+3,-6dB (Higher tolerances are pen&ted  due
to facility capability above 5000 Hz)
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Table 4b Predicted PLF Acoustic Environment for NOAA-N and N-prime

(Ref dB = 0.00002 Pa)

l/3 Octave Band
Center Frequency

)
31.5
40.0
50.0
63.0
80.0

100.0
125.0
160.0
200.0
250.0
315.0
400.0
500.0
630.0
800.0

1000.0
1250.0
1600.0
2000.0
2500.0
3150.0
4000.0
5000.0
6300.0
8000.0

10000.0
OASPL (dB)

Free Field (Empty)
W/l S” Blankets

(dB)
117.5,
120.5
123.5
126.0
128.0
129.0
129.5
130.0
130.0
130.0
130.0
130.0
128.5
125.5
122.5
120.0
117.5
116.0
115.0
114.5
113.5
112.5
110.5
106.5
102.5
99.0

139.9
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d.

Note: Payload weight assumed to be in 3,000 to 5,000 lb range. Accelerations include both steady
state and dynamic.

The longitudinal and lateral accelerations are applied simultaneously. A static load test shall be
conducted to 1.25 times the limit loads determined from  the coupled loads analysis.

NOAA-N and N-prime

The satellite structural loads shall be determined by test and analysis. An analytical model shall be
generated and test verified  (i.e., model survey, low level sine sweep, etc.) to 100 Hz to verify that the
spacecraft dynamic characteristics such as frequency  and mode shapes have been adequately represented.
A coupled loads analysis shall be conducted to determine the limit (flight) loads. The steady state

. accelerations are identitied  as follows:

Event/Axis
LiftofVTransonic

Axial
Lateral

MECO
Axial
Lateral

Acceleration. g&l

-0.2 to +2.5
i2.5

+7.4 static, fl.6 Dynamic
-0.1 to*.1

Note: Payload weight assumed to be in 3,000 to 3625 lb range. Accelerations include both steady
state and dynamic.

The longitudinal and lateral accelerations are applied simultaneously. A static load test shall be
conducted to 1.25 times the limit loads determined l?om the coupled loads analysis.

. . .
m -- The satellite shall be designed to withstand the energetic particle radiation specified
in Metsat  Charged Particle Environment Study, November 1985.,

Shock - The satelli&  shall be designed to withstand the shock generated by the release of the separation band
and deployable appc$ages.

I
. . .

adiated  w r For units that are new or significantly modified from those used on NOAA-J, the design
and test requirements of paragraph 3.6.1.4.2 of IS-32674 15 (ATNXLM General Instrument Interface
Specification) shall be applicable.

.
on Control Reagents -- The spacecraft assembly and integration and test (I&T) operations shall be

performed  in Federal Standard FED-STD-209B Class 100,000 or better environment. Lower level assemblies shall
be cleaned prior to installation in the spacecraft. The contractor shall monitor the molecular contaminants in the
spacecraft assembly area The contractor shall keep contaminant materials outside the spacecraft assembly area as
required by E 6.12, “Controlled Clean Areas” and 2280728, “Process Standard Operating Instruction Controlled
Clean Area” Ifcontaminants exceed 50 micrograms/sq  in/month, NASA may direct a spacecraft cleaning in
accordance with existing procedures (2280887) and the contractor shall take appropriate action to prevent the
rtocc\nrcnct  of similar contamination caused by contractor actions.

3.2.5.2 Ground-Support Equipment

The GSE shall be capable of operating within specification  limits during and after exposure to both controlled and
natural environments experienced during test, prelaunch, and launch operations. The ground-support equipment shall
be made capable of operating within specification after exposure to both controlled and natural environments
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experienced during transportation, handling, and storage.

3.3 DESIGN AND CONSTRUCTION

.3.3.1 w. wd Processes

The satellite parts, materials, and processes shall be selected, designed, manufactured, and controlled in accordance with
the requirements specified in S-480-26.1.

3.3.2 sand Product Markiw

All spacecraft contract supplied equipment shall be permanently marked using characters 0.120inch  high with white
epoxy marking paint on dark surfaces and black epoxy marking paint on light surf&es. M&kings  shall include:

0 Equipment nomenclature Contract number (or purchase order number)

l Part number Manufactureis  name or trademark

l Serial number Manufacturer9 part number (for non-MMAS equipment)

.3.3 .3  Worw

Worlananship on all components and parts shall meet the requirements specified in S-480-26.1. All personnel
employed in critical processes shall be qualified and certified through a formal training program in accordance with
either accepted industry practice or government agency practice.

. .3.3 .4  Inl;erchm

All equipment with the same identifying assembly shall be mechanically and electrically interchangeable with all other
assemblies so identified.

3.3.5 .m and Elaonlc Safetv Des . .igp RequwemenQ

3.3.5.1 Spacecraft

a

b.

C.

d.

e.

.

As a goal, elements of redundant systems shall not pass through the same connector used by elements of the primary
system.

SufZcient  working space shall be provided around connectors for engaging and disengaging, particularly where
wrenches are required.

Satellite electrical equipment shall be designed so that it is not possible to ignite or contribute to the ignition of
adjacent materials regardless of the atmosphere.

Satellite system design shall incorporate features to protect personnel operating or checking the complete satellite
iiom accidental contact where voltages exist in excess of 30 volts rms or 30 volts dc.

The external surfaces of the satellite shall be designed and constructed to ensure that all surf&s are always at dc
ground potential. Thermal blankets need not be grounded unless the proper performance of instruments or antennas
requires blanket grounding.
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f Where personnel access is likely to occur during system operations, barriers or guards shall be provided to prevent
personnel from accidentally contacting bus bars, terminals, or other devices that may cause dangerous electric shock
or short circuits.

g. As a goal, &sign layout shall be used to positively prevent inadvertent reversing or mismatching of electronic
connectors.

3.3.5.2 Support Equipment

a

b.

C.

d.

e.

f.

8.

h.

i.

j.

k.

1.

m.

A means shall be designed or provided to positively prevent inadvertent reversing or mismating of ektricd
COMCCtiOIlS.

Design shall incorporate features to protect personnel operating or checking a complete unit f?om accidental contact
where potential voltages exist in excess of 30 volts dc or 30 volts rms.

Means shall be provided to cut off power while units, assemblies, or portions thereof are  being installed, replaced, or
interchanged.

Personnel shall be protected from capacitor discharges when changing fuses, tubes, or other components where
potential contact is possible.

The main power switch located on the equipment (clearly labeled as such) shall cut off all power to the equipment.

All external parts, su&ces,  and shields shall be at dc ground potential at all times. An external or interconnecting
cable, where ground is part of the circuit, shall carry a ground wire in the cable terminated at both ends in the same
manner as the other conductors. Thermal blankets need not be grounded unless the proper performance of
instruments or antennas requires blanket grounding;

The cable shield shall not be depended on for a current catrying  ground connection (except for coaxial cables).

Antenna and transmiss ion line terminals shall be at dc ground potential.

Plugs and convenience outlets for use with portable tools and checkout equipment shall have provisions for
automatically grounding the frame or case of the tools when the plug is mated with the receptacle. Polarity ofthe
outlet shall be verified correct before connecting to the system..

Ground co~ections  to shields and other mechanical parts, except the chassis or frame, shall not be made to
complete electrical circuits.

The path to ground from the equipment shall:

0 Be continuous and permanent
0 Have  ample carrying capacity to safely conduct any currents that it is possible to impose.
0 Have impedance sufficiently  low to limit the potential above ground and to facilitate the operation of the over

current devices in the circuit. As a goal, inactive wires installed in long lines (conduit or cables) shall be
grounded.

0 Be designed to minimize the possibility of inadvertent ground disconnection.

All contacts, terminals, and similar devices that may cause dangerous electric shock or short circuits shall have bar-
riers or guards installed to prevent accidental contact by personnel, tools, or conductive debris. The barrier or guard
shall contain a warning to indicate the highest possible voltage potential.

Where design considerations require incompatible plugs and receptacles with similar configuration close by,
.
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n.

0.

P-

q-

r.

connectors shall be keyed and coded so that it will be impossible to insert the wrong plug in a receptacle or other
mating unit.

Externally applied power shall be controlled by a power on-off switch located on the unit operating panel. An
indicator lamp shall be provided to indicate power on the unit. The switch shall be configured so that a positive
indication of power  condition is provided during a power-off phase. The ground power supply shall contain the
necessary internal design to prevent over voltage in excess of the spacecraft design limit and shall also limit the
spacecrafl  input current in the event of a short circuit in the spacecraft or connecting harness.

Neither side of the supply voltage shall be connected directly to the chassis.

Design of mechanical equipment or portions thereof shall be such that maximum convenience and safety are
provided to personnel during installation, operation, and maintenance. Suitable protection shall be provided to
prevent contact with moving parts such as gears, fans, and belts when the equipment is operating. Sharp projections
on cabinets, doors, and similar parts shall be avoided.

Equipment drawers or racks shall be designed to prevent accidental mechanical disengagement from slides when
pulled out to the limit.

Power switches shall be located so that accidental contact by personnel will not place equipment in operation
Critical switches that can produce or induce hazardous conditions if inadvertently  actuated will be guarded, shielded,
or otherwise protected.

Where it is possible for ground electrical equipment to be exposed to explosive vapors in excess of 25 percent of
their lower explosive limit while operating, the design shall ensure that normal operation of electrical and electronic
equipment will not cause ignition or the associated equipment and its use will be approved by the required safety
officer in accordance with WSMCR 127-  1, Range Safety Manual, Vol. 1.

Electrical grounding connection capability shall be specified for all trucks and dollies. Electrical wiring shall be
closed in chafe-resistant  protective sheathing, and clamping shall stay clear of sharp edges and moving parts.

. .3.3.6 flowon &&@ Rewen&

3.3.6.1 General

a.

b.

C.

d.

e.

f.

Spacecraft handling and transport operations are considered to be safety-critical operations and will conform to
approved procedures.

All hoisting cranes interfacing with the spacecraft shall have evidence of being proof-load tested within 48 hours of
use. All slings shall be tested yearly.

When a forklift is used for movement operations, the load shall be secured to the forks so that it cannot shift and
topple.

Any equipment that in normal operation exposes personnel to surface temperatures of more than 6O’C  (140°F) as a
result of inadvertent contact, or 49°C (120°F) during handling, shall be guarded.

The operation of switches or controls that initiate hazardous operations (e.g., ignition and movement of a crane) shall
require the prior operation of a related or locking control. When practicable, the critical position of such a control
shall activate a visual and auditory warning device in the affected  work area

Units shall be so located and mounted that access to them can be achieved without danger to personnel f?om
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electrical charge, heat, moving parts, chemical contamination, radiation, or other sources.

When access areas must be located over dangerous mechanical or electrical components, the access door or cover
shall be designed to actuate an internal light when opened, and a highly visible warning label shall be provided on
the outside of the door or cover.

3.3.6.2 Platforms

a Self%cking or other fail-safe devices shall be incorporated on elevating stands and work platforms to prevent
accidental or inadvertent collapsing.

b. Screen or safety mesh shall be installed on the underside of open gratings, platforms, or flooring surfaces where there
is a possibility that small tools or parts may fall through the grating on workers or equipment beneath the platforms.

c. Plastic shields or similar materials shall be installed on the underside of perforated platforms, which extend over the
satellite, to prevent contaminating particles tim falling on the satellite.

3.3.6.3 Lifting Devices

Maximum safe  working lo& proof  load, certification,  and e!Tective date shall be stenciled or tagged on lifting
devices.

Handling and lifting equipment shall be designed not to cause any spacecraft contamination.

Handling and lifting equipment shall be designed with safeguards at the attach points to prevent damage to the
spacecraft from handling.

Lifting devices shall be designed with rings, links, hooks, or eyes so that they can be safely and independently sus-
pended on the safety  hooks of hoisting devices.

3.3.6.4 Slings

Sling cables shall be s&iciently long to ensure that the angle formed by the cables at the hoist attaching point is 45
degrees maximum.

.

3.3.6.5 Hooks

Hooks shall be fitted with safety latches or other safety devices and will be shaped to prevent loads from slipping off.

3.3.6.6 Cradles and Jacks

a Cradling or support devices and tiedowns  coaforming  to the shape, size, weight, and contour of the load shall be
specified.

b. Jacks shall have adjustable mechanical stops to ensure even lifting when several jacks are used.
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3.6 FUNCTIONAL AREA CHARACTERISTICS

3.6.1 . . .
&age  Vehicle CharactensWs

3.6.1.1 Structure Subsystem

The structure subsystem shall provide the mechanical framework to support the remaining spacecraft subsystems and the
.
ID&UX&S  throughout the launch and orbital phases of the mission. The structure of the satellite shall include:

An instrument mounting platform (IMP) designed primarily to support instruments and attitude control sensors
having field-of-view requirements
An equipment-support module (ESM)  designed primarily to support the remainder of the spacecraft electronic
equipment
A reaction control equipment (RCE)  support structure (RSS)  designed primarily to support the reaction control
equipment, and on NOAA-K, L, and M to also support the propulsion equipment
A solar-array support (SAS) designed to support the solar may panels and the array-drive mechanism
Hardware and mechanisms required for all deployments and stage separations
Unique payload adapter to provide mechanical interface between the satellite and the launch vehicle

The structure subsystem shall be configured as shown in Figure 7, and the coordinate system is as described in
paragraph 3.6.1 .li.

a.

b.

Weight and Volume

NOAA-K, L, and M

The spacecraft &ucture shall be designed to accommodate the total satellite mass and size, including the rocket
motor and GFE payload within the size and volume limitations imposed by the heat-shield described in the
Titan II ICD to the ATN spacecraft (NOAA-KLM) (ICD-TIl-25004).

NOAA N and N-prime

The spacecraft structure shall be designed to accommodate the total satellite mass and size, including the GFE
payload within the size and volume limitations imposed by the heat-shield described in the Delta II ICD to the
ATN spacecraft (NOAA-N and N-prime) (ICD-DDII-tbd).

NOAA-K, L, and M

The structure subsystem shall be capable of interfacing with the launch vehicle through the launch vehicle
adapter. The spacecraft  shall be separated from  the booster by a hydrazine system. The separation system
shall be designed to separate the spacecraft from the Titan II booster to preclude contamination of the
spacecraft by the hydrazine (N&I,)  and to provide a 3a (99.736 percent) probability of not sustaining a post
separation collision between spacecraft and booster.

The booster/spacecr&  separation scheme shall be as specified in the Titan II ICD to the ATN spacecraft
(NOAAXLM)(ICD-T&25004). The separation sequence shall utilize the IMU accelerometer and/or a Titan
II vehicle discrete and/or backup timer.
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C.

d

e.

f.

g.

h.

i.

j.

NOAA-N and N-prime

The structure subsystem shall be capable of interfacing with the launch vehicle through the launch vehicle
adapter. The spacecraft shall be separated tirn the booster by springs. The separation system shall be
designed to separate the spacecraft from the Delta Il and to provide a 3a (99.736 percent) probability of not
sustaining  a post separation collision between spacecrafl and booster.

The booster/spacecr&  separation scheme shall be as specified in the Delta II ICD to the ATN spacecr&
(NOAA-KLM)  (ICD-DII-tbd).  The separation sequence shall utilize the lMU accelerometer and/or a Delta II
vehicle discrete and/or backup timer.

-m - The structure subsystem shall provide for mounting and deploying the solar array. This
solar-array support shall be capable of completely deploying the array within 10 minutes &er the deployment
command Hinges shall use positive detent mechanisms to lock the atray in the deployed position. The solar-array
support shall be designed and mounted on the RSS so that interactions of array/boom flexing and tracking with the
attitude control system do not result in out of performance operation

.
B -- Provision shall be made for mounting all equipment necessary to fulfill  the mission.

ermal  Lavoa  - The structure subsystem shall provide an arrangement of satellite components so that the thermal
requirements of paragraph 3.6.1.2 are met. Thermal gradients between components requiring precise mutual
alignment shall be minimized.

.
ectncal  J.avoa - Whenever possible, the structure subsystem shall allow components to be grouped functionally

so as to shorten harness lengths. Components that generate electromagnetic interference @Ml) shall be placed as far
as possible from EMI sensitive components.

.
m  of View - The structure subsystem shall allow for component arrangement so that the field of view of any
instrument sensor, attitude determination sensor, or antenna is not obstructed throughout the operational life of the
satellite. Motion of the solar array caused by tracking and flexing shall be considered.

Access - The spacecraft structure shall allow access to all components, either through open areas, removable
panels, or doors without jeopardizing the structural integrity of the remaining structure.\.

. .
s -- A right-hand, body-fixed coordinate system shall be used for references. The Z-axis
shall be normal to the separation plane and pass through the center of the separation ring. The positive sense of the
Z-axis shall be in the dire&ion traveled, moving from the IMP to the RSS. The X-axis shall be normal to the
Earth-facing side of the spacecrafl with the positive sense being directed toward the Earth. The Y-axis shall be
normal to the X and Z axes to form a complete right-hand coordinate system. The nominal instantaneous velocity
vector shall be along the Y-axis. The origin of the system shall be located on the plane of separation between the
spacecrafl and the booster.

u - The structure subsystem shall provide for mounting satellite equipment so that critical alignment
requirements are not exceeded. The criticality of alignment will depend on the particular sensor,  instrument payload
requirements shall be as referenced in paragraph 3.1.4.2. The spacecraft alignment reference shall be the Earth
Sensor Assembly. The AMSU-Al, AMSWA2,  AMSU-B, IIlRS/3, and AVHRR/3 shall be aligned on the
spacecrd  to each other to within 0.55 degrees.

.
l merit Mow Platform - The instrument mounting platform shall be fabricated and attached to the

equipment support module so as to allow the required alignments to be met.

0 s - Spacecraft antennas shall be mounted so that the reference axes are aligned to within 1
degree of nominal in the orbit configuration except for those antennas whose pattern versus angle are specified
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k

1.

m.

n.

0.

in the following paragraphs. Alignment, which is achieved through mechanical design tolerancing, is not a
measured  parameter.

abla -- The design of the payload structure and its
components shall provide satisfactory pe&oxmance  of its required mission in all phases of flight, launching, handling,
stowage, transportation, and ground testing. All structural members of the spacecrd  shall be designed to meet the
following criteria:

l For single load path structures, the minimum guaranteed values  (“A” values in MlL-HDBK-5)  shall be used.
For multiple load path structures, the 90-percent  probability values (“B”  values in MIL-HDBK-5) shall be
used. The values used shall be consistent with overall spacecraft reliability requirements.

0 The effects  of thermal environment shall be included in the tii, ’ tion  of member size. All critical
combination of loads and loading shall be evaluated.

Factors of Safety -- The components shall comply with the following factors of safety:

Components Limit’ Yield

Flight Loads: Payload Structure 1.00 1.25

Nonflight: MSGE (New Design) 1.00 3.00

Pressure: Vessels (Flight) 1.00 -_

Ultimate

1.40

5.00

Proof

--

2.00

1.50

Burst

_-

--

2.00

* Limitlo8di8ddhedasthe riiaxim~flightloulpredictcdbythcldvehicle ooslt&magcnerrSed~ro~toouplcdlordr
-w-

8
.

Smautrema -- All structural  components shall be capable ofwithsumdmg  the simultaneous application of
the limit load, applied temperature, and all accompanying env&mental phenomena without experiencing excessive
elastic or plastic deformation All structural components shall be capable of withstanding the simultaneous
application of the ultimate load., applied temperature, and all accompanying environmental phenomena without
experiencing failure. A factor of safety shall not be applied to any test condition except for the load. The applied
load, including combined loads, shall always be less than the maximum allowed load to give a margin of safety of
zero or greater.

Ventiug -- Venting of the spacecraft  shall be designed so that a pressure differential greater than 1 .O psi shall not be
applied across any surface of the spacecraft. Venting shall be accomplished in a manner that prevents the existence
of a line of sight path between any vent and optical s&aces of sensors or of experiments and spacecraft subsystems.

ass Pronerti~  -- Mass properties for each spacecrafl  shall be calculated and provided in the Spacecraft Alignment
and Calibration Handbook.
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3.6.1.2 Thermal Subsystem

a. &&&Q - The  onboard thermal control subsystem shall maintain temperature control over portions ofthe  satellite
that have mechanical or electrical characteristics adversely affected by temperature extremes. The temperatures of
all thermally significant components and locations shah be monitored by flight temperature sensors; as a goal, cali-
bratedflight temperature sensors should be accurate to within =t3”C,  all other flight sensors should be accurate to
within iS”C. Gnboard  thermal control is required during ascent and on-orbit operation but not necessarily during
test or prelaunch phase. (See 3.6.1.2.6)

A combination of onboard and nonflight  external (STE) thermal control is required during testing and prelaunch
activities.

.
b. Cor&guratr~ -- Thermal  control of the spacecrafl  and of the instruments shah be accomplished by judicious

selection and use of passive (whenever possible) or active thermal control elements. These elements may consist of
any of the following: thermal blankets, selected absorption and emissivity finishes, insulators, spacecr& equipment
layout, heaters, louvers with associated Thermal-Control Electronics (TCE),  thermostats, and thermistors.

All thermal blankets must be outgassed before  thermal vacuum exposure with the satellite or flight components or
before  flight if a given blanket has never been exposed to thermal vacuum testing. The blankets must be baked out
at 80°C in a vacuum for 48 hours or until a quartz Crystal microbalance (QCM)  held at -20°C shows an increase of
less than 10 counts per hour. The IMU patch blankets arc the only exceptions to the above requirements since they
are not scheduled  to be made until afler  satellite thermal vacuum testing. In this case, the blanket materials to be
used for the IMU patch blankets must be outgassed as above with the other blankets. After  bakeout,  these materials
shall be bagged and tagged and handled with white gloves when the blankets are made.

C.w -- Ah components installed in or on the satellite shall have a nonoperating survival
temperature range of at least -5 O to +45 O C except that the battery shall have a nonoperating survival temperature
range of 0 to +32”C and the GFE, which shall be defined in the respective Unique Instrument Interface
Specifications (UIISs).  Equipment shah be required to operate my subsequent to, but not during, exposure
to survival temperature range extremes. The lower limit for the lMU shah be -1°C.

d. C&rat- Re -- The temperature control subsystem shall maintain the satellite operating equipment
within allowable operating limits during launch and orbital operation phases. During testing and prelaunch phases
primary thermal control will be onboard  spacecraft, however, auxiliary equipment outside the spacecraft may be
used to maintain thermal control as required. Specific  instrument payload temperature limit requirements shah be as
referenced in paragraph 3.1.4.2. Requirements for component qualification and acceptance thermal testing shall be
as defined in Section 4.

e. -al GradrentS  -- Thermal gradients on the mounting surfaces of sensors that require accurate alignment shall be. . .
rmnunrzed  so as not to cause misalignment greater than that specified in the individual instrument interface
documents. Maximum rate of change of temperature  at any unit mounting interf’  shall be less than 7°C per hour
with constant electrical power input.

f.
.

-aI Frel& of View -- Radiators and louvers shall be provided with clear fields of view to the extent required for
satisfactory operation. Coolers shall be provided with clear fields of view as specified in the instrument UIISs.

g. berating Flexibility - The thermal control subsystem shah provide makeup heaters or other components as
necessary to ensure flexibility of the subsystem to control satellite temperatures if equipment does not provide the
amount of heat expected either through failure, reduced duty cycle, or being turned off.

h. &at Flow f?om or to Sensor  -- In general, heat exchange between instrument sensor modules and the spacecraft
shah be nnnimkd to the fullest practical extent. Allowable exchanges shah be considered instrument-dependent and
shah be documented in the instrument’s unique interface specification. Each instrument supplier shall be responsible
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i.

j.

Comuonent Selection -- As a minimum requirement, components ofthe thermal control subsystem shah be similar to
flight-proven components. This requirement applies particularly to active thermal control elements.

Active Control Failure - Failure of a control unit to actively operate a louver shall not result in equipment tem-
peratures beyond the operational limits.

k. Pronulsion Svstem Effects

for the sensor module’s thermal design and shall apply the specifics  of this requ&ment  to the conception and imple-
mentation thereof

_
NOAA-K,L,M

The thermal control subsystem shall include protection of all equipment against thermal soakback  and
plume heating resulting from  the hydra&e  engines or from the apogee kick motor (ARM) burns. This
requirement applies particularly to equipment and cables on the RSS and to equipment mounted in the
ESM above the ARM. The thermal design shall consider the surface property degradation from the
hydrazine and ARM contaminants noted during the launches ofthe previous NOAA and DMSP satellites.

NOAA-N and N-prime

Section not applicable.

1. RSS Isolation

NOAA-K,L,M

Conductive and radiative thermal isolation ofthe reaction control and propulsion equipment (RCPE)
subsystem and other satellite components from  the RSS structure shall be provided, so that heating of
these components during solid rocket motor burn does not degrade the satellite performance requirements
as specified in paragraph 3.2.1.1 c.

NOAA-N and N-prime

Section not applicable.
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3.6.1.3 Attitude Determination and Control Subsystem

a

b.

C.

NOAA-IC,L,M

The attitude  determination and control subsystem (ADACS) shall provide the following boost mode functions:

0 Satellite attitude determination from liftoff to orbit mode handofT.
0 Guidance monitoring from  liftoff  to completion of orbit insertion.
0 Attitude control of the spacecrd from separation through delta V correction.
0 Determination of satellite velocity after orbit insertion so that a closed-loop delta V correction may be

performed by the RCS (see paragraph 3.6.1.8).
0 Provide signals to initiate isolation of hydrazine thrus&s f%om the hydrazine supply tanks and to deplete

the hydrazine in the isolated system.
0 Provide attitude control signals to the RCS to effect closed-loop attitude control of the satellite during

coast (after the delta V correction) to mission mode handoff.

NOAA-N and N-prime

The attitude determination and control subsystem (ADACS) shah provide the following boost mode functions:

0 Attitude control of the spacecrafl  from separation through mission mode handoff.
0 Provide attitude control signals to the RCS to effect closed-loop attitude control of the satellite, as

appropriate, to mission mode handoff.
0 Accept a “ready for separation” signal from  the launch vehicle.
0 Initiate control signals to release the V-band.
0 Initiate control signals to release deployable equipment.
0 Acquire Earth,

.It Mode -- The ADACS shall provide proper orientation of the sensor axes by determination and control of the
spacecra  attitude during it$  orbital life. The ADACS shall maintain the proper relationship between the spacecraft
coordinate system (as def@d in paragraph 3.6.15)  and the reference geoid. The reference geoid shah be an
ellipsoid with center at the @enter  of mass of the Earth, having a mean equatorial radius of 6,378,145  meters and an
inverse flattening of 298.23.

,
configuration  -- The ADACS functional block diagram is shown in Figure 8. The ADACS shah be a zero
momentum system composed of the following or equivalent equipments configured to meet the requirements of
paragraphs 3.6.1.34  b, and d through 1.

e Static &rth Sensor -- CO, band horizon sensor outputting pitch and roll attitude errors with respect to
local vertical. The sensor shah be provided with redundant output data buffers.

al SW -- A single-axis solar aspect sensor that is read continually to provide yaw control loop
monitoring on the ground. The data are sampled and averaged once per orbit by the spacecratt  central pro-
cessing unit (CPU) to provide yaw attitude and gyro bias determination.

. .
> -- Brushless, dc, ball bearing reaction wheels, including all electronics used
for control of the refmence axes.

Redundant Coils -- Air core coils interacting with Earth’s magnetic field to provide
momentum unloading of the reaction wheels.
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d.

e.

f.

g.

h.

i.

j.

l One Inertial Measurement Unit --On NOAA-K, L, and M, the IMU shall be used for determining attitude
during boost, fmal orbital velocity during boost mode, and attitude rates in orbit. On NOAA-N and N-prime
the IMU shall be used for determining spacecraft rates.

l Reaction Control Eauinment  (Not part of ADACS)--  As described in paragraph 3.6.1.8, the nitqp o\Jz>
thrusters  shall have the capability for momentum unloading of reaction wheels during orbit nominal and yaw
gyro compassing (YGC) modes when the spacecraft is in Earth lock and to assist in initial acquisition if a
primary wheel fails.

0 m (Part of command system) -- Containing the software for attitude determination and
control processing to provide control to the appropriate items listed in paragraph 3.6.1.3~. Spe~ifrc
requirements for this software are included in paragraph 3.6.3.

Boost Mode Requirements -- Performance of the functions specified in paragraph 3.6.1.3a  shall be accomplished by
the IMU and CPU on NOAA-K, L, and M so that the orbit parameters specified in paragraph 3.2.1 .lb are achieved
following the delta V correction. The functions specified in paragraph 3.6.1.3a  on NOAA-K,L,M,N and N-prime
shall be accomplished concurrently with the required attitude maneuvers, array deployment, and antenna deploy-
ments.

Orbit Mode Reauirements -- After completion of the ascent phase of the mission, the ADACS shall autonomously
under preprogrammed direction begin closed-loop Earth acquisition procedure. After Earth lock has been achieved,
and during all subsequent orbit mode operations through the satellite life, the ADACS shall maintain the attitude of
the spacecraft coordinate system of paragraph 3.6.1 .li to the local geodetic vertical/orbit normal coordinate system to
within the following three sigma values when subjected to all external and internal disturbance torques assuming that
all GFE meets UIIS requirements: .

0 Error  (each axis) 5 a.2 deg
0 Roll error rate 5 a.0 15 degkec
0 Pitch and yaw error rates a.035 deg/‘sec

Attitude Determination -- The ADACS shall provide for determination of the attitude errors defined in the preceding
paragraph (e). Determination shall be performed on board the satellite, and the determined errors shall be made
available to the attitude control system for closed-loop control of the satellite. Attitude determination data shall be
telemetered to the ground. The absolute orientation of the spacecraft shall be determinable on the ground to an
allowable 30 error of K). 1 degree about the roll, pitch, and yaw spacecraft axes.

Acauisition -- The ADACS shall be capable of acquisition and re-acquisition beginning with any possible satellite
attitude. Stable attitude control to within approximately 5 degrees per axis shall be obtained within approximately
100 minutes after commanded acquisition. Stable control to the values given in paragraph 3.6.1.3e  shall be achieved
within 24 hours after commanded acquisition contingent upon receipt of ephemeris data by the satellite.

External  Disturbances -- External disturbances produced by stray magnetics,  aerodynamic drag, solar pressure, and
gravity gradient shall be considered in sizing the momentum unloading system.

Internal Disturbances and Uncomnensated  Angular Momentum -- Internal disturbances produced by rotating parts
and impulsive motions produced by GFE payload and spacecraft  bus components shall not cause position or rate
errors to exceed the specified values in paragraph 3.6.1.3e.

Structural Interactions -- Design of the ADACS shall be such that it prevents vibration modes of any parts of the
satellite, in particular the solar array, from interacting significantly with the attitude control system. The control loop
parameters shall be such that sensor actuator/structural dynamics do not affect control loop stability. Interactions of
vibrational modes of the solar array and other appendages shall be considered so that array deflections or attitude
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errors in excess of the requirements of paragraph 3.6.1.3e  do not result.

.m - When beginning l?om  an initially correct ephemeris, onboard  propagation for 1 week
shall not yield errors that exceed:

0 Spacecr& along-track position StiOlan
0 Spacecraft  across-track position sh25km
0 Sun angle s a.5 degree

The spacecraft  does not have to meet the pointing requirements of paragraph  3.6.1.3e if the propagated ephemeris
yields errors, which are caused by incorrect initial conditions or updates, less tiquent than those previously men-
tioned.

. . .0 ~---Careshallbetalceninthedesignto minim& any impact on instrument performance
from magnetic inte&rence.

46



Contract NASS-30350 Attachment 6
GSFC S-480-25.1

PERFORMANCE SPECIFICATION
FOR THE NOAA-K, L, M, N, N-PRIME SATELLITES

This page intitionally blank

47



Contract NASS-30350 Attachment 6
GSFC S-480-25.1

PERFORMANCE SPECIFICATION
FOR THE NOAA-K, L, M, N, N-PRIME SATELLITES

3.6.1.4 Command and Control Subsystem

The command and control subsystem (C&CS)  shall meet the following requirements:

a

b.

C.

d

e.

f.

m - The  C&CS  shall  control the various satellite functions in 8ccofd8I1ce  with commands received from
ground command and data acquisition (CDA) stations and supplemented by signals and data supplied by spacecraft
subsystems. The C&CS  shall receive command signals  from the dual Command receiver/demodulator described in
paragraph 3.6.1.Sg. These signals shall be decoded in the C&CS and sent to spacecraft units as control signals.

.m - The C&CS shall consist of a controls interface unit (CIU), a CIU Annex (CXU),  two central
processing  units (CPUs), a signal conditioning unit (SCU), description authenticating unit (DAU)  and a redundant
crystal oscillator @X0). A controls power converter (CPC), configured as shown inFigure 9 and housed within the
ClU, is considered part of the power subsystem.

The CPU shall include the main spacecraft  memory and processmg  subunits and shah provide flexible data process-
ing and computational capability to support all spacecraft  subsystems. The CPU shall provide an elapsed time code
counter and a method of presetting and correcting the elapsed time code counter.

Specific requirements for &ware within the CPUs  are detailed in paragraph 3.6.3.

The ClU shall be the central element of the command and control subsystem, handling all interfaces between units
within the C&CS,  and all interfaces between units of the C&CS  and the remainder of the satellite. The CIU shall
decode messages (real-time and stored commands and CPU data), provide control signals to the spacecraft, and
provide clock f?equencies to the C&CS  and the rest of the spacecraft  as required. The CIU shall check command
word length and spacecraft address and parity. A time code counter shall be supplied by the CIU to allow either CPU
to determine real time. The execution of RX0 primary/- backup commands shah not require the presence of the
RX0 clock

The RX0 shall consist of two independent 5.1 ~-MHZ  crystal oscillators, one of which shall always be selected as the
oscillator source for the CIU frequency division chain. High-current control signals shall be supplied to spacecraft
units by the SCU in response to low-level control signals from the CIU.

. .
CPU Cap&&y -- In addition to software required for command functions, the CbCS shall include the software for
launch phase guidance and control appropriate to the launch vehicle and for attitude determination and control on
orbit. The CPU shall have hardware capability to perform at least 16-bit  fixed-point arithmetic. In addition,
capability shall exist for performing 32-bit  (double precision) arithmetic through either hardware or software
implementation.

.
CPU Canacrty - Memory-size requirements shah be dictated by the exact method of functional implementation and
shall be limited to 64 K words. The CPU memory shall allocate su&ient storage space in orbital operations to
accommodate 2,048 stored commands plus time labels (as described in paragraph 3.6.1.4e). This space shall be
readily expandable into the on-orbit space memory to provide up to 2300 commands plus labels. The expansion
capability shah be demonstrated prior to spacecraft acceptance. Total memory capacity shall be sufI%ent  for a
single computer to perform all software functions covered in paragraph 3.6.3.1.

ab&  -- Each stored command shah have an accompanying time label to indicate when the command is to be
acted upon Each time label shall be 17 bits long. The CPU shah check for coincidence between each time label and
the 17 most significant bits of the elapsed time counter. This shall result in a granularity of approximately 1 second
and a period of greater than 36 hours for the time label.

md Word Struck -- The uplink  format shall provide for an Encrypted/Authenticated Mode, Encrypted Only
Mode, and Clear Mode. Each mode shall be as depicted in Figure 10. The command word shall be in accordance
with the requirements of GSFC 530-UGD-GN,  Ground Network (GN)  User’s Guide, June 1993. The uplink
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security  shall accommodate the KIR-23  EMS technology. The command word shall have a 7-bit  spacecrafl  address
field; a 2-bit  CPU Interrupt code that shall define the data field type; a 16-bit command field which may be a CPU
data word, CPU command, or CIU command; and a 7-bit  check field (over the 32 spacecrd  command bits). A
128-bit  barker code and 8-bit  sync code shall precede the command sequence.

Provisionshallbeincorporatedtoutilizea21-bitVCC,anewVCCconrmandandanewindexcommand  The
format shall have a 32-bit  commandstructureintheclearmodeanda64-bitstructureinallothermodeseach
exclusive of sync and barker code. The first word in any sequence shall de&e the number of commands to follow.
Each command sequence shall be followed by the l/O pattern

.
ece -- Uplink  security shall be provided through use of an encryption and authentication system. The

design of the spacecraft portion of this system shall utilize the IUR-23 EMS technology, which the contractor shall
obtain directly t%om the National Security Agency @ISA). Means shall exist both by command and onboard timer to
deactivate this system. The timer shall be designed such that any failure within the timer circuitry or other circuitry
needed for tuner operation (e.g., CPU, CPU &Ware,  CIU, PSE, and RXO, etc.) shall result in Clear Mode
operation. No combination of failures in the decryption circuitty  shall permanently affect the ability to command
either spacecraft command processo r. The encrypting/decrypting keys shall be protected by means of suitable
security  measures.

. .
t&&y -- Contents of the spacecrafl  memory shall not be altered by any condition allowed on the *lo or

+28  volt regulated bus as specfied  inparagraphh 3.6-l  .6h.

.
& - The C&CS  shall provide control signals to the various satellite units in the form of a low-voltage

level (on), a high-voltage level (ofI), or a pulse to the low-voltage level. The signal levels and rise and fall  tunes
shall be as given in 2629668. Control signals provided to the instruments, instrument data-handling units, and
critical spacecraft subsystems shall be from either CIU bus.

C l o c k  s t a b i l i t y  s h a l l  m e e t  o rClock - The C&CS  shall use a high stability temperature controlled oscillator package.
exceed the following limits after stabilization:

a 5 parts in lo9 per minute
0 1 partin 1o’perday
0 3partsin108perweek
0 2partsin  1O’peryear

This oscillator shall be used by the ClU to generate all timing required by the WCS and the rest of the satellite
except for timing signals supplied by the data processing subsystem described in paragraph 3.6.1.7. The oscillator
shall be able to be set to its design IYequency within &XIOOOO1  percent.
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3.6.1.5 Communications Subsystem

The communications  subsystem shah meet the following requirements.

m -- The  communications subsystem shall receive and demodulate ground commands to the spacecr& and
shah transmit spacecraft data  to ground stations. Spacecraft data shah include housekeeping  telemetry and
instrumcnt data both recorded and in real time. The data shah be as defined in paragraph 3.6.1.7. One of the
carriers on which the spacecraft  data are transmitted shah be usable by a CDA station for autotracking. The
communications subsystem shall include an antenna for receiving UHF data that shall be distributed to the DCS and
SARP tivers by use of a diplexer. The communications subsystem shah also include a two&zrnent  nested
antenna capable ofreceiving SARR data and an L-band SARR transmitter antenna. There shah be no data-inversion
uncertainty resulting from any communications link. NOAA-K, L, M, N, and N-prime shah transmit data whose
phase polarities are identical with those of NOAA-J. SARR phase polarity shah be controlled by the GFE supplier.

l w -- The contractor provided portions of the communications subsystem shah include three data
transmitters in the meteorological S-band (STXl, STX2, and STX3),  one launch telemetry transmitter in the
Air Force Satellite Control Facility (SCF)  band (STX4), two VHF realtime APT transmitters (VTXs),  two
VHF beacon transmitters (BTXs),  a dual command receiver/demodulator, three S-band antennas (SBAs),  a
VHF real-time APT antenna (VW),  four S-band omni-telemetry antennas (SO&), two S-band omni-
command antennas, a beacon antenna (BA),  a UHF data collection system antenna (UDA), a diplexer (DPD)
for coupling received signals to both the DCS and SARP, a SARR receiver antenna (SRA), a SARR L-band
transmitter antenna (SLA), and any required RF filters  (RFFs)  and switch assemblies (RFSs)  configured as
showninFigure 11.

. . .0 Co-cations L& -- The equipment of the preceding paragraph shah form 11 communications links
between the spacecrafl  and the ground. These links shah be:

._ m -- Ground commands transmitted by a CDA station shah be received on the S-band
command antenna and demodulated by the command receiver/demodulator. Demodulated command
signals shah be sent fi-om the communications subsystem to the ChCS. Both sides of the dual GRD shah
operate continuously. The GRD design shah contain no single point ftilure modes that would result in a
catastrophic failure of the GRD.

.- Beacor&g& -- The 8.32-kbps  split-phase TIP output data stream, including analog and discrete
housekeeping telemetry and low-rate payload sensor data, shah be transmitted continuously in real time
by one of the redundant VHF beacon transmitters using the beacon antenna.

- APT J,&& -- Reduced resolution geometrically corrected AVHRR data on a 2.4~kHz subcarrier and
ancillary data as formatted by the MIRP  shah be transmitted continuously in real time by one of the
redundant VHF APT transmitters to worldwide APT stations.

._ ~JJ,&  -- Full resolution AVHRR, AMSU, and TIP data formatted in the MIRP at 0.66~Mbps  split
phase shah be transmitted continuously in real tune by one of two S-band transmitters to worldwide
HRPT stations. The HRPT link shall be capable of using either the lowest (1698 MHz) or highest (1707
MHz) transmitters of the three meteorological S-band transmitters. Capability shall be provided for
HRPT data at the 1702.5 MUz  frequency in a degraded mode using an LCP S-band antenna or an RCP
SOA.

._ A-Stored D&&j& -- AVHRR, AMSU, and TIP data as formatted in the MIRP and stored on one or
more tape recorders shall be transmitted at 2.66~Mbps  nonretum to zero (NRZ) or 1.33~Mbps  split phase
using up to two S-band transmitters to a CDA station during a suitable CDA pass. Either of two MlRP
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data streams  can be so processed,  namely, continuous global coverage (reduced resolution) AVHRR,
AMSU data with submultiplexed TIP data or up to 10 minutes per orbit of local area coverage (identical
with “HRPT link” preceding, but NRZ,  and recorded). The CDA-stored data link shall be capable of
using any of the four meteorological S-band transmitters.

.TWAMSU-Stored  Data L& -- The stored TJPKMSU  output data stream at 0.33 Mbps split phase
including analog and discrete housekeeping telemetry and low-rate sensor data  shah be stored and played
back on one of the four meteorological S-band transmitters during orbits that have no CDA contact but
that have suitable contact with the European ground station. The TWAMSU-stored  data link shah be
capable of using any of the four meteorological S-band transmitters. The tape recorder will be played
back by stored command

.B e  c o n - - When the satellite is in the specified  orbit, two S-band links  shall be available as
beacons trotting  real-time TIP or AJP data. Gne of the links shall use the 1702.5 MHz S-band
transmitter. The other link shall use the S-band launch telemetry transmitter. The option shall exist of
operating either or both of the above links, including operating both continuously.

- DCS I&&  -- Data tirn balloon platforms and remote automatic observation stations throughout the world
shall be received by the communications subsystem‘s UHF DCS antenna and sent to the DCS receiver
(which is part of the instrument payload).

.- S_band -- TIP boost  mode telemetry  data stream at 16.64-kbps  split phase shall
be transmitted continuously by the S-band transmitter (STX-4) through an S-band omni-antenna (SOA
#3 and SOA  #4)  during launch to mission mode handoff.

Receive J,ir& -- Three frequencies transmitted i%om ground-based platforms associated with the
SAR instruments for retransmission to SAR ground stations.

.
L-band  W Ia& -- SAR processed and unprocessed repeater data modulated onto a single L-band
carrier by the SAR repeater transmitter.

.0 &aJ Gr)eratrou --&he  communications subsystem shall be capable of simultaneous operation of the VHF
beacon link, the DC&ink, the SAR links, the VHF real-time link, and the HRPT real-time link with up to two
highrate S-band playback links or with the TIP or AIP S-band playback link.

l m GD~ -- The USAF Satellite Control Facility (SCF)  compatible launch and early orbit emergency
communication system  shall  be capable of operating the S-band launch telemetry link and transmitting TIP
boost mode telemetry data at 16.64 kbps split phase during launch mode.

.0 meeratm-- Either S-band beacon link, the one in the meteorological S-band or the one in the
SCF compatible S-band, can be operated in any spacecraft emergency in boost or orbit mode in addition to the
vHFbeaconlink.

. .
owal S-band m -- The meteorological S-band link shall have the characteristics given in Table 5 and

Figure 12.

l m -- The input signal  wiJl be any one of the following:

- NRZ Pulse Code Modulation (PCM)  bit stream at a rate of 2.6616 Mbps. Input data rate stability will be
a.2 kbps.

- Split-phase bit stream at a rate of 0.3327 Mbps.
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Table 5 Meteorological S-band Link Characteristics

Frequency Band

Carrier Frequencies

Frequency Stability

Out-of-Band Emissions
TransmittedBandwidth

Modulation Index

Modulation Rate, Type

EIRP

1695 to 1710 MHz

1698,1702.5,  and 1707 MHz

suIO2%

See Figure 12 and paragraphs 3.6.1 Sj and n

PM 2.35 radians l S% for lowest bit rate

2.6616~Mbps,  NRZ,
0.6654~Mbps,  split phase
0.3327~Mbps,  split phase
1.33-Mbps,  split phase

+36.3 dBm for 1698, +37.5 dBm for 1702.5, and
+36.0 dBm for 1707 MHz
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_ Split-phase bit stream at a rate of 0.6654 Mbps.
Split-phase bit stream at a rate of 1.3308 Mbps.

The modulation index shall be 2.35 radians ti percent for the lowest bit rate.

.
Pb Mod- -- The phase jitter under ccmdition  ofno modulation nor vibration shall not exceed

3 degrees rms when measured in a phase lock-loop bandwidth of 30 Hz.

. .
m -- The  phase modulation transfer function shall be such that the RF phase versus input voltage
curve, over the range of 2.5 radians (peak-to-peak), shall be linear within s-25  radian of the straight line
through the end points.

. .
Ituck Modulauon  -- A digital signal producing a phase deviation of 2.35 radians peak-to-peak shall cause

less than S-percent amplitude modulation of the STX output carrier.

.
Ccc - When  modulated with a symmetrical square wave, the demodulated
wavtiorm &om a transparent phase modulation (PM) detector shall meet the requirements specified  herein.

. .- B - The rise and fall times shall each be less than 200 nanoseconds.

- Over&&  - The overshoot shall be less than 25 percent ofthe steady-state peak-to-peak step.

Bit Asvrnmetry  - When measured through a point midway between the peak steady-state Output  voltages,
the bit asymmetry of a 2.6616~Mbps  data stream (using an alternating one-zero pattern) shall be less than
2 percent prior to the transmitter modulator and 5 percent overall. Bit asymmetry is defined as the
maximum bit length minus the average bit length, divided by the average bit length.

-on Td - Within 6 seconds after application of& power, each transmitter shall meet all specification
requirements through the specified temperature range and over the specified supply voltage range.

.e. m Bea& - The beacon link shall have the characteristics given in Table 6.

.rtude Mo&lation  - Incidental amplitude modulation (AM) shall not exceed 5 percent when the
digital signal produces a phase deviation of 2.35 radians peak-to-peak.

. .
Pha=Llneantv -- The phase modulation transfer function shall be such that the RF phase versus input voltage
curve, over the range of the 2.5 radians (peak-to-peak), shall be linear within 0.25 radian of the best straight
line through the end points.

.
ulatton  Transfer  Perfom - When modulated with a symmetrical square wave, the demodulated

waveform from a transparent PM detector shall meet the requirements specified herein

. .- B - The rise and fall times shall each be less than 30 microseconds.

- Overshoot - The overshoot shall be less than 25 percent of the steady-state peak-to-peak step.

.
m - When  measured through a point midway between the peak steady-state output voltages,
the bit asymmetry of the 8.32-kbps  data stream shall be less than 3 percent. Bit asymmetry is defined as
the maximum bit length minus the average bit length, divided by the average bit length.

. .
unous Phase Modulatra  - Phase jitter under the conditions of no modulation and no vibration shall not

exceed 3degree rms when measured in a phase lock-loop bandwidth of 30 Hz.
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Table 6

Frequency Band

CanierFre.quency

Frequency Stability

Out-of-Band Emissions
Transmiti  Bandwidth

Modulation Rate and Type

EIRP (worst-case)

Beacon Link Characteristics

137 to 138 MhZ

137.35 and 137.77 MHZ

4=0.002%

See Figure 12 and paragraphs 3.6.1 Sj and n

PM &67”  max at 8.32-kbps  split phase

orbit mode
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f APT L& - The VHF APT link shall have the characteristics given in Table 7.

-- The VTX shall have one modulator input consisting of an amplitude  modulated  2.4-kk
s&carrier. Modulation index of the subcarrier  shah not exceed 92 percent.

. .ewaw - The  fi-equency  deviation of the VTX must be within a band W Hz about the best fit
straight line over the deviation range of - 18.7  to +18.7  kHz. In addition, the frequency deviation of the
transmitter must be within a band ~100 Hz about the best fit straight line for each 1 kHz segment of the 0 to
hl8.7 kHz deviation range.

Freauwonse - The amplitude versus frequency characteristic of the modulator shah be flat within HI.5
dB tirn 0.1 to 4.8 kH2.

Freauencv S
. .

tab&y - The transmitter shall operate at the specified center tiquency with a stability of HXXI2
percent.

.esrdual Fre- Modulation -- Residual FM of the carrier shall not exceed 340 Hz peak-to-peak deviation
in the absence of vibration.

&&tude Modulation  - The transmitter output shall not exhibit amplitude moduhition  greater  than 5 percent
when the deviation is f kHz.

* Center Freauency -- The exact pre-assigned center tiquency  (FJ of each S-band receiver shall be 2026.000
h4Hz. Receiver frequency instability shall not exceed 0.003 percent of center frequency.

l -Slrmel Modulation Parameters -- The GSTDN system shall utilize binary phase-shift-keyed (NRZ-
M) signal phase od 1 tim u a ng a 2026.0 MHz carrier. Table 8 indicates the modulation parameters to be used
with the GSTDN command link. Figure 13 shows the modulation waveform of the digital commands. The
waveform in Figure 13 phase-modulates a 2026 MHz RF carrier. The GSTDN Command
Receiver/Demodulator (GRD) shall receive the phase-modulated carrier, demodulate the carrier to achieve the
Binary Phase Shift  Keyed (BPSK)  signal, and then demodulate the BPSK signal into the command bits. These
shall then be sent to the decryption authentication unit.

. . .
l alcR=t e -- The command data outputs of the GRD shall be capable of

delivering data with an error rate of 1 x 1 Od or less whenever the received EIRP is between -35 and -75 dBm
over 90 percent of 4 II steridians and also whenever the spacecraft is Earth oriented and the received EIRP is
between -35 and -87 dBm.

l Squelch -- The S-band receivers shall incorporate a squelch circuit that inhibits the command demodulator
circuits whenever the command signal level at the input ports of the receivers falls below the squelch level
defined as follows. Define the nominal threshold level as the lowest level at the input ports of the receivers that
meets the command RF sensitivity and dynamic range requirements previously stated. The squelch level shall
be between the nominal threshold level and 7 dB below the nominal threshold level.

” l Q&&g&& -- Activation of command outputs shall occur within 20 milliseconds after application of a
modulated RF carrier. Deactivation of command outputs shall occur within 20 milliseconds after removal of
modulation of the RF carrier.
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Table 7 APT Line Characteristics

Frequency Band

Carrier Frequencies (NOAA-KLM)

Carrier  Frequencies (NOAA-N/N-prime)

Frequency Stability

Out-of-Band  Emissions Transmitted Bandwidth

ModulationRate and Type

EIRP

136to 139MHzband

137.50 to 137.62 MHz

137.10 and 137.9125 MHz

ho.o02%

SeeFigure 12 andparagraphs  3.6.1.5j  andn

*17kHzFMwitha2.4-kHzsubcarrier

+33.5  dBm
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P-&t S-i

CarxiaFrupaacy 2026.0 MHZ

CmTiaModulrtion~ _ 1.OM.l md+8k
.

SubcrrriaFrtquarcy 16.0 kH2

Bit Rate 2.oKbps’

Figure 13 Typical Digital Command and hsociated Modulation Waveform.
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Attachment 6

h.

i.

j.

Data Collection Svstem  I&k -- The communications subsystem shall provide a net gain as referenced to the data
collection receiver RF input connector to a linearly polarized plane wave having an arbitrarily oriented polarization
vector that is within the upper and lower bounds defined  in Figure 14.

Net gain is defined to include antenna gain relative to a linear isotropic reference, line insertion loss, RF filter
insertion loss, voltage standing wave ratio (VSWR) loss, and diplexer loss. The calculated VSWR loss shall be
based on the DCS receiver that has a maximum input VSWR of 1.5 to 1.

The design shall not depend on in-band attenuation which increases system noise temperature in order to meet the
gain requirements herein.

m Interference -- Antennas shall be mounted so as not to obstruct the field of view of any sensor or
active/passive cooler during all aspects of the mission, including antenna deployment. Nor shall any antenna
interfere with the deployment or rotation of the solar array.

Antenna Conducted Outouts  -- Spacecraft transmitted emissions (including SAR) shall not degrade the spacecraft
command receiver performance beyond specification. Antenna conducted outputs at the DCS-2 receiver antenna
input shall not exceed the values shown in the following table.

*The signal level at DCS-2 receiver input terminal shall not exceed -60 dBm at the following frequencies:
31.0808MHz~40kHz
339.4885 MHz f 40 kHz

k. Antenna Polarization -- All communications subsystem antennas shall be designed to transmit (or to receive, as
appropiiate)  right-hand circularly polarized signals, except for the antenna dedicated to the S-band transmitter
operating on the center channel of the allocated S-band range (1702.5 MHz), the S-band launch telemetry (1702.5
MHz), the beacon antenna, and the SAR L-band antenna. To reduce adjacent channel interference while ailowing
HRPT data to be transmitted on the 1698 MHz and 1707 MHz transmitters simultaneously, the polarization of the
antenna dedicated to the (1702.5 MHz) S-band transmitter shall be left-hand circularly polarized. The beacon
antenna may be linearly polarized. The 1702.5 MHz launch telemetry antenna polarization is characterized in the
following paragraph. The SARR L-band antenna shall be left-hand circularly polar&d. The elliptic&y  of the
antennas associated with the GFE shall be as defined in the appropriate UIISs. The SOAs  shall not be required to
meet a specific elliptic@  specification. The VRA shall have an elliptic@  of no greater than 10 dB with a goal of 6
dl3. The SBAs shall have an elliptic@ of no greater than 6.0 dB with a goal of 4.5 dB. The above elliptic@
requirements are for the respective antennas when mounted on the full-scale antenna test model.
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1.

m.

n.

0.

coverage  panq -- The d&tiond  S-band  transmitting  antennas,  the VHF APT transmitting antenna, and the UHF
receiving  antenna  serving the DCS link shall provide 63 O half-angle conical coverage in orbit. The antennas serving
the Search and Rescue links shall provide 60” half-angle conical coverage in orbit. The Vi-IF beacon antenna shall
radiate a beacon EIRP greater than +9.5  dBm over 90 percent of a 4 II steradians in the mission mode. The beacon
antenna shall not require deployment mechanism devices. All antenna specifkations shall be met when the antenna
is mounted on the spacecraft as  configured for normal operation of the antenna. The 1702.5 MHZ S-band
om,&antenna  shall radiate a predominately right-hand circularly polarized pattern about the +X aXis (nadir) and a .
predominately left-hand circularly polarized pattern about the -X axis (antinadir). This antenna shall appear to _

radiate  a signal strength grater than +24  dBm over at least 90 percent of 4 n steradians when observed by an
optimum polarization  diversity ground receiver. The launch telemetry antenna shall provide launch mode spacecraft
telemetry to launch-site receivers and Airborne Range Instrumentation Aircraft (ARIA) akr fauing  separation. The
command antenna shall receive commands from either CDA station in any spacecraft orientation including unstable
attitude control.

Prior to launch, when the spacecraft is mounted to the launch vehicle, all RF S-band, VHF Beacon, and command
links shall have a means provided to test them, including receipt of data through the GFE links to GSE receivers and
transmission of data to the command receiver. In addition, transmission of commands to the spacecraft command
receivers and receipt of the S-band launch telemetry signal will be possible during the entire countdown and launch.

Testing and use of RF links while the spacecraft is on the booster will be contingent upon a GFE fairing  design that
contains re-radiators or RF transparent sections.

Transmitter Protection -- All transmitters shall be capable of operating into a short-circuit or open-circuit
termination of any phase without damage.

Out-of-Band Transmissions -- In addition to the out of band transmission requirement previously specified, the
following special provisions shall apply:

l Power Flux Densitv in the 1665J4&  and 1720.5 MHz Radio Astronomv Band -- To atford  adequate
protection to the radio astronomy observations being made in the bands 1660 to 1670 MHz and 1720 to 172 1
MHZ,  the power flux density as measured at the Earth’s surface for all conditions and modes of modulation
shall not exceed, as a design goal, -236 dBW/m%Iz. The design goal relates to the power flux density that
would be obtained for all angles of arrival under assumed f&space propagation conditions. The design goal
applies equally to the continuous power flux density that would be obtained for all angles of arrival under
assumed freespace  propagation conditions. The design goal applies equally to the continuous and discrete
components of the power flux density.

0 Out-of-Band Energy in the 1694.3 to 1694.7 IQ&z GOES Band -- The contractor shall configure the
modulation of the downlinks in a manner that minimized the out-of-band energy in the Geostationary
Operational Environmental Satellite (GOES) data collection reply channel (1694.3 to 1694.7 MHz). The goal
is not to degrade the pertinent GOES channel by more than 1 dB except when the satellites defined by this
specification are directly in the main beam of the GOES receiving antenna.

S-band  Launch TelemetrvLinb_  and S-band Beacon m (SCF  Comnatible STX-4 Svstem) -- The S-band launch
telemetry link of the SCF compatible launch and early orbit emergency communication system shall have the
characteristics given in Table 9.

The requirements of paragraph 3.6.1 Sd shall apply to the S-band launch telemetry link except that the bit asymmetry
requirements shall apply to 16.64 Kbps split-phase data.

Normally, the STX-4 system will not be utilized when the search and rescue system is operating; therefore, this
system does not have to meet the SAR emission requirements.
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Table 9 S-band Launch Telemetry and S-band Beacon Link Characteristics

Carrier  Frequency

Frequency Stability

Modulation Type

EIRP

2247.5 MHz

HuIO2%

2.6616 Mbps, NRZ
0.6654 Mbps, split phase
0.3327 Mbps, split phase
1.33 Mbps, split phase
8.32 Kbps,  split phase
16.64 Kbps, split phase

+24 dBm (over 95% of sphere)

Polarization 1 RCPIRCP
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q*

r.

The STX-4  system need not operate simultaneously with the 1702.5 MHz S-band omni-telemetry  system during
on-ground testing.

The S-TX-4 transmitter must be provided with a ground cooling system which will be used for ground testing and
prelaunch activities.

The  capability to use either 1702.5 MHz or the 2247.5 MHz telemetry link during pre-launch activities must be
maintained.

All four S-band transmitters will be normally capable of simultaneous operation in orbit.

. .
l S-bd  Beacou (rn the Meteoroloacal S-band) -- The S-band beacon link shall have the characteristics

given in Table 10. Operation of the S-band beacon link shall be mutually exclusive with operation of the
1702.5 MHz S-band link in Table 5. The requirements of paragraph 3.6.1 Sd shall apply to the S-band beacon
link except that the bit asymmetry requirements shall apply to 8.32-Kbps  and 16.64~Kbps  split-phase data.

Search and Rescue Receive I&& -- The communications subsystem shall provide four separate RF inputs  to the

search and rescue equipments. A 121.5~MHz  receiver input shall be provided as defined in Figure 15. A 243~MHz
receiver input shall be provided as defrmed  in Figure 16. A 406.05~MHz  receiver input shall be provided as defined
in Figure 17. A 406.025-M&  receiver input derived from a diplexer connected to the ultrahigh frequency data ’
collection system antenna &IDA)  shall be provided as defined in Figure 18. The VSWR provided by the spacecraft
to each of the four receiver inputs shah be less than 1.6: 1 across a &SO0 kHz band centered at each of the receive
frequencies. The isolation between any two ports shall be greater than 20 dB. For purposes of VSWR loss cal
culations, a maximum VSWR of 1.5:  1 shall be assumed for the SAR receivers. Lossy devices, which increase the
system noise temperature, shall not be used unless specifically approved by the Tires  Project Offtce.

Search and Rescue L-band l&&c -- The communications subsystem shall provide an antenna gain including all losses
as shown in Figure 19 for a 10 watt transmitter at a fkequency  of 1544.5 9.5 MHz. The VSWR shall be less than
1.5: 1 across the above band. The SAR transmitter VSWR will be no greater than 1.5: 1.

Antenna Conducted Outnuts  -- Spacecraft transmitter emission shall not exceed those given in Table 11 at the SAR
receiver terminals. ,

The contractor shall defm&he  maximum limits for the out-of-band emission spectrum components for the SAR .
transmitter so that these lebels  can be met.
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Table 10 S-band Beacon Link Characteristics (in the meteorological S-band)

Carrier Frequency

Frequency Stability

Modulation Type

ElRP

Polarization

1702.5 MHz

dzo.o02%

2.35 rad ti%, split-phase-level PCM
8.32 kbps (orbit; 16.64 Kbps (boost)

+24  dBm (over 90% of sphere)

RCP/LCP
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Table 11 Spurious Signal Limits at SAR Receiver Inputs

236 to 240 ’
240 to 242.925

242.925 to 243.075
243.075 to 246

246 to 250
250 to 258

118 to 120
120 to 121.45

121.45 to 121.55
121.55 to 123
123 to 125
125 to 129

385 to 401
401 to 405.9
405.9 to 406.2
406.2 to 411
411 to 425
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Antenna conducted outputs at the SARP-2 receiver antenna input shall not exceed the values shown in the following
table:

lr Maximum signal level 1 Frequency MHz

-20 1 s-375*
-60 375-385

-100 385-401
-125 401-405.970
-145 405.970-406.130
-125 406.130-411

41 l-425
-60 425-435
-20 435-1000

0 1000-10000

*The signal level at the SARPkceiver  input teknals shall not exceed -60 deem  at the following fkquencies:
-31.4192 MHz_+4okHz
-343.2115MHz~4OkHz

73



Contract NASS-30350

.

Attachment 6
GSFC S-480-25.1

PERFORMANCE SPECIFICATION
FOR THE NOAA-K, L, M, N, N-PRIME SATELLITES

3.6.1.6 Electrical Power and Distribution Subsystem

a.

b.

C.

d.

e.

f.

g.

Function -- The satellite shall provide conditioned electric power during the launch, separation, operational,  anti
occult phases of the mission as specified in the following paragraphs.

Launch Phase -- The satellite shall provide internal battery power for telemetry and command and selected
components of the satellite system from switch over to satellite internal power until the solar array  starts providing
power. Prior to liftoff, the satellite shall use ground power provided through the launch vehicle umbilical from  a
contractor supplied ground power supply located at the launch complex. Starting at faking  jettison, the stowed solar
arrays shall provide power to these loads and recharge the batteries to the extent provided, as dictated by Sun angle
incidence during the ascent phase of flight. The batteries shall provide power during the shadow period and when
array power is not sufficient  because of low Sun angle incidence.

A one time maximum battery depth of discharge, normally occurring during the launch phase of the mission, shall be
less than 60 percent.

J)et)lovmem  Phase -- The satellite shall provide power through the signal conditioning unit for the operation  of
pyrotechnics during the ascent phase of flight.

Onerational Phase -- The satellite shall provide conditioned power for operation of all satellite systems and
instruments simultaneously. The minimum power available for GFE loads (instruments, tape recorders, and GFE
contingency) shall be equal to or greater than 450 watts orbital average over a gamma angle of 0 to 80 degrees for
normal operating conditions for up to 2 years in orbit. The satellite shall be capable of providing continuous peak
load power of 980 watts for a minimum of 10 minutes (using batteries to supplement the arrays).

Occult Phase -- For the occult phase, depth of discharge shall be limited to a maximum of 28.3 percent with the full
complement of batteries on line.

Satellite Bus Voltages  -- The satellite shall provide the following bus voltages:
*

0 28 2.56 V -- Switched telemetry bus

0 28 fl.56 V -- Primary power main bus; for use by all satellite subsystems and instruments

0 28 9.56 V -- Primary power pulse load bus; for use by stepper motors and other satellite subsystems and the
GFE instruments with large transient power requirements

0 10 9.5 V -- Power for telemetry and command interface circuits

Confkuration -- The electrical power subsystem derives power from the solar array that tracks the Sun by rotation
around the satellite Z-axis. The solar-array tracking angle (the angle between the Sun line and the array normal
vector projection on the X-Y plane) shall not exceed *lo degrees. Energy storage is provided by three adequately
sized electrochemical storage batteries that are discharged in parallel. The batteries provide electrical power during
occult portions of the ascent phase and peak loading that exceeds the solar array capability.

The  output power from the solar array and batteries is regulated to provide a main bus voltage of 28 volts, a pulse
load bus voltage of 28 volts, and a IO-volt bus. When excess power is available from  the solar array, the battery
chargers are enabled to recharge the batteries. Each battery has separate charge control circuits and is normally
charged at a current limited rate with temperature compensated voltage control.
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The power system shall consist of the following components as shown in Figure 20.

0 Solar array panels
0 Power supply electronics
0 Electrochemical storage batteries
0 Shunt regulators
0 Battery charge assemblies
0 Solar-array drive electronics
0 Solar-array drive
0 Controls power converter
0 Battery Reconditioning Units

l Solar Array -- The solar a.iray shall contain solar cells that have the following characteristics:

N/P silicon
2.02 by 4.04 cm
2 ohm-cm nominal resistivity
13 percent minimum average ef&iency
10 mil thickness

l Power Su~~ectronics  -- The power supply electronics (PSE)  shall perform the following major functions
for the power subsystems:

Provide a commandable battery discharge disconnect function for each battery with interlock so that all
batteries cannot be disconnected at the same time.
Provide an input for external power during the prelaunch phase for solar-array simulation.
Provide a 16-level  V/T clamp in the battery charging circuitry.
Provide a 4-level  current limit in the battery charging circuitry.
Provide for individual cmrent limiting for each battery during charging except that only two batteries can
be in high charge rate at a time.
Provide the following functions with redundancy: battery boost regulators, battery charge control circuits,
and mode controllers.
Provide a 28-volt main bus with &2 percent regulation.
Provide telemetry signals of battery voltage to TIP for each battery for undervoltage sensing by the
satellite computer.
Provide diagnostic telemetry for boost channel.
Provide commandable battery charger circuitry for switching each battery into/out from the charge
circuit@  s) .
Provide failure detection circuits to automatically enable the redundant functions.
Provide a 28-volt  pulse load bus.

l Batteries -- Three adequately sized electrochemical storage batteries shall be provided to supply electrical power
during occult portions of the ascent phase and peak loading exceeding the solar array capability. The batteries
shall meet the requirements specified in GSFC approved Battery Cell Performance Specification, Battery
Performance Specification and Statement Of Work. Battery temperature telemetry signals shall be provided
to TIP for each battery pack.

Cells that are tested by the cell manufacturer must be matched by normalizing the test data. This is
accomplished by designating one cell group as baseline and by correcting individual cell data of the remaining
groups by the ratio of the baseline average and the corresponding group average. It is desirous that all three
flight batteries of one spacecraft meet the following, but, as a minimum, all cells of a single battery
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Figure 20 Power System Functional Block Diagram
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shall contain plates, separator, and electrolyte from the same manufacturer’s lot. Cells of a single battery shall
be: a) matched to within *3 percent of the room temperature (2 1 “C to 25 “C)  and 0°C capacities and b) all cell
voltages shall be within kO.008  volt at the end of the room temperature (2 1 “C to 25 “C)  and 0°C charge when
tested by the cell manufacturer.

If the battery thermal control system utilizes both louvers and heaters, the thermal control nominal louver and
heater set points shall be +2.0°C  and O°C respectively. If only heaters are utilized then the nominal heater set
point shall be +4.0°C.

The orbital average cell temperatures within each battery shall be maintained within a temperature range which
supports the minimum battery cycle requirement (3.6.1.6h)  for normal three battery operations. The minimum
battery cycle requirement will also be satisfied when operating with one battery off-line due either to a battery
failure or in order to support battery reconditioning operations.

When operating in the normal three battery mode, the maximum gradient between any two cells within the
battery, consisting of two packs, shall be less than 6’C over two years of spacecraft mission life.

During ground test operations with flight batteries installed on the spacecraft, the maximum temperature of the
batteries when operated electrically shall be, as a goal, limited to +28’C,  but not to exceed +30°C.

A battery handling plan is to be submitted to GSFC.

l Shunt Remlators  -- The shunt regulators shall be designed for a dissipation of 16 watts maximum per unit. The
shunt regulators shall regulate the main bus by drawing excess cutrent from the lower section of the solar array.
Each solar array shunt drive transistor shall have a network to supply backup collector power.

Each shunt drive transistor junction temperature shall be within maximum derated values.

l Batters Charge Assembly -- Each battery charge assembly shall provide current for charging the satellite bat-
teries. Four charge rates, including OSA,  selectable by command shall be provided. The contractor shall
choose the three remaining charge rates and submit the values to NASA for approval. The charger
characteristics shall be constant current with charge current taper to maintain constant voltage as a function of
temperature.

0 S01a.r  ArravMJMDE  -- The solar array shall, in orbit, form a plane canted with respect to the satellite at such
an angle as to provide suflicient  power to the satellite through slip rings over the Sun angle range of 0 to 80
degrees. The orientation of the rotating array shall be such as to cause no interference with the fields of view of
any sensor, cooler, or antenna. Proper orientation of the solar array (with respect to the projection of the Sun
and array normal vectors in the orbital plane) shall be maintained to *lo”  about the pitch axis by the solar
array dnveknray  drive electronics that shall rotate the array in such directions and speeds as to allow capture
and tracking of the Sun.

l controls Power Con ertqv -- The controls power converter shall accept primary regulated power at +28.0
volts dc and provide + 10 volt regulated power to the satellite units for interface power and to the central
processing units as required.

0 +28 V’ar~  Bus -- The power subsystem shall supply the satellite with power regulated to +28.0 a.56
volts. The voltage on this bus shall not exceed +38.0 volts nor drop below +16.0 volts including all ripple,
transients, and failure mode switching. The +28 volt bus output impedance shall be less than 0.2 ohm at all
frequencies below 100 kHz, excluding the fuses. Voltage ripple (including a maximum load induced current
ripple of 0.5 A) on the +28 volt bus will not exceed 150 millivolts peak-to-peak for frequencies up to 100 kHz
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(200 millivolts to include deadbands). The maximum ripple current fed back from the GFE payload will not
exceed 275 mA of the 0.5 A maximum.

Transients on the +28 volt bus shall not exceed the following limits:

Peak Transient Amplitude (Volts) Transient Width (micro-set)

0.1 200-500
05 150-200

0.75 I O-150

0 +28 Volt Pulse Load Bus -- The power subsystem shall supply a pulse load bus regulated to +28 a.56 volts
for use by stepper motors, instrument heaters, and any other loads that would cause the +28 volt primary bus to
exceed ripple or transient specifications. Voltage on the pulse load bus shall not exceed +38 volts nor drop
below +15 volts. The small signal source impedance of the pulse load bus shall not exceed 0.2 ohm at all
frequencies below 100 kHz, excluding the fuses. Voltage ripple on the pulse load bus shall not exceed 200
millivolts peak-to-peak for frequencies up to 100 kHz, exclusive of the following repetitive transients.

Repetitive transients on the pulse load bus caused by a load of 2.1 A, 35-msec  pulse shall be less than 600 mV
peak-to-peak at rates up to 14 Hz. Repetitive transients on the pulse load bus caused by 6.0 A step loads shall
be less than 1.6 volts peak-to-peak. High frequency transients shall not exceed the limits given in the previous
paragraph titled “+28 Volt Primary Bus” in paragraph 3.6.1.6h.

l 10 Volt Buses -- The controls power converter located within the CIU (in the command and control subsystem)
shall provide +I 0 volts for use within the command and control subsystem and shall provide a +l 0 a.5 volts
common bus to provide up to 0.8 A to power interface circuits for the satellite and instruments. The voltage on
the +lO volt common bus shall not exceed 15 volts nor drop below 9 volts. The output impedance at the
source shall not exceed 1 ohm at all frequencies below 10 MHz; voltage ripple shall not exceed 250 mV
peak-to-peak for frequencies up to 10 MHz; voltage transients shall not exceed 1 volt, zero to peak with a
maximum pulse width of 50 microseconds.

l Fusing -- All satellite fuses  shall be contained within the PSE. All fuses to be derated according to PPL-I 8. A
fuse load chart shall be provided showing rate load derating.

l Batters Charpe Control -- When array current exceeds load demand, battery charging shall be controlled to
occur in one of three modes. During the current-limiting mode, battery charge current shall be limited as
specified in “Battery Charge Assembly,” in paragraph 3.6.1.6g.  Automatic switchover to a voltage limiting
mode shall occur as a result of battery voltage/temperature sensing. The battery charge control shall provide
sixteen, GSFC-approved, commandable temperature compensated voltage clamp levels selected from battery
cell characterization tests or appropriate manufacturers data with GSFC approval. Charge current limits shall
be selectable by ground command.

l Batters Cvclir\g  -- The battery shall be capable of meeting power subsystem battery requirements for a
minimum mission life of 12,000 orbital charge/discharge cycles.

l Solar Arrav  Construction -- The solar cell array shall consist of multiple strings of silicon N-on-P solar cells
interconnected by a low resistance interconnect material (tab or mesh) and bonded to a panel structure. A
coverglass with ultraviolet rejection and antireflection characteristics shall be provided as ccl1 protection.

l Distributed Power Rew -- Power distributed from the power subsystem shall be returned via the harness to
a single point on the satellite. All power returns (+28,  +28 pulse load, and +lO) shall be isolated from each
other and from satellite structure within the boxes and the satellite. The IO-volt and 28-volt  pulse load power
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returns shall go back to the source (CPC or PSE) and Tom there to the single point ground. Other loads shall
return directly to the single point ground. The contractor shall connect them to minimize cross-talk among
loads .

/&essim  -- The satellite shall provide access for placement and ZIIIOV~  of power dkCoMt?Ct plugs  during

satellite integration, test, and launch phases. Provisions shall be made for charging the satellite batteries during
test and launch phases without removing the batteries from the satellite.

arv Power Overload Protectiw -- The satellite power system shall provide protection, except for the CRJ,
SCU, and IMU, from overloads or short circuits that should occur in any subsystem or instrument. The RWAs
and both sides of the ADE shall each be individually fused. A main bus or pulse load bus short circuit failure
of any protected instrument or subsystem, as previously defmed, shall not result in loss of that power system
bus once the short has been removed.

Main Bus and Pulse Load Bus Under/Over voltape  Protection -- The satellite shall provide a means to transfer
to backup power system functions for a voltage below 27 volts for a time greater than 1.5 seconds or for a
voltage greater than 30.5 volts for 50 msec maximum. The bus should not drop below 16 volts during under-
voltage nor shall it exceed 38 volts for over voltage.

Batters Reconditioning -- The Power System shall have the capability of reconditioning batteries during orbital
operation. Provisions shall exist for the reconditioning and temperature monitoring of flight batteries while
mounted on the satellite prior to and after mating to the launch vehicle.
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3.6.1.7 Data-Handling Subsystem

a.

b.

C.

d.

e.

confimnatian - The data-handling subsystem shah consist of the following components:

0 TirosInformationProwsor(TIP)
0 ManipulatedInfoimationRateprocessor(MIRP)
0 AMsuInformationPwessor(AIP)
0 cross strap unit (XSU)
0 Digital Tape Recordem  (DTRs)  for KLM
0 Solid State Recordem  (SSRs)  for NN

The functional arrangement and flow among these components are shown in Figure 2 1. Figure 2 I a vti the
KLM  data-handling system. Figure 21b illustrates the N and N’ data-handling system.

performance  - MIRP shall processand  format AVI-IRR  data and multiplex AMSU  and TIP data. The AIP  shall
interface with the three AMSU instruments for the NOAA-IUM satellites and with the AMSU-Al, AMSU-AZ,  and
MHS instruments for the NOAA-NN-prime satellites and provide data to the MIRP and XSU. TIP shall format all
other downlink data. The DTRs or SSRs  shall record and play back selected MIRP and TWAMSU data. The XSU
shall provide switched interfaces among TIP, AIP, MIRP, DTRs,  and transmitters. MIRP shall output automatic
picture transmission (APT) data for real-time transmission by one of the VHF transmitters. MIRP shall output high
resolution picture transmission (HRPT)  data for real-time transmission by an S-band transmitter. MIRP shall output
local area coverage (LAC)  data for selective rewrding and global area coverage (GAC) data fw eontinuous
recording. TIP shall output TIP data to MIRP for formatting  into the LAC, HRPT, and GAC data. The AIP shall
provide AMSU data to the MIRP and combined TIP and AMSU data to the XSU. TIP shall output the TIP data far
continuous transmission by one of the VHF beacons and by the SCF-compatible  S-band beacon. TIP data shall be
available on command for realtime transmission by one of the transmitters in the meteorological S-band and for
recording. The TIP shall provide a data stream to the AIP. Playback data from DTRs or SSRs  shall be output to
transmitters in the meteorological S-band on command, with up to two being played back simultaneously.

bterfaces  -- Interfaces shall conform to the following documents:

0 TIP, MIRP, AIP, and XSU interface with each other and with the spacecraft shall conform to 2629668.

’0 All interfaces with the payload sensors shall conform to IS-32674 15 and the instnunent./GPE  unique
specifications listed in Table 1.

TIP -- TIP shall format all downlink  data except for data from the AVHRR, AMSU, MHS, and SAR. It shall
synchronize the payload sensors other than the AVHRR, AMSU,  and SAR, control the data outputs, and accept CPU
data, command verification data, and housekeeping telemetry data It shall add synchromzation,  identification, and
time code overhead and shall output the data to the BT’X, MIRP,  AIP, and the XSU in acwrdance with mode
commands received from the CIU. TIP shall be redundant. TIP shall perform in accordance with the detailed
requirements of the following subparagraphs:

l Modes -- One half of the redundant TIP shall operate whenever spacecraft power is applied; either haIf can be
selected by command, and TIP performs in the following modes:

BoostM~--Inboostmodt,TIPsballprovi&theoverbeaddata, command vcrifcation,  CPU-B
telemetry data, all housekeeping data, and launch mode telemetry at high rate.

, ‘_ onMode-Inmissianmodc,TIPshallprovidethto~data, command vcrificatian,  CPU da&
housekeeping telemetry, and all w data except for AVHRR and AMSU data.
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l ~utF~-ThcTIPoutputshallbtscriatdigitalwordswith~mostsi~cantbitfirst.  Thtratesand
lengths shall UmfoIm  to the following requirements.

The format shah meet the requuements in the following subparagraphs:

Boost Mode Format - Each minor frame of the boost mode format shall contain a synchronization code,
spacecraft ID, command verification., time code, CPU-B telemetry, six words of housekeeping telemetry,
and DAU status. The format shall be fixed with time code data appearing during frame “0.”

_ v - Each  minor frame in mission mode format shall contain synchronization code,
mode status, major he and minor frame identification, dwell address identification, command
verification, six words of housekeeping telemetry, spacecraft ID, CPU telemetry flag, command
verification flag, parity check CPU-A and CPU-B telemetry, DAU status, and payload sensor, (digital-A)
data (except for AVHRR, MHS, and AMSU data). The format containing CPU telemetry and payload
sensor data shall be controlled by a read only memory (ROM) within the TIP. The first minor frame in
each major frame shah present time code in place of the housekeeping telemetry. The housekeeping
telemetry words shall be distributed in the following major frame.

Type of data in each word in
one minor frame
Repetition period of suhcom,
minor frames
Format required to he
controlled by ROM within
TIP

l

The source of data for one word in the l-second subcom  shall be controlled in response to a command, and its
identity shall be presented in the dwell address identification  word.
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- ~ModcFormat~~eofdwellmodcformatsballccmtaina~oncode,mode
status, major-e andminorfr-ame identificatio&  dwell address identificati~  spacaZaft  ID, command
vuifMion status, command verification, housekeeping telun~, DAU status and single digitized analog
housekeeping telemehy  channel. The single channel shall be presented in au the ruMling words. It shall be
choseninrespcwsetoacammand,anditsidcntitysballbep~dinthedwtllmodeaddrcssidentificatioa
word. Thefirstminar~~eachmajor~eshallprescnttimeofdaydata,asinmissionmodef~at.

- ~UD-_fformatshallbeidenticalwithtbemissionmodcf~exocptthatthewords.
assigned to CPU telemetry shall all be dedicated to either CPU-A or CPU-B. The choioe shall be in v
toacommand.

. .0 Pavload- TIP shall provide sixteen data input intcrfa  with payload
scI1soTs.

0 CPUQ&&&  -- TIP shall provide two input interfaces with the CIU for CPU telemetry data.

0 x - TIP shall provide the following input interfaces for housekeeping
telemetry. _

The analog overall  conversion  accuracy  shall  be nominally better than 1 vt with a worst-case
error not @eater  than 2 percent of Ml scale.

0 e of Dav C- - TIP shall provide a 40-bit  time of day counter. The count granularity shall be
one millisecond. The counter shall be capable of being preset by a command and capable of being
made sync-us  with the CPU software clock. TIP shall insert the time code into the TIP format as
wellasoutpu&ingthetimccodetoMIRP.  Tran&roftimecodetoMIRPshallbeoncepcr .
millisecond. f

0 m -- T& shall receive clocks f&n the XSU and synchroni&on ti the CIU.

0 Ou&@ -- TIP shall provide I-set sync, 32-h  (major IYame)  sync, 128~set  sync,
and 2560set  sync, digital-A clock, and digital-A enable signals to payload sensorsasrequiredbythe
Unique Instrument Inter&e Spec&ations. The TIP design shall provide one set each of these
outputs for up to 16 +truments.

0 m - TIP shall provide the following data outputs:

Boostn_TIPshalloutputtheboostmodefarmattothcXSUwhcrcitwillbcroutedto
the S-band transmitter, the DTRs, or the SSRs. The TIP shall provide continuous real-time
data for the SCF compatible S-band beacon. No other outputs are required in boost mode.

cPuDllpIpbdpdtis--TIPshalloutputthefonnatscorrcspondingto
eachmodetothebcaamtransmitters,MIRP,aKbdXsu.  TheTIPshallpxwidccontinuous
real-time data for the SCF compatible S-band beacon. Outputs to the beacon  transmiti
shall be split phase.
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0 Redundancv-TheTIPshallconsistoftwo~~tunits.AnyaLcunitcaabtpownedatagivcn
time. Thcinputgatingshallbedcsignedsothat,ifenindividualdigitalBaranaloginputgatcfails,
the failure shall be canfined to a maximum of eight channels. A digital A channel failure shall not
contammate any other digital A channel.

f .  m--MIRPshallprocessallAVI-IRRdata.  ItshallformatAVHRRdata,addsynchronization,
identi&tion, time code, AMSUor  MHS  data, aud a TIP output data stream as appropriate, and shall produce
composite formats  far simultaneous output to the XSU and to the real-time VHP and S-band transmitters. .
MIRP processing  of AVHRR data shall consist of formatting, resolution reduction, and geometric correction
as required by this specification to match the needs of dif&ent user classes.

0 && - MIRP modes shall all be selected by command signals from the CIU. All output farmats
shall be provided simultaneously in all modes except oE

Normai-_MIRPshallissucsamplingcommandsfotheAVHRRwithafixcdphase
relationship to the line-synchronization pulses from the AVHRR. MlRP shall generate
frame synchromzauon  f?om internal timing and shall rephase frame synchromzation

automatically to the line synchronization pulse ifthe phase displacement exceeds a preset
Value.

-- In this mode, MIRP shall operate as in normal mode, except
that the automatic rephasing shall be deleted.

&&p M& - In backup mode, MIRP shall issue sampling commands to AVHRR and
shall generate frame synchronization in phase with internal timing only.

&&&&-Twotestmodesshallbeprovided:

(1) MIRP shall  replace the AVHRR parallel input data with a P.N code test signal. The code
clock rate shall be equal to the data sampling pulse rate. This shall be a commandable
function.

(2) MIRP shall replace the GAC, HRPT, and LAC output data with a PN code clocked at the
bit rate ofthe replaced signal. This shall be a uxnmandable function.

0 m - MRP shall produce the following farmats  simultaneously: high resolution picture
transmission (IIRPT),  local area coverage (LAC),  global area coverage (GAC), and automatic picture
transmission (APT). The major &ara&&ics of the farmats  are summarized  in Table 12.

_m - The AVHRRMIRP interface shall provide data sampling commands by
MIRP,digitizedAVHRRdata~AVHRR,cmdlincgachnwizatianpulstsfiwnAVHRR.  In
normalmodcandinovcrridc~logicmodc,MIRpshallissue~pling comma&switha&ed
phaserelationshiptothelinesynchmaizationpulsesfrc#nAVHRR  Inbackupmode,MIRPshall
issue sampling comma& in phase with MIRP internal timing. Data sampling logic control will be
provided to produce cropped science data and to cause insertion of AVHRR calibration and
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Table 12 MIRP Output Formats

Form ofData tal Bit Stream W-bit  words, Analog 2.4 IChzS-

Frame per Channel

Processing of AVHRR Formatting and cropping

prior to cunver!jion

Resolution reduction, Resolution reduction and
formatting, and cropping comction for geometric

distortion, formatting, and
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C

0

0

housclcotping~intotheoutputdrtastreams,ateventtimes~~inthcAVHRRintcrfuxdocument.A
unique channel ID wedge shaii  be provided for each of the 6 AVHRR channcis. Tht h&W shall pro*
Am channei  3a/3b  &Ii&on  to the HRPT, GAC, and LAC drtr rtreuns  in ID wofd #7, bit 10.

. .
-In normai  mode, override rcsync iogic  m&, and bkup  mode,  MIRE Dali gcnm*
fk8mtsynchronbtioninph8sewithMIRPintemaitiming.  In8iithfccmodes,MIRPsh8iimeasu~thetime
di&rence  between the fbrne  synchzonization  and the line synchwbtion puisc  from AVHRR. MIRP shall
format this time difference into a data word and insert it in the fbne hader  of the HRPT,  UC, and GAC
formats. Innormslmodc,~MlRp~irtphrsctheframe~~~urtomrtically~~e~nC
synchronization pulse ifthc above time di&rence  exceeds a preset value.

I Seia - Any two AVHRR channels shaii be presented in the APT fo& The choice sbaii  bc
in response to a command.

- MIRP shail  accept time of day counter data from TIP and format it into the header of the
HIWT, LAC, and GAC formats.

GAC FYocesw - MlRP shali use one out of every  three AVHRR scans for GAC data. MlRP shaii compute an
average value  for four djaccnt samples and skip one sample of each channel of AVHRR data across each
AVHRR scan iinc used. It shaii insert these averages into the GAC format.

* . .on Redum  and Geo~stort~o~ m - MlRP shall use one out of every three
AWRY  suns for APT data. MIRP shall  perform the following schedule of avenging for each of two
(selectable by command) channels:

use first 121 sampics  to product  121 output samples.

Next 93 sampies  compute (A+By2,  (B+Cy2,  (D+Ey2,  and so forth to produce 62 output samples.

Next 166 samples compute (A+ByZ,  (C+D)&  and so forth to produce 83 output samples.

Next 330 sunpks  compute (A+Bp, (D+E)LZ,  and so forth to produce 110 output sampies.

Next 628 samples compute (A+B+C+Dy4,  (E+F+G+H)!4,  and so forth to produce 157 output
SampieS

Next 330 samples compute (A+BL!),  (D+EyZ, and so forth to produce 110  output samples.

Next  166 samples compute (A+ByZ,  (C+Dy2,  and so forth  to produce 83 output samples.

Next 93 samples compute (A+By2,  (B+CyZ, (D+EyZ,  and so forth to produce 62 output samples.

LMt 121 mpks  u8c  as is, tD pruducc  121 output s8mpies.

A total  of 2048  AVHRR rampies  hail be used to produce a totai  of 909  output sampies.

.E- The  fartgoins  output samples far me channel shall
be f=attcd t0g*with  synchr0nizatiian, space scan, and AVHRR tckmctty data and
shall be @ital-to-analog amvatcd  with &bit granularity at 4160 c0mmsians/secand. This

~bt+fOrthC0thCrchannel.  Thcmal0gsignalshallbcpassedthr0ugha
~d-ordcr  transitional Butterworth-Thomson  filter with a 2400~Hz 3dB bandwidth: The
filtered signal shall umplitudc  m0dulatc a 2.4~kHz subcanier.
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0 m  -MEW shall  provide a one-minute counter to mark in the APT format. The counter
shallbecapableofbeingrcsetbya~

0 Data M - MlRP shall output HRPT, GAC, and LAC fofmats to the XSU. MIRP shall output_
APT format as a modulated s&car&r  to each real-time VHF transmitter. All but the initial

.synchro&ation  words and the auxiliary syn&ronization  words of the GAC and LAC outputs shall be
randomized  to precld the transmission ofrepetitive patterns of continuous ones and zeros.

g. m - The  XSU shall provide  switched  data and clock intcrf&es  with TIE’, MIRP, AIP,  DTRs,  SSRs, and the
four S-band transmitters in rcspons  to single word wmmandsprodu&bysofwarewithinthccPuand
delivered by the CIU. It shall distiibutc  timing to the data-handling subsystem and to the payload suwors  and
shall provide XSU state inf&on to the TIP.

JtInbuf -- The XSU shall be capable of tra&ening the data fnrm any ofthe
following sources to the input &e&cc of the DTR: either  of two identical  outputs from
TWAIP,  MIRP LAC data, and MIRP GAC data. Any data stream listed previously shall be
capable of being transferred to more than one DTR simultaneously. The bit farmats  of data
to the DTR shall be as specified in IS-2280354.

- The XSU shall be capable oftransferring
the playback data &om  any DTR to the input interface of any S-band transmitter. Also, it
shall be capable of transferring data !Yom one TIP or one AlP interface to one S-band
transmitter (&her boost mode or orbit mode). The bit farmats  of playback  data fnmr the
DTRs shall be as specified in IS-2280354. The XSU shall p-e these formats in
transferring the data to the S-band transmitters. The bit formats of HRPT and real-time
TWAMSU  data to the S-band transmitters shall be split phase.

power  Sw&&g Me--The  power switching modes shall be:

- SideAon,Si&Boff
- SideBon,SideAoff

0 (=locks -- XSU shall accept the master clock &om the CIU. It shall distribute clocks to the
data-handling subsystem as mquired and to the payload sensors, including the following:

1.248 MHz to the payload sensors andtheAIP

0.9984 MHZ  to TIP, MIRP

665.4 kHz to DTRs  or SSRs far rcwling LAC  data

_ 66.54 kHz to DTRs or SSRs for rcwding GAC data

2.6616 and 1.3308 MHz to DTRs  or SSRs  for playback of LAC and GAC
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332.7 kHz to DTRs or SSRs  for playback of TIP and AMSLJ  orbit and boost mode data

0 Instrument Intexfaces  shall be as specified in the AMSU UIISs  flable  1).

0 TheAIPshallacceptadatastreaml?omtheTlPinaUmodes.

0 output  data

The AIP shall output a combined AMSUmP  data stream at 16.64 kbs to the XSU for either
rewrding or direct transmission over au S-band transmitter.

0 No single point cmmponent  film in the AIP shall preclude  transmission ofAMSU  data.

i. m -- The DTR will provide recording  and playback of LAC,  GAC, and TIP data. The DTRs are GFE. Each
DTR consists of one electronics assembly and two tape drive assemblies. There are five DTRs  in the data-
handling subsystem.

je m -- The SSR will provide rewrdiq  and playback of LAC, GAC, TIP, and AIP data. The SSRs m GFE.
Each SSR replaces one or two DTRs. There are three SSRs  in the NN’ data-handling subsystem. The SSRs
are also compatible with the KIM data-handling system.
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3.6.1.8 Reaction Control and Propulsion Subsystem

a. Function

NOAA-KL,M

The reaction control and propulsion sub-em (RCPS)  shall provide the required means to achieve the
spacecraft/launch vehicle separation as described in paragraph 3.6.1.1 b. Thereafter, the RCS shah provide a
coast pitch maneuver, attitude control during coast and during the main propulsion burn, a final  delta V trim,

andattitudecontroltoreductbodyratesforarraydcplaymtntandcoast  Theoperationallifeofthehydrazine
subsystem shall extend until closure ofthe tank outlet isolation valves after the final  velocity trim and prior to
the9O”yawmaneuvers.  Inthecvcntthattheasccntphastafthemissiondoesnotrtquircuseofthecntirt
nitrogen load, The nitrogen subsystemmust  be capable ofusing mmainingnitrogenformomentumunloading
during orbit mode.

The hydra&e system shall use monopropellant hydra&e  in accordance  with MIL-P-26536, and the nitrogen
system shall use nitrogen pressurant in acxndance with MIL-P-27401.

NOAA-N and N-prime

The reaction control subsystem (RCS)  shall provide attitude control to reduce body rates for array deployment.
The nitrogen subsystem shall be capable of using remaining nitrogen for momentum unloading during orbit
mode.

b. Confifzuration - Components of the reaction control and propulsion subsystem shall include high pressure nitrogen
gas tanks, a pressure regulator, a reliefvalve (with thrust neutralized vent), hydrazine tanks (NOAA-K,L,M  only),
thrusters,  manifolds, filters, pressure transducers, and fill and drain valves as required, as shown in Figure 22a and
Figure 22b,  and mounted on the aft end of the reaction control equipment support structure. The configuration shall
include isolation valves positioned so as to provide isolation between the N&I,  tanks and NJI, thrusters.

C. Thrust Levels - The reaction control subsystem shall provide thrust levels consistent with the ascent control require-
ments.

d. Thrust CanaciQ  - The reaction control subsystem shall provide a total impulse su&ient  to perform the functions
described in paragraphl3.6.1.8a.

e.

f.

Tank Canacitv  -- Capa& of the propellant tanks shall be su.tXcient  to meet the requirements of paragraph 3.6.1&l.

Pronellant  - Hydra&

.

NOAA-K,L,M

None of the propellant shall be allowed to f&eze  during the period of required usage. Following, the delta V trim
and go-degree  yaw maneuver (see Figure 6 and paragraph 3.1.6),  the isolation valves shall be closed and the
hydrazine pressure-relieved between the two isolation valves and the four hydrazine thrusters.  The hydrazine
remaining in the two propellant tanks and tank outlet lines up to and including the isolation valves shall be *
maintained in the liquid phase at not less than 9°C for the remainder of the mission by an active thermally controlled
heater system.

The maximum temperatures of the reaction control equipment subsystem shall be maintained well below those
that would cause burst or leak pressures in components. Heat soakback  f&n the apogee kick stage bum and hydrazine
engine bums must be considered as well as heat inputs from  the Sun, the shroud, and aerothermal heating. The
degradation of thermal properties noted during previous NOAA and DMSP flights shall be considered in the design
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Figure 22a ~caction  Ccmtrol Subsystem  NOM&L, and M
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Figure 22b Reaction Control Subsystem NOAA-N and N-prime
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of the RCE thermal control. The subsystem shall meet its leak rate spec&&m for a minimum period of 2 years
after the hydra&e  thwters are disabled so as not to cause attitude perturbations or cause contamination of any
sensor.

NOAA-N and N-prime

h.

Section not applicable.

Thruster Orientation - All thwters shall be oriented to avoid causing excessive heating, contamination, or other
damage to any satellite unit or surf&e.

RCS Control

.

NOAA-I&M

Attitude determination data shall be provided by the ADACS subsystem and presented to the CPU. Guidance
control software located in the CPU shall perform firing control ofthe RCS thrusters  and provide for isolation
of the hydrazine thwters and depletion ofthe hydrazine in the system  h the isolation valves to the hydrazine
thrww-s.

NOAA-N and N-prime

Attitude data shall be provided by the ADACS and presented to the CPU. Rates control software located in the
CPU shall perfom firing  control of the RCS thn&ers.

3.6.1.9 Apogee Kick Stage

NOAA-K, L, and M

The apogee kick stage provides suf&ent  delta V during ascent so that in conjunction with the TITAN II and
N,H, subsystem the satellite achieves the specified orbit.

NOM-N and N-prime

Section not applicable.

3.6.1.10 Instrument Payload Functional Characteristics

The instrument payload is GFE (Table 2). Refer to the appropriate interface  documents for the interface characteristics
of the instrument  payload (Table 1).
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3.6.2
. . . .

mart Ev CharactW

3.6.2.1 Mechanical Equipment

The mechanical support equipment shall include the following items:

.
F=mr~ Gend-~=E9lbEpmPrPf - This equipment shall be that needed to support the satellite during  factory
assembly and integration. It shall provide access to required satellite locations and shall be used for general
handling, assembly, installation, alignment, weighing, balancing, and maintenance. Included shall be general and
satellite peculiar equipment, workstands, handling dollies, handling slings, hoisting equipment, fixtures,  and
adapters.

.
Factors Test Eoa - This equipment shall be that required to support satellite and subsystem or component
development, qualification, and acceptance testing. It shall perform transporting, access, general handling,
maintenance, servicing, and testing functions at all test locations.

. . .
Factov-to-Slte=fiatlon  &auxw.G -- This equipment shall be that necessary to house and protect the satellite
during transport from  the factory to test and launch sites. It shall be designed for truck and air transportation and
shall include necessary means for handling and tiedown The contractors shall specify the maximum environmental
conditions to which the spacecraft shipping container can be subjected without adversely aflecting the spacecraft
inside. Instrumentation shall be provided to monitor or record all controlled environments continuously. The con-
tractors shall provide instruments to monitor the temperature and humidity inside the spacecraft shipping container.
The government will provide vibration-monitoring equipment for the spacecrafl  shipping container.

3.6.2.2 Electrical Equipment

The electrical support equipment shall meet the requirements of 2285033 and Appendix A and shall be modified to
meet the requirements of 2295960. This equipment, in conjunction with standard test equipment, shall provide the
capability to verify the integrity of all launch critical elements of the satellite, provide power, provide control functions,
monitor performance, and provide failure indication at the component, subsystem, and system level. The electrical
equipment shall not cause satellite component or system failures and shall also provide permanent records of test data.
The design of electrical equipment shall incorporate means to protect it and the satellite from damage as a result of
power source interruption. Electrical support equipment shall include the following:

.
v -- This equipment shall be required to support satellite development, qualification, and
acceptance testing at all test locations, and shall perform the following:

0 Conduct the required subsystem and system level tests through the use of automated test equipment
0 Collect resulting test data and provide computational and analytical capability
0 Provide continuous monitoring of all predictable parameters for which unpredictable behavior should be

8I181yzed
l Provide automatic collection of data, produce history data, and retrieve and provide viewing capability for these

0 Provide a controlled operator interactive access to the test system control, observations of the test progress,
system status, and test data outputs

0 Provide a mechanism to determine system faults and aid in the protection of the spacecraB

. .ite w -- This equipment shall be that necessary to support launch-site, receiving/iiection of the
satellite, testing to verify satellite buildup and integration, interface checkout, and system integrated test before
movement to the launch pad.

.
aul~menf  -- This equipment shall be that needed to support prelaunch electrical checkout of the
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satellite  at the launch pad

3.6.2.3 Reaction Control System Support Equipment

This support equipment shall include all quipment used to support  the  manufacnne,  development qualification, test
and launch of the NOAA-K, L, M, N, and N-prime spacecmft RCE. This equipment shall be categorized in two general
classes.

l Class I- Equipment dedicated to the NOAA-K, L, M, N, and N-prime .

0 Class II --Equipment that is considered to be standard factory or launch-site quipment that is also used to
support other satellite contractor  programs.

The functional  characteristics ofthe equipment are as follows:

a. Factorv  Eauinment  - Factory equipment shall be that which is needed to support the assembly, development, and
test of the RCE at the system and spacecraft level. The equipment shall also be used to decontaminate, maintain, and
service launch-site equipment at the factory. The equipment shall support the parts fiibrication,  component level
test, cleaning, assembly, brazing and welding, pressurizatian,  leak test of components  and the system, electrical test,
thermal test, and integration test of the RCE and the spacecraft Included are all fktures,  adapters, precision
cleaning fktures,  clean room Wures,  workst&s,  RCE handling dollies, RCE slings, pressukation panels
(includiIlg  pressure hoses, manifolds, and fittings), leak test equipment (including enclosures).

b. Launch-Site Eauinment  - This equipment shall be used during launch-site operations to:

0 Pressurize and leak-test the RCE
0 Prepare the propellant loading cart and load the RCE with the prescribed weight of hydrazine propellant

(NO~-KLMmly)
0 Pressurize the RCE to fight pressure with the prescribed quantity of nitrogen pressurant

and ifnecessary to:

0 Vent the pressurant nitrogen fkom  the RCE
0 Offload the hydrazine propellant from the RCE, (NOAA-I&M  only)
0 Troubleshoot the RCE

The launch-site equipment wih include high and low GN2 pressure panels and leakage-measuring equipment. The
contractor shall further provide hydra&e  detection equipment, off-load equipment (NOAA-K,L,M  only), drums,
flex lines, fittings, valves, and safety equipment. The previously mentioned launch-site equipment is necessary to
support the launch activities for the NOAA-K, L, M, N, and N-prime spacecraft.

The hydrazine loading cart will be provided as GFE, but operation and maintenance of the cart shall be provided by
the contractor. (NOAA-K,L,M  only)
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3.6.3 Spacecraft Software Subsystem

3.6.3.1 Unified Load Package

The unified load package (ULP)  shall perform functions including, but not limited to, the following:

0

0

0

0

0

a
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Provide vehicle attitude determination from liftoff  (NOAA_KtL,M,)  or from Earth acquisition (NOAA-N and N-
prime)to  handover  to orbit mode operation
Provide a prelaunch test capability of the navigation system. (NOAAX,L,M  only)
Provide a prelaunch test capability of system alignment (NOAAX,L,M  only)
Provide a prelaunch test capability of RCE operation.
Provide a prelaunch simulated flight test capability.
Interface with  the CIU.
Provide CPU telemetry to TIP.
Accept and issue vehicle discretes  including, but not limited to, stage separation, solid motor ignition (NOAA-
K,L,M  only), and antenna and solar array deployment.
Provide ascent guidance function (NOMM,L,M  only) and control signals to RCE for control from
booster/spacecraft stage separation to orbit mode handover.
Accept stored and real-time commands from the CIU.
Transform valid real-time, stored and internal command into required action (i.e., control tiormation to CIU).
Generate a positive command verification signal for transfer to TIP.
Provide a capability to dump CPU memory via TIP output data
Collect and output preprogrammed memory words far transfer to TIP in accordance with a preprogrammed
schedule.
Provide a capability to switch logical control between the two CPUs,  including internal diagnostics and operating
mode control.
Accept outputs from ESA, IMU, SSD, and RWAs and, using uploaded stored ephemeris data, produce control
signals to RWAs and momentum coils to control spacecraft attitude and momentum as required by paragraph
3.6.1.3e. In addition, provide capability for automatic unloading of momentum  wheel speeds by actuation of GN,
thru&rs. Enable/disable thresholds shall be adjustable for each axis. Provide for initial acquisition assist in the
event of a primary wheel failure by uplink commands to the flight computer. Thru&r pulse repetition shall be
adjustable for each of the three axes by uplink command
Using input from ADE and stored ephemeris data, produce drive signals to ADE to maintain proper orientation
between the solar array and the solar vector.
Perform upload message verification checks.
Perform memory section check calculations and report upon command
Provide power management &ware  having failure protection capabilities that include battery charge level
monitoring, battery temperature and pack temperature gradient monitoring, battery voltage monitoring, and Sun loss
monitoring with capability to automatically switch to a safe operational mode. There shall be an onboard  filtering
capability for programmable analog parameuz-s  on l-second telemetry subcom.
The ULP shall provide fully symmetrical, redundant functional capabilities in both CPUs:  one acting as “control” and
the other as “standby”. Under ground control, either computer can be designated “control” or “standby.”

3.6.3.2 Extended Power-on Processor Software

The extended power-on processor software @POPS)  package shall provide the emergency means for loading data into a
CPU read/write memory regardless of either the existing contents ofread/write  memory or the execution mode of the
CPU. The requirements for this &ware are contained in P&2303078.
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3.6.4 s Software Sy&mw

3.6.4.1 Operating Systems

The operating systems software  within the Ground Support Software System (GSSS) shall be capable of executing the
applications software required to support the Integration and Test (I&T) and launch activities of the NOAA-K, L, M, N,
and N-prime spacecrafl utilizing (1) 32-bit addressing the A, B and C computers of each ATNAGE, the Simulator and
the W-line systems and (2) 16-bit  addressing  in the A computer of each ATNAGE and the Offline  system. The dual
32-bit  or 16-bit  addressing  capability within the computers shall be retained until the applications software supporting
the NOAA-I and NOAA-J spacecrafl activities have been converted to operate on a 32-bit  system or until both
spacecraf?  have been launched, at which time the 16-bit capability may be deleted. The dual 32-bit  or 16-bit  addressing
capability shall be maintained in the O&line  system as long as any required data analysis soflware operates exclusively
in 16-bit  mode.

3.6.4.2 Applications Software

The existing and additional applications and utilities soflware  that is required to support the NOAA-K, L, M, N, and N-
prime I&T and launch activities shall be modified or developed, respectively, to operate on the ATNAGE and ancillary
ADP equipment within the GSSS (in 16-bit  or 32-bit  mode on the Oflline system and in the 32-bit  mode on all other
systems within the GSSS) and shall satisfy the requirements of Appendix A herein

. . . .3.6.5 5

NOAA-K, L, and M

Refer to the Titan II ICD to the ATN spacecrafl (NOkUWLM),  ICD-T&25004,  for the functional
characteristics of the launch vehicle @em.

NOAA-N and N-prime

Refer to the Delta II ICD to the ATN spacecr& (NOAA-N and N-prime), ICD-DII-tbd, for the functional
characteristics of the launch vehicle system.

3.6.6 . . .CDA Site Hardmre  & Encju iD_

The contractor shall provide equipment to interface with the DCA PACS system to provide for encryption and command
operation (STDN) for NOAA-K, -L,-M,  -N, and -N-prime satellites. This equipment shall utilize NSA KIT-23 EMS
technology. A redundant set of equipment shall be provided.

3.6.6.1 Encrypting Authenticating Equipment

The encrypting/ authenticating equipment called the command encryption module (CEM)  shall interface with the CDA
PACS Host computer (VAX) to provide an encrypted digital signal. These digital signals shall interface with the
command generator (STDN) via an RS232C  protocol. Normal prepass or pass activities should not require operator
inteivention  including switching between satellites. The CEM equipment shall contain self-test modes.

3.6.6.2 Command Generator Equipment

The contractor shall supply a STDN Command Generator to interface with the output ofthe VAX (PACS)  via a
RS232C interface. This equipment shall format the digital signal input to STDN format and modulate a 16 KHz
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subcarrier for output to the RF Signal Generator  also provided as part of the CDA site equipment.

3.6.6.2.1 Manual Command Generator

As part ofthe Command Generator equipment, a manual input capability shall be provided to pexmit  the sending of
STDNfomwtcd commands to the orbiting satcllites  in the clear mode. Equipment shall be operator controlled and shall
be capable to prcstorc  and display ten commands that have been entcrcd manually. A manual keyboard shall be
provided  on the tint  panel to enter commands in hexidccimal opcode.

3.6.6.3 CDA Site Command Uplink Antenna Probe Verification Function

As part ofthe  CDA site  equipment, the contractor shall provide  equipment to veri@  the command uplink  transmission
signal utilizing the CDA antenna probe.

A phase modulation receiver operating at 65 MHz shall be provided to demodulate the uplink data I?om the CDA
antenna probe. This 16 KHz subctier data shall be sent to the command generator assembly to be demodulated to 2
Kbs  NRZ-M baseband data to provide Bit tir Status as part of the command verification system. This data will be
available for interface  to the PACS (NAGE) equipment.

3.6.6.4 Spacecraft Ground Test Equipment (NAGE)

The spacecrafl  ground test equipment (NAGE) shall utilize two identical versions of the equipment.

3.6.6.5 CDA Site Interface Specification

The contractor shall, with the assistance of NASA, develop interface  specifications for the above equipment.
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3.7 PRODUCT ASSURANCE REQUIREMENTS

The contractor shall develop and implement reliability, quality assurance, system safety and configuration management
systems that meet the requirements ofthis  specificatian,  the Stakment of Work, and the Performance Assurance
Requirements (S-480-26.1); however, it is intended that the contractor use his programs as a base and mod@ them as
required to meet the NASA requirements.
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4 -AL TEST PROGRAM

4.1 G E N E R A L

The test program in general will apply to all hardware divided into four general  categories:

0 componenttests
0 Design verification  tests
0 Spacecr& bus evaluation tests
0 Satellite flight acceptance tests

4.1.1 .-on for Test Prow

The satellite and components submitted for testing shah have all protective covering, potting, thermal insulation, shock
mounting, or any other means of attenuating environmental rigors expected in flight. Any appendage or other attachment
that will render the item being tested more vulnerable shall be included or simulated. Flight models submitted for
acceptance testing shah be replicas except for approved ECNs of the qualified protoflight. A component  (where feasible
and agreed to by the contractor and the government) and a satellite undergoing envnonmental  exposure in either a
protoflight or acceptance test program shall be in the operating mode expected of it during the launch or orbital
condition being simulated by the environmental exposure. Any changes to the test plan shall be submitted 90 days
be&ore  test for GSFC approval.

4.1.2 Petg&J  TegfProcedure

A detailed step-by-step test procedure shah be prepared before each environmental exposure or test This detailed  test
document must be available for review by the cognizant GSFC technical personnel 15 days before the test or exposure.
Any changes to the detailed test procedure must be available for review by the cognizant GSFC representative. A copy
of the detailed test procedure with all changes shall be maim&xi by the contractor, and a log will be maintained of each
change with the date of such change.

. . .4.1.3 Test Facli ltreg

4.1.3.1 General

The apparatus used in conducting the test shall be capable of producing and maintaining the test conditions required.

4.1.3.2 Standard Conditions for Test Area

Laboratory conditions for conducting specimen operational checkout before or after an environmental exposure shall be
as indicated, unless the specimen is sealed, protected,  or otherwise functionally insensitive to variation in temperature
and humidity. In those cases, checkout at room ambient conditions shall be acceptable.

0 Temperature:

0 Relative Humidity:

0 BarometricPressure:

24” l 5”C

30 to 55% (25 to 30% ifwrist stats are worn)

Room ambient with performance data corrected to 760 torr (29.98 inches of mercury), if
specifiedinthcparticular&tailedtestprocedure.

104



Contract NASS-30350 Attachment 6
GSFC S-480-25.1

PERFORMANCE SPECIFICATION
FOR THE NOAA-K, L, M, N, N-PRIME SATELLITES

.4.1.4 r

All measurements shah be made with instruments that are appropriate for the category involved and for the
environmental conditions concerned. All standard commercial inspection, measuring, and test equipment shah be
calibrated at scheduled intervals against certified standards that have known valid relationships to national standards.
Records shah be maintained indicating the date of last calibration and due date. The due date or other identification
attesting the due date of the next calibration shah be displayed on each item ofmspection,  measuring, and test
equipment. Procedures shall be generated by the responsible personnel that provide the means for periodic operational
checks to be performed  before use of each inspection, measuremen& or test equipment.

4.1.4.1 Tolerances

Unless othenvise  specified by the applicable test procedure, the maximum allowable tolerances for test conditions shah
conform to the following requirements.

0

0

0

4.1.5

4.1.6

Temperature (sensor accuracy):

Relative Humidity:

Vibration Amplitude
Sinusoidal:
Random - overall rms level:

- PSD:

Vibration Frequency:

weight
- spacecraft:

Subs/exp:

Additional tolerances shah be as specified

.e&on &served

eck

+3 “C (on temperature control sensors)

+0, -5% RH.

*10%
*lo%
i3%dB

l 2% or 1 Hz (whichever is greater)

&25%
ti.l%

Following spacecraft or component installation in a test apparatus and before exposure to the test environment, the
spacecraft  or component shah be operated electrically to ensure that malfunction or damage was not caused by a faulty
installation procedure or handling.

. .4.1.7 Criteria for UB Performance or m

Any detectable change that can be interpreted as leading to failure or harmful degradation within the expected
operational life or any change in the operation as defined in the applicable performance specification shah be interpreted
as a discrepancy or failure. This determination will be made jointly by NASA and the contractor.

.4.1.8 mabon and m

Upon recognition of a failure or discrepancy during a test, the test director will discontinue the test ifthere is any risk to
any component Ifthere  is a risk to any component, the test will be continued with the approval of both the contractors
program manager or his authorized representative and the GSFC Tiros spacecraft  manager or his authorized
representative, who will be notified at the f?rst  opportunity after the failure or discrepancy occurs.
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A Test Review Board (TRB)  shah be convened within 24 hours to make a final determination of test continuance or
discontinuance. The TRB will also establish the level of retest required for in-line failures or failures with retroactive
eflkct.

4.1.8.1 Malfunction Reporting

Malfunctions or failures shah be reported in accordance with the provisions of GSFC S-480-26.1. Reporting shah begin
with the first functional test of an assembly or subassembly and continue throughout the operational life of the item as
required by the reference document.

4.1.9 &&&u&uI  of ComponeaCe

If a component is operated in excess of design life and wears out or becomes unsuitable for further testing during a
system acceptance test sequence due to a cause other than design deficiencies, a difkrent component may be substituted.
However, ifthe substitution a&&s  the significance of results of the test sequence during which the part failed, the test
sequence and any previously completed procedures that are afkted shah also be repeated.

4.1.10 . .
Trmomn  and l&wilmg

To ensure that environmental conditions resulting fkom transporMon and handling do not exceed the levels imposed by
the tests, thereby imposing unnecessary  penalty on the design of the spacecraft,  the shipping and handling environment
shall be controlled and monitored for specifkd  modes of transportation, handling, and by the use of properly designed
shipping containers.

4.2 COMPONENT TESTS

4.2.1 Pro-t Testing

The fkst  set of new or redesigned components shah be tested to protoflight standards. For vibration, this means that
prototype (design qualification) test levels at flight acceptance durations shah be used. For thermal vacuum, the
temperature extremes shah be klO”C  over and above those determined to be worst case expected during launch and
orbit. The vibration levels and thermal vacuum temperature extremes shah be recommended by the contractor and
approved by GSFC.

4.2.1.1 Weight

The component weight shah be determined.

4.2.1.2 Vibration

The subsystem shall be attached to a fkture where the attachment points shall simulate the spacecraft structure with
regard to hole pattern torque, preload, and bolt size. The mounting fixture shah be attached to the vibration equipment
so that the component may be vibrated in each of three orthogonal directions, one of which shall be parallel to the thrust
axis. The subsystem shall be exposed to random vibration in one axis be&ore  prouxding  to the next axis. An X-Y plot
of the filter voltage output or power spectral density versus frequency is required far each axis. In case of unexpected
equipment problems, the use of tape recording the data, especially the control accelerometer signal, is highly
recommended. During vibration exposure, the component (where feasible and agreed to by the contractor and the
government) shah be operated in its launch mode.
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4.2.1.3 Launch Loads

Structurally modified components shall be subjected to a loads test (preferred) or an analysis (option) of the primary
structure  demonstrating design adequacy. The new or redesigned hardware shall be subjected to a load/acceleration test
of 15g longitudinal and 3.75g  lateral applied simultaneously (modification 17) or a test equal to 1.25 times the expected
flight (limit) load in three axes.

lfthe  analysis  option  is chosen, then a positive margin must be demonstrated using one ofthe  following criterion:

a. A longitudinal load of 24.0 g’s coupled with a lateral load of 6.0 g’s (modification 17).

b. Positive strength margins shall be shown to exist at stresses  equal to 2.0 times those induced by the limit load pn
m and 2.6 times those induced by the limit load pi ult&&.

4.2.1.4 Leak

All hermetically sealed units shall be subjected to a leak test to ensure performance to the individual specifications.

4.2.1.5 Thermal Vacuum

Protoflight  subsystems shall be exposed to a thermal vacuum test consistent with requirements of the PAR. Where it can
be demonstrated that the subsystem is not vacuum sensitive (i.e., nonhigh  voltage and sealed), a thermal test may be
substituted. The test shall comprise a minimum of eight hot and eight cold cycles and the total duration at the plateaus
shall be 32 hours hot and 32 hours cold.

4.2.2 FIight  Tern

NOAA-K, L, M, N, and N-prime components shall be tested to flight levels except for new or modified components
which will have the first article tested to protoflight levels.

4.2.2.1 Vibration

A three-axis workmanship random vibration test shall be performed according to the applicable Performance
Specification or as agreed to between the contractor and the GSFC Tiros Project.

4.2.2.2 Leak

The contents of paragraph 4.2.1.4 shall apply.

4.2.2.3 Thermal Vacuum

The contents of paragraph 4.2.1.5 shall apply except that the temperature extremes shall be those determined to be worst
case far launch and orbit.

4 3 NOAA-K, L, M, N, and N-prime PREACCEPTANCE SPACECRAFT TESTING

The spacecrafl  components and instruments shall receive an initial power and functional and detail electrical test as soon
as practical after installation on the spacecrafk.
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4.3.1 && Test

The satellite shall be subject to an RCE leak test prior to flight acceptance testing.

4.4 NOAA-K, L, M, N, and N-prime PLIGHT ACCEPTANCE TESTS

The satellite flight acceptance test program is intended to demonstrate thed performance ofthe complete
satellite. The levels of test are planned to be equivalent to those expected during launch and orbit. The spacecraft  flight
acceptance test program shall be comprised of the following paragraphs.

4.4.1 .System -Performance Te&(EEEQ

4.4.1.1 Purpose

The purpose of this test will be to verify electrical performance of all systems during the satellite flight environmental
test program. Satisfactory electrical performance in all applicable modes before, during, and after the specified
environments shall be required. The test will be based on exercising all redundant functions but not in all combinations
of each other. All recorders will be f&d at least once during the test The goal of the test will be to perform all
necessary tests in an ascent mode sequence followed by orbit mode tests.

The aliveness test shall be a subset of the SEPET not requiring filling recorders or exercising all modes of operation.
The goal is to perform the aliveness test in approximately 4 hours. Thermal vacuum SEPET testing is to be essentially
the same as the system electrical @ormance test in air with modifications necessary for thermal vacuum operation.
The thermal vacuum SEPET shall be performed once for each T/V temperature plateau level. The spacecraft operational
test (SOT) shall be conducted for the remainder of the time. The electromagnetic interference./electromagnetic
compatibility (EMUEMC)  test shall be a derivation of the system electrical performance test, however, complete
recorder fills will not normally be required. During acoustics, the ascent phase of the system electrical performance test
shall be conducted.

4.4.1.2 Times of Performance

The initial SEPET test shall be conducted prior to the beginning of environmental  tests to determine whether electrical
performance meets the requirements of the satellite specification. The SEPET will be repeated prior to thermal-vacuum
testing, three times during thermal-vacuum testing, prior to acoustic testing, prior to shipment to the launch site, and
after arrival at the launch site, to determme whether the test, handling, and transportation environments adversely
affected the satellite’s performance.

The aliveness test will be performed at the following points in the integration and test program:

a.

b.

Following EMUEMC  and before thermal vacuum

Prior to acoustics and operational shock

Following acoustics and operational shock

Prior to shipment to the launch site

Following encapsulation in the booster fairing at WTR

Following the spacecraft  mate to the booster at WTR
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.
4.4.2

. .
Mass Prop-t=.  Welght.d CenM ofGmv@!

While nonoperative, the satellite  weight and center of gravity shall be measu& Moments and products of inertia of the
spacecraft in all three axes shall be calculated far the launch cox@uration  unless othtise specifkd.

4 . 4 3  EMVEMC

Sufkient emissions and susceptibility tests shall be conducted to determine  that the satillite electrical and electronic
equipment will operate satisfackly in orbit. This test will be conducted at the contra&& facility in the orbit mode and,

. in the launch mode.

4.4.3.1 RF’ Radiation Test

A test to verify pioper  RF radiation levels in the orbit configuration shall be conducted.

4 . 4 . 4  woidal Vibrd

A sinusoidal vibration test, to simulate the expected  low tiquency transient vibration responses present during the launch
ascent phase, shall be conducted on the spacecraft The vibration test shall be conducted with the spacecraft  in its flight
configuration. Notching and limiter accelerometers shall be permitted  to protect the structure.

For each lateral axis test, the frequency limit shall be chosen to be no more than 1OHz  above the second spacecraft bending
mode for that axis. For the longitudinal test, the frequency limit shall be no more than 1OHz above the fkequency  for the
spacecraft thrust mode. Results of a low level sine sweep shall be used to determine the upper ikquency  limits.

The spacecraft contractor will develop the sine vibration profile for the NOAA-K, -L,  and -M spacecraft. The spacecraft
contractor and GSFC will jointly develop the sine vibration profile for the NOAA-N and -N prime spacecraft.

4.4.4.1 Qualification (NOAA-K and N)

The NOPLA-K  and NOAA-N spacecraft shall be tested to qualification levels. A qualifkationJeve1  test shall generate
responses within the structure thk are 1.25 times the expected flight levels. Notching and limiter accelerometers shall be
permitted in order not to exceed &alification levels as determined fkom the spacecraft’s  Verification  Coupled Loads
Analysis. tI

4.4.4.2 Acceptance (NOM-L and M)

The NOAA-L and -M spacecraft shall only be exposed to a single axis test along the longitudinal, or thrust,  axis. Notching
and limiter accelerometers shall be permitted in order not to exceed flight levels as determined from the Verification Coupled
Loads Analysis.

4.4.4.3 Acceptance (NOkA-N-prime)

The NOAA-N prime spacecraft  shall be tested to acceptance levels. An acceptance level test shall generate responses within
the structure that represent the expected flight levels. Notching and limiter accelerometers shall be permitted in order not to
exceed expected flight levels as determined fkom  the Verification Coupled Loads Analysis.

4.4.5 Acoustics

The satellite in the launch mode, except for fairing, shall be subjected to an akstic test. The test level and duration
shall be as shown in Table 4. For NOAA-K and NOAA-N the test level shall be increased by 3 dB. A system
performance test and deployments test shall be perfbxmed  bef&c and after  the acoustic test.
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4.4.6 s

An operational  shock test shall be performed following the random and acoustic tests. This test will consist of firing the
o&umces ofthe V-band bolt cutter and all deployable appendages and protective cover. After the test, a visual
mspection will be performed to verify that the two V-band halves are clear ofthe  separable interface and all appendages
and protective covers have performed within spec&ation.

4.4.6.1 Handling and Transportation

Satellite design should not be influenced by handling and transportatjon  loads. Shocks thus encountered should be less
severe than those discussed in the foregoing tests. The dynamic loads transmitted to the satellite shall be limited by
appropriate shipping container design with considerations of ground and air vehicle characteristics and specific handling
procedures. The reusable shipping container shall be capable of being pressu&d with dry nitrogen during shipping and
storage. A gauge shall be incorporated  to facilitate checking the pressure in the container.

4.4.7 Thermal

The thermal balance test shall not be performed unless design changes are implemented for NOAA-K, -L,  -M, -N, or -
N-prime which would significantly affect the present ATN thermal design.

The thermal vacuum test shall be performed to demonstrate the ability of the satellite to perform properly at the extreme
and nominal modes of operation required by the mission, while under simulated vacuum (5 1 x 10” torr) and
temperatures at the predicted extremes. For NOAA-K and NOAA-N, a *5 “C test margin shall be added to the
predicted temperature extremes.

The thermal vacuum test shall co~orm to the generalized profile shown in Figure 23. The specific profile shall be
contained in the thermal vacuum test procedure to be used for each spacecraft. only approved materials shall be used in
the test. Before the test, all test equipment and materials (cables, hardware, and blankets) shall be baked out. The
bake-out shall be done in vacuum at 80°C for at least 48 hours. For the chamber that is used to do the satellite thermal
vacuum test, chamber cleanliness shall be established by installing two QCti  that are maintained at - 10°C l 2 C. A
QCM count change of 0 *S counts (Whr)  shall be acceptable with all of the chamber’s shrouds set to a common
temperature equal to the maximum of their specified (hot case) test temperature. Contaminatien  monitoring devices and
witness mirrors shall be used in the chamber during the thermal vacuum test.

Preparatory to all thermal vacuum  testing,  the location, sizes, and desired temperatures of all GFE instrument target+
shall be determined. The combined thermal effects  of the targets and the chamber shroud and heaters shall be analyzed
to result in the desired test temperature limits on all GFE instruments. A single target shall be used as a simulated space
background for calibration checks of the Earth sensor assembly (ESA)  detectors. The target will be matte black, liquid
nitrogen cooled, and cover all four detectors.

During the test, all active and passive louver set-points shall be verified. All heater actuation set-points shall be verified
for all heater controllers. Verification of flight temperature telemetry accuracy shall be ma& by test thermocouples
attached reasonably near all accessible flight temperature sensors.

The external pressure integrity of the spacecraft RCS shall be verified under space environmental conditions in
conjunction with the thermal vacuum test The propulsion system shall be pm to a condition that is
representative of the normal in-orbit pressure using nitrogen gas mixed with approximately 10 percent (by volume) of
argon as a trace gas. The argon gas content in the test chamber shall be monitored during the performance of the
vacuum test for evidence of leakage f%om  the RCS. If the argon content is higher than the normal background level for
the chamber, the reason for the condition shall be investigated. The nominal in-orbit pressure is defined as lOOW50
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psiaintbenitrogentanLsandsystcmupstream~theregulatorand”regulatorl~“prrssrveinthcsystem
down-stream f?om the regulator. The RCS configuration during the thermal vacuum test shall be as follows:

4.4.8

Latch  valve closed.

High-pressux filldrain valve closed with flight cap installed.

The low-pressure fill valves are closed. The interconnect manifold is &mov&
.

All tlmstcr  valves shall  be electrically disabled.

ThethnMernozzlesshallbeunqpedandopentothechamber.  Befixethestartofthethermalvacuumtes&
eachthruter&llbeexe&edtoveri@itsoperationbygasflow.  Nitrogengasshallbesuppliedat
approximately30psia  ThethnMersshallth~bedisabledandthesystemprtssrpizcdtotheprescribed
thelmalvacuumtestpressure. The latch valve shall then be closed and the thermal vacuum test performed. At
the conclusion of the test, the RCS pressue  shall be vented to “pad” pressure andthesystemreturnedtoits
normal storage condition.

Subsystems (components) and inshuments  (sensors) that operate as hexmetically  sealed units shall be subjected to a leak
check or have a capability for monitoring intemal pressure. Indirect measurement (e.g., RWA rundown time) may be
usedinsteadofdirectm easurements if supported by analysis.

4.4.8.1 Leak Rate

The permissible RCE leak rate shall be as follows:

a.

b.

MSvsta  -- The total permissible system leak rate, including external and intemal  sources, shall not exceed
15 scdhr  of helium with the N, thnuter  latch valve closed, the system pressui&  with helium to 1000 psi in
the GN, supply tanks, and the regulator lockup pressure in the system down-stream of the regulator.

w -- In addition to the total system leak rate specified in 4.4.9.14  the external  leakage from any one com-
ponent, tank,  and plumbing junctions shall not exceed 3.0 s&hour of helium when pressu&d to maximum
operating pressure.

C.

4.4.8.2

The leak

m -- Internal  leakage through any component shall not exceed the values specified in Table 13.

Measurement

rate shall be measured with the appropriate leak detection system. Prior to the te& the detection systems shall
be calibrated against a standard leak device, and the magnitude of the background of the greater gas in the test chamber
shall be deuxmined.

4.4.9 m

An initial alignment test shall be conducted befbre  system mechanical testing begins. Alignment checks should be made
after major exposuxs,  such as acoustics and operational-shock testing.

. .4.4m l  m

A~l~~illUmiIlatioSItestshallbecooduded after  the postvibration solar array deployment test. The illumination
test shall provide a power system end-to-end check and shall vexi@ overall pcrfarmancc.
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Table 13 Maximum Allowable Leakage for RCE Components

component
Hydra&e ThmsterEngine
(valve) (NOiLW&M)

N* -

I Relief  Valve

Latch Valve

Fill-Drain
Valve

Test TtstnGN, 100  and 465 psia

w I 465  psia

w I 575 psia

GHC I 550 psia

Ambient

Ambient
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Table 14 Environmental Test Matrix

Components

Tests M W S R L T D 0 T A E A
8 e t a e h e p h 1 .M c
S i r ll e up e e ’ 10
S U

: c
d I: r 1 r r t U

P t t :
m 0 a m n I s
a t 0 m t

r U 1 i i 1 e E i
0 a r V e 0 11 M c
p n a *

d 1 :
V n n B t C s

e a t 8 a
r r C 1 1
t B L a U a
i a 0 t U S n

1
.

e
: :

m h c
S 8 0 e

n S n
C :
e

New DesignFlight x & x x- x’ X
Components/Subsystems

Flight x x- x’
Components/Subsystems

Satellite X x x- x x x x x x” x x x

* Thermal test may be substituted subject to GSFC approval.
** Not required if significant  design changes are not incorporated.

**+ Leak testing is required only on hermetically sealed components and subsystems.
***+ Will be perfkned  onNOAA-K  spacecraft  only.

*+*+* Pexfomed  only if need indicated by analysis.
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4.4.11 Mechanical

An- solar array panels, solar my boom aud can4  MEPED (where applicable), and sunshade depioymcnt  tests
shall be cmdwted on a fully  configured satellite both befhe and after acoustics. Deployment telemehy shall be
calibratedduringthistest.

4.5 ENVIRONMENTAL TEST MATRIX

. Thecnvironm entd test program shall  be in accmhce with Table 14.
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I. INTRODUCTION

The computer-controlled ground test system shall be provided to support all electrical tests and required launch support
of each  spacecraft and its instruments. This support shall include, but not be limited to, spacecra  instrument bus
acceptance; integration and full-up system testing, thermal vacuum orbital testing, and launch, ascent, and early orbit
activities as identified  in this Specification The functional hardware and so&ware  requirements, the associated quality,
longevity, and maintenance and management requirements for the test system are presented in the following sections.

The required test system shall be similar to the Advanced Tiros-N Automatic Ground Equipment (ATNAGE) used for
NOkHlIJ  in systems concept. The following are salient features ofthis  system: (1) two relatively independent ground
systems are included in the test complex, (2) each test system is structured around a complex of three Data General
Corporation computer systems, (3) general- and special-purpose test and telemetry equipment is interfaced with the
computer bus, (4) an independent off-line processing capability is available, and (5) an automated test language is
available and is used for converting test procedures to the required computer language for execution.

It is expected that the automated test language and applicable test soflware will remain unchanged. New features of the
test system shall be selected to support the unique characteristics of the NOAA-K, L, M, N, N-prime spacecraft. The
instrumentsshallensure the availability of adequate processmg and display capabilities and shall ensure that the test
capability degenerates gracefully in the event of individual test hardware failure.

II GENEMLREQUIREMENTS

The computer-controlled ground test system shall be designed to support all electrical tests defined  in the test plan
for integration and test (I&T) of the satellite, including orbital simulation, at the contractor’s facility and all electrical
systems tests and launch support at the Western Range (WR) launch site. The test system operation during orbital
simulation shall simulate Spacecr& Operations Control Center’s (SOCC) evaluation ofthe  spacecrafl  and in
particular, shall use normal telemetry instead of hardwire data, whenever possible.

In all cases, the test system shall be designed to provide the capability to receive, process, archive, retrieve, and
display satellite data for verification of flight readiness or for the evaluation of spacecraft status and operation during
launch, ascent, and post ascent operations to loss of signal (LOS) by WR and support aircrafl.

B. bevitv and Growth

The hardware, software, documentation, training, and maintenance will be such that the test system will remain
operational for a 1 O-year period, assuming: (1) continuous use for each spacecrafk’s  test and launch support and (2)
its shipment to and use at the WR to support each spacecraft launch, and its postlaunch return and installation in the
contractor’s test facility. The continuity required for remaining operational over this period shall be supported by the
design, software and data storage and retrieval medium, documentation, maintenance spare parts availability, and
other related factors.

The hardware and sofbvare  will have a growth capability at least su&ient to accommodate the known satellite
growth capability. The hardware, interconnection, and soflware documentation will be sufllcient  to support
modifications or additions to accommodatethis growth.

C. Quantity

There  shall  be a minimum of two independent test systems and one dedicated off-line archival, retrieval, processing,
and display capability.

A-l



Contract NASS-30350 Attachment 6
GSFC S-480-25.1

PERFORMANCE SPECIFICATION
FOR THE NOAA-K, L, M, N, N-PRIME SATELLITES

Each system shah be fully capable of supporting any phase of test  or launch (i.e., WR operation) of a single
spacecraft. The two systems shall be capable of operation  concurrently  to support the test and/or launch of two
spacecraft In addition, the systems shah be capable of being used as backups to one another. Parts, modules, and
subsystems interchangeability between the systems will be a design requirement.

The off-line capability shall be provided at the contractor’s facility or the WR, but not concurrently. Inter-
changeability with the test systems is desirable.

D. Control

Test operations  shall be conducted and controlled  through computers within the test systems (as used in this section,
“test,” is intended to include all WR launch operations). An automatic test language capability shah be provided that
shah accept formatted English language test procedure statements  (i.e., test scripts) and generate the associated
sequence of machine language statements required to enable the computer to conduct the desii test All software
required to compile, assemble,  edit, list, or otherwise implement the required language on the computers of the test
system  shah be provided.

The capability shah exist to interrupt any test at any time, to insert automatic test language commands through the
operator’s terminal, and to resume or terminate the test at the operator’s option. The capability shall exist to restart
any test at previously  designated points within a test procedure aiIer  a failure or interruption to the procedure.

There shall be complete visibility of all tests. This visibility shall include display ofthe  procedure step referenced to
the complete procedure, the capability to list the procedure at any time except during execution of the procedure or
alternately listing during execution of the procedure by another computer from the backup disk, and the capability to
list in5ormation  related to the procedure such as tables of constants, lists of sample points, and engineering unit
conversions. In addition, there shall be an events log appearing on a printer and recorded  on bulk storage in a form
retrievable by the system. The events log shah show the state of the system, local and spacecraft time, any errors, the
procedure  run, and the commands sent to the spacecraft on an event-by-event basis, and will also log manual
commands that may be inserted into the procedure. In addition to the procedure being run from the automatic test
language, the capability will exist to monitor and cheek a basic set of data points not under the control of the main
procedure. An independent mechanism for decoding and printing of the test system generated command stream shah
be provided The printed output shah provide spacecraft decoded commands versus ground time and shall be
separate from the test  system computer printout.

A Tiros data base system will be available. A satellite  engineering description  (telemetry/command descriptors,
analog limits, analog engineering conversion constants, and a command/telemetry  correspondence) shall be
maintained separately on-line bulk storage. The data base will be input to the on-line test system prior to the test.
This will facilitate software modification  in that spacecraft parameters will not be software hard coded. There will
be an interactive edit  capability when the data base  is transf&ed to use with each test.

E.
. .

Qata Recorh and Pwtatlon

All real-tune TIP data occurring during test  shah be recorded in formatted form on “IBM compatible” digital
computer tape. These tapes shall be saved until released by NASA The capability shah exist to replay the data
from these tapes into the system and perform any operation possible on the original data. The replay of these data
shall be possible after the receipt of real-time TIP data or on the off-line system at any time a& the digital tape is
complete.

A mechanism to receive and record the direct 66.54-kbps  global area coverage (GAC) data shall exist (This
implies a hardware interface to the spacecrafl). A mechanism will be required for checking the 66.54-kbps  GAC
data directly to verity operation of that portion of the MIRP,  as well as a mechanism to record these data for
spacecraft tape-recorder  testing. Suitable mechanisms will exist for controlling the recording and for correlating the
playback to the spacecr& tape recorder  dump data.
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A mechanism shall exist to retrieve and check hardwired digital APT data. The operation of the APT MIRP
algorithm shall be checked.

A mechanism shall exist to record the 665.4-kbps  HRPT data for correlation with spacecraft tape recorder dump
data, in addition to what may be necessary for AVHRR and MIRP testing.

A mechanism shall exist to retrieve the AMSU and TIP data from the HRPT data stream, format the data, and place
it into the function file for processing.

The capability shall exist to test for interference of all data streams that may occur simultaneously. This testing does
not necessarily have to be done in real time. An analog recorder is acceptable for storing the simultaneous
transmissions for subsequent analysis, and this is also acceptable for storing spacecraft tape recorder dumps for
subsequent checking. In addition, there will be a mechanism to provide “IBM compatible” digital tapes of the TIP
data stream for both analysis of the data and training simulation.

F. Concurrencv of Operation

The 8.32-kbps  TIP data must be continuously presented for real-time computer analysis and recorded on digital or
analog magnetic tapes. Application programs and any additional basic check program, which run independently of
the automatic language procedure, must also have access to the real-time TIP data.

Concurrent with the TIP operations, real-time receipt, monitoring and display of the HRPT data (665.4 kbps), and
the direct GAC (66.54 kbps) data are required together with any necessary recording of the data for either analysis or
spacecraft tape recorder checks. Pictorial display of the HRPT data and the APT data is required concurrently with
other operations; however, it is desirable that the picture display equipment be able to operate independently of the
computer.

During interference checks, all data streams shall be stored simultaneously, concurrent with the above operations;
however, the storage of spacecraft tape recorder dump data may be on an independent analog recorder for
subsequent off-line testing.

Concurrent real-time analysis of the TIP spacecraft subsystem data shall include limit checking, command checking,
and status checking. Concurrent real-time analysis of the HRPT and direct GAC data shall include sync word
verification. Other appropriate types of information within each of the data streams shall be checked. It shall be a
design goal to concurrently process all real-time Digital A data (radiometric data) contained in the TIP data.

The validation of instrument response shall require monitoring target operation; therefore, concurrent with previous
operations, a data acquisition system must be controlled by the computer and used to measure target information  and
the information must be converted for use in validating the instrument response. Closed-loop control through the
computer is not anticipated for target control; however, the system should alert the operator when targets are not
functioning as expected.

G. Data Availability

The events list shall be available to the printer continuously, however, actual printing will be under operator control.

Recording of the events list will occur continuously during test; however, the system will be capable of retrieving
the last 20 events messages without interrupting the recording of newer data.

A “snap” generator mechanism shall be available under the automated test language, under which a standard size
format of information will be available, which may be conveniently filled from various data sources such as
real-time data points, calculated data, and status data. The specific snaps made up under this general mechanism will
be able to be put in a library from which they may be called through commands of the automated test language. The
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H.

I.

J.

K.

III.

A.

B.

output of these snaps will be sent to cathode-ray tube (CRT) screens or to a printer. The printing of these maps  musf
not interfere with the events log.

Previously recorded data must be able to be retrieved, processed, and displayed. History  data and events should be
able to be retrieved corn tape, operated on if desired, and all display capability present for real-time data should be
available for display of the recorded data. In addition, short-term recorded data such as HRPT video data should be
able to be read from tape and operated on by a background applications program.

Data Acauisition  System

A data acquisition system controlled by the computers within the test system shall be required to read information
from satellite simulators. It is expected that this is a low-sampling rate system and that a commercial
multiplexer/digital voltmeter system will be sufficient.

GSFC Line Interface

Either ground test system (ATNAGE) shall be capable of sending TIP data to or receiving spacecraft TIP data from
the Spacecraft Operations Control Center (SOCC) at NOAA, Suitland, MD via NASA NASCOM provided devices
over a GSFC data line and modem at 9.6 kbps or 56 kbps from or to the contractor’s Hightstown facility or the WTR.

Commanding

Either ground test system shall be capable of generating and transmitting the real-time and stored commands
required to integrate, test, launch, and operate this series of spacecraft. The systems shall also be capable of
confirming the spacecraft receipt and execution of all commands using OBC memory dumps, TIP telemetry, and
related data.

Self-test

Self-test hardware and software shall be included as part of the system. This self-test has two purposes: (1) to
provide a hardware and software acceptance test prior to first use with the spacecraft, and (2) to provide routine
self-test and diagnostic capability during the life of the equipment. It is an objective to completely debug the
hardware and software prior to the first  testing with the spacecraft so that the system can effectively aid in detcr-
mining first integration problems. Therefore, high confidence that the test system is operating correctly at the start
of integration requires good acceptance testing of the test system hardware and software.

SOFTWARE DEFINITION

The software will provide the functional capabilities described in IS-2295960, ATNAGE Requirements.

The required software shall also include a Statistical Analysis and Graphic Display System capable of operationally:

a) accepting and archiving all properly formatted data produced by the TIROS-K  through N’ spacecraft,
associated instruments and ancillary control data from the LMAS Integration and Test facility, the various
instrument manufacturers, the Westem Range launch facility, the NOAA SOCC, and other approved
contributors

b) retrieving specified data from this archival database and preparing the retrieved data for subsequent
processing (i.e., for display, for analysis, for dissemination, etc.)

c) processing and/or displaying raw and/or processed data from the archived database, as required to
effectively evaluate the spacecraft and instuments in timely fashion, and distributing this data in the formats
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required to approved users by hard copy, digital tape, cassette tape, floppy disc, modem, and/or selected
network.

The system shall be capable of operationally accepting, archiving, retrieving, processing, and distributing
properly formatted processed data from approved sources (i.e., individual data analyst at LMAS, instrument
manufacturer, SOCC, etc.).

a> the on-line archival of not less than 30 days of spacecraft,  instrument, and ancihary data;

W the off-line archival of all available spacecraft, instrument, and ancillary data;

c> the retrieval of selected on-line archived data in near-time; and

4 the retrieval of selected off-line archived data within 30 minutes.

The System shall be user-friendly and menu driven, and the design shall be open-ended to facilitate the
inclusion of additional data edit, analysis or distribution algorithms, additional data types, additional user,
etc.

IV. TEST PLAN

The computer-controlled ground test system will be tested and accepted based on the following general test plan. The
definition of the components appears in PS-2285033, Specification for Tiros-N Electrical Aerospace Ground Equipment
(NAGE).

A. General

1. All tests performed on the ATNAGE will be performed under the cognizance and direction of a responsible
engineer.

2. Any deviations or anomalies occurring during a test will be documented. Any corrective action taken or
required as a result of each anomaly will be documented.

1

3. The tests to be&xfoxmed  are a follows:.

- Power-ul!  Box Electrical Test”
- Ordnance Device Simulator Electrical Test”
- SAGE Functional Check (2)
- Spacecraft Simulator (SCS) Functional Check
- SSR Functional Check (2)
- System-Software System Functional Test
- System Performance Test (2)”

4. Each test will be performed in room ambient conditions in accordance with an approved test procedure.

** Successful completion of test will demonstrate compliance with 2280533, Section 3.
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B.

C.

D.

E.

F.

G.

H.

I.

Power-~  Box Electrical Test

This test will verify that the Power-Up Box (PUB) can connect the bus batteries into the bus power subsystem under
manual control of the operator. The ability to accurately monitor bus voltage and current test points during and after
the power-up sequence will be verified.

Ordnance Device Simulator Electrical Test

This test will verilj that the ordnance device simulator (ODS) accurately simulates each ordnance device in the
spacecraft. The impedance of each simulator will be veri-fied. The activation of each simulator at minimum device
all-fire current will be verified.

SAGE Functional Check

This will use special software drivers to verify the proper functional operation of each interface between the compu-
ters/soflware  and peripherals. The ability to output data to display devices (CRTs, teletype message (TTY), printers,
and strip charts) will be verified.

SCS Functional Check
,

This  test will use the spacecraft simulator software system to verify the proper functional operation of each interface
between the computer/software and external hardware. The ability to generate correctly formatted simulation of
spacecraft data outputs will be verified.

SSR Functional Check

This test will use the bus software system, one Stationary Aerospace Ground Equipment (SAGE), and hardware
input simulators to verify  the proper functional operation of the interface between the bus software system and the
signal scanning and measurement devices in the Spacecraft Support Rack. The ability to program the correct
channel and to transfer accurate measurements will be verified.

Svstem-Software Functional Test

This test will use the bus software  system, the spacecraft simulator system, special test software procedures, and one
SAGE to verify the proper functional operation of the integrated software and its interfaces with system input/output
devices and test display devices in a closed-loop mode (no spacecraft or SSR data inputs).

Dual Functional Test

This test will verify the capability of the ATNAGE system to transmit commands to and receive TIP data from two
spacecraft buses concurrently.

Svstem Performance Test

This test will use all software systems, one SAGE, one SSR, and SSR hardware input simulators to verify AGE
system performance. The spacecraft simulator system will be used to simulate spacecraft command and telemetry
data interfaces. The following performance parameter will be verified:

0

0

0

0

System software loading
Bus data base generation
Atlas program compilation
Storage and retrieval of digital or analog playback data
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0 Control of all programmable devices and interfaces
0 Initiation and control of system software operationDu*
0 Initiation and control of Atlas test programs””
0 Transmission and Verification of spacecraft commands”’
0 Spacecraft memory loading, dump, and verifkation”’
0 Processing of TIP data in boost, orbit, dwell, and CPU dump formats nonsimultaneously
0 Monitoring of spacecraft power switching and hardware status signals”*
0 Storage of digital data during real-time operations and off-line retrieval of the data
0 Output of data to test displays under Atlas, system software,  or operator control”’
0 Spacecraft and STE hardline  interfaces”’

*** Concurrently

**** Control, not initiation, to proceed concurrent with other functions.
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ADACS
ADE
ADP
AF
AGE
AGS

AMSU
APL
APT

AR0
ASD
Atlas
ATN
ATNAGE
AVE
AVHRR

BA
BCA
BLP
bps
BTX
BVR

C&CS
CAP
CCR
CD
CDA
CDR
CDU
c.g.

CIU
CM
CP
CPC
CPU
CRT
CXU

DACS
DAU
dB
dBi
dBm
DCAS
DCS

Attitude Determination and Control System
Array Drive Electronics
Automatic Data processing
AirForCe
Aerospace-Ground Equipment
AscentGuidanceSofbwlre
Ampere-Hour
AMSUInformationprocessOr
Apogee Kick Motor
Ascent  LoadPackage
Amplitude Modulation
Advanced Microwave Sounding Unit
Approved Parts List
Automatic Picture  Transmission
Advanced Range-Instrumentation AircrafI
A&r Receipt of Order
Castro  Space Division
Abbreviated Test Language for Air Systems
Advanced Tiros-N
Advanced Tires-N  Aerospace Ground Equipment
Aerospace-Vehicle Equipment

Advanced Very High Resolution Radiometer

Beacon Antenna
Battery Charge Assembly
Backup Load Package
bits per second
Beacon Transmitter
Boost Voltage Regulator

Command and Control System
Controlled Access Period
Configuration Change Request
Command Diplexer
Command and Data Acquisition
Critical Design Review
Command Decoding Unit
Center of Gravity
Controls Interface  unit
Configuration Management
Computer Program
Controls Power converter
central processing  unit
Cathode-Ray Tube
Command Annex Unit

Data Acquisition and Control System
Description/Authenticating Unit
Decibel
Decibel Isotropic
Decibel Above 1 Milliwatt
Defense Contract Administrative Service
Data Collection System
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DET
DHS
DMSP
DPD
DPSS
DPU
DTR
DTSR
DTT

EAGE
ECN
EIRP
ELT
EMC

EP&DS
EPIRB
ESA
ESM

FCP
FGGE
FM
FOV
FSA
FSE
FSK
FSSS

GAC
GARP
GDC
GE
GEOS
GFE
GFP
GN,
GOES
GPS
GRD
GS
GSE
GSFC
GSSS
HEPAD

HRPT

I&T

Direct Energy Transfer or Detailed Electrical Test
Data-Handling Subsystem
Defense Meteorological Satellite Program
DCS Procesx Diplexer
Data Processing Services System
DataProc&ngUnit
Digital Tape Recorder
Dual-Test Support Rack
Direct TIP Transmission

Electrical Aerospace Ground Equipment
EngineeIing  Change Notice
Effective  Isotropic Radiated Power
EmergencyLocatorTransmitter
Electromagnetic Compatibility
Electromagnetic Interface
Electric Power and Distribution Subsystem
Emergency Position Indicating Radio Beacon
EarthSensorAssembly
Equipment-Support Module

Flight Computer Program
First GARP Global Experiment
Frequency Modulation
Field of View
Filter and Switch Assemblies
Factory-Support Equipment
Frequency Shift-Keyed
Flight Software  support Software

Global Area Coverage
Global Atmospheric Research Program
General Dynamics Convair
General Electric
Geophysical Orbiting Satellite
Government-Furnished Equipment
Government-Fumished Property
Gaseous Nitrogen
Geostationary OperationalEnvironmental  Satellite
Global Positioning System
Ground STDNReceiver  Demodulator
Ground station
Ground-Support Equipment
Goddard Space Flight Center
Ground-Support Software  System
High Energy Proton and Alpha Detector
High Resolution Ix&red  Sounder
High Rate Picture Transmission

Integration and Test
Instrument Mounting Platform
InertialMeasurement unit
I&ued
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II0
ISS

LAC
LOS
LUT
LVS

mb
MEPED

MSDF

N,
N2H4
NAGE
NASA
NESDIS

NOAA
NOMSS

OBC
ODS

PCM
PLC
PM
PMICS
PMP
POPS
PSE
psia
PTC
PUB

Q
QC
QCM

MQA
RAU
RCE
RCPE
RCS
RF

Input/Output
Integrated Spacecraft System

Local Area Coverage
Loss of Signal
Local User Terminal
Launch-Vehicle Systems

Millibar
Medium Energy Proton and Electron Detector
Manipulated Information Rate processOr
Microwave Humidity Sounder
Multisoftware Development Facility

Nitrogen
Hydrazine
NOAA Aerospace Ground Equipment
National Aeronautics and Space Administration
National Environmental Satellite, Data, and Information Service
Nautical Miles
National Oceanic and Atmospheric Admin&ration

National Operational Meteorological Satellite System
Nonretumto zero

Onboard  Computer
Ordnance Device Simulator

Pulse-Code Modulation
Propellant Loading Cart
Phase Modulation
ProgramManagement  Information Control System
Parts, Materials, and processeS
Power-on prscesso’  Soflware
Power-Supply Electronics
Pound per square inch absolute
Pitch Torque&oils
Power-Up Box

Magnification Factor
Quality Control
Quality Control Monitor or Quark Crystal Microbalance

Random-AccessMeasurementsystem
Reliability and Quality  Assurance
Remote Acquisition Unit
Reaction Control Equipment
Reaction Control and PropulsionEquipment
Reaction Control Subsystem
Radio Frequency
Radio Frequency Filter
Radio-Frequency Intexfemnce
RF Switch
Rocket Motor
root mean square
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RSS
RWA
RX0
RYC

SA
SAD
SAGE
SAR

- SARP
SARR
SAS
SBA
SBW
s/c
SCF
SC0
s c u
SE
SEL
SEM
SEPET
SGLS
SLA
SLP
SMP
SMS
S/N
s c u
SOA
socc
SOT
SW4
SSD
SSE
SSR
SSR

STDN
STS
STX

TCE
TCS
TDR
TE

TIP
TIROS

TOVS

TSS
TTY
TN

RCESuppodS~
Reaction-Wha4  As=mbQ
RahmdantClystalo=illator
Roll/Yaw Coil

Solar Array
Solar4rray  Drive
Stationary Aerospace Ground Equipmmt
SemchandRcscuc
SewchandRcscueProwsor
Search and Rescue Repeater
Solar-Array Support
S-band Antenna
Solar Backscauer  Ultraviolet Radiometer
SPd
Satellite Control Facility
subcaxTicr  oscillator
Signal Conditioning Unit
Support Equipment
space Environment Laboratoq
Space Environment Monitor
SystemElectrical  Pexf&mancc  Test
Space-to-Ground Link Subsystem
SARR L-band Antenna
Standby LoadPackage
Software Management Plan
Small Meteorological Satellite or Synchronous Meteorological Satellite
Signal to Noise
Signal Conditioning Unit
S-band Omniantcnna
Satellite Operations Control Center
Spacecraft Operational Test
SARRRecciver  Antenna
Sun !QznsorDctcctor
Sun Sensor Electronics
Solid State Recorder
Spacecraft Support Rack

Space Tracking and Data Nctwd
Space Transportation System or Struck  Subsystem
S-band Data Transmitter

Themal-Control Elammics
Thermal-Control subsystem
Test Discrepancy Report
Test Equipment
Total-Energy Detector
Tiros-N Information Pmccsmr
Television h&red  Observation Satellite
Telemetry
Tim Opmational  Vertical Sounder
Test RcvicwBod
Tim Spacaxaft  Simulator
Telctypc  Message
ThCI=dV8CUlUl
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UltrahighFrequency Data Collection System Antenna
Unique Instrument Intedace Specification
Unitkd Load Package
United States Air  Force

VCM Volatile Condensable Material
VTX VHFTransmitter

WSMC Westem  Space and Missile Center

XPOPS
XSU

Extended Power-on Pmcesor  Software
cross strap unit
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