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PREFACE

Thi s docunent defines the format and content of the payl oad

el ectromagnetic data required for the Space Shuttle to integrate
a payload into the flight and ground operations. It includes
the data requirenments for preparation of a Payload’ s

El ectromagnetic Data Report, consisting of Radio Frequency (RF)
Dat a, El ectromagnetic Conpatibility (EMC) Test Data and Ther mal
Bl anket Data. The requirenents specified in this docunent are
witten for a general payload. Requirenents applicable or not
applicable to a specific payload wll only be added or del eted
by nutual agreenent.

The custoner is requested to provide, on schedule, the defined
data and the signed title sheet to the El ectronagnetic
Environmental Effects (E®) representative of the Engineering
Integration OFfice/ M52. Al data subm ssions nmade in response
to this docunent are to be reproduci ble masters and include a
si gned signature page and a preface page.

The E® representative will review the data for Space Shuttle

i npl enentation and contact the custoner if further reviewis
required for clarification.
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1.0 | NTRODUCTI ON

The data requested and defined in this docunent is used by the
El ectromagnetic Environnental Effects (E®) representative of the
Shuttl e Engineering Integration Ofice. Analysis is perforned
and the results are then used to determ ne the conpatibility of
this payload to the Space Shuttle and all comanifested payl oads
in the cargo bay and/or the m ddeck/cabin. If the payload is

| ocated in the m ddeck, the analysis will also determ ne the
conpatibility with the crewrenbers and cabi n equi pnent.

Comments and corrections, notice of equi pnment design changes
affecting required data and requests for explanations or

i nformation concerning El ectromagnetic Conpatibility (EMC)
shoul d be directed to the foll ow ng:

El ectromagnetic Conpatibility

| ntegration Engineering Office E® Representative (MS2)

Nati onal Aeronautics and Space Adm nistration (NASA)/
Lyndon B. Johnson Space Center (JSC)

Houst on, Texas 77058

Mar k St ant on

E® Engi neering

United Space Alliance (USA), Payl oad Cargo Engi neering
Phone: 281-212-6015

Jose Sanchez

E3 Representative

NASA- George C. Marshall Space Flight Center (MSFC), Engi neering
Integration Ofice

Phone: 256-544-7620

1.1 Radio Frequency Characteristics

The Radi o Frequency (RF) characteristics defined in section 3.0
are used to conduct a worst-case beat frequency analysis to
assess the conpatibility of all transmtters, receivers and
antennas. The locations of Orbiter antennas that are used on-
orbit are shown in the I CD 2-19001. The general |ocations of
all Obiter antennas are provided in figure 3-1.

The payload transm tter/antenna systemdata is also used to
determne the radiated field intensities inpinging on the
Extravehi cul ar Activity (EVA) crew, other payloads, and the
Space
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Shuttle. Consideration is given to the geonetries between the
antennas and the payl oads that are berthed, being depl oyed and
retrieved during free flight.

| f any margi nal inconpatibilities are disclosed, experinental
verification and clarification of the conflict nmay be conducted
at the JSC El ectronic Systens Test Laboratory (ESTL).

RF inconpatibilities may result in the generation of proposed
m ssion RF constraints. The constraints may include antenna
sel ection, frequency and channel requirenments, power |evel and
ot her constraints as required. Constraints are coordinated with
the mssion's Flight Director and the M ssion Operations
Directorate’s (MODs) communi cations section, before they are
inserted into the payl oad Payl oad Integration Plan (PIP)
(Mssion Integration Plan (MP) for International Space Station
(1SS) flights) and referenced in the mssion’s Flight

Requi renments Docunment (FRD). Generic RF constraints for ISS
flights are specified in NSTS 21458.

1.2 Unintentional EME Em ssions

The payl oad custoner is required to provide a test report
provi di ng the payl oad’ s and associ ated A rborne Support
Equi pnrent’ s (ASEs) unintentional conducted and radi ated
em ssions as delineated in section 4.0.

This report is used to certify that the foll ow ng do not exceed
the limts set forth in NSTS 07700, Volune XV, Appendix 3,

Section 12, Electromagnetic Effects and Requirenments and | CD 2-
19001, Section 10.7.3, Cargo-Produced Interference Environnent.

The limts set forth in these docunents shoul d be consi dered
prior to and during the design phase of the payl oad.

1.3 EME Susceptibility

M ssion configuration and the Shuttle’ s el ectromagnetic
envi ronment should al so be considered in payload i mmunity
determ nation. The Shuttle el ectromagnetic environment is
defined in I CD 2-19001, Section 10.7.2, Shuttle Produced

I nterference Environnent.
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Al'l safety-critical payloads nust establish el ectromagnetic
environment susceptibility margins as defined in the payload’s
uni que Interface Control Docunent (1CD).

1.4 Thermal Blanket Electrostatic D scharge

The Thernmal Bl anket Design and Test Data delineated in section
5.0 shall denonstrate that the thermal bl ankets do not
constitute an Electrostatic Discharge (ESD) threat in the closed
payl oad

bay. ESD has the potential to ignite residual explosive gas

m xtures that may exist in the payload bay during ascent and
descent .

Significant electrostatic chargi ng nmechanisns, if any exist,
during any m ssion phase, nust be identified and shown to
nonhazar dous.

In the event that the payload wll not utilize any thermnal

bl anketing, a statement fromthe custonmer stating this condition
nmust be provided no | ater than delineated in section 6.0.

2.0 APPLI CABLE DOCUMENTS

The current issue of the follow ng docunents forma part of this
docunent to the extent specified herein.

a. |1CD 2-19001 Shuttle Orbiter/Cargo Standard
I nterface Control Docunent

b. NSTS 07700, Vol. XIV Space Shuttle System Payl oad
Acconmodat i ons

c. SL-E-0002 Speci fication El ectromagnetic
Interference Characteristics,
Requi renments for Equi pnent

d. ML-STD 462 Measurenment of El ectromagnetic
Interference Characteristics

2.1 Reference Only Docunents

The foll ow ng docunents contain useful reference information

a. NSTS 21458 Standard I ntegration Agreenment For Al

Space Shuttle Program And I nternationa
Space Program M ssi ons

rdgpseca REV A 3 07/ 16/ 03
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b. NSTS 37333 The El ectromagnetic Conpatibility
Frequency Anal ysis Conputer Program
EMCFAB1

3.0 RF DATA REQUI RED FOR THE JSC EMC FREQUENCY ANALYSI S

The payload is to supply the followng transmtter, receiver and
antenna system data. For reference purposes, the |ocations of
all Orbiter antennas that are used on-orbit are defined in

docunent 1CD 2-19001. Information for Orbiter antenna | ocations
and payl oad antenna pointing angles can be seen in figure 3-1
and figure 3-2, respectively. Information is also avail able

upon request fromthe USA.

Al'l Beat Frequency Analysis (BFA) paraneters can be referenced
in NSTS 37333.

3.1 Transmtter System Data

3.1.1 Input Data for Beat Frequency Analysis.-

a. Transmtter system nane

b. Modul ation type: Continuous Wave (CW, Anplitude (AVM,
Frequency (FM, Phase (PM, CW Pulse (PU)

c. Center Frequency (Miz)

d. Mdul ation frequency OR pulse width (MHz or pusec)
e. Transmtter Qutput + OR — frequency sw ng (Miz)
f. Pulse repetition frequency (Pul ses/ Second)

g. Transmtter output peak power, not including cable or
wavegui de | oss to antenna(s) (W

h. Nunber of associ ated ant ennas

i. Cable or waveguide | oss between the transmtter and each
associ ated antenna(s) (dB)
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3.1.2 Input Data For Field Intensity Analysis.-
a. Power distribution and selection schenme, if any
b. ldentify transmtter turn on, turn off and power |evel

sel ection scenario in relation to checkout, deploynent,
station-keepi ng, maneuvers and retrieval, as applicable

.2 Receiver System Data

w w

.2.1 Input Data For Beat Frequency. -
a. System nane

b. Center frequency (Miz)

c. Maximum sensitivity (dBm

d. 3 dB bandwidth at final Internediate Frequency (IF) stage
(MHz)

e. 60 dB bandwidth at final |IF stage (Mz)
f. 3 dB bandw dth with autotrack (Miz)

g. Preselector filter type (BESS, BUTT, C 01, GAUS, LEGR MDER,
SYNC, TRAN)

h. Nunber of poles in preselector filter

i. Preselector filter maxi mum attenuation (dB)

j. Preselector filter 3 dB bandwi dth (MHz)

k. Preselector filter 60 dB bandw dth (MHz)

|. RF gain into 1° mixer

m Attenuati on between receiver and transmtter (dB)
n. Receiver LO frequency (Miz)

0. 1° low order anplitude into 1% mixer (V)

p. 1° IF 3 dB bandw dth (MHz)
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g. 1°' IF 60 dB bandw dth (MHz)
r. 2" |F frequency (M)

s. 2" |F 3 dB bandw dth (M)

t. 2" 1F 60 dB bandwi dth (Mz)
u. Nunber of associated antennas

v. Cable or wavegui de | oss between the receiver and each
associ ated antenna (dB)

w. Nunber of transmitters operating simnmultaneously
X. Nunber of terms in power series for m xing

y. Cable or waveguide | oss between the transmtter and each
associ at ed ant enna(s)

z. Nunmber of antennas connected to the receiver
3.2.2 Input Data For Field Intensity Analysis.-
a. Antenna sel ection schene

b. D plexer, Triplexer, or Quadriplexer insertion |oss, as
appl i cabl e

c. External low noise anplifier gain characteristics, if
appl i cabl e

d. Image rejection filter attenuation (dB)

e. Maximum “in band” power for proper receiver operation (dBm
f. ldentify turn on, turn off scenario in relation to checkout,
depl oynent, station-keepi ng, maneuvers and retrieval, as

appl i cabl e

g. Power threshold to danmage receiver at receiver termnals

(dBm

h. Wbrst case i sol ati on between recei ver and associ at ed
transmtter

rdgpseca REV A 6 07/ 16/ 03
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3.3 Antenna System Dat a

3.3.1 Input Data For Beat Frequency Analysis.-

a. System nane associated with antenna

b. Antenna locations in Obiter Xo, Yo, Zo reference coordi nates

1. For dish antennas, give the feed | ocation.

2. Mechanical drawi ngs shall be submtted to identify al
t he payl oad antennas describing the specific | ocations
and Fields of View (FOV) in the payl oad bay.

3. |If applicable, the draw ngs should al so describe the
specific relocation of payload antennas that are
extended, retracted, rotated or swng to a new FOV
during payl oad depl oynent and retrieval (if applicable)
by Renote Mani pul ator Systens (RMS) or other neans.

4. ldentify the Payl oad Axis System (PAS) and | ocation of
t he PAS origin.

5. Locations of receiving antennas shall be provi ded even
if the associated receiver is not activated until the
payl oad is at great range before turn on. (Concern is
for inactivated receiver front-end burnout when exposed
to high field intensities).

c. List associated antennas (other antennas feeding fromor to
the sane systen).

d. Antenna on axis gain (dB)

e. Nonlinear el ement location in Obiter Xo, Yo, Zo reference
coordi nat es

f. Antenna pointing angle fromthe radial and azinmuth (deg) as
seen in figure 3-2.

g. Antenna field polarization (RHC, LHC LIN)
h. Antenna effective dianeter (m
i. Antenna efficiency

J. Antenna pattern axial ratio

rdgpseca REV A 7 07/ 16/ 03
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k. Antenna horizontal polarization tilt angle (deg)

. Antenna front to back ratio (dB)

3.3.2 Input Data For Field Intensity Analysis.-

a. Provide one of the following for the antenna radi ation plot:
1. Polar Plot
2. Radiation D stribution Plot

rdgpseca REV A 8 07/ 16/ 03
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MICROWAVE SCANNING BEAM LANDING SYSTEM

3 ANTENNAS
LOWER
BODY
' UPPER
BODY
TACAN  TACAN
e GO
®
TACAN
@) TACAN (2) TACAN (1)
TOP HEMI N o
(S-BAND FM)
Y:j RA
<:> <:> ®RCVR (1)
Z:? <2§ TRANSPONDER RADAR ALTIMETER- 3
TOPRIGHT QUAD  (RA) XMTR (2) \\N UHE
\ ¥BOTTOM
%’ HEMI
(S-BAND NETWORK XPNDR) (SéBAND FM)
XPNDR 576 IN. BOTTOM RIGHT QUAD.,_@ RA
L%IZBEFT BULKHEAD HIGH GAIN A
Ku-BAND :évn 2 (3)
MM/RADAR
PAYLOAD commw/
INTERROGATOR XPNDR
BOTTOM

w LEFT QUAD

Figure 3-1.- Orbiter antennas.
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The symbol for an
antenna is a horn

boresight axis
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boresight /
N

Degrees of Elevation
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+Yo
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-Xo +Xo
Payload in the Cargo Bay
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. +Zo 315
zero referance azimuth angle —_—
(extension of radial) o \ antenna
measure CCW from ' boresight
zero reference : <« Degrees of Azimuth
to antenna boresight — |
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\
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/ ~

/ radial ~~

Payload in the Cargo Bay

-Z0

looking aft towards +Xo

Figure 3-2.- Payload antenna pointing: azimth and el evation.
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4.0 PAYLOAD EMC TEST DATA

4.1 Test Data Delivery

The followng test data is required to be delivered to the Space
Shuttl e Program (SSP) when applicable, and should be delineated

ina formal report. The report will be reviewed by the E3 group
at JSC/ M52 to determ ne conpliance with the Unintentional

Radi ated Em ssions Limts and Conducted Em ssion Limts defined

in either 1CD 2-19001 or the payl oad-uni que | CD.

The payl oad custoner may request to limt the customary range of
radi at ed and/ or conducted frequencies tested due to sone uni que
characteristics of the payload or m ssion configuration. The
request should be nade to JSC/MS2 no later than 1 nonth prior to
start of payload EMC testing.

4.2 Unintentional Em ssions

4.2.1 Radiated Emssions.- Electric field intensity in dBuV/ m
vs. frequency in MHz are less than the limts described in
figure 10.7.3.2.2.1.1-1 or 10.7.3.2.2.1.1-2 in the 1CD 2-19001
for equipnent installed internal to the Space Shuttle Vehicle

(SSV).

El ectric field intensity in dBuV/ mvs. frequency in Mz are |ess
than the limts described in figure 10.7.3.2.2.1.2-1 in the I1CD
2- 19001 for equipnent installed external to the crew

conpartment .

Alternating Current (AC) magnetic flux density in dBpT vs.
frequency (30 Hz to 50 KHz) are less than the Iimts described
in paragraph 10.7.3.2.1.1 in the |1 CD 2-19001.

Direct Current (DC) magnetic fields are less than the limts
described in paragraph 10.7.3.2.1.2 in the ICD 2-19001. The
source(s) of dc (static) magnetic flux densities greater than
170 dBpT shall be identified and tabulated. The |ocation of
each identified el ectromagnet and/or permanent nagnet shall al so
be tabulated, in Obiter body coordi nates.

4.2.2 Conducted Em ssions.- DCripple current in dBuA vs.
frequency in Hz are less than the limts described in paragraph
10.7.3.1.1 in the 1 CD 2-19001.

DC transient data in voltage excursions vs. tine in seconds are
|l ess than the limts described in paragraph 10.7.3.1.1 in the
| CD 2-19001.

rdgpseca REV A 11 07/ 16/ 03
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AC ripple current in dBuA vs. frequency in Hz are | ess than the
[imts described in paragraph 10.7.3.1.2 in the ICD 2-19001.

AC transient data in voltage excursions vs. tine in seconds are
less than the Iimts described in paragraph 10.7.3.1.2 in the
| CD 2-19001.

4.3 Radiated and Conducted Susceptibilities (Noise |Imunity)

Susceptibility tests are required for payl oads designated as
Safety Critical. This data shall indicate that the payl oad s
imunity |evels are greater than the Shuttle’s environnental

em ssion levels, as defined in ICD 2-19001 and/or the payl oad-
unique I CD. The payload custoner’s EMC Test Pl an shoul d enpl oy
the test nmethods in ML-STD 462 and/or SL-E-0002 as defined by
the SSP for Radi ated and Conducted Susceptibility testing.

Provi sion of susceptibility data for nonsafety critical payl oads
is optional, but recommended. This data is desirable and wll
provi de nore evidence for analysis to assure m ssSion success.

5.0 THERMAL BLANKET ESD

5 Thermal Bl anket Design

.1
| CD 2- 19001, section 10.7.4.2.3.5.1 defines the specifications
for the foll ow ng:

a. Bonding of thermal blankets constructed of netalized
mul tilayer construction and netalized surfaces.

b. Nunber of bond tabs and associ ated bond straps as determ ned
by the bl anket area.

c. Test tabs function as resistance test points between
di fferent areas of a bl anket or between different areas of
two adj acent bl ankets.

d. Bond tabs function as connection points for static electrica

bondi ng to cargo structure or between different areas of two
adj acently connected bl ankets.

rdgpseca REV A 12 07/ 16/ 03
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5.2 Thernmal Bl anket Test Data

The payl oad custoner shall provide data or draw ngs that
descri be the payload’ s exterior thermal bl anket(s) design
including the foll ow ng:

a. Type or build-up of the insulation |layers and the details on
t he nmet hod of bonding of the layers to each other.

b. Dinensions of each blanket section. (Sections of blankets
physically connected to each other, but electrically isolated
from each other shall be considered to be individual blankets
for bondi ng purposes).

c. Location of bonding tabs and test tabs on each bl anket
section.

d. The nmeasured dc resistance in Ghns fromall bond tabs to
structure.

e. The measured dc resistance, in Ohns, fromall blankets, test
tab to test tab.

6.0 DATA DELI VERY SCHEDULE

The schedul e for each payload to submt the required data is

al so defined in paragraph 6.3 and in section 15.0 of the
i ndi vidual PIP. The schedule for all payloads is as follows:

Payl oad Type RF Dat a EMC Test Ther mal
(Transm tters, Report |Bl anket Design
Recei vers, and to Preclude
Ant ennas) ESD
Spacehabs 90 days prior |5 nonths |3 nonths prior
to CIR prior to |to | aunch
| aunch
Attached Payl oads — ATT 90 days prior |5 nonths |3 nonths prior
to CIR prior to |to | aunch
| aunch
Depl oyabl e-type Payl oads |90 days prior |5 nonths |3 nonths prior
— DEP to CIR prior to |to | aunch
| aunch
Depl oyabl e/ Retri evabl e 90 days prior |5 nonths |3 nonths prior
Type Payl oads — DRP to CIR prior to |to | aunch
| aunch

rdgpseca REV A 13 07/ 16/ 03




Downloaded from http://www.everyspec.com

Smal | Payl oad 90 days prior |5 nonths |3 nonths prior
Accommodation - SM to R prior to |to | aunch
| aunch
Hi t chhi ker (exception) 90 days prior |4 nonths |3 nonths prior
to CR prior to |to | aunch
| aunch
M ddeck Payl oads — MDK 5 nmonths prior | 3 nonths [N A
to | aunch prior to
| aunch
rdgpseca REV A 14 07/ 16/ 03
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APPENDI X A
KEY DEFI NI TI ONS

BOND. Any fixed union existing between two objects that results
in electrical conductivity between the two objects. Such union
occurs either from physical contact between conducting surfaces
of the objects or fromthe addition of a firmelectrical
connection between them

CONDUCTED NO SE. Undesired el ectromagneti c em ssions propagat ed
al ong a power or signal conductor. It may consist of steady-
state noi se, usually given as current vs. frequency and

transi ent noise, usually given as voltage excursions vs. tine.

ELECTROVAGNETI C COVPATIBILITY (EMC). The capability of

el ectrical and el ectronic systens, equipnent, and devices to
operate in their intended el ectromagnetic environment wth a
defined margin of safety and at design |evels of performance
wi t hout suffering or causing degradation as a result of

el ectromagnetic interference.

ELECTROVAGNETI C ENVI RONVENT (EME). The totality of
el ectromagneti ¢ phenonena existing at a given | ocation.

ELECTROVAGNETI C ENVI RONMENTAL EFFECTS (E%. The totality of
el ectromagneti ¢ phenonena for an overall systemin al
operational |ocations.

ELECTROVAGNETI C | NTERFERENCE (EM ). Any el ectromagnetic

di sturbance, conducted or radiated, whether intentional or not,
whi ch interrupts, obstructs, or otherw se degrades or limts the
effective performance of electronic/electrical equipnent.

ELECTROSTATI C DI SCHARGE (ESD). A transfer of charge between
bodies at different electrical potentials caused by direct
contact or induced by an electrostatic field.

GROUNDI NG.  The bondi ng of an equi pnrent case, frane, or chassis
to an object or vehicle structure to ensure a common potenti al .
The connection of an electric circuit or equipnent to Earth or
to some conducting body of relatively | arge extent which serves
in place of Earth.

MARG NS. The difference between the equi pnent threshold of

susceptibility and the environment stress to which the equi pnent
i s exposed.

rdgpseca REV A A1 07/ 16/ 03



Downloaded from http://www.everyspec.com

RADI ATED NO SE: Undesired el ectromagneti c emi ssions that are
radiated fromany unit, antenna, cable or interconnecting
wiring. It may consist of electric field intensity vs.
frequency or magnetic flux density vs. frequency.

RADI O FREQUENCY (RF) COWPATIBILITY. The ability of the various
ant enna- connected RF receiver and transmtter subsystens
contained within a systemto function properly w thout
performance degradati on caused by antenna-to-antenna coupling
bet ween any two subsystens.

STATI C ELECTRICITY. Stationary electrical charge produced and
accunul ated or stored on the surface of materials through
triboelectric (charge deposition and/or separation by friction,
neutral particle inpingenent, or separation of materials),
exogenous (charge inducenent by proximty to external electric
field effects), or ionic (deposition of charge by a stream of
charged particles, such as an engi ne exhaust) charging
processes.

TAILORING Tailoring is the process by which the requirenents
of a standard are adapted (that is, nodified, deleted, or

suppl enmented) to the characteristics or operational requirenents
of the itemunder devel opnent. The tailoring process does not
constitute a waiver or deviation.
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APPENDI X B
ACRONYMS AND ABBREVI ATI ONS

AC Al ternating Current

AM Anmpl i tude Modul ati on

ASE Ai rborne Support Equi pnent

ATT At t ached Payl oads

BFA Beat Frequency Anal ysis

CCwW Counter C ock Wse

CR Cargo Integration Review

Ccw Conti nuous Wave

dB deci bel

dBm deci bel s above one mlliwatt (power)

dBpT deci bel s above one picoTesla (magnetic fl ux
density)

dBuA deci bel s above one m croanpere (current)

dBuV/ m deci bel s above one mcrovolt per neter (electric
field intensity)

DC Direct Current

DEG Degree (angul ar)

DEP Depl oyabl e Type Payl oad

DRP Depl oyabl e/ Retri evabl e Type Payl oad

EMC El ectromagnetic Conpatibility

EM El ectromagnetic Interference

E El ect romagnetic Environnental Effects

EMU Ext ravehi cul ar Mobility Unit

ESD El ectrostatic Di scharge

ESTL El ectroni c Systens Test Laboratory

EVA Ext ravehi cul ar Activity

FM Frequency Modul ati on

FOV Field of View

FRD Fl i ght Requirenents Docunent

GFE Gover nnent - Fur ni shed Equi prent

HEM Hem spheri ca

Hz Hertz

| CD I nterface Control Docunent

| F I nt er redi at e Frequency

JSC Lyndon B. Johnson Space Center
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KHz Ki | ohertz

KSC John F. Kennedy Space Center

LHCP Left Hand G rcularly Polarized (antenna)
LI N Linearly Pol ari zed (antenna)

LGS Li ne of Sight

VHz Megahert z

A9, Manned Maneuvering Unit

MOD M ssion Operations Directorate

VBFC George C. Marshall Space Flight Center
NASA Nat i onal Aeronautics and Space Adm nistration
PAS Payl oad Axis System

Pl P Payl oad I ntegration Plan

PM Phase Mbodul ati on

RF Radi o Frequency

RHCP Right Hand G rcularly Pol arized

RVS Renot e Mani pul at or System

SAFER Sinplified Ald for EVA Rescue

SLB Spacel ab (Non- MSFC Managed)

SLM Spacel ab ( MSFC Managed)

SML Smal | Payl oad Acconmodati on

usec m cr oseconds

V Vol ts

VS ver sus

w Watt s

Xo Obiter X Structural axis (nose -, tail +)
Yo Orbiter Y Structural axis (port [left] -,

starboard [right] +)

Z0 Orbiter Z Structural axis (down -, up +)
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