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PREFACE

The purpose of this document is to establish a set of coordinate systems to be used when
reporting data between the International Space Station (ISS) Program Participants.

This document contains figures defining configuration dependent, configuration independent,
articulating, viewing, unpressurized, translating, pressurized, and transverse boom frame
references frames. In addition, appendixes are included with abbreviations and acronyms, a
glossary, subscript designations, and reference documents.

The contents of this document are intended to be consistent with the tasks and products to be
prepared by ISS Program Participants as defined in SSP 41000, System Specification for the
International Space Station. The Space Station Reference Coordinate Systems shall be
implemented on all new SSP contractual and internal activities and shall be included in any
existing contracts through contract changes. This document is under the control of the Space
Station Control Board, and any changes or revisions will be approved by the Program Manager.
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1.0 INTRODUCTION

This document contains the definitions of the various coordinate systems used throughout the
Space Station Program.

1.1 PURPOSE

The purpose of this document is to establish a set of coordinate systems to be used when
reporting data between the International Space Station (ISS) Program Participants.

1.2 SCOPE

The scope of this document does not extend beyond the realm of communication of data between
the ISS Program Participants. Analyses software, preferred conventions, on—orbit operations,
on-orbit location coding and internal reports can contain data in whatever coordinate system
deemed appropriate.

1.3 PRECEDENCE

In the event of a conflict between this document and any previous versions of SSP 30219, Space
Station Reference Coordinate Systems, this document takes precedence. In the case of a conflict
between this document and SSP 41000, System Specification for the International Space Station;
SSP 41000 takes precedence. In the event of a conflict between this document and any released
Space Station engineering drawing or Interface Control Document (ICD), the released
engineering drawing or ICD takes precedence.

1.4 DELEGATION OF AUTHORITY

The responsibility of assuring the definition, control, and implementation of the coordinate
systems defined in this document is vested with the National Aeronautics and Space
Administration (NASA) Space Station Program Office, Italian Space Agency (ASI), Canadian
Space Agency (CSA), European Space Agency (ESA), Japan Aerospace Exploration Agency
(JAXA), and Roscosmos.
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2.0 APPLICABLE DOCUMENTS
The following documents of the date and issue shown are applicable to the extent specified
herein. Inclusion of applicable documents herein does not in any way supersede the order of

precedence specified in paragraph 1.3. The references show where each applicable document is
cited in this document.

DOCUMENT NO. TITLE

None

2.1 REFERENCE DOCUMENTS.

The following documents are referenced in this document for context and user convenience.

DOCUMENT NO. TITLE
SSP 41000 System Specification for the International
Space Station
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3.0 CONFIGURATION INDEPENDENT REFERENCE FRAMES

The coordinate systems outlined in this chapter are independent of the Space Station
configuration. These coordinates systems are mostly global (with the origin at the center of the
earth) in nature and can be used for any spacecraft orbiting the earth.
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2000 MEAN EQUATOR
OF EPOCH
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EQUINOX OF EPOCH  \_____--- .
NAME: J2000, Mean of 2000, Cartesian Coordinate System*
ORIGIN: The center of the Earth.
ORIENTATION: The epoch is 2000 January 1, noon or Julian ephemeris date 2451545.0.

The Xj2000 — Y2000 pPlane is the mean Earth’s equator of epoch.
The Xj0000 axis is directed toward the mean vernal equinox of epoch.

The Zjo000 axis is directed along the Earth’s mean rotational axis of epoch
and is positive north.

The Y3000 axis completes a right—-handed system.
CHARACTERISTICS: Inertial right-handed Cartesian system.
*A source document which discusses the expression of vectors in mean of 2000, rather than mean of
1950, coordinates is U.S. Naval Observatory Circular No. 163, “The International Astronomical Union

Resolutions on Astronomical Constants, Time Scales, and the Fundamental Reference Frame,” Wash-
ington, D.C. 20390, December 10, 1981.

FIGURE 3.0-1 J200, MEAN OF 2000, CARTESIAN
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NAME: Mean of 2000, Polar Coordinate System
ORIGIN: For position — the center of the Earth.

For velocity - the point of interest, P (X32000, Y32000, Z32000)-
ORIENTATION AND DEFINITIONS:

For position — same as in J2000 mean of 2000, Cartesian.
For velocity -

Reference plane is perpendicular to radius vector Rjpggg from center of
Earth to point P of interest

Reference direction is northerly along the meridian containing P
Polar position coordinates of P are:

032000, rfight ascension, is the angle between projection of radius vector
in the equatorial plane and the vernal equinox of epoch, positive toward
east

432000, declination, is the angle between the radius vector and the
mean Earth’s equator of epoch, positive toward north

RJZOOO! magnitude of RMZOOO'
Polar velocity coordinates of P are:
Let U, E, N denote up, east, and north directions; then:

V32000, @zimuth, is the angle from north to the projection of the inertial
velocity, Voo, 0n the reference plane, positive toward east

12000, flightpath angle, is the angle between the reference plane and
Vm2000. POSitive sense toward U

V32000, Magnitude of V3,000
CHARACTERISTICS: Inertial.

FIGURE 3.0-2 MEAN OF 2000, POLAR
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NAME:
ORIGIN:
ORIENTATION:

CHARACTERISTICS:
NOTES:

EARTH'S MEAN ROTATIONAL AXIS
OF EPOCH

CENTER OF EARTH

MEAN EQUATOR
Kar OF EPOCH
MEAN VERNAL .
EQUINOX OF EPOCH . ___.-- -
1

Mean of 1950, Cartesian Coordinate System
The center of the Earth.

The epoch is the beginning of Besselian year 1950 or Julian ephemeris date
2433282.423357.

The Xm1950 — Ym19s50 plane is the mean Earth’s equator of epoch.

The Xy1950 axis is directed toward the mean vernal equinox of epoch.

The Z\11950 axis is directed along the Earth’s mean rotational axis of epoch
and is positive north.
The Ym1950 axis completes a right-handed system.

Inertial right—-handed Cartesian system.

This coordinate system is provided to support existing analyses framework.
Any new analyses tasks should utilize the J2000, Cartesian Coordinate
System depicted in Figure 3.0-1.

This coordinate system is also referred to as B1950.

FIGURE 3.0-3 MEAN OF 1950, CARTESIAN




SSP 30219 Revision J 1 May 2008

Position _
Z, 0 Velocity
A i M1950
i
i £
1
M1950 P i —
}:&950 -
1
YM1950 ,’ ‘_\ ________________
I’I
J \ Plane Perpendicular toR,,,,
XM1950
NAME: Mean of 1950, Polar Coordinate System
ORIGIN: For position - the center of the Earth.

For velocity — the point of interest, P(Xy1950, YM1950, ZM1950)-
ORIENTATION AND DEFINITIONS:

For position — same as in mean of 1950, Cartesian.
For velocity -

Reference plane is perpendicular to radius vector Ryj1950 from center of
Earth to point P of interest

Reference direction is northerly along the meridian containing P
Polar position coordinates of P are:

o\1950, right ascension, is the angle between projection of radius
vector in the equatorial plane and the vernal equinox of epoch, positive
toward east

du19s0, declination, is the angle between the radius vector and the
mean Earth’s equator of epoch, positive toward north

Rwm1950, magnitude of Ry1950
Polar velocity coordinates of P are:
Let U, E, N denote up, east, and north directions; then:

WYm1950, @zimuth, is the angle from north to the projection of V1950 0n
the reference plane, positive toward east

Y1950, flightpath angle, is the angle between the reference plane and
Vm19s0; positive sense toward U

VMm1950, magnitude of V1950
CHARACTERISTICS: Inertial.
NOTE: This coordinate system is provided to support existing analyses framework.

Any new analyses tasks should utilize the J2000, Polar Coordinate System
depicted in Figure 3.0-2.

FIGURE 3.0-4 MEAN OF 1950, POLAR
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X,

Z,

A

EARTH'S TRUE-OF-DATE
ROTATIONAL AXIS

CENTER OF EARTH

TRUE OF DATE

TRUE EQUINOX OF

DATE

NAME:
ORIGIN:
ORIENTATION:

CHARACTERISTICS:

_______

EQUATOR

True of Date (TOD), Cartesian Coordinate System

The center of the Earth.

The epoch is the current time of interest.

The X;z _ Y plane is the Earth’s true equator of epoch.
The X axis is directed toward the true vernal equinox of epoch.
The Z:z axis is directed along the Earth'’s true rotational axis of epoch and is

positive north.

The Y axis completes a right—-handed system.
Quasi-inertial right-handed Cartesian.

FIGURE 3.0-5 TRUE OF DATE, CARTESIAN
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Position
Z, Velocity

s \\ Plane Perpendicular to ETR
X '
NAME: TOD, Polar Coordinate System
ORIGIN: For position — the center of the Earth.
For velocity - the point of interest, P (Xtr, YTR: ZTR)-
ORIENTATION: For position — same as in TOD, Cartesian.

For velocity -

Reference plane is perpendicular to radius vector Ryr from center of
Earth to point P of interest

Reference direction is northerly along the meridian containing P
Polar position coordinates of P are:

oTR, fight ascension, is the angle between projection of radius vector in
the equatorial plane and the true vernal equinox of epoch, measured
positive toward the east

Orr, declination, is the angle between the radius vector and the Earth’s
true equatorial plane of epoch, positive toward the north

Rrr is the magnitude of Ry
Polar velocity coordinates of P are:
Let U, E, N denote up, east, and north directions; then:

YR, azimuth, is the angle from north to the projection of the inertial
velocity, VR, on the reference plane, positive toward east

Yr, flightpath angle, is the angle between the reference plane and Vrg;
positive toward U

VRr, magnitude of Vg
CHARACTERISTICS: Quasi-inertial.

FIGURE 3.0-6 TRUE OF DATE, POLAR

3-7
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CHARACTERISTICS:

GW

} EARTH'S TRUE-OF-DATE
ROTATIONAL AXIS

> YGW
CENTER OF EARTH
Xew
_.*
S S ! TRUE OF DATE
- EQUATOR
PRIME EGREENWICH)
MERIDIAN
NAME: Greenwich TOD Coordinate System
ORIGIN: The center of the Earth.
ORIENTATION: The Xgw — Ygw plane is the Earth’'s TOD equator.

The Zg axis is directed along the Earth’s TOD rotational axis and is
positive north.

The + Xgw axis is directed toward the prime meridian.
The Ygw axis completes a right-handed system.

Rotating right-handed Cartesian. Velocity vectors expressed in this system
are relative to a rotating reference frame fixed to the Earth.

FIGURE 3.0-7 GREENWICH TRUE OF DATE, CARTESIAN
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NAME:
ORIGIN:

ORIENTATION:

NOTE: The Greenwich True Of Date (GTOD) Coordinate System is related to the TOD Coordinate Sys-
tem by the Greenwich Sidereal Time (GST), the angle between the TOD vernal equinox and the Green-
wich meridian. The GST is zero at the instant when the Greenwich meridian passes through the vernal
equinox, and it increases at the rate ® = 15.041068...deg/hr. The longitude, A, measured in the GTOD
system and the right ascension, o, measured in the TOD system are related by A = oo — GST.

Greenwich TOD, Polar Coordinate System
For position — the center of the Earth.

For velocity — the point of interest.
For position — Same as the Greenwich TOD, Cartesian.

For velocity — Same as the TOD, Polar .
Polar position coordinates are:

Polar velocity coordinates are the same as the TOD polar velocity
coordinates (fig. 3.0-6)

CHARACTERISTICS: Quasi-inertial.

o —

R, radius, distance from center of the Earth
R= /X 2+ Yy *+Z g2
A, longitude, angular distance (positive east, negative west, limits +180

degrees) between the prime meridian (Greenwich) and the current or
instantane()us rjeridian:

- -1 Yow

A = tan X,

d, “latitude” or strictly geocentric declination, angular distance (positive
north, negative south, limits + 90 degrees) between the radius vector
and its projectitjn onto the equatorial plane.

— ain-1 GW
0 = sin (—R

FIGURE 3.0-8 GREENWICH TRUE OF DATE, POLAR
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PRIME (GREENWIC ¢d = geodetic latitude
MERIDIAN oc = geocentric latitude
TRUE-OF-DATE 8 = geocentric declination
EQUATOR
NAME: Geodetic Coordinate System

This system consists of a set of parameters rather than a coordinate system;
therefore, no origin is specified.

ORIENTATION: This system of parameters is based on an ellipsoidal model of the Earth.
For any point of interest, a line, known as the Geodetic Local Vertical, is
defined as perpendicular to the ellipsoid from the point of interest.

h, geodetic altitude, is the distance from the point of interest to the reference
ellipsoid, measured along the geodetic local vertical, and is positive for
points outside the ellipsoid.

A is the longitude measured in the plane of the Earth’s true equator from the
prime (Greenwich) meridian to the local meridian, measured positive
eastward.

dg is the geodetic latitude, measured in the plane of the local meridian from
the Earth’s true equator to the geodetic local vertical, measured positive
north from the equator.

CHARACTERISTICS: Rotating polar coordinate parameters. Usually only position vectors are
expressed in this coordinate system. The reference ellipsoid model should
be used with this system.

FIGURE 3.0-9 GEODETIC
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VEHICLE'S ANGULAR
MOMENTUM VECTOR

MEAN VERNAL EQUINOX
OF 2000

NAME:
ORIGIN:

NORTH POLAR
AXIS
A VEHICLE

PERIGEE

CELESTIAL EQUATOR

x ASCENDING
NODE

ORBIT PLANE

/

APOGEE

Orbital Element System
The center of the Earth.

ORIENTATION AND DEFINITIONS:

CHARACTERISTICS:

The reference for computing osculating orbital elements is the J2000
Coordinate System.

a is the instantaneous semimajor axis of the orbit.
e is the instantaneous eccentricity of the orbit.

i, the inclination of the orbital plane, is the instantaneous angle between the
mean inertial north polar axis and the orbital angular momentum vector.

Q, the right ascension of the ascending node, is the angle measured
eastward from the vernal equinox along the equator to that intersection with
the orbit plane where the vehicle passes from south to north. In the case
where inclination equals zero, the ascending node is defined to be the
X-axis of the inertial reference system.

o, the argument of perigee, is the angle measured in the orbit plane
between the ascending node and perigee, positive in the direction of travel
in the orbit. In the case where eccentricity equals zero, perigee is defined to
be at the ascending node.

¢, the true anomaly, is the geocentric angular displacement of the vehicle
measured from perigee in the orbit plane, and positive in the direction of
travel in the orbit.

Quasi-inertial.

FIGURE 3.0-10 ORBITAL ELEMENTS
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NAME:
ORIGIN:
ORIENTATION:

DIRECTION OF
MOTION

GEOCENTRIC RADIUS
VECTOR OF VEHICLE

LO

VEHICLE ORBITAL PLANE

Local Orbital (LVLH) Coordinate System

Vehicle center of mass.

The X o — Z o plane is the instantaneous orbit plane at the time of interest.
The Z o axis lies along the geocentric radius vector to the vehicle and is

positive toward the center of the Earth.

The Y o axis is normal to the orbit plane, opposite of the orbit momentum
vector.

The X o axis completes the right—-handed orthogonal system and positive in
the direction of the vehicle motion.

CHARACTERISTICS: Rotating right—-handed Cartesian Coordinate System.

FIGURE 3.0-11 LOCAL ORBITAL: LOCAL VERTICAL LOCAL HORIZONTAL
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CTRS
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= YCTRS
XCTRS
A
“““ T
CTRS REFERENCE
CTRS REFERENCE EQUATORIAL PLANE
NAME: Conventional Terrestrial Reference System Coordinate System
TYPE: Rotating Right-Handed Cartesian
DESCRIPTION: The Conventional Terrestrial Reference System (CTRS) is an updated

Earth—fixed system that incorporates polar motion. The CTRS assumes a
spherical Earth and does not take any flattening factors into account, therefore,
any definitions of altitude should be derived from the Geodetic Coordinate
System (Figure 3.0-9). The CTRS is related to the GTOD (Figure 3.0-8) by
the transformation:

X [1 0 xp] (X
y - 0 1 —ypl |V

Z Jetrs |_—Xp yp 1 Z Jstop

where xp and yp are the angular coordinates (very small angles measured
in tenths of an arc—second) of the Celestial Ephemeris Pole (CEP) with
respect to the Conventional International Origin (CIO) expressed in CTRS.
This data is published weekly by the U.S. Naval Observatory in the
International Earth Rotation Service Bulletin—A. The Global Positioning
Satellite (GPS) ephemerides are maintained in the CTRS.

ORIGIN: The origin is located at the Earth’s Center.

ORIENTATION: The pole of this system is known as the CIO.
Zctrs — The Z-axis is coincident with the Earth’s principal rotational axis.
The positive Z-axis is directed toward the CIO.

Xctrs ~ The positive X—axis passes through the intersection of the CTRS
reference equatorial plane and the CTRS reference meridian.

Yctrs ~ The positive Y—axis completes the rotating right—-handed
Cartesian system.
SUBSCRIPT: CTRS

FIGURE 3.0-12 CONVENTIONAL TERRESTRIAL REFERENCE SYSTEM
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EARTH'S TRUE
ROTATIONAL AXIS

REFERENCE
ELLIPSOID NORMAL

R

TRUE EQUATOR SITE TANGENT

PLANE

NAME: Ground Site Azimuth—Elevation Mount Coordinate System
ORIGIN: The intersection of the site axes.
ORIENTATION AND DEFINITIONS:
The site tangent plane contains the site and is perpendicular to the
reference ellipsoid normal which passes through the site.
R is the slant range to the vehicle.

A is the azimuth angle measured clockwise from true north to the projection
of the slant-range vector into the site tangent plane.

E is the elevation angle measured positive above the site tangent plane to
the slant-range vector.

CHARACTERISTICS: Rotating, Earth-referenced.

FIGURE 3.0-13 GROUND SITE AZIMUTH-ELEVATION MOUNT
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NAME:
ORIGIN:

ORIENTATION AND DEFINITIONS:

1933

(S X h)

CHARACTERISTICS: Quasi-inertial right-handed Cartesian Coordinate System.

Xxpop = ﬁ
Unit Orbital Noon Vector =hAXS
Unit Angular Momentum Vector XPOP
Unit Sun Vector (at orbit noon) —
Unit Perpendicular Vector To S & h Plane, prop - (S Xh-) X ﬁ

Orbit Plane

XPOP Quasi-Static Inertial Coordinate System

Vehicle Center of Mass

The Xxpop — Zxpop Plane is aligned with the orbit angular momentum
vector and sun vector.

The Xxpop axis is aligned with the orbit angular momentum vector.

The Zypop axis is aligned with the orbital noon vector, positive in the
negative orbital noon direction.

The Yyxpop axis lies in the vehicle orbit plane and completes the
right—-handed coordinate system.

N =R/ X(SXxF

FIGURE 3.0-14 XPOP QUASI-STATIC INERTIAL REFERENCE FRAME
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DIRECTION OF
MOTION

GEOCENTRIC RADIUS
VECTOR OF VEHICLE

YOSC
VEHICLE ORBITAL PLANE

NAME: Russia Orbital System of Coordinates

DESCRIPTION: This coordinate frame is the Russian counterpart to LVLH. The Russian
name is CoOurameHad Chore ma FKoowr wmatT, or [CCK |

ORIGIN: Vehicle center of mass.

ORIENTATION: The Xosc — Yosc plane is the instantaneous orbit plane at the time of
interest.

The Ypsc axis lies along the geocentric radius vector to the vehicle and is
positive away from the center of the Earth.

The Zpgc axis is normal to the orbit plane, positive in the direction of the
negative angular momentum vector.

The Xpsc axis completes the set. It lies in the vehicle orbital plane,
perpendicular to the Yosc and Zopsc axes, and positive in the direction of
vehicle motion.

CHARACTERISTICS: Rotating right-handed Cartesian Coordinate System.
SUBSCRIPT: OSCor [ CCK ]

FIGURE 3.0-15 RUSSIA ORBITAL COORDINATES SYSTEM
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S
Equatorial Plane
T
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NAME: Russian Sun Equilibrium Attitude Coordinate System
DESCRIPTION: This coordinate frame is the Russian counterpart to XPOP. The Russian name
isPapHOEecHAR CoJme wmad Cdie HTauma or [ PCOO.
ORIGIN: Vehicle Center of Mass

ORIENTATION AND DEFINITIONS:
The Xrso — Yrso plane is aligned with the orbit angular momentum vector
and sun vector.

The Xrso axis is aligned with the orbit angular momentum vector, positive
along the negative angular momentum vector.

The Ygrso axis is aligned with the orbital noon vector, i.e., the projection of
the sun vector onto the orbital plane.

The Zrgo axis lies in the vehicle orbit plane and completes the
right—-handed coordinate system.

sto = -h
N = Unit Orbital Noon - Py (SvRh
E: = Unit Angular Momentum Vector Yoo = M X (S Xh)
S, = Unit Sun Vector (at orbital noon) 7 _ —S’ Xﬁ
P = Unit Perpendicular Vector to S & h Plane, RSO T
(SXh)
N = hX(SXh)

CHARACTERISTICS: Quasi-inertial right-handed Cartesian Coordinate System.
SUBSCRIPT: RSO or [PCQO]

FIGURE 3.0-16 RSO: RUSSIAN SUN EQUILIBRIUM ATTITUDE COORDINATES
SYSTEM
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4.0 CONFIGURATION DEPENDENT REFERENCE FRAMES

The coordinate systems outlined in this chapter are dependent on the Space Station configuration
as well as the Orbiter and visiting vehicle configurations. These coordinate systems differ in
origin location, and orientation and the user is free to use whichever system suits the analysis
being performed. All dimensions are in inches unless otherwise specified. Where inches and
millimeters are both specified, the authority for the dimension will be the inches entry.
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NAME: Space Station Analysis Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed

DESCRIPTION: This coordinate system is derived using the LVLH flight orientation. When
defining the relationship between this coordinate system and another, the Euler
angle sequence to be used is a yaw, pitch, roll sequence around the Z,, Y5 and
Xa axes, respectively.

ORIGIN: The origin is located at the geometric center of Integrated Truss Segment
(ITS) SO and is coincident with the SO Coordinate frame. See figure 5.0-12,
SO0 coordinate frame for a more detailed description of the SO geometric
center.

ORIENTATION: Xa The X-axis is parallel to the longitudinal axis of the module
cluster. The positive X-axis is in the forward direction.

Ya The Y axis is identical with the SO Y—axis. The nominal alpha
joint rotational axis is parallel with Y5. The positive Y-axis is in the
starboard direction.

Za The positive Z-axis is in the direction of nadir and completes the
right—-handed Cartesian system.

L, M, N: Moments about Xa, Y5 and Z, axes, respectively.
p, g, r: Body rates about Xa, Ya and Z, axes, respectively.
‘, .. t Angular body acceleration about Xa, Ya and Za axes,
respectively.

SUBSCRIPT: A

FIGURE 4.0-1 SPACE STATION ANALYSIS COORDINATE SYSTEM
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NAME: Space Station Reference Coordinate System

TYPE: Right-Handed Cartesian, Body—-Fixed

DESCRIPTION: This coordinate system is derived using the LVLH flight orientation.
ORIGIN: The datum point is located at the origin of the Space Station Analysis

Coordinate System frame. The origin of the Space Station Reference
Coordinate System is located such that the datum point is located at
Xr=100, Yr=0, and Zr=100 meters.

ORIENTATION: XR The X-axis is parallel to the X5. The positive X—axis is in the
forward direction.

Yr The Y-axis is parallel with the nominal alpha joint rotational axis
which is coincident to Ya. The positive Y-axis is in the starboard direction.

Zr The positive Z-axis is parallel to Z, and is in the direction of nadir
and completes the rotating right-handed Cartesian system.

L, M, N: Moments about Xr, Yr and Zr axes, respectively.
par Body rates about Xg, Yr and Zr axes, respectively.

p, d, r: Angular body acceleration about Xz, Yr, and Zg axes,
respectively.

SUBSCRIPT: R

FIGURE 4.0-2 SPACE STATION REFERENCE COORDINATE SYSTEM
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Ysa +PITCH
M

Qe O

NAME:
TYPE:
DESCRIPTION:

ORIGIN:
ORIENTATION:

SUBSCRIPT:

Space Station Body Coordinate System

Right-handed Cartesian system, Body-Fixed

When defining the relationship between this coordinate system and another, the
Euler angle sequence to be used is a yaw, pitch, roll sequence around the Zgpg,
Ysg, and Xgg axes, respectively.

The origin is located at the Space Station center of mass.

The Xgg axis is parallel to the Xa axis. Positive Xgp is in the forward flight
direction.
The Ygg axis is parallel to the Y5. Positive Ygg is toward starboard.

The Zgg axis is parallel with the Z,. Positive Zgg is approximately toward
nadii apd‘completes the right-handed system Xsg, Ysg, Zsg.

., 0,rN: Moments about Xsg, Ysg, and Zgg axes, respectively.
p, g, r: Body rates about Xgg, Ysg, and Zgg axes, respectively.

Angular body acceleration about Xsg, Ysg and Zgg axes,
respectively.

SB

FIGURE 4.0-3 SPACE STATION BODY COORDINATE SYSTEM
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NAME: RSA Analysis Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the center of the aft side of the aft Service Module

Bulkhead, aligned with the SM coordinate frame.
ORIENTATION: The Xgrsa axis is parallel to the Xa axis. Positive Xggp iS 0pposite Xa.

The Zrga axis is parallel to the Ya. Positive Zggp is toward port.

The Yrsa axis is parallel with the Z,. Positive Yrgp is opposite of Z.
L, M, N: Moments about Xgsa, Yrsa, and Zgsa axes, respectively.

p, g, r: Body rates about Xgsa, Yrsa, and Zrsa axes, respectively.

Angular body acceleration about Xgsa, Yrsa, and Zgrspa axes,
respectively.

SUBSCRIPT: RSA

FIGURE 4.0-4 RSA ANALYSIS COORDINATE SYSTEM
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YGPS

0
YGPS - (V1 - Vz) / |V1 - V2|

Xi
Let: Vi= fyi | = coordinates of upper left mounting hole
i for antenna i in XYZg,

Location Vector (TYP)
GPS Antenna (TYP)

X

(V4 B V1) X (V1 B Vz)

Zeps = X
e |(V4 - V1) X (V1 - Vz)l ers ‘

XGPS = YGPS X ZGPS ZO

NAME: GPS Antenna Coordinate System

TYPE: Right-Handed Cartesian, Body-Fixed, Hardware Specific.

DESCRIPTION: The GPS Antenna Coordinate System is the reference frame for attitude
measurements output by the onboard GPS Receiver/Processor, and is the
frame in which attitude knowledge requirements are expressed.

ORIGIN: The origin is located at the center of the upper left bolthole for GPS antenna
#1, in the plane of the outer surface of the mounting plate.

ORIENTATION: Xeps Completes the set Xgps » Yeps s Zgps
Yeps Along the line from the upper left bolthole for GPS antenna #2 to
the upper left bolthole of GPS antenna #1
Zaps Perpendicular to the plane formed by the upper left boltholes for
GPS antennas #1, #2, and #4, and positive in the general direction of the SO
Z axis

SUBSCRIPT: GPS

FIGURE 4.0-5 SPACE STATION GPS ANTENNA COORDINATE SYSTEM
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NAME: Space Shuttle Orbiter Structural Coordinate System

TYPE: Right-Handed Cartesian, Body-Fixed

DESCRIPTION: This coordinate system is consistent with NSTS 07700, Volume 1V, Attachment
1, ICD-2-19001, Shuttle Orbiter/Cargo Standard Interfaces. All dimensions in
inches.

ORIGIN: The origin is located in the orbiter plane of symmetry at a point 400 inches

below the centerline of the payload bay and 236 inches forward of the
orbiter nose.

ORIENTATION: Xo The X-axis is parallel to the longitudinal axis of the payload bay,
400 inches below the centerline of the payload bay. The positive X-axis is
toward the tail.

Zo The Z-axis is located in the orbiter plane of symmetry,
perpendicular to the X—axis. The positive Z-axis is in upward direction in
the landing attitude.

Yo The positive Y-axis is in the direction of starboard and completes
the rotating right-handed Cartesian system.
SUBSCRIPT: o]

FIGURE 4.0-6 SPACE SHUTTLE ORBITER STRUCTURAL COORDINATE SYSTEM
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— Center of Gravity

+ Yaw
N
r
r
XBY
ZBY
NAME: Orbiter Body Axis Coordinate System
ORIGIN: Orbiter center of mass
ORIENTATION: Xy The X-axis is parallel to a line in the Orbiter plane of symmetry,

parallel to and 1016 centimeters (400 inches) below the payload bay
centerline with positive sense toward the nose.

Zgy The Z-axis is parallel to the Orbiter plane of symmetry and is
perpendicular to Xgy, positive down with respect to the Orbiter fuselage.
Ygy The Y-axis completes the right—-handed orthogonal system.

CHARACTERISTICS: Right-handed Cartesian system.

The Euler sequence that is associated with this system is a yaw, pitch, roll,
sequence, where y = yaw, 6 = pitch, and ¢ = roll or blank. This attitude
sequence is yaw, pitch, and roll around the Zgy, Ygy, and Xgy axes,
respectively.

L, M, N: Moments about Xgy, Ygy, and Zgy axes, respectively.
par Body rates about Xgy, Ygy, and Zgy axes, respectively.

p, g, r: Angular body acceleration about Xgy, Ygy, and Zgy axes,
respectively.

SUBSCRIPT: BY

FIGURE 4.0-7 ORBITER BODY AXES
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NAME:

DESCRIPTION:

ORIENTATION:

BPGLWR4B

BPALWRZA

BSAUPRCSA

BS4LWR1A

e
B S6LWR3B

SS Body Axes offset from CM

(Axis alignment congruent with Space Station
Analysis Coordinate System whose origin is
the center of the SO truss segment)

Alpha, Beta, and Gamma Angle definitions

In addition to the generic analysis angles, each joint has its own local

reference angle used to command its joint motor. These 12 specific joint
angles, labeled in the figure above, are right handed rotations about their

individual rotation axes. The joint angles are always identified by their
unique subscripts to differentiate them from the generic analysis angles.

the rotation axes pointed outboard from each joint. The 0° position is as

shown in the figure, when the normal to the arrays as oriented point in the

-z axis direction. The individual joint angle rotation capabilities are 0° to
360° (continuous rotation).

For each B joint angle, a positive  rotation is right handed looking outward

along the array from the motor. The 0° position is defined as when the

normal to the array face is pointed inboard, parallel to the y axis. Thus, the

joint specific target angles represented in the figure are:

FIGURE 4.0-8 ALPHA, BETA, AND GAMMA ANGLE DEFINITIONS

1 May 2008

The generic analysis angles o and vy are defined as positive right handed
rotations about the y and x axes respectively. The analysis angle f is defined
as a positive right handed rotation with its axis of rotation being perpendicular
to that of oe and rotated by o . The B axis is aligned with the x axis when o = 0°.
In the figure above, oo = 0°, B = 0° (active side of the arrays facing in -z direction),
and y = +90°, because the radiators have been rotated 90° about the x axis.

The o joint angles, osthg and oo, are positive right handed rotations about
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TRANSFORMATIONS:

[ otstd
| %port

|

_Ll—

ggﬁUPRsA,BS4UNR1A,BSGUPR1B,BSGUNR3B]=[—90°,90°,—902

[Braupraa, Bratwr2a, Breupr2s, BreLwras] = [-90°, 90°, —90°,
90°].

The individual joint angle rotation capabilities are 0° to 360° (continuous
rotation).

The v joint angles, Ysihg and yport, @re positive right handed rotations about the
rotation axes pointed in the +x axis direction. The 0° position is defined as
when the radiator beams lie in the x=y plane. The individual joint angle rotation
capabilities are 0° to £115° (hardware limit), although the radiator commands
are restricted to £105° (software limit).

Therefore, the following transformations define the relationship between the
generic analysis angles and the individual joint angles:

106

I ] [ Bsaupraa | [—B—90°] Wstbd] ~ fll}Y
=l

Bsatwria | | B+90° | Yport
Bseupris | |[~B—90°
PseLwras | | B+90°
Brauprsa | | B—90°
BraLwrea | [-B+90°
BreurreB p—90°
IBreLwraB | [I-B+90°)

FIGURE 4.0-8 ALPHA, BETA, AND GAMMA ANGLE DEFINITIONS - Continued
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NAME:

TYPE:

ORIGIN:
ORIENTATION:

SUBSCRIPT:

Yruv

ZTM\/

XTM\/

l= 198.00 in
5029 mm

YTMV

XTM\/

0%

_ 274.80 in

- 6980 mm

Soyuz Body Axis Coordinate System
Right-Handed Cartesian, Body-Fixed
The origin is located at the center of the aft bulkhead

Xrmv The X-axis is parallel to the longitudinal axis of the module. The
positive X-axis is away from the docking cone.

Ytmv The positive Y-axis is perpendicular to X1y and its projection
passes through the nominal center of the docking antenna. The positive
Y-axis is in the direction of the docking antenna.

Ztwv The Z-axis completes the right—-handed Cartesian system.

The Euler sequence that is associated with this system is a yaw, pitch,
roll, sequence, where y = yaw, 6 = pitch, and ¢ = roll or blank. This
attitude sequence is yaw, pitch, and roll around the Zyy, Ymv and
Xtmv axes, respectively.

L, M, N: Moments about Xy, Yruy, and Zryy axes, respectively.
par Body rates about Xyyy, Yrwy and Zryy axes, respectively.

p, 0, r: Angular body acceleration about Xy, Y1y, @and Zyy axes,
respectively.

T™MV

FIGURE 4.0-9 SOYUZ TM TRANSPORT MANNED VEHICLE COORDINATE SYSTEM
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Yrcv P
ZTCV

Xrev ﬂh& -

123 a’
l=— 207.90in J

5280 mm

YTCV

N @ &
G\ Zoo X N
=g = p |4
¢ L
H B 284.60 in 7
— 7228 mm =

NAME: Progress M Body Axis Coordinate System

TYPE: Right—-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the center of the aft bulkhead

ORIENTATION: Xrev The X-axis is parallel to the longitudinal axis of the module. The

positive X-axis is away from the docking cone.

Yoy The positive Y-axis is perpendicular to Xy¢y and its projection
passes through the nominal center of the docking antenna. The positive
Y-axis is in the direction of the docking antenna.

Ztcy The Z-axis completes the right—-handed Cartesian system.

The Euler sequence that is associated with this system is a yaw, pitch,
roll, sequence, where y = yaw, 6 = pitch, and ¢ = roll or blank. This
attitude sequence is yaw, pitch, and roll around the Ztcy, Y1cv, and
Xtcv axes, respectively.

L, M, N: Moments about Xrcv, Yrcy, and Zrcy axes, respectively.
har Body rates about Xrcv, Yrcy, and Zrcy axes, respectively.

P, 4, rAngular body acceleration about Xrcy, Yrcy, and Zrcy axes,
respectively.

SUBSCRIPT: TCV

FIGURE 4.0-10 PROGRESS-M TRANSPORT CARGO VEHICLE COORDINATE SYSTEM
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DELETED

FIGURE 4.0-11 DELETED
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@4482 maxi MDPS without MLI

250

4916
4096

57

AL

1360

Z4104
mexi MDPS

3330
=

1970

1250

660

1032

without M_[

SEPARATICN
PLANE

ﬁ%ﬁﬁ

7 Y ATV

ATVODODAOO14A_13_RA_20020315_POL

Bottom View

Automated Transfer Vehicle Coordinate System
Right-Handed Cartesian, Body—Fixed

The origin is located 260 mm below the SC/SDM (Spacecraft / Separation
and Distancing Mechanism) plane

The X-axis correspnds to the ATV longitudanal axis, with a
positive direction from the ATV Spacecraft toward the ATV Cargo Module.

The Y-Axis is perpendicular to Xat\, with a positive direction
toward the interface ring, crossing between engine 1 and engine 4
The Z-axis completes the right-handed orthogonal system.

The Euler sequence that is associated with this system is a yaw, pitch, roll
sequence, where W= yaw, 0 = pitch, and y = roll or blank. This attitude
sequence is yaw, pitch, and roll around the Zaty, Yary, and Xy axes

NAME:
TYPE:
ORIGIN:
ORIENTATION: XaATV
YaTv
ZaTv
respectively.
SUBSCRIPT: ATV

FIGURE 4.0-12 AUTOMATED TRANSFER VEHICLE COORDINATE SYSTEM
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Y HTV -HHIA Separation Plane
HTVS
A

~

Rendezvous Sensor Head

Base Hole

NAME: H-II Transfer Vehicle (HTV) Coordinate System, Mechanical Design Reference
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: XuT1vs=0: HTV/Launch Vehicle Separation Plane

Yn1vs=0: Base Holes on Separation Plane
ZpuTvs=0: Center of Base Holes

ORIENTATION: Xuytvs  The X-axis is parallel to the longitudinal axis of the module cluster.
The positive X—axis is toward the Common Berthing Mechanism (CBM)
interface.

Zutvs  The Z-axis is perpendicular to Xy1ys and goes through the two
Base Holes on the separation plane. The negative Z-axis is in the direction of
the Rendezvous Sensor head side as shown.

Yuytvs  The Y—axis completes the right—-handed orthogonal system.
SUBSCRIPT: HTVS

FIGURE 4.0-13 H-Il TRANSFER VEHICLE COORDINATE SYSTEM, MECHANICAL
DESIGN REFERENCE
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! Rendezvous Sensor Head

NAME: H-II Transfer Vehicle Coordinate System, Attitude Reference
TYPE: Right-Handed Cartesian, Body—Fixed
ORIGIN: The HTV Center of Mass with respect to the HTV Mechanical Design

Reference Coordinate System

ORIENTATION: XuTve  The X-axis is parallel to the longitudinal axis of the module
cluster. The positive X—axis is toward the CBM interface.

Zytve  The Z-axis is perpendicular to Xy1yg and parallel to the centerline
of field of view of Rendezvous Sensor. The negative Z-axis is in the
direction of the Rendezvous Sensor head side as shown.

Yutve  The Y—axis completes the right—-handed orthogonal system.

The Euler sequence that is associated with this system is a yaw, pitch, roll, sequence, where y =
yaw, 6 = pitch, and ¢ = roll or bank. This attitude sequence is yaw, pitch, and roll around the Zytyg,
YnHT1ve, and Xyye axes, respectively.

SUBSCRIPT: HTVB

FIGURE 4.0-14 H-Il TRANSFER VEHICLE COORDINATE SYSTEM, ATTITUDE
REFERENCE
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OBSS

z
‘ YOBSS

FRGF (Mid)

Sensors

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Orbiter Boom Sensor System (OBSS) coordinate system
Right-Handed Cartesian, Body-Fixed

The origin is 8.2 inches from the boom tip on a line perpendicular to the boom
center line, running through the Electrical Flight-releasable Grapple Fixture
(EFGF) grapple fixture pin and 9.2 inches up from the centerline.

Xogss  The X-axis is parallel to the boom centerline.

Zogss  The Z-axis points away from Manipulator Positioning Mechanisms
(MPM) and 19.5 degrees from MPM centerline.
Yogss  The Y-axis completes the right hand coordinate system.

OBSS

FIGURE 4.0-15 ORBITER BOOM SENSOR SYSTEM COORDINATE SYSTEM
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5.0 ARTICULATING AND TRANSVERSE BOOM REFERENCE FRAMES

The coordinate systems outlined in this chapter represent all the articular subelements and
transverse boom elements. In addition, the Starboard and Port Solar Power Module elements are
defined using the individual subelement definitions as its basis. Four views including isometric
view, forward view, starboard view, and zenith view are typically shown.
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Xsa

! 100.0in
1 2540 mm

g

4

MY
+

T YR

Starboard Solar Power Module
Right-Handed Cartesian, Body-Fixed

The origin is located along the Yga —axis at a point 100 inches ISS inboard
of the S3/S4 interface plane. The S3/S4 interface plane is defined as the S4
ISS port face of the ISS port S4 Alpha joint bulkhead and coincides with the
S4 coordinate system.

Ysa The Y-axis is coincident with the nominal alpha joint axis of
rotation, which is defined as perpendicular to the S3/S4 interface plane and
located at the center of the Alpha Joint Bulkhead. The positive Y-axis is
toward ISS starboard.

Xsa The X-axis is rotated normal to the line formed through the
centers of the bases of the two trunnion pins. The positive X—axis is toward
ISS forward.

Zspa The Z-axis completes the right—-handed Cartesian system.
SA

FIGURE 5.0-1 STARBOARD SOLAR POWER MODULE COORDINATE SYSTEM
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54

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

=S4
54

54

Integrated Truss Segment S4 Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located along the Yg4—axis at a point 100 inches inboard of the
S4/S3 interface plane. The S4/S3 interface plane is defined as the outboard
face of the outboard Alpha Joint Bulkhead. NOTE: For S3/S4 element the

S3 coordinate frame will be used.

Xsa The X-axis is rotated normal to the line formed through the
centers of the bases of the two trunnion pins. The positive X-axis is toward
ISS forward.

Ysa The Y-axis is coincident with the nominal alpha joint axis of
rotation, which is defined as perpendicular to the S4/S3 interface plane and
located at the center of the Alpha Joint Bulkhead. The positive Y-axis IS
toward ISS starboard.

Zgy The Z—-axis completes the right—-handed Cartesian system.

S4

FIGURE 5.0-2

INTEGRATED TRUSS SEGMENT S4 COORDINATE SYSTEM
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55

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

55

G5

100.00 in
‘ 2540 mm

55

Integrated Truss Segment S5 Coordinate System
Right-Handed Cartesian, Body—-Fixed

The origin is located along the structure centerline as defined by the X-axis
below, 100 inches toward starboard from the stabilizing trunnions, at the
elevation of a mean plane passing through the four trunnion pins. The
primary trunnions are located mid-structure.

Xss5 The X-axis is rotated parallel to a line formed by connecting the
midpoints of two lines created by connecting the centers of the bases of the
stabilizing trunnion pins, and by connecting the centers of the bases of the
primary trunnion pins. The positive X-axis is toward ISS port.

Yss5 The Y-axis is parallel with the line formed by connecting the
centers of the bases of the stabilizing trunnion pins. The positive Y-axis is
toward nadir.

Zgs The Z—axis completes the right-handed Cartesian system.
S5

FIGURE 5.0-3

INTEGRATED TRUSS SEGMENT S5 COORDINATE SYSTEM
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Xsy
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103.89in

o %Z{W\
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Ly
Integrated Truss Segment S6 Coordinate System

Right-Handed Cartesian, Body-Fixed

The origin is located along the Ygg—axis at a point 100 inches inboard of the
S6/S5 interface plane. The S6/S5 interface plane is defined as the
outermost face of the S6 inboard batten, corner joint assemblies.

Ysg The Y-axis is nominally coincident with the alpha joint axis of
rotation. It is defined as perpendicular to Zgg, parallel to the nominal
longitudinal extension of S6, and passing through the midpoint of the line
connection the centers of the bases of the two inboard trunnions. The
positive Y-axis is in the starboard (outboard) direction.

Zsg The Z-axis is parallel to the line connecting the centers of the
bases of the two inboard trunnions. The positive Z-axis is in the nadir
direction when alpha is equal to zero degrees.

Xs6 The positive X—-axis is in the ram direction when alpha is equal to
zero degrees and completes the right—-handed Cartesian system.

S6

FIGURE 5.0-4

INTEGRATED TRUSS SEGMENT S6 COORDINATE SYSTEM
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100.0in |
2540 mm | Koa
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NAME: Port Solar Power Module Coordinate System
TYPE: Right-Handed Cartesian, Body Fixed

ORIGIN: The origin is located along the Yppa —axis at a point 100 inches ISS inboard
of the P3/P4 interface plane. The P3/P4 interface plane is defined as the P4
ISS starboard face of the ISS starboard P4 Alpha Joint Bulkhead and
coincides with the P4 coordinate system.

ORIENTATION: Ypa The Y-axis is coincident with the nominal alpha joint axis of
rotation, which is defined as perpendicular to the P3/P4 interface plane and
located at the center of the Alpha Joint Bulkhead. The positive Y-axis is
toward ISS starboard.

Xpa The X-axis is rotated normal to the line formed through the
centers of the bases of the two trunnion pins. The positive X—axis is toward
ISS forward.

Zpp The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: PA

FIGURE 5.0-5 PORT SOLAR POWER MODULE COORDINATE SYSTEM
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P4

100.00 in
2540 mm

o4
NAME: Integrated Truss Segment P4 Coordinate System
TYPE: Right-Handed Cartesian, Body—-Fixed
ORIGIN: The origin is located along the Yg4—axis at a point 100 inches inboard of the

P4/P3 interface plane. The P4/P3 interface plane is defined as the outboard
face of the outboard Alpha Joint Bulkhead. NOTE: For P3/P4 element the
P3 coordinate frame will be used.

ORIENTATION: Ypa The Y-axis is coincident with the nominal alpha joint axis of
rotation, which is defined as perpendicular to the P4/P3 interface plane and
located at the center of the Alpha Joint Bulkhead. The positive Y-axis is
toward ISS starboard.

Xpa The X-axis is rotated normal to the line formed through the
centers of the bases of the two trunnion pins. The positive X—axis is toward
ISS forward.

Zpy The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: P4

FIGURE 5.0-6 INTEGRATED TRUSS SEGMENT P4 COORDINATE SYSTEM
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P5

NAME: Integrated Truss Segment P5 Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located along the structure centerline as defined by the X-axis

below, 100 inches toward port from the stabilizing trunnions, at the elevation
of a mean plane passing through the four trunnion pins. The primary
trunnions are located mid-structure.

ORIENTATION: Xps The X-axis is rotated parallel to a line formed by connecting the
midpoints of two lines created by connecting the centers of the bases of the
stabilizing trunnion pins, and by connecting the centers of the bases of the
primary trunnion pins. The positive X-axis is toward ISS starboard.

Yps The Y-axis is parallel with the line formed by connecting the
centers of the bases of the stabilizing trunnion pins. The positive Y-axis is
toward ISS zenith.

Zps The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: P5

FIGURE 5.0-7 INTEGRATED TRUSS SEGMENT P5 COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Integrated Truss Segment P6 Coordinate System
Right—-Handed Cartesian, Body-Fixed

The origin is located along the Ypg—axis at a point 100 inches inboard of the
P6/P5 interface plane. The P6/P5 interface plane is defined as the
outermost face of the S6 inboard batten, corner joint assemblies.

Yps The Y-axis is nominally coincident with the alpha joint axis of
rotation. It is defined as perpendicular to Zpg, parallel to the nominal
longitudinal extension of P6, and passing through the midpoint of the line
connection the centers of the bases of the two inboard trunnions. The
positive Y-axis is in the starboard (inboard) direction.

Zpg The Z-axis is parallel to the line connecting the centers of the
bases of the two inboard trunnions. The positive Z-axis is in the nadir
direction when alpha is equal to zero degrees.

Xpe The positive X—-axis is in the ram direction when alpha is equal to
zero degrees and completes the right—-handed Cartesian system.

P6

FIGURE 5.0-8

INTEGRATED TRUSS SEGMENT P6 COORDINATE SYSTEM
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100.0 in
2540 mm

YSAW

XSAW

Il

YSAW

ZSAW

NAME: Solar Array Wing Coordinate System
TYPE: Right-Handed Cartesian, Body—-Fixed

ORIGIN: The origin is located on the X—axis at a point 100 inches aft of the mast
canister platform/beta gimbal interface plane. The mast canister
platform/beta gimbal interface plane is defined as the outermost face of the
beta canister as shown above. See figure 4.0-8 for a complete definition of
beta angles.

DESCRIPTION: This coordinate system is fixed to the Solar Array panels deployed as a wing,
not to the beta gimbal which rotates the wing.

ORIENTATION: Xsaw The X-axis is coincident with the beta joint axis of rotation. The
positive X-axis is toward the outer end of the array.

Zspw The Z-axis is perpendicular to the X axis and normal to the
nominal plane of the array wing. The Z axis is positive toward the Anti—Sun
Facing (Back) side of the wing.

Ysaw The Y-axis completes the Right-Handed Cartesian system.
SUBSCRIPT: SAW

FIGURE 5.0-9 SOLAR ARRAY WING COORDINATE SYSTEM
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NAME: Thermal Control System (TCS) Radiator Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located along the X-axis at a point 100 inches inboard of the

thermal radiator rotational joint Y-Z interface plane. This interface plane is
defined as the attach surface of the Torque Box assembly (shown above) to
the Thermal Radiator Rotary Joint (TRRJ) located on the Integrated Truss
Assembly (ITA) (not shown).

ORIENTATION: XT1cs The X-axis is coincident with the gamma joint nominal axis of
rotation. The positive X—-axis is toward the +X ISS Analytical Reference
frame (i.e., away from the TCS radiators).

Ytcs The Y-axis is normal to the nominal plane of the deployed
radiator array. The Y-axis is positive in the starboard direction when
gamma is equal to zero.

Z1cs The positive Z—-axis is in the nadir direction when gamma is equal
to zero and completes the right-handed Cartesian system.
SUBSCRIPT: TCS

FIGURE 5.0-10A THERMAL CONTROL SYSTEM RADIATOR COORDINATE SYSTEM
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S1-Radiator Wing P1-Radiator Wing
0 (-1157)
115 o
Siy 245
SO
Ts = ¢ h=0
YTCS | YA YTCS A
Ay, ¥
XA
o] Z 115
(419 : (115)
Zrcs (= 90°) Z"I"CS (y,=90°)

ORIENTATION AND DEFINITIONS:

The starboard radiator range of motion is —115° to 115° in Y5 (space station analysis coordinates).
The hard stops are located at the Joint Resolver Angles 115° and 245°,

The port radiator range of motion is —115° to 115%in ’Yp (space station analysis coordinates). The hard
stops are located at the Joint Resolver Angles 115° and 245°.

The port and starboard radiators have 180° symmetry and are in the x-y plane when Y = 0°.

Xtcs = Thermal Control System x—axis coincident with the Y joint axis of rotation.

(Xa, Ya, Za ) = Space Station Analysis Coordinates centered at the SO truss segment.

FIGURE 5.0-10B  THERMAL CONTROL SYSTEM RADIATOR COORDINATE SYSTEM
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NAME: Integrated Truss Segment Z1 Coordinate System

TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located along the geometric center of the Z1 CBM 78.5 inches
from the CBM flange. The XZ plane is parellel to the plane formed by the
centerline of the bases of the four trunnions.

ORIENTATION: Xz1 The X-axis is parallel to the trunnion pin plane.
Z71 The Z-axis is collinear with the centerline of the CBM. The
positive Z—axis points toward the P6 Truss support structure.
Yz1 The Y-axis completes the right-handed Cartesian system.

SUBSCRIPT: Z1

FIGURE 5.0-11 INTEGRATED TRUSS SEGMENT Z1 COORDINATE SYSTEM
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NAME: Integrated Truss Segment SO Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed
DESCRIPTION: This coordinate system defines the origin, orientation, and sense of the Space

Station Analysis Coordinate System.

ORIGIN: The YZ plane nominally contains the centerline of all four trunnion pins. The
origin is defined as the intersection of two diagonal lines connecting the
centers of the bases of opposite trunnion pins, running T1 to T3 and from T2
to T4.

ORIENTATION: Xso The X-axis is parallel to the vector cross—product of the Y-axis
with the line from the center of the base trunnion pin T2 to the center of the
base trunnion pin T3, and is positive forward.

Yso The Y-axis is parallel with the line from the center of the base of
trunnion pin T2 to the center of the base of trunnion pin T1. The positive
Y-axis is toward starboard.

Zsp The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: SO

FIGURE 5.0-12 INTEGRATED TRUSS SEGMENT SO COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Integrated Truss Segment S1 Coordinate System
Right—-Handed Cartesian, Body-Fixed

The origin is defined as the point 200.53 inches toward port along the
Y-axis measured from the center point connecting the centers of the base of
trunnion pins T2 and T3.

Xs1 The X-axis is parallel to the vector cross—product of the Y-axis
with the line from the center of the base of trunnion pin T2 to the center of
the base of trunnion pin T3, and is positive forward.

Ys1 The Y-axis is parallel with the line from the center of the base of
trunnion pin T2 to the center of the base of trunnion pin T1. The positive
Y-axis is toward starboard.

Zs1 The Z-axis completes the right—-handed Cartesian system.
S1

FIGURE 5.0-13 INTEGRATED TRUSS SEGMENT S1 COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:
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Integrated Truss Segment S3 Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located at a point 100 inches from the outer face of the S3 ITS
bulkhead that interfaces with the S1 ITS and its intersection with the Y-axis.
This frame will also be used for the S3/S4 element.

Xs3 The X-axis is rotated normal to the line formed through the
centers of the bases of the two trunnion pins. The positive X-axis is toward
ISS forward.

Ys3 The Y-axis is coincident with the alpha joint rotational axis. The
positive Y-axis is toward ISS starboard.

Zg3 The Z—-axis completes the right—-handed Cartesian system.

S3

FIGURE 5.0-14

INTEGRATED TRUSS SEGMENT S3 COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Integrated Truss Segment P1 Coordinate System
Rotating Right—-Handed Cartesian, Body—Fixed

The origin is defined as the point 200.53 inches toward starboard along the
Y-axis measured from the center point connecting the centers of the base of
trunnion pins T2 and T3.

Xp1 The X-axis is parallel to the vector cross—product of the Y-axis
with the line from the center of the base of trunnion pin T2 to the center of
the base of trunnion pin T3, and is positive forward.

Ypq The Y-axis is parallel with the line from the center of the base of
trunnion pin T2 to the center of the base of trunnion pin T1. The positive
Y-axis is toward starboard.

Zp1 The Z-axis completes the right—-handed Cartesian system.
P1

FIGURE 5.0-15 INTEGRATED TRUSS SEGMENT P1 COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:
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Integrated Truss Segment P3 Coordinate System
Right-Handed Cartesian, Body—-Fixed

The origin is located at a point 100 inches from the outer face of the P3 ITS
bulkhead that interfaces with the P1 ITS and its intersection with the Y-axis.
This frame will also be used for the P3/P4 element.

Xp3 The X-axis is rotated normal to the line formed through the
centers of the bases of the two trunnion pins. The positive X—axis is toward
ISS forward.

Yp3 The Y-axis is coincident with the alpha joint rotational axis. The
positive Y-axis is toward ISS starboard.

Zp3 The Z-axis completes the right—-handed Cartesian system.

P3

FIGURE 5.0-16

INTEGRATED TRUSS SEGMENT P3 COORDINATE SYSTEM
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NAME: FGB Solar Arrays
TYPE: Right-Handed Cartesian, Body-Fixed
DESCRIPTION: This coordinate system is aligned as shown with the Space Station Analysis
Coordinate System at solar noon when the Space Station is in the LVLH flight
orientation.
ORIGIN: The origin is located along the Zggga—axis at a point 58.071 inches inboard
of the interface of the starboard FGB Solar Panel.
ORIENTATION: Zrgea  The Z-axis is coincident with the FGB array axis of rotation, which

is along the longitudanal centerline of the array. The positive Z-axis is in the
port (outboard) direction.

Xrgea ~ The X-axis is parallel to X LVLH flight orientation at orbital noon.

The positive X-axis is in the V.

Yregea  The Y-axis completes the right—-handed cartesian system
SUBSCRIPT: FGBA

FIGURE 5.0-17 FGB ARRAYS COORDINATE SYSTEM
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NAME:
TYPE:
DESCRIPTION:

ORIGIN:

ORIENTATION:

SUBSCRIPT:

SM Solar Arrays
Right-Handed Cartesian, Body-Fixed

This coordinate system is aligned as shown with the Space Station Analysis
Coordinate System at solar noon when the Space Station is in the LVLH flight
orientation.

The origin is located along the Zgya—axis at a point 59.055 inches inboard
of the interface plane of the starboard SM Solar Panel.

ZsmvA The Z-axis is coincident with the SM array axis of rotation, which
is along the longitudinal centerline of the array. The positive Z-axis is in the
port (outboard) direction.

Ysma The Y-axis is perpendicular to the Z—axis and normal to the
nominal plane of the array. The Y-axis is positive toward the anti-sun
facing (back) side of the array.

XsMmA The X-axis completes the right-handed cartesian system.
SMA

FIGURE 5.0-18 SERVICE MODULE ARRAYS COORDINATE SYSTEM
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FIGURE 5.0-19 DELETED
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FIGURE 5.0-20 DELETED
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FIGURE 5.0-21 DELETED
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NAME: Multipurpose Laboratory Module (MLM) Radiator Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module

ORIGIN: The origin is located on the mating plane between the Radiator and MLM, at
the geometric center of the base.

ORIENTATION: XMLM-RAD The X-axis is parallel to the mating interface between the
Radiator and the MLM. The positive X—-axis is toward the MLM docking
mechanism.

YMLM-RAD The Y-axis is perpendicular to the X-axis, and positive in the
forward direction of the MLM.

ZMLM-RAD The positive Z—axis completes the right—-handed Cartesian
system.

SUBSCRIPT: MLM-RAD

FIGURE 5.0-22 MLM RADIATOR COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

MLM Solar Array Coordinate System
Right-Handed Cartesian, Body—Fixed to the Pressurized Module

The origin is located along the Zy; y—axis at a point 53.15 inches inboard of the
interface of the starboard MLM Solar Panel and 227.362 inches in the zenith
direction along the Xy pm—axis. Post deployment the MLM Arrays share the
same coordinate systems as MLM.

XMLM The X-axis is perpendicular to the mating interface between the

YMLM The Y-axis is perpendicular to the X—axis, and positive in the forward
direction as shown.
VAVIEY| The positive Z—axis completes the right—-handed Cartesian system.

MLM

FIGURE 5.0-23 MLM SOLAR ARRAY COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

‘l ZMLM-PWP

ZMLM-PWP

YMLM—PWP XMLM-PWP

>/MLM-PWP

>{VILM-PWP

XMLM-PWP

MLM Power Work Platform Coordinate System
Right-Handed Cartesian, Body—-Fixed to the Pressurized Module

The origin is located on the central axis of the adapter fixture, at the X face of
the cylinder base

ZMLM-PWP The Z-axis is perpendicular to the mating interface between
the Airlock and the MLM. The positive Z—axis is toward the MLM docking
mechanism.

Y MLM-PWP The Y-axis is parallel to the MLM Y-axis and positive in the
forward direction.

XMLM-PWP The positive X—axis completes the right-handed Cartesian
system.

MLM-PWP

FIGURE 5.0-24 MLM POWER WORK PLATFORM COORDINATE SYSTEM
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The coordinate systems outlined in this chapter represent all the viewing subelements. Some
subelement coordinate systems in this section are for unpressurized Orbital Replacement Units
(ORU) and other robotically handled hardware. Table 6.0-1 provides a partial list of
robotically—handled hardware and their respective coordinate systems types. Four views
including isometric view, forward view, starboard view, and zenith view are typically shown.

TABLE 6.0-1 Robotically handled ORU interface coordinate systems

(PAGE 1 OF 2)

Robotically Handled Hardware Element

Subscript

Relevant Figure

ORU Coordinate Frames

Battery—Style ORU B-ORU 6.0-18
Battery Subassembly BAT
Battery Charge Discharge Unit BCDU
Direct Current Switching Unit DCSU
Direct Current to Direct Current Converter Unit — DDCU-E 6.0-18
External
Main Bus Switching Unit MBSU
Pump/Flow Control Assembly PFCS
MDM-Style ORU M-ORU 6.0-19
Assembly Contingency Baseband Signal Processor ACBSP
Charged Particle Directional Spectrometer CPDS
External Video Switch Unit EVSU
Multiplexer/Demultiplexer 4CE MDMA4CE
Multiplexer/Demultiplexer 10 MDM-10 6.0-19
Multiplexer/Demultiplexer 16 MDM-16
Multiplexer/Demultiplexer External MDM-E
Rotary Joint Motor Controller RIMC
Transponder ORU XPDR
CSA ORU C-ORU 6.0-21
Arm Computer Unit ACU
Camera Light Pan/Tilt Assembly CLPA
Canadian Remote Power Controller Unit CRPCM 6.0-21
MBS Computer Unit MCU
Video Distribution Unit VDU
RMCT-Style ORUs R-ORU 6.0-22
Photovoltaic Controller Unit (Upper or Lower) PVCU
Remote Power Controller Module RPCM 0.0-22




SSP 30219 Revision J 1 May 2008

TABLE 6.0-1 Robotically handled ORU interface coordinate systems
(PAGE 2 OF 2)

Robotically Handled Hardware Element Subscript Relevant Figure
Direct ORU D-ORU 6.0-26
Electronic Controller Unit ECU
Sequential Shunt Unit Ssu 6.0-26
Actuation Interface Coordinate Frames
Mobile Transporter Stop MTS (MC) 6.0-23 (6.0-29)
Tether Shuttle Stop TSS (H-FIX) 6.0-24 (6.0-28)
Secondary Power Distribution Assembly Doors SPDA-D (MC) 6.0-25 (6.0-29)
Dexterous Interface Grasp Coordinate Frames

Bare Bolt BB 6.0-27
H Fixture H-FIX 6.0-28
Micro Conical
Modified Micro Conical Mc 0.0-29
Micro Square
Modified Micro Square MS 6.0-30
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NAME: Tracking And Data Relay Satellite System (Ku—-Band) Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located along the Z-axis at a point 100 inches below the

interface between the antenna boom and the ITS to which it attaches. The
interface plane is defined as the base of the Ku—Band Antenna Boom as
shown above.

ORIENTATION: Zxu The Z-axis is coincident with the longitudinal plane of symmetry
for the antenna boom. The positive Z-axis is away from the base of the
antenna boom.

Yku The positive Y-axis is parallel to the lower antenna gimbal of
rotation and in the direction of starboard when located on the Space Station
in the LVLH flight orientation.

Xku The positive X—axis is parallel to the upper antenna gimbal axis of
rotation and in the direction of flight when located on the Space Station in
the LVLH flight orientation.

SUBSCRIPT: KU

FIGURE 6.0-1 TRACKING AND DATA RELAY SATELLITE SYSTEM (KU-BAND)
COORDINATE SYSTEM
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FIGURE 6.0-2 DELETED
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NAME: Small Adapter Plate Assembly (SAPA) Coordinate System. The following
adapter plate assemblies use the same coordinate system definition: Large
Adapter Plate Assembly (LAPA), Medium APA (MAPA), Light Weight APA
(LWAPA), Columbus External Payload Adapter (CEPA), Express Pallet

Adapter (ExPA), and Cargo Transport Container (CTC).
TYPE:
ORIGIN:

Right—-Handed Cartesian, Body-Fixed

The origin is located on the centerline top surface of the adapter plate and on
the contact plane of the adapter plate and Square Grid Interface (SGI)
housing, such that the XY plane lies on the top surface of the adapter plate.

ORIENTATION: Ysapa  The Y-axis lies on the centerline of the top of the plate surface.

The positive Y-axis is away from the SGI housing.
Zsapa The Z-axis is perpendicular to the top surface of the plate. The
positive Z-axis is away from the plate.

Xsapa  The positive X—axis completes the right—handed coordinate system.

SUBSCRIPT: SAPA

FIGURE 6.0-3 SMALL ADAPTER PLATE ASSEMBLY AND
(MAPA/LAPA/LWAPA/CEPA/EXPA/CTC) REFERENCE COORDINATE SYSTEMS
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FIGURE 6.0-4 DELETED
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FIGURE 6.0-5 DELETED
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NAME: Early Ammonia Servicer Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located along the longitudinal center line of the interior surface
of the base plate, 32.25 inches from the edge of the base plate with the P6
trunnion attachment fixture. Reference Drawing RHO00191 Base Plate

Assembly.
ORIENTATION: Zeas The Z-axis is perpendicular to the EAS base plate positive in the
direction of the grapple fixture.
Yeas The Y-axis is parallel to the longitudinal center line of the base
plate and positive toward the P6 trunnion attachment fixture.
Xeas The X-axis completes the right-handed Cartesian system.
SUBSCRIPT: EAS

FIGURE 6.0-6 EARLY AMMONIA SERVICER COORDINATE STSTEM



SSP 30219 Revision J 1 May 2008

YRa-::l:
[l x
'H Rack
————
z
Rack
=]
X
Rack ii Rack
NAME: Rack Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the interface of the center line bushing attachment to
the rear side of the rack.
ORIENTATION: Xrack ~ The X-axis is parallel to a line through the center line bushing

attachments, perpendicular to the side wall.

Yrack ~ The Y-axis is perpendicular to the X—-axis, parallel to the plane of

the rack floor, and is positive to the aft of the rack rear side.

Zrack — The Z—-axis completes the right-handed Cartesian system.
SUBSCRIPT: RACK

FIGURE 6.0-7 RACK COORDINATE SYSTEM
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NAME: 02 / N2 High Pressure Gas (HPG) Tank ORU Coordinate System
TYPE: Right-Handed Cartesian, Body Fixed
ORIGIN: The origin of the coordinate system is located at the center of a line
connecting the centers of the two forward HPG ORU mechanism installation
latches.
ORIENTATION: Zupc The Z-axis is perpendicular to the plane formed by the Xypg and
Ynypc axes and is shown in the positive direction.
XHpPG The X-axis runs parallel to the HPG ORU longitudinal axis, and is
shown in the positive direction.
Yupc The Y-axis lies along the line connecting the centers of the two
forward HPG ORU mechanism installation latches, and is shown in the
positive direction.
SUBSCRIPT: HPG

FIGURE 6.0-8 O2/N2 HIGH PRESSURE GAS TANK COORDINATE SYSTEM
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NAME: Spacehab Oceaneering Space Systems—Extended Height Deployable
(SHOSS-ED) Coordinate System

TYPE: Right—-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the aft lower left corner of the SHOSS-ED as shown.

ORIENTATION: Xsas The X-axis lies on the edge of the base of the SHOSS-ED. The

positive X—axis points towards the Adjustable Grapple Bar mounting hardware.

Zsps The Z-axis lies on the vertical edge of the SHOSS-ED. The positive

Z-axis points towards the lid.

Ysas The positive Y—axis completes the right-handed coordinate system.
SUBSCRIPT: SAS

FIGURE 6.0-9 SHOSS-ED COORDINATE SYSTEM
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NAME: Pump Module Assembly ORU Coordinate System

TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the base of the shear pin centerline.

ORIENTATION: Xpma oru The X-axis lies parallel to the two pallet guides on the bottom of the

Pump Module Assembly. The positive X—axis points towards the EVA bolts.

Zpyaoru The Z-axis lies along a line that passes through the guide pin is
perpendicular to the top surface of the plate. The positive Z-axis is away from
the plate.

Ypma oru The positive Y—axis completes the right-handed coordinate system.
SUBSCRIPT: PMA ORU

FIGURE 6.0-10 PUMP MODULE ASSEMBLY ORU COORDINATE SYSTEM
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NAME: Radiator Grapple ORU Assembly Coordinate System

TYPE: Right-Handed Cartesian, Body—-Fixed

ORIGIN: The origin is located at the base of the EVA Bolt closest to the OSE Grounding
Cable Assembly.

ORIENTATION: ZrGA The Z-axis is parallel to the grapple fixture pin. The positive Z—axis
points away from the grapple bar.
XRcA The positive X—axis lies parallel to the long handrail and points
positive towards the EVA Bolt.
YrcA The positive Y—axis completes the right-handed coordinate system.

SUBSCRIPT: RGA

FIGURE 6.0-11 RADIATOR GRAPPLE ORU ASSEMBLY REFERENCE COORDINATE
SYSTEM



SSP 30219 Revision J 1 May 2008

Radiator: Post H15
Grapple Fixture: Bearing H3
(Clearance Hole) / YpvRGE
Radiator: Post H13
Grapple Fixture: Bearing H1
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24
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Radiator: Post H14
Grapple Fixture: Bearing H2
(Clearance Hole)

Radiator: Post H16
Grapple Fixture: Bearing H4

| (Slotted Hole)
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NAME: PVR Grapple Fixture Assembly Coordinate System

TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the center of the primary spherical bearing.
ORIENTATION: Zpyrge The Z-axis lies on the centerline of the primary spherical bearing

(H1). The positive Z—-axis points toward the grapple fixtures.

Xpvree  The positive X—axis lies parallel to the support arm assembly. The
positive X—axis points in the direction of the slotted hole (H4) on the support
arm assembly.

Ypvree  The positive Y—axis completes the right—-handed coordinate system.
SUBSCRIPT: PVRGF

FIGURE 6.0-12 PVR GRAPPLE FIXTURE ASSEMBLY REFERENCE COORDINATE
SYSTEM
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NAME: Thermal Radiator Rotary Joint ORU Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the centerline of the TRRJ Stanchion Assembly

interface plane.

ORIENTATION: Xtrry  The X-axis passes through the TRRJ Stanchion Assembly and is
positive through the body of the TRRJ plate surface.

YTRRJ The Y-axis is perpendicular to the top and bottom TRRJ Cradle

Assemblies

ZTRRJ The Z-axis completes the right-handed coordinate system.
SUBSCRIPT: TRRJ

FIGURE 6.0-13 THERMAL RADIATOR ROTARY JOINT ORU COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

-

Mast Canister ORU Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located at the base and on the centerline of the Mast Canister
Assembly.

Zmco The Z-axis lies on the centerline of the Mast Canister Assembly. The
positive Z—axis points in the direction of the Strut fitting and Pivot Assemblies
and is perpendicular to the base.

Xmco The positive X—axis bisects and points to the Strut fitting and Pivot
Assemblies

Ymco The Y-axis completes the right-handed coordinate system.

MCO

FIGURE 6.0-14 MAST CANISTER ORU COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:
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ISS Common Attach System (CAS)
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et

Right-Handed Cartesian, Body-Fixed

The origin is located at the center of the capture bar (1.5 inch diameter) and the
latch when fully closed 3.397 inches above the platform top surface, 13.857
inches from a line connecting Guide Vanes 1 and 3, and halfway between
planes defined by the outboard surfaces of Guide Vanes 1 and 3 as shown.

Zcas The Z axis is normal to the plane defined by the 3 guide vane well
bottoms.

Xcas The X axis is parallel to the line connecting Guide Vanes 1 and 3 and
positive towards Guide Vane 1.

Ycas The positive Y axis points toward Guide Vane 2 as shown and
completes the right handed Cartesian system.

CAS

FIGURE 6.0-15 ISS COMMON ATTACH SYSTEM REFERENCE COORDINATE SYSTEM
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NAME: Ammonia Tank Assembly (ATA) Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the centerline of the base of the pin at the bottom aft

edge of the ATA.

ORIENTATION: XaTa The X-axis is parallel to the aft edge in the vertical direction, and is
forward toward the top of the ATA.

Yata The Y-axis is parallel to the base of the ATA and is forward going

toward the front.

Zna  The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: ATA

FIGURE 6.0-16 AMMONIA TANK ASSEMBLY COORDINATE SYSTEM
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NAME: Nitrogen Tank Assembly (NTA) Coordinate System

TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the centerline of the base of the pin on the forward
bottom edge of the NTA.

ORIENTATION: Xnta  The X-axis is parallel to the edge in the vertical direction, and is
forward toward the top of the NTA.
YnTa The Y-axis is parallel to the base of the NTA and is forward going
toward the back.
Znta The Z-axis completes the right—-handed Cartesian system.

SUBSCRIPT: NTA

FIGURE 6.0-17 NITROGEN TANK ASSEMBLY COORDINATE SYSTEM
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NAME: Battery—Style ORU Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the geometric center of the gripping interface. This point

coincides with the origin of the ORU and Tool Changeout Mechanism (OTCM)
frame when the fixture is fully grasped by the OTCM gripper mechanism. The
bottom surface of the fixture is parallel to the Y-Z plane at X = —1.26 inches
(32.0 mm).

ORIENTATION: Xg-oru The +X axis is normal to the top surface of the fixture and points
away from the fixture-mounting surface.

Zg-oru The +Z axis points towards the Modified Dexterous Handling Target.
Yg-oru The positive Y—axis completes the right—-handed coordinate system.
SUBSCRIPT: B-ORU

APPLICABILITY: The B-ORU Coordinate System may be applied to all battery—style ORUs
including: Battery Subassembly (BAT), Battery Charge Discharge Unit (BCDU),
Direct Current (DC) Switching Unit (DCSU), DC to DC Converter Unit —
External (DDCU-E), Main Bus Switching Unit (MBSU), and Pump/Flow
Controller Assembly (PFCS). The Coordinate frames are equivalent, and the
use of either the B-ORU subscript or the ORU-specific subscript is acceptable.

FIGURE 6.0-18 BATTERY-STYLE ORU COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

APPLICABILITY:

MDM-Style ORU Coordinate System

Right—-Handed Cartesian, Body-Fixed

The origin is located at the geometric center of the gripping interface. This point
coincides with the origin of the Robot Micro Conical Tool (RMCT) operations
frame when the Fitting is hard docked to the RMCT. The top surface of the
Fitting is parallel to the Y-Z plane at X = 0.873 inches.

Xum-oru The X axis is normal to the top surface of the Fitting and points away
from the Fitting mounting surface.

Zy-oru The Z axis points towards the Modified Dexterous Target.
Yuv-oru The positive Y—axis completes the right—-handed coordinate system.
M-ORU

The M-ORU Coordinate System may be applied to all MDM-style ORUs
including: Assembly Contingency Baseband Signal Processor (ACBSP),
Charged Particle Directional Spectrometer (CPDS), External Video Switch Unit
(EVSU), Multiplexer/Demultiplexer 4CE (MDM4CE), Multiplexer/Demultiplexer
10 (MDM-10), Multiplexer/Demultiplexer 16 (MDM-16),
Multiplexer/Demultiplexer External (MDM-E), Rotary Joint Motor Controller
(RIMC), and Transponder ORU (XPDR). The Coordinate frames are
equivalent, and the use of either the M—ORU subscript or the ORU-specific
subscript is acceptable.

FIGURE 6.0-19 MDM-STYLE ORU COORDINATE SYSTEM
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FIGURE 6.0-20 DELETED
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NAME: CSA ORU Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the geometric center of the gripping interface. This

point coincides with the origin of the ORU and Tool Changeout Mechanism
(OTCM) frame when the fixture is fully grasped by the OTCM gripper
mechanism. The bottom surface of the fixture is parallel to the Y-Z plane
at X = -1.26 inches (32.0 mm).

ORIENTATION: Xc-oru The X-axis is normal to the top surface of the Fitting and points
away from the Fitting mounting surface.

Zc-oru The Z-axis points towards the Dexterous Handling Target.
Yc-oruy  The positive Y—axis completes the right—-handed coordinate

system.
SUBSCRIPT: C-ORU
APPLICABILITY: The C-ORU Coordinate System may be applied to all CSA-style ORUs

including: Arm Computer Unit (ACU), Camera, Light Assembly (CLA),
Camera Light Pan/Tilt Assembly (CLPA), Canadian Remote Power Con-
troller Unit (CRPCM), MBS Computer Unit (MCU), and Video Distribution
Unit (VDU). The Coordinate frames are equivalent, and the use of either
the C-ORU subscript or the ORU-specific subscript is acceptable.

FIGURE 6.0-21 CSA ORU COORDINATE SYSTEM
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PVCU Lower or
MDM Assy, Lower
(Upper not shown)

NAME: RMCT-Style ORU Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the geometric center of the gripping interface. This
point coincides with the origin of the RMCT operations frame when the
fitting is hard docked to the RMCT. The top surface of the Fitting is parallel
to the Y-Z plane at X = 0.873 inches.

ORIENTATION: Xr-oru The X-axis is normal to the top surface of the Fitting and points
away from the Fitting mounting surface.

Zroru The Z-axis points towards the Modified DexterousTarget.
Yr-oru The positive Y—axis completes the right—-handed coordinate

system.
SUBSCRIPT: R-ORU
APPLICABILITY: The R-ORU Coordinate System may be applied to all RMCT Interface

style ORUs including the Upper and Lower Photovoltaic Controller Units
(PVCU) and the Remote Power Controller Module (RPCM). The Coordi-
nate frames are equivalent, and the use of either the R—-ORU subscript or
the ORU-specific subscript is acceptable.

FIGURE 6.0-22 RMCT-STYLE ORU COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

MT Stop Assembly Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located at the geometric center of the tool grasp interface. This
point coincides with the origin of the RMCT operations frame when the fitting
is hard docked to the RMCT. The top surface of the fitting is parallel to the
Y-Z plane at X = 0.873 inches.

Xutstop The +X axis is normal to the top surface of the Fitting and points
away from the Fitting—mounting surface.

Zutstop The +Z axis points towards the Modified Dexterous Target.

Yurstop The positive Y—axis completes the right—-handed coordinate system.
MTSTOP

FIGURE 6.0-23 MT STOP REFERENCE COORDINATE SYSTEM
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NAME: Tether Shuttle Stop Assembly Coordinate System
TYPE: Right—-Handed Cartesian, Body—-Fixed
ORIGIN: The origin is located at the geometric center of the gripping interface. This

point coincides with the origin of the OTCM frame when the H-Fixture is fully
grasped by the OTCM gripper mechanism. The bottom surface of the
H-Fixture is parallel to the Y-Z plane at X = —1.26 inches.

ORIENTATION: Xtsstop The +X axis is normal to the top surface of the H-Fixture and points
away from the H-Fixture mounting surface.
Zrsstop The +Z axis points towards the Dexterous Target.

Ytsstop The positive Y—axis completes the right—-handed coordinate
System.

SUBSCRIPT: TSSTOP

FIGURE 6.0-24 TETHER SHUTTLE STOP REFERENCE COORDINATE SYSTEM
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NAME: S0 Secondary Power Distribution Assembly (SPDA) Doors Coordinate
System

TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the geometric center of the gripping interface. This

point coincides with the origin of the RMCT operations frame when the
Fitting is hard docked to the RMCT. The top surface of the Fitting is
parallel to the Y-Z plane at X = 0.873 inches.

ORIENTATION: Xsppa-p The X-axis is normal to the top surface of the Fitting and points
away from the Fitting mounting surface.

Zsppa-p The Z-axis points towards the Modified Dexterous Target.
Ysppa-p The positive Y—axis completes the right—-handed coordinate

system.
SUBSCRIPT: SPDA-D
NOTE: This coordinate system applies to both port (1F77163) and starboard

(1F77164) SO SPDA doors.

FIGURE 6.0-25 S0 SECONDARY POWER DISTRIBUTION ASSEMBLY DOORS
COORDINATE SYSTEM




SSP 30219 Revision J 1 May 2008

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

APPLICABILITY:

]
Cet

1.26 in N I (ECU Target and
: Status Indicator shown)

YD-O RU

Direct ORU Coordinate System

Right-Handed Cartesian, Body-Fixed

The origin is located at the geometric center of the gripping interface. This point
coincides with the origin of the ORU and Tool Changeout Mechanism (OTCM)
frame when the fixture is fully grasped by the OTCM gripper mechanism. The
bottom surface of the fixture is parallel to the Y-Z plane at X = -1.26 inches
(32.0 mm).

Xp-oru The X-axis is normal to the top surface of the Fitting and points away
from the Fitting mounting surface.

Zp-oru The Z-axis points towards the Dexterous Handling Target.

Yp-oruy The positive Y—axis completes the right—-handed coordinate system.
D-ORU

The D-ORU Coordinate System may be applied to all Direct ORUs including
the Electronic Controller Unit (ECU) and the Sequential Shunt Unit (SSU). The
Coordinate frames are equivalent, and the use of either the D-ORU subscript
or the ORU-specific subscript is acceptable.

FIGURE 6.0-26 DIRECT ORU COORDINATE SYSTEM
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X EE
\'HE: B
021in
Zeg 5.3 mm
NAME: Bare Bolt Interface Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the 0.21 inches (5.3 mm) above the top of the

fastened SBH. This point coincides with the geometric center of the SET
housing tip when the SET socket is in its nominal, fully extended position
and is fully seated over the fastened SBH.

ORIENTATION: XBB The +X axis is normal to the top surface of the ORU and points
away from the SBH mounting surface.
Zgp The +Z axis points towards the Dexterous Target.
Ygr The positive Y—axis completes the right-handed Cartesian
coordinate system.

SUBSCRIPT: BB

FIGURE 6.0-27 BARE BOLT INTERFACE COORDINATE SYSTEM
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NAME: H-Fixture Interface Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the geometric center of the gripping interface. This

point coincides with the origin of the OTCM frame when the H-Fixture is
fully grasped by the OTCM gripper mechanism. The bottom surface of the
H-Fixture is parallel to the Y-Z plane at X = -1.26 inches.

ORIENTATION: XHEIX The +X axis is normal to the top surface of the H-Fixture and
points away from the H-Fixture mounting surface.
ZuEix The +Z axis points towards the Dexterous Target.
Y HEix The positive Y—axis completes the right-handed coordinate
system.

SUBSCRIPT: HFIX

FIGURE 6.0-28 H-FIXTURE INTERFACE COORDINATE SYSTEM
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NAME: Micro Conical / Modified Micro Conical Interface Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the geometric center of the gripping interface. This

point coincides with the origin of the RMCT operations frame when the
Fitting is hard docked to the RMCT. The top surface of the Fitting is parallel
to the Y-Z plane at X = 0.873 inches.

ORIENTATION: Xme The X-axis is normal to the top surface of the Fitting and points
away from the Fitting mounting surface.
Zyc The Z-axis points towards the Modified Dexterous Target.
Ywmc The positive Y—axis completes the right-handed coordinate
system.

SUBSCRIPT: MC

APPLICABILITY: This coordinate system applies to both the Micro Conical and Modified

Micro Conical interface types.

FIGURE 6.0-29 MICRO CONICAL / MODIFIED MICRO CONICAL INTERFACE
COORDINATE SYSTEM
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1.26 in
32.0 mm

(s
\

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

APPLICABILITY:

E-{
o

Micro Square / Modified Micro Square Interface Coordinate System
Right-Handed Cartesian, Body—-Fixed

The origin is located at the geometric center of the gripping interface. This
point coincides with the origin of the ORU and Tool Changeout Mechanism
(OTCM) frame when the fixture is fully grasped by the OTCM gripper
mechanism. The bottom surface of the fixture is parallel to the Y-Z plane
at X = -1.26 inches (32.0 mm).

Xms The +X axis is normal to the top surface of the fixture and points
away from the fixture-mounting surface.

Zms The +Z axis points towards the Modified Dexterous Handling
Target.
Yus The positive Y—axis completes the right-handed coordinate

system.
MS

This coordinate system applies to both the Micro Square and Modified
Micro Square interface types.

FIGURE 6.0-30 MICRO SQUARE / MODIFIED MICRO SQUARE INTERFACE

COORDINATE SYSTEM

6-32
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7.0 UNPRESSURIZED LOGISTICS REFERENCE FRAMES

The coordinate systems outlined in this chapter represent all the unpressurized logistics
subelements. Four views including isometric view, forward view, starboard view, and zenith

view are typically shown.
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

—————
ZSLP

14.05in
357 mm

YSLP
ZSLF‘
YSLP
39.37in
i 1000 mm

27.10in
&I 688 mm
17 =il =
59.00 in
1499 mm

XSLP

XSLP

Spacelab Pallet Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located rearward of the unpressurized module such that the
center of the bases of the aft trunnions have Xg p components nominally
equal to 39.37 inches.

Zsp The Z-axis is perpendicular to a plane defined by the bases of the
four trunnion pins. Positive Z points away from the keel pin.

XsLp The X-axis is coincident to a line defined by the mid points of the
two aft trunnions and the two forward trunnions. The positive X—-axis is
toward the SLP.

YsLp The Y-axis completes the right-handed Cartesian System.
SLP

FIGURE 7.0-1 SPACELAB PALLET COORDINATE SYSTEM
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TBD 7-1

FIGURE 7.0-2 EDO COORDINATE SYSTEM
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OO00000000

ESP2 ‘ ESP 2

NAME: External Stowage Platform — 2 Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the intersection of the primary Unpressurized Cargo

Pallet (UCP) longeron trunnions and the perpendicular UCP center—plane.
Primary trunnion is the set of trunnions nearest the ESPAD hardware on
UCP.

ORIENTATION: Zesp-o  The Z-axis is perpendicular to the top plane of the ESP2 with the
positive direction intersecting the top plane.

Yesp-»  The Y-axis follows the centerline created through the primary
longeron trunnions, with the positive direction defined by the right-hand rule.

Xgsp—2  The positive X axis points away from the platform and completes
the right handed Cartesian system.

SUBSCRIPT: ESP-2

FIGURE 7.0-3 EXTERNAL STOWAGE PLATFORM -2
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EP AFT

NAME:

TYPE:

ORIGIN:
ORIENTATION:

SUBSCRIPT:
NOTE:

EP FWD

HTV Exposed Pallet (EP) Coordinate System
Right-Handed Cartesian, Body-Fixed

The Origin is located on the lower forward starboard corner of the EP Structure

Yep The Y-axis is parallel to the longitudinal axis of the EP and points in
the EP aft direction.

Xep The X-axis is parallel to the lateral axis of the EP and points in the
EP port direction.

Zep The positive Z-axis completes the right—-handed coordinate system.
EP

Origin and Orientation are applicable for all types of EP (Type la, Ib, llla,
b, lllc, etc.)

FIGURE 7.0-4 HTV EXPOSED PALLET COORDINATE SYSTEM
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SEE

ORIGIN OF CAD-MODELS
Xo 1269. 60"

IS
o

NAME: External Stowage Platform — 3 (ESP3) Coordinate System

TYPE: Right-Handed Cartesian, Body—-Fixed

ORIGIN: The origin is located at the intersection of the longitudinal axis (adjacent to
primary UCP longeron trunnions; longitudinal axis located 3.93 in. —Xggp-3
direction from primary longeron trunnions) and the perpendicular UCP
center—plane.

ORIENTATION: Zgsp-3  The Z-axis is perpendicular to the top plane of the ESP3 with the
positive direction intersecting the top plane.
Yesp-3 The Y-axis follows the centerline created through the primary
longeron trunnions, with the positive direction defined by the right-hand rule.
Xgsp-3  The positive X axis points away from the platform and completes the
right handed Cartesian system.

SUBSCRIPT: ESP-3

FIGURE 7.0-5 EXTERNAL STOWAGE PLATFORM - 3 COORDINATE SYSTEM
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NOTE: THIS FIGURE HAS
BEEN RELOCATED TO
7.0-8 AND 7.0-9

FIGURE 7.0-6 DELETED

7-7
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NAME: Integrated Cargo Carrier—Vertical Lightweight Deployable (ICC-VLD)
Coordinate System
TYPE: Right—-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the intersection of the nominal keel location center line
and the primary longeron trunnion centerline.
ORIENTATION: The positive Xy p—axis is defined as the direction from the primary to the
stabilizing trunnions.
The Yy p—axis is coaxial with the primary longeron trunnion centerline.
The Zy p—axis has a positive direction away from the keel trunnion and
completes the right-hand coordinate system.
SUBSCRIPT: VLD
FIGURE 7.0-7 INTEGRATED CARGO CARRIER - VERTICAL LIGHTWEIGHT

DEPLOYABLE
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Origin to

- -
[“‘ "T;@ lAft-GuidEPin

Origin to

Trunnion/ELC Decllt"\ hY
Center Line AN
. "E::ﬁ:{?’ =l Origin to
L 1 4 Keel
—~2425" = Center Line
NAME: Express Logistics Carrier (ELC) Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin lies in a plane that it tangent to the bottom of the three Passive
Common Attach System guide pin flats, 13.857 inches forward of the two Aft
Guide Pins, and on the centerline of the Forward Guide Pin.
ORIENTATION: The Xg ¢ axis is parallel to the aft guide pins (also parallel to XA when installed

on orbit).

The Yg_¢ axis is parallel to the forward guide pin and points positive toward it
(also parallel to YA when installed on orbit).
The Zg| ¢ axis completes the right-handed coordinate system.

SUBSCRIPT: ELC
NOTE: The figure shown is that of the —Y offset ELC.

FIGURE 7.0-8 EXPRESS LOGISTICS CARRIER (NEGATIVE Y OFFSET) COORDINATE
SYSTEM

7-9
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Crigin to
Aft Guide Pin

Originto -
Trunnion/ELC -
Center Line

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:
NOTE:

I oy S .
LS " = Origin to

=
- : . Keel
—24.25"+—— Center Line

ELC Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin lies in a plane that it tangent to the bottom of the three Passive
Common Attach System guide pin flats, 13.857 inches forward of the two Aft
Guide Pins, and on the centerline of the Forward Guide Pin.

The Xg ¢ axis is parallel to the aft guide pins (also parallel to XA when installed
on orbit).

The Yg_¢ axis is parallel to the forward guide pin and points positive toward it
(also parallel to YA when installed on orbit).
The Zg ¢ axis completes the right—-handed coordinate system.

ELC
The figure shown is that of the +Y offset ELC.

FIGURE 7.0-9 EXPRESS LOGISTICS CARRIER (POSITIVE Y OFFSET) COORDINATE

SYSTEM
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8.0 TRANSLATING REFERENCE FRAMES

The coordinate systems outlined in this chapter represent all the translating subelements. This
includes the Mobile Transporter as well as the individual subelements from which the Mobile
Servicing Center (MSC) is comprised. Four views including isometric view, forward view,
starboard view, and zenith view are typically shown.
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YC ETA

100.00 in

2540 mm

i
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CETA

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

[
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ZCETA

Crew and Equipment Translation Aid (CETA) Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located at the geometric center of the base plate, 100 inches
aft of the truss attach point.

Xceta ~ The X-axis is perpendicular to the geometric plane of symmetry of
the four attach points to the ITS, and intersects with the geometric center of
the base plate. The positive X-axis is in the ram direction as shown.

Yceta  The Y-axis is perpendicular to the longitudinal axis of the CETA

base plate, as shown.
ZcETA The Z-axis completes the right—-handed Cartesian system.

CETA

FIGURE 8.0-1 CREW AND EQUIPMENT TRANSLATION AID COORDINATE SYSTEM
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Xmocs
(PARALLELS
MT X AXIS)

FACE1

NAME:
TYPE:
DESCRIPTION:

ORIGIN:

ORIENTATION:

SUBSCRIPT:

(Foreard Middle)

FACE 2
(Farward Lpper)

FACE 3

(Rear Upper

FACE 4
(Fear Middle)

(Rear Lower)

(Formard Loveer)

v Zwocs
MOLCS (PARALLELS
(PARALLELS MT Z AXIS)
MT ¥ AXIS)

MSC Operating Coordinate System (MOCS)
Right-Handed Cartesian, Body-Fixed

The MSC is part of the Mobile Servicing System and consists of the MT, the
MRS Base System (MBS), and the Space Station Remote Manipulator System.

The X— and Z—coordinates origin coincide with the origin of the MT
Coordinate System (figure 8.0-3), and the axes are equivalent to MT X- and
Z—axes, respectively. The Y—coordinate of the origin corresponds to the MT
worksite dependent Y—coordinate.

Xmocs = Xut
YMmocs = YwmT
Zyocs = Zmr
MOCS

FIGURE 8.0-2 MOBILE SERVICING CENTRE COORDINATE SYSTEM
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NAME:
TYPE:

DESCRIPTION:

ORIGIN:

ORIENTATION:

SUBSCRIPT:

95.795 in
2433 mm

. T R
< = T
71.85 inYw AN ; XMT
1825 mm ) RIS L]
Z,
100.98 in 7 37.871in |
2565 mm MT 962 mm

MT Coordinate System
Right-Handed Cartesian, Body-Fixed
The MT is part of the MSC.

The origin is located on a line running through the geometric center of the
MT, perpendicular to the interface plane between the MT and the MBS, at a
point 95.79 inches from the interface plane. The geometric center of the MT
is located along a line equidistant from the four MT to MBS cup and cone
centerlines as shown in SSP 42003, Part 2, Rev. A, Figure A3.2-3 “MBS to
MT Mechanical Interface.” The interface plane is defined as the common
datum plane for the cups and cones, respectively, by which the MT and the
MBS structures are joined. This interface plane is shown in SSP 42003, Part
2, Rev A, Figure A3.2-6 “MBS to MT Mechanical Interface,” as being 29.41
inches from the datum A (the top rail surface of the Integrated Truss
Segments) when the MT is in the latched condition. Thus, for the launch
condition, the origin is also located on the axis of the integrated truss SO.

XMt The X-axis is perpendicular to the interface plane between the
MT and the MBS. The positive X—axis is toward the MT.

YuT The Y-axis is parallel to and positive in the same direction as the
Space Station Y—axis when the MT is located on the Space Station.

Zut The Z-axis completes the right—-handed Cartesian system.

MT

FIGURE 8.0-3 MOBILE TRANSPORTER COORDINATE SYSTEM
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34.77 in
883 mm

112.50 in
2858 mm

XMBS

NAME:

TYPE:
DESCRIPTION:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

ZMBS

L, s
MSC Base System Coordinate System
Rotating Right-Handed Cartesian, Body—-Fixed
The MBS is part of the MSC.

The origin is located at the intersection of the MBS base plane and a line
perpendicular to the base plane, running through the midpoint between the
centers of the bases of the two trunnions. The MBS base plane is defined
as the interface between the 4 MT to MBS microconical fittings and the MBS
structure. This plane is 34.77 inches from the trunnion centerline.

XMBS The X-axis is perpendicular to the interface plane between the
MT and the MBS. The positive X-axis is from the MBS base plane toward
the trunnions.

YvBs The Y-axis is parallel to the projection of the line between the two
trunnion base centers onto the interface plane, positive as shown.

ZmvBS The Z-axis completes the right—-handed Cartesian system.

MBS

FIGURE 8.0-4 MOBILE SERVICING CENTRE BASE SYSTEM COORDINATE SYSTEM
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NAME: OTCM Operating Coordinate System

TYPE: Right-Handed Cartesian system

DESCRIPTION: The OTCM Operating Coordinate System

ORIGIN: The origin is located at the geometric center of the gripper jaw
ORIENTATION: Xotem  The X-axis is along the wrist roll axis of the tool change out

mechanism, with positive direction along the camera line—of-sight.
Yotem  The Y-axis is oriented as positive right as seen through the tool
change—out mechanism camera.

Zotcm  The positive Z—axis completes the right—-handed Cartesian
system.

SUBSCRIPT: OTCM

FIGURE 8.0-5 OTCM OPERATING COORDINATE SYSTEM
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DELETED

FIGURE 8.0-6 DELETED
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END-EFFECTOR

CAMERA \

— | INE-OF-SIGHT O
WRIST ROLL AXIS
- - - O — —-
XgE YEE
Y Vzee
ZEE
NAME: End Effector (EE) Operating Coordinate System
TYPE: Right-Handed Cartesian
DESCRIPTION: TBD
ORIGIN: The origin is located on the wrist roll joint axis at the tip of the end effector
ORIENTATION: Xee The Xgg —axis is parallel to the wrist roll axis. Positive X EE is along
the line of sight as seen through the end effector camera.
Yee Yeg is positive right as seen through the end effector camera.
Zeg Positive Zgg is down as seen through the end effector camera
SUBSCRIPT: EE

FIGURE 8.0-7 END EFFECTOR OPERATING COORDINATE SYSTEM
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YJEMRMS

NAME:

TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

xJEMRMS

ZJEMRMS

Japanese Experiment Module (JEM) — Remote Manipulator System coordinate
system

Rotating Right-Handed Cartesian, Body—Fixed to the JEMRMS Base

The origin is located at the geometric center of the interface plane between the
JEM Pressurized Module (PM) and the JEMRMS

Xiemrms The X-axis is parallel to and positive in the same direction as the
JEM PM X-axis

ZiemrMms The Z-axis is perpindicular to the interface plane between the JEM
PM and the JEMRMS and positive in the opposite direction as the JEM PM
Z-axis.

Yiemrms The Y-axis completes the right—-handed Cartesian system.
JEMRMS

FIGURE 8.0-8 JEM — REMOTE MANIPULATOR SYSTEM COORDINATE SYSTEM
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ZrMeT.SDGF

i)
’/ XRMCT-SDGF
v

) RMCT SDGF
CODRDIHATE FRAME

YRMCT-SDGF

YRMCT-0PS

RMCT OPERATIONS

XrMcTors COORDINATE FRAME

ZrMeT.ops

NAME: Robot Micro Conical Tool (RMCT) Operations Coordinate System
TYPE: Right-Handed Cartesian, Body—-Fixed

ORIGIN: The origin is located along the center axis of the RMCT at the tip of the tool.
This point coincides with the origin of the MCF and Modified MCF coordinate
frames when the RMCT is hard-docked on the fittings. The RMCT-OPS
coordinate system is 13.31 inches from the RMCT-SDGF operations frame
origin along the RMCT-SDGF —X axis, or 13.86” from the top of the RMCT
micro interface.

ORIENTATION: XRMCT-0PS The X-axis points toward the MCF to be engaged.
ZRMCT-0OPS The Z-axis points away from the Dexterous Target associated

with the MCF.

YRMCT-0OPS The positive Y-axis completes the right—-handed coordinate
system.

SUBSCRIPT: RMCT-0OPS

FIGURE 8.0-9 ROBOT MICRO CONICAL TOOL OPERATIONS COORDINATE SYSTEM
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YRMCT-0PS

XrMcTops

NAME:

TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

ZrMeT.SDGF

55
’/ XRMCT-SDGF
v

YRMET-S0GF

RMCT OPERATIONS
COORDNATE FRAME

ZrMeT.ops

Robot Micro Conical Tool Standard Dexterous Grapple Fixture (SDGF)
Coordinate System

Right-Handed Cartesian, Body-Fixed

The origin is located at the geometric center of the gripping interface. This
point coincides with the origin of the OTCM frame when the SDGF is fully
grasped by the OTCM gripper mechanism. The back (top) surface of the
SDGF is parallel to the Y-Z plane at X=+0.55 inches. The RMCT-SDGF
coordinate system is 13.31 inches from the RMCT-OPS frame origin along the
RMCT-OPS —X axis.

XrMcT-spGe  The X-axis is normal to the back (top) surface of the SDGF
and points away from the Micro fixture mounting interface (points toward the
OTCM grasping device).

ZrMmcT-sbgrE  The Z-axis points toward the Dexterous Target associated
with the RMCT holster.

YrMmcT-spce  The positive Y-axis completes the right—-handed coordinate
system.

RMCT-SDGF

FIGURE 8.0-10 ROBOT MICRO CONICAL TOOL STANDARD DEXTEROUS GRAPPLE

FIXTURE COORDINATE SYSTEM
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ZrosT.oFs

LrosTops

NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

RMCT OPERATIONS RMCT SDGF
COORDINATE FRAME COORDINATE FRAME

XrosT.c0GF

LrosTs00F

+

XrosT.oprs

Robotic Offset Tool (ROST) Standard Operations Coordinate System
Right-Handed Cartesian, Body-Fixed

The origin is located within the tool cavity which interfaces with the Modified
Micro Fixture. This point coincides with the origin of the Modified Micro Fixture
coordinate frame when the ROST is properly aligned with the fixture. The
ROST-OPS coordinate system is 5.00 inches from the ROST-SDGF frame in
the +Z direction, and rotated 180 degrees on the Z-axis.

XROST-0OPS The X-axis is normal to the top surface of the SDGF and
points toward the Modified Micro Fixture to be engaged.

ZROST-0OPS The Z-axis points away from the Dexterous Target associated
with the Modified Micro Fixture and the ROST holster.

YROST-0OPS The positive Y-axis completes the right—-handed coordinate
system.

ROST-OPS

FIGURE 8.0-11

ROBOTIC OFFSET TOOL OPERATIONS COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

ZrosT.oFs

RMCT OPERATIONS RMCT SDGF
COORDIHATE FRAME COORDINATE FRAME
XrosT.c0GF

LrosTs00F

+

ZrosTops

XrosT.ors

Robot Offset Tool Standard Dexterous Grapple Fixture Coordinate System
Right-Handed Cartesian, Body—-Fixed

The origin is located at the geometric center of the gripping interface. This
point coincides with the origin of the OTCM Operations Coordinate frame when
the SDGF is fully grasped by the OTCM gripper mechanism. The top surface
of the SDGF is parallel to the Y-Z plane at X=+0.55 inches. The
ROST-SDGF coordinate system is 5.00 inches from the ROST-OPS frame in
the —Z direction, and rotated 180 degrees on the Z-axis.

XrosT-spge  The X-axis is normal to the top surface of the SDGF and
points from the SDGF toward the OTCM.

ZrosT-spbgr  The Z-axis points toward the Dexterous Target associated
with the Modified Micro Fixture and the ROST holster.

YrosT-spce  The positive Y—axis completes the right-handed coordinate
system.

ROST-SDGF

FIGURE 8.0-12

ROBOTIC OFFSET TOOL STANDARD DEXTEROUS GRAPPLE FIXTURE
COORDINATE SYSTEM
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xSET-SDGF
Y ZSET-SDGF
SET-SDGF

NAME: Socket Extension Tool (SET) Operations Coordinate System
TYPE: Right-Handed Cartesian, Body—-Fixed
ORIGIN: The origin is located along the center axis of the SET at the tip of the tool. This

point coincides with the origin of the Bare Bolt coordinate frame when the SET
is seated on a fastened Bare Bolt. The SET-OPS coordinate system is 12.53
inches from the SET-SDGF frame origin along the SET-SDGF —X direction, or
13.08” from the top of the SET micro interface.

ORIENTATION: XseT-ops The X-axis points toward the Bare Bolt to be engaged.

ZsgT-ops The Z-axis points away from the Dexterous Target associated with
the Bare Bolt.

Yset-ops The positive Y—axis completes the right—-handed coordinate
system.

SUBSCRIPT: SET-OPS

FIGURE 8.0-13 SOCKET EXTENSION TOOL OPERATIONS COORDINATE SYSTEM




SSP 30219 Revision J 1 May 2008

Z SET-OPS

x-SET-OPS

SET-OPS

0.55in

/\13.9?mm

SET-SDGF

>

ZSET-SDGF

¢

SET-SDGF

NAME: Socket Extension Tool Standard Dexterous Grapple Fixture Coordinate
System

TYPE: Right—-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the geometric center of the gripping interface. This

point coincides with the origin of the OTCM frame when the SDGF is fully
grasped by the OTCM gripper mechanism. The back (top) surface of the
SDGF is parallel to the Y-Z plane at X=+0.55 inches. The SET-SDGF
coordinate system is 12.53 inches from the SET-OPS frame origin along the
SET-OPS -X axis.

ORIENTATION: XSET-SDGF The X-axis is normal to the back (top) surface of the SDGF
and points away from the Micro fixture mounting interface (points toward the
OTCM grasping device).

ZSET-SDGF The Z-axis points toward the Dexterous Target associated
with the SET holster.
Y SET-SDGF The positive Y-axis completes the right-handed coordinate
system.

SUBSCRIPT: SET-SDGF

FIGURE 8.0-14 SOCKET EXTENSION TOOL STANDARD DEXTEROUS GRAPPLE
FIXTURE COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

Xsocs

Special Purpose Dexterous Manipulator (SPDM) Operating Coordinate System
Right-Handed Cartesian

The origin is located at the geometric center of the PDGF, on the plane of its
base.

Xsocs  The X-axis is perpendicular to the plane created by the PDGF base
plane and positive towards the SPDM end effector.

Zsocs The Z-axis is parallel to the PDGF base plane and is positive
towards the PDGF target.
Ysocs The Y-axis completes the right-handed Cartesian.

SOCSs

FIGURE 8.0-15 SPDM COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

MLM European Robotic Arm (ERA) Spare Elbow Coordinate System

Right-Handed Cartesian, Body—-Fixed to the Pressurized Module

The Position of the X-Z plane is parallel to the centerlines of the arm cylinders.
The origin is located 8.819 inches inboard of the centerline of the elbow.

XERA The X-axis is parallel to the half angle axis between the centerlines
of the arm cylinders. The positive X-axis is toward the zenith direction.

YERA The Y-axis is perpendicular to the X-axis, parallel to the centerline
of the elbow and positive, away from the MLM.

ZERA The positive Z-axis completes the right—-handed Cartesian system.
ERA

FIGURE 8.0-16 MLM ERA SPARE ELBOW COORDINATE SYSTEM
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9.0 PRESSURIZED MODULE REFERENCE FRAMES

The coordinate systems outlined in this chapter represent all the pressurized module
subelements. All drawings include an isometric view, top view, front view and side view
moving left to right, top to bottom. The descriptive terms nadir, zenith, aft, forward, port, and
starboard, when used, are the directions or faces of the module as nominally mated to the ISS.
Four views including isometric view, forward view, starboard view, and zenith view are typically
shown.
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NAME: United States Laboratory Module Coordinate System

TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module

ORIGIN: The origin is located forward of the pressurized module such that the center
of the bases of the aft trunnions have X; g components nominally equal to
1000.000 inches.

ORIENTATION: XLAB The X-axis is perpendicular to the nominal aft CBM interface
plane and pierces the geometric center of the array of CBM alignment
sockets at the aft end of the pressurized module. The positive X-axis is
toward the pressurized module from the origin.

Zi aB The Z-axis is parallel to the perpendicular line from the X-axis to

the center of the base of the keel pin, and positive in the opposite direction

as shown.

Y. AB The Y-axis completes the right-handed Cartesian system.
SUBSCRIPT: LAB

FIGURE 9.0-1 UNITED STATES LABORATORY MODULE COORDINATE SYSTEM
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DELETED

FIGURE 9.0-2 DELETED
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NAME: Mini Pressurized Logistics Module Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located to zenith of the pressurized module such that the

centers of the bases of the nadir trunnions have Xypm cOmponents
nominally equal to 1000.00 inches.

ORIENTATION: Xmpum  The X-axis is perpendicular to the nominal zenith CBM interface
plane and pierces the geometric center of the array of CBM alignment
sockets at the zenith end of the pressurized module. The positive X-axis is
toward the pressurized module from the origin.

Zuveim  The Z-axis is parallel to the perpendicular line from the X-axis to
the center of the base of the keel pin, and positive in the opposite direction
as shown.

YvpLm  The Y-axis completes the right—-handed Cartesian system.
SUBSCRIPT: MPLM

FIGURE 9.0-3 MINI PRESSURIZED LOGISTICS MODULE COORDINATE SYSTEM
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NAME: Joint Airlock Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed to the Pressurized Module
ORIGIN: The origin is forward of the module such that the center of the bases of the

aft trunnions have Xa components equal to 1000.00 inches.

ORIENTATION: XaL The X-axis is perpendicular to the nominal CBM interface plane and

pierces the geometric center of the array of CBM alignment sockets. The
positive X-axis is toward the pressurized module from the origin.

ZaL The Z-axis is parallel to the perpendicular line from the X—axis to
the center of the base of the keel pin, and positive in the opposite direction
as shown.

YaL The Y-axis completes the right—-handed Cartesian system.
SUBSCRIPT: AL
SPECIAL NOTE: For pre—Flight 7A mission planning and flight products, use the coordinate

system as defined in Payload Data Package — ISS 7A, Annex 1 (NSTS 21390). For any post flight
analysis or data products, use the coordinate system as defined by this figure.

FIGURE 9.0-4 JOINT AIRLOCK COORDINATE SYSTEM
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NAME: Cupola Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located on the interface plane between the 0.25 inch CBM

spacer and the Passive Common Berthing Mechanism (PCBM) which is part
of the cupola and at the geometric center of the array of CBM alignment
sockets.

ORIENTATION: Zcup The Z-axis is perpendicular to the PCBM interface plane. The
positive Z—axis is in the direction of the overhead window (Top Window).

Xcup The X-axis passes through the center of the CBM alignment

socket opposite of the Water inlet/outlet.

Ycup The Y-axis completes the right-handed Cartesian system.
SUBSCRIPT: CUP

FIGURE 9.0-5 CUPOLA COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:
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N1 4 53.32in

T T
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Resource Node 1 Coordinate System
Right-Handed Cartesian, Body—Fixed to the Pressurized Module

The origin is located at the intersection of the lines drawn through the radial
and axial port centerlines.

XN1 The X-axis is a line perpendicular to the aft CBM mating plane
which pierces the geometric center of the array of aft CBM alignment pins,
positive aft.

YN1 The positive Y—axis pierces the starboard CBM mating plane at
the geometric center of the starboard CBM array of alignment pins.

Zn The Z-axis completes the right—-handed Cartesian system.

N1

FIGURE 9.0-6 RESOURCE NODE 1 COORDINATE SYSTEM
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NAME: Resource Node 2 Coordinate System

TYPE: Right-Handed Cartesian, Body—-Fixed to the Pressurized Module

ORIGIN: The origin is located at the intersection of the lines drawn through the radial
and axial port centerlines.

ORIENTATION: XN2 The X-axis is a line perpendicular to the aft CBM mating plane
which pierces the geometric center of the array of aft CBM alignment pins,
positive aft.

YnN2 The positive Y—axis pierces the starboard CBM mating plane at

the geometric center of the starboard CBM array of alignment pins.

VAND) The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: N2

FIGURE 9.0-7 RESOURCE NODE 2 COORDINATE SYSTEM
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NAME: Resource Node 3 Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located at the intersection of the lines drawn through the radial
and axial port centerlines.
ORIENTATION: XN3 The X-axis is a line positive toward the axial port at the rack end
of the module (the axial port furthest away from the radial ports).
YN3 The positive Y-axis is perpendicular to the X—axis and is 135
degrees from the keel pin.
ZN3 The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: N3

FIGURE 9.0-8 RESOURCE NODE 3 COORDINATE SYSTEM



SSP 30219 Revision J 1 May 2008

DELETED

FIGURE 9.0-9 DELETED
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NAME: JEM - PM Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located on a plane 13.4 inches (341.6 mm) from the CBM

mating plane toward positive X;gp through the geometric center of the array
of CBM mating bolts as shown.

ORIENTATION: XIEM The X-axis is perpendicular to the nominal CBM interface plane
and positive toward the opposite end of the pressurized module as shown.
Z3EM The Z-axis is parallel to the perpendicular line from the X-axis the
center of the base of the keel pin, and positive in the opposite direction as
shown.
Y 3EM The Y-axis completes the right—-handed Cartesian system.
SUBSCRIPT: JEM

FIGURE 9.0-10 JAPANESE EXPERIMENT MODULE - PRESSURIZED MODULE
COORDINATE SYSTEM
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NAME: JEM Experimental Logistics Module (ELM) Pressurized Section Coordinate
System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located on 13.45 inches (341.6 mm) from CBM mating plane

toward positive Xg| m-ps through the geometric center of the array of CBM
mating bolts as shown.

ORIENTATION: XeLm-ps The X-axis is perpendicular to the nominal CBM interface plane
and positive toward the opposite end of the pressurized module as shown.

Zg m-ps The Z-axis is parallel to the perpendicular line from the X-axis to
the center of the base of the keel pin, and positive in the opposite direction
as shown.

YeLm-ps The Y-axis completes the right—-handed Cartesian system.
SUBSCRIPT: ELM-PS

FIGURE 9.0-11 JAPANESE EXPERIMENT MODULE - EXPERIMENTAL LOGISTICS
MODULE PRESSURIZED SECTION COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

‘ xELM-ES

JEM - ELM Exposed Section Coordinate System
Right-Handed Cartesian, Body—-Fixed to the ELM-ES

The origin is located at the geometric center of the interface between the
JEM EF and the JEM ELM-ES.

XeLm-gs The X-axis is perpendicular to the interface plane between the
JEM EF and the JEM ELM-ES and positive toward the keel pin.

YeLm-gs The Y-axis is parallel to the line connecting the centers of the
bases of the trunnion pins and positive forward.

Zg m-es The Z—-axis completes the right-handed Cartesian System.
ELM-ES

FIGURE 9.0-12 JAPANESE EXPERIMENT MODULE — EXPERIMENTAL LOGISTICS

MODULE EXPOSED SECTION COORDINATE SYSTEM
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NAME: JEM Exposed Facility (EF) Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed to the JEM—-EF
ORIGIN: The origin lies on a line that is perpendicular to the JEM-PM/EF interface

through its geometric center, and is located 9.8426 inches from the interface
plane toward the body of the EF (0.5353 inches on the berthing mechanism
side of the secondary trunnion centerline).

Note: Distance from interface plane to secondary trunnion centerline is
10.3779 inches and the distance between primary and secondary trunnion
centerlines is 192.73 inches.

ORIENTATION: Xer The X-axis is perpendicular to the EF/JEM-PM interface plane
and passes through the center of the interface.

Yer The Y-axis is parallel to the line connecting the centers of the

bases of the starboard trunnion pins and is positive forward.

ZEE The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: EF

FIGURE 9.0-13 JAPANESE EXPERIMENT MODULE - EXPOSED FACILITY
COORDINATE SYSTEM



SSP 30219 Revision J 1 May 2008

-

Voo
78.74in
n 2000 mm
0 ot s L ¢
TRUNNION
coL =1*
262.68 in ’
6672 mm
3
.
'
ZCOL
XcoL @l ¢f
F —
—| 43.36in |+
1101.26 mm
NAME: Columbus Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed to the Pressurized Module
ORIGIN: The origin is located to port of the pressurized module such that the centers
of the bases of the port trunnions have Xapy components nominally equal to
78.740 inches.
ORIENTATION: XcoL The X-axis is perpendicular to the nominal CBM interface plane

and pierces the geometric center of the array of CBM alignment sockets at
the port end of the pressurized module. The positive X-axis is toward the
pressurized module from the origin.

ZcoL The Z-axis is parallel to the perpendicular line from the X-axis to
the center of the base of the keel pin, and positive in the opposite direction
as shown.

YcoL The Y-axis completes the right-handed Cartesian system.
SUBSCRIPT: COoL

FIGURE 9.0-14 COLUMBUS COORDINATE SYSTEM
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NAME:
TYPE:
ORIGIN:

ORIENTATION:

SUBSCRIPT:

PMA1

Kb

Pressurized Mating Adapter — 1 Coordinate System
Right-Handed Cartesian, Body—Fixed to the Pressurized Module

The origin is located at the geometric center of the of the array of CBM
alignment sockets on the interface plane of the PMA1 CBM.

Xpma1  The X-axis is parallel to the perpendicular line from the Z-axis to
the point midway between the centers of the zenith alignment hole and the
zenith alignment pin. The positive X—axis is toward the zenith.

Zpmarl  The Z-axis is perpendicular to the nominal CBM interface plane
and positive out of the module as shown.

Ypma1 ~ The Y-axis completes the right—-handed Cartesian system.
PMA1

FIGURE 9.0-15 PRESSURIZED MATING ADAPTER-1 COORDINATE SYSTEM
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NAME: Pressurized Mating Adapter — 2 Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located at the geometric center of the of the array of CBM

alignment sockets on the interface plane of the PMA2 CBM.

ORIENTATION: Xpmaz — The X-axis is parallel to the perpendicular line from the Z-axis to
the point midway between the centers of the zenith alignment hole and the
zenith alignment pin.- The positive X-axis is toward the zenith.

Zpmaz — The Z-axis is perpendicular to the nominal CBM interface plane

and positive out of the module as shown.

Ypmaz — The Y-axis completes the right—-handed Cartesian system.
SUBSCRIPT: PMA2

FIGURE 9.0-16 PRESSURIZED MATING ADAPTER-2 COORDINATE SYSTEM



SSP 30219 Revision J 1 May 2008

94.00in
2388 mm

NAME: Pressurized Mating Adapter — 3 Coordinate System

ORIGIN: The origin is located at the geometric center of the of the array of CBM
alignment sockets on the interface plane of the PMA3 CBM.

ORIENTATION: Xpmaz  The X-axis is parallel to the perpendicular line from the Z-axis to
the point midway between the centers of the forward alignment hole and the
forward alignment pin.- The positive X—axis is toward the forward.

Zpyas  The Z-axis is perpendicular to the nominal CBM interface plane

and positive out of the module as shown.

Ypmaz ~ The Y-axis completes the right—-handed Cartesian system.
SUBSCRIPT: PMA3

FIGURE 9.0-17 PRESSURIZED MATING ADAPTER-3 COORDINATE SYSTEM
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NAME: FGB Cargo Bloc Coordinate System

TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module

ORIGIN: The origin is located at the center of the nominal aft plane of the aft
bulkhead.

ORIENTATION: XEGB The X-axis is perpendicular to the mating interface between the

FGB and the PMA1 APAS, and pierces the center of that mating interface.
The positive X-axis is toward the SM docking mechanism.

YecB The Y-axis is perpendicular to the X-axis, and positive in the
zenith direction as shown.

ZrGB The positive Z-axis completes the right—handed Cartesian
system.

SUBSCRIPT: FGB

FIGURE 9.0-18 FGB CARGO BLOC COORDINATE SYSTEM
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NAME: Service Module (SM) Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located on the nominal aft plane of the aft bulkhead, at the
geometric center of that bulkhead.
ORIENTATION: Xsm The X-axis is perpendicular to the nominal aft plane of the aft
bulkhead, and is positive toward aft
Ysm The Y-axis passes through the center of the zenith alignment pin
on the aft surface of the aft bulkhead and is positive toward zenith.
Zgp The positive Z—axis completes the right-handed Cartesian
system.
SUBSCRIPT: SM

FIGURE 9.0-19 SERVICE MODULE COORDINATE SYSTEM
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NAME: Docking Compartment-1 (DC1) Coordinate System
TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module
ORIGIN: The origin is located on the nominal outboard plane of the outboard

bulkhead, at the geometric center of that bulkhead.

ORIENTATION: Xoe1 The X-axis is perpendicular to the nominal outboard plane of the
outboard bulkhead. The positive X-axis is in the direction opposite the
docking cone.

Yoe1 The Y-axis is parallel to the line which is perpendicular to the
X-axis and which passes through the center of the designated alignment pin
on the inboard surface of the docking cone bulkhead and is positive toward
the alignment pin.

Zpct The Z-axis completes the right—-handed Cartesian system.
SUBSCRIPT: DC1

FIGURE 9.0-20 DOCKING COMPARTMENT - 1 COORDINATE SYSTEM
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FIGURE 9.0-21 DELETED
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FIGURE 9.0-22 DELETED
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FIGURE 9.0-23 DELETED
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FIGURE 9.0-24 DELETED
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FIGURE 9.0-25 DELETED
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FIGURE 9.0-26 DELETED
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FIGURE 9.0-27 DELETED
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FIGURE 9.0-28 DELETED
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NAME: Japanese Exposed Facility Standard Experiment Payload Coordinate
System

TYPE: Right-Handed Cartesian, Body-Fixed

ORIGIN: The origin is located at the centerline of the Payload Interface Unit (PIU)
and on interface plane between PIU and payload structure (including
spacer).

ORIENTATION: ZpL The Z-axis is parallel to the Grapple Fixture Pin and points away
from the Grapple Fixture.
XpL The X-axis is parallel to the longitudinal centerline and is positive
towards the main body of EF payload.
YpL The Y-axis completes the right-handed Cartesian system

SUBSCRIPT: PL

FIGURE 9.0-29 JAPANESE EXPOSED FACILITY STANDARD EXPERIMENT PAYLOAD

COORDINATE SYSTEM
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NAME: MLM Coordinate System

TYPE: Right-Handed Cartesian, Body—Fixed to the Pressurized Module

ORIGIN: The origin is located at the center of the nominal zenith plane of the zenith
bulkhead.

ORIENTATION: XMLM The X-axis is perpendicular to the mating interface between the

MLM and the FGB, and pierces the center of that mating interface. The positive
X-axis is toward the FGB docking mechanism.

YMLM The Y-axis is perpendicular to the X-axis, and positive in the forward

direction as shown.

VAVIEY| The positive Z—axis completes the right—-handed Cartesian system.
SUBSCRIPT: MLM

FIGURE 9.0-30 MLM COORDINATE SYSTEM
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MLM Airlock Coordinate System

Right-Handed Cartesian, Body—Fixed to the Pressurized Module

The origin is located on the nominal outboard plane of the outboard bulkhead,
at the geometric center of that bulkhead.

XMLM-AL The X-axis is perpendicular to the mating interface between the
Airlock and the MLM, and pierces the center of that mating interface. The
positive X-axis is toward the MLM docking mechanism.

YmLm-aL The Y-axis is perpendicular to the X—axis, and positive in the forward
direction as shown.

Zmim-aL  The positive Z—axis completes the right—-handed Cartesian system.

f——
>/N|LM-AL
—
I Q
NAME:
TYPE:
ORIGIN:
ORIENTATION:
SUBSCRIPT: MLM-AL

FIGURE 9.0-31 MLM AIRLOCK COORDINATE SYSTEM
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NAME: Mini Research Module 1 (MRM1) Coordinate System
TYPE: Right-Handed Cartesian, Body-Fixed
ORIGIN: The origin is located at the center of the active docking mechanism bulkhead.
ORIENTATION: The XMRM1 axis is parallel to the longitudinal axis of the module. The positive

XMRM1 direction is away from the docking mechanism.

The ZmMRM1 axis is perpendicular to the XMRM1 axis. Positive ZMRM1 direction is
away from the keel.

The YMRM1 axis is parallel to the bases of the trunnion pins and completes the
right—-handed Cartesian system

L, M, N: Moments about XRSA, YRSA, and ZRSA axes, respectively.
p, g, r: Body rates about XMRM1, YMRM1, and ZMRM1 axes, respectively.

e o o
p, g, r: Angular body acceleration about XMRM1, YMRM1, and ZMRM1 axes,
respectively.

SUBSCRIPT: MRM1

FIGURE 9.0-33 MRM1 COORDINATE SYSTEM
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NAME:

TYPE:

ORIGIN:
ORIENTATION:

SUBSCRIPT:

Starboard

Mini Research Module 2 (MRM2) Coordinate System
Right-Handed Cartesian, Body-Fixed
The origin is located at the center of the active docking mechanism bulkhead.

XMrM2 The X-axis is perpendicular to the nominal outboard plane of the
outboard bulkhead. The positive X-axis is in the direction opposite the docking
cone.

Y vrRM2 The Y-axis is parallel to the line which is perpendicular to the X—axis
and which passes through the center of the designated alignment pin on the
inboard surface of the docking cone bulkhead and is positive toward the
alignment pin.

ZuRrv2 The Z-axis completes the right—-handed Cartesian system.

L, M, N: Moments about XRSA, YRSA, and ZRSA axes, respectively.

p, g, r: Body rates about XMRM2, YMRM2, and ZMRM2 axes, respectively.

e o o
p, g, r: Angular body acceleration about XMRM2, YMRM2, and ZMRM2 axes,
respectively.

MRM2

FIGURE 3.0-34 MRM2 COORDINATE SYSTEM
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APPENDIX A ABBREVIATIONS AND ACRONYMS

ACBSP Assembly Contingency Baseband Signal Processor
ACU Arm Computer Unit

ASI Italian Space Agency

ATA Ammonia Tank Assembly

BCDU Battery Charge Discharge Unit

CAS Common Attach System

CBM Common Berthing Mechanism

CEPA Columbus External Payload Adapter

CETA Crew and Equipment Translation Aid

CIO Conventional International Origin

CLA Camera, Light Assembly

CLPA Camera, Light, Pan/Tilt Assembly

CPDS Charged Particle Directional Spectrometer
CRPCM Canadian Remote Power Controller Unit
CSA Canadian Space Agency

CTC Cargo Transport Container

CTRS Conventional Terrestrial Reference System
DC1 Docking Compartment-1

DCSU Direct Current Switching Unit

DDCU-E Direct Current to Direct Current Converter Unit — External
ECU Electronics Control Unit

EE End Effector

EF Exposed Facility

EFGF Electrical Flight-releasable Grapple Fixture
ELC Express Logistics Carrier

A-1

1 May 2008
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ELM
EP
ERA
ESA
EVSU
ExPA
FRGF
GPS
GST
GTOD
HPG
HTV
ICD
ICC-VLD
ITA
ITS
JAXA
JEM
LAPA
LVLH
LWAPA
MAPA
MBS
MBSU
MDM
MLM
MOCS

Experimental Logistics Module
Exposed Pallet

European Robotic Arm

European Space Agency

External Video Switch Unit
Express Pallet Adapter
Flight-releasable Grapple Fixture
Global Positioning System
Greenwich Sidereal Time
Greenwich True of Date

High Pressure Gas

H-I1I Transfer Vehicle

Interface Control Document
Integrated Cargo Carrier—Vertical Lightweight Deployable
Integrated Truss Assembly
Integrated Truss Segment

Japan Aerospace Exploration Agency
Japanese Experiment Module
Large Adapter Plate Assembly
Local Vertical Local Horizontal
Light Weight APA

Medium APA

MRS Base System

Main Bus Switching Unit
Multiplexer/Demultiplexer
Multipurpose Laboratory Module

MSC Operating Coordinate System

A-2

1 May 2008
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MPM Manipulator Positioning Mechanisms
MRM1 Mini Research Module 1

MRM2 Mini Research Module 2

MSC Mobile Servicing Centre

MT Mobile Transporter

NASA National Aeronautics and Space Administration
NTA Nitrogen Tank Assembly

OBSS Orbiter Boom Sensor System

OTCM ORU and Tool Changeout Mechanism
PBM Pressurized Berthing Module

PCBM Passive Common Berthing Mechanism
PFCS Pump/Flow Controller Subassembly

PIU Payload Interface Unit

PM Pressurized Module

PVCU Photovoltaic Controller Unit

RIMC Rotary Joint Motor Controller

RMCT Robot Micro Conical Tool

ROST Robotic Offset Tool

RPCM Remote Power Controller Module

RSA Russian Space Agency

SAPA Small Adapter Plate Assembly

SET Socket Extension Tool

SHOSS-ED Spacehab Oceaneering Space Systems—Extended Height Deployable
SPDA Secondary Power Distribution Assembly
SPDM Special Purpose Dexterous Manipulator
SPP Science or Solar Power Platform

SSP Space Station Program

A-3
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SSPP Space Station Program Participants
SSU Sequential Shunt Unit

TCS Thermal Control System

TOD True of Date

TRRJ Thermal Radiator Rotary Joint
UBA Unpressurized Berthing Adapter
ULC Unpressurized Logistics Carrier
UCP Unpressurized Cargo Pallet

VDU Video Distribution Unit

XPOP X—axis Perpendicular to the Orbital Plane
XPDR Transponder ORU
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APPENDIX B GLOSSARY

CARTESIAN SYSTEM

A system whose reference frame consists of a triad of mutually perpendicular directed lines orig-
inating from a common point in which a vector is expressed by components that are scalar mag-
nitude projections along each axis.

CENTERS OF THE BASE OF TRUNNIONS

The centers of the base of trunnions, referred to in the coordinate system description, is defined
as the intersection point of the trunnion centerline with the outboard plane of the trunnion scuff
plate.

DATUM POINT

The common reference location for all configuration dependent coordinate systems.

GEODETIC LOCAL VERTICAL

A reference ellipsoid of revolution that approximates the figure of the Earth is presumed. Then,
the local vertical at any point is along the unique line that is normal to the ellipsoid surface and
that contains the point of interest.

INERTIAL COORDINATE SYSTEM
A system whose coordinate axes are fixed, relative to the stars, at infinite distances. That is, the
rotation rates about all axes, relative to the stars, are zero.

MEAN VERSUS TRUE SYSTEMS

The line of intersection of the ecliptic plane (the instantaneous plane of motion of the Earth and
sun) and the celestial equatorial plane (mean Earth equator) precesses among the fixed stars with
a rate of one revolution in 26,000 years. Additionally, the Earth wobbles slightly on its axis, rel-
ative to its mean position, with periods of oscillations of only a few years. The former phenome-
non is called precession; the latter is called nutation. A mean—of—date system is based on the in-
tersection of the mean equator and the plane of the ecliptic; whereas, a true—of—date system is
based on the intersection of the true Earth equator and the plane of the ecliptic.

NONROTATING SYSTEMS
An inertial or quasi—inertial system. That is, any system whose rates of rotation about all axes,
relative to any inertial system, are zero.

OSCULATING CONIC

A two—body approximation to non—two—body motion that is derived from conditions existing at
some instant of time but that is exact only for that instant. An osculating—conic trajectory is one
that is tangent to the true trajectory at the defining instant.

PERIGEE AND APOGEE

The unique points in an elliptic orbit about the Earth wherein the object achieves minimum and
maximum distance, respectively, from the center of the Earth.

B-1
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QUASI-INTERNAL SYSTEM

A system in which the coordinates rotate for position reference but are taken to be instantaneous-
ly fixed with respect to an inertial system for velocity reference.

ROTATING SYSTEMS

A reference frame that varies with time from an inertial system and whose rates of rotation about
axes are included in transformations of velocity vectors to derive relative velocity.

SLANT RANGE

The minimum or straight-line distance between two points expressed in the same coordinate sys-
tem.

SLANT RANGE-RATE
The rate of change of slant range.
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ACBSP

ACU
AL
ATA
ATV
BAT

BB
BCDU
BOLT-I
BSP

BY
CAS
CETA
CLPA
COL
CPDS
CRPCM
CTRS
CUP
DC1
DCSU
DDCU-E
EAS
ECU

1 May 2008

APPENDIX C SUBSCRIPT DESIGNATIONS

Space Station Analysis Coordinate System

Assembly Contingency Baseband Signal Processor ORU Coordinate
System

Arm Computer Unit ORU Coordinate System

Joint Airlock Coordinate System

Ammonia Tank Assembly Coordinate System

Automated Transfer Vehicle Coordinate System

Battery ORU Coordinate System

Bare Bolt Interface Coordinate System

Battery Charge Discharge Unit ORU Coordinate System

Bare Bolt Type Interface Coordinate System

Baseband Signal Processor ORU Coordinate System

Orbiter Body Axis Coordinate System

ISS Common Attach System Reference Coordinate System
Crew and Equipment Translational Aid Coordinate System
Camera Light Pan/Tilt Assembly Coordinate System

ESA Columbus Coordinate System

Charged Particle Directional Spectrometer ORU Coordinate System
Canadian Remote Power Controller Unit ORU Coordinate System
Conventional Terrestrial Reference System Coordinate System
Cupola Coordinate System

Docking Compartment 1 Coordinate System

Direct Current Switching Unit ORU Coordinate System
DDCU-E ORU Coordinate System

Early Ammonia Servicer Coordinate System

Electronics Control Unit ORU Coordinate System

C-1
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EE End Effector Operating Coordinate System

EF JEM Exposed Facility Coordinate System

ELC Express Logistics Carrier Coordinate System

ELM-ES JEM Experimental Logistics Module, Exposed Section Coordinate System

ELM-PS JEM Experimental Logistics Module, Pressurized Section Coordinate
System

EP HTV Exposed Pallet Coordinate System

ERA European Robotic Arm

ESP-2 External Stowage Platform — 2

ESP-3 External Stowage Platform — 3

EVSU External Video Switch Unit ORU Coordinate System

FGB FGB Cargo Block Coordinate System

FGBA FGB Array Coordinate System

G Geodetic Coordinate System

GPS GPS Antenna Coordinate System

GW Greenwich True of Date, Cartesian or Polar Coordinate System

HFIX H-Fixture Interface Coordinate System

HPG High Pressure Gas Tank ORU Coordinate System

HTVB H-II Transfer Vehicle Coordinate System, Attitude Reference

HTVS H-I11 Transfer Vehicle Coordinate System, Mechanical Design Reference

J2000 Mean of 2000, Cartesian or Polar Coordinate System

JEM Japanese Experiment Module — PM Coordinate System

JEMRMS JEM Remote Manipulator System Coordinate System

KU Ku-Band Coordinate System

LAB U.S. Laboratory Module Coordinate System

LO Local Orbital Coordinate System

M1950 Mean of 1950, Cartesian or Polar Coordinate System

C-2
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MBS
MBSU
MC

MCO
MDMA4CE
MLM
MLM-AL
MLM-PWP
MLM-RAD
MOCS
MPLM
MRM1
MRM2
MS

MSC

MT
MTSTOP
N1

N2

N3

NTA

OBSS
0SC
OTCM
P1

1 May 2008

MSC Base System Coordinate System

Main Bus Switching Unit ORU Coordinate System
Micro Conical / Modified Micro Conical Interface Coordinate System
Mast Canister ORU Coordinate System

MDM-4CE Coordinate System

Multipurpose Laboratory Module Coordinate System
MLM Airlock Coordinate System

MLM Power Work Platform Coordinate System

MLM Radiator Coordinate System

Mobile Servicing Centre Operating Coordinate System
Mini Pressurized Logistics Module Coordinate System
Mini Research Module 1

Mini Research Module 2

Micro Square / Modified Micro Square Interface Coordinate System
Mobile Servicing Centre

Mobile Transporter Coordinate System

MT Stop Assembly Coordinate System

Resource Node 1 Coordinate System

Resource Node 2 Coordinate System

Resource Node 3 Coordinate System

Nitrogen Tank Assembly Coordinate System

Space Shuttle Orbiter Structural Coordinate System
Orbiter Boom Sensor System Coordinate System
Russian Orbital Coordinates System

OTCM Operating Coordinate System

Integrated Truss Segment P1 Coordinate System

C-3
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P3
P4
P5
P6
PA
PFCS
PL

PMA1

PMAZ2

PMA3

PMA ORU
PVCU
PVRGF

R

RACK

RGA

RIMC
RMCT-0OPS
RMCT-SDGF
ROST-OPS
ROST-SDGF
RPCM

RSA

RSO

SO

S1

1 May 2008

Integrated Truss Segment P3 Coordinate System

Integrated Truss Segment P4 Coordinate System

Integrated Truss Segment P5 Coordinate System

Integrated Truss Segment P6 Coordinate System

Port Solar Power Module Coordinate System

Pump/Flow Controller Subassembly ORU Coordinate System

Japanese Experiment Facility Standard Exposed Payload Coordinate
System

Pressurized Mating Adapter 1 Coordinate System

Pressurized Mating Adapter 2 Coordinate System

Pressurized Mating Adapter 3 Coordinate System

Pump Module Assembly ORU Coordinate System

Photovoltaic Controller Unit ORU Coordinate System

PVR Grapple Fixture Assembly Coordinate System

Space Station Reference Coordinate System

Rack Coordinate System

Radiator Grapple ORU Assembly Reference Coordinate System
Rotary Joint Motor Controller ORU Coordinate System

RMCT Operational Coordinate System

RMCT Standard Dexterous Grapple Fixture Coordinate System
ROST Operational Coordinate System

RMCT Standard Dexterous Grapple Fixture Coordinate System
Remote Power Controller Module ORU Coordinate System
RSA Analysis Coordinate System

Russian Sun Equilibrium Attitude Coordinate System
Integrated Truss Segment SO Coordinate System

Integrated Truss Segment S1 Coordinate System

C-4
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S3

S4

S5

S6

SA
SAPA
SAS
SAW
SB
SLP
SM
SMA
SOCS
SPDA-D
SSuU
TCS
TCV
T™MV
TR
TRRJ
TSSTOP
VDU
VLD
XPDR
XPOP
Z1

1 May 2008

Integrated Truss Segment S3 Coordinate System

Integrated Truss Segment S4 Coordinate System

Integrated Truss Segment S5 Coordinate System

Integrated Truss Segment S6 Coordinate System

Starboard Solar Power/Solar Module Coordinate System

Small Adapter Plate Assembly Coordinate System

SHOSS-ED Coordinate System

Solar Array Wing Coordinate System

Space Station Body Coordinate System

Spacelab Pallet Coordinate System

Service Module Coordinate System

Service Module Arrays Coordinate System

Special Purpose Dexterous Manipulator Operating Coordinate System
Secondary Power Distribution Assembly Doors Coordinate System
Sequential Shunt Unit ORU Coordinate System

Thermal Control System Radiator Coordinate System

Progress—M Transport Cargo Vehicle Body Axis Coordinate System
Soyuz TM Transport Manned Vehicle Body Axis Coordinate System
True of Date, Cartesian or Polar

Thermal Radiator Rotary Joint ORU Coordinate System

Tether Shuttle Stop Assembly Coordinate System

Video Distribution Unit ORU Coordinate System

Vertical Lightweight Deployable

Transponder ORU Coordinate System

XPOP Quasi-Inertial Coordinate System

Integrated Truss Segment Z1 Coordinate System

C-5
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APPENDIX D REFERENCE AND SOURCE DOCUMENTS

U.S. Naval Observatory
Circular No. 163,
December 10, 1981
Reference

U.S. Naval Observatory
Reference

NSTS 07700, Vol. IV
Attachment 1, ICD-2-19001
Reference

The International Astronomical Union Resolutions on
Astronomical Constants, Time Scales, and the
Fundamental Reference Frame

Figure 3.0-1

International Earth Rotation Service Bulletin—-A
Figure 3.0-12

Shuttle Orbiter/Cargo Standard Interfaces

Figure 4.0-5



SSP 30219 Revision J 1 May 2008

APPENDIX E ISS RUSSIAN SEGMENT

Appendix E contains figures for the Russian to US Segment transformations. The original
figures were provided by RSC—-Energia, and modified to reflect as—built geometry. All Russian
geometry was assumed to be unrotated relative to design orientations for the Russian Segment.
The FGB/PMA 1 interface will have a geometric discontinuity because the PMA 1 side has been
rotated slightly off design orientation, while the FGB interface plane remains parallel to the YZ
plane

Here’s an explanation of assumptions applied in deriving this transformation:

1. FGB length of 12.561 meters.

2. PMA 1 APAS centerpoint at Boeing CAD team published position, as of 4/3/2003.
Rotation and translation offsets were accounted for between the USOS origin and the PMA 1
APAS centerpoint.

3. Russian modules were positioned relative to PMA 1 APAS centerpoint, with FGB and
Service Module axes parallel to the USOS Space Station Analysis.

Coordinate System (SSACS) X axis. The RS X axis was thus constrained to be exactly 180
degrees from the USOS SSACS X axis. The RS Y axis was constrained to be exactly 180
degrees from the USOS SSACS Z axis and the RS Z axis was constrained to be exactly 180
degrees from the USOS SSACS Y axis.

All Progress and Soyuz vehicles were assumed to have their own axes parallel to the RS and
USOS SSACS axes.
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APPENDIX F 1SS USOS SEGMENT

Appendix F contains figure and local coordinate systems of the United States On—orbit Segment
(USOS). Each local coordinate is oriented as shown to reflect as—built configurations.
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APPENDIX G OPEN WORK

Table G-1 lists the specific To Be Determined (TBD) items in the document that are not yet
known. The TBD is inserted as a placeholder wherever the required data is needed. The TBD
item is numbered based on the section where the first occurrence of the item is located as the
first digit and a consecutive number as the second digit (i.e., <TBD 7-1> is the first undetermined
item assigned in Section 7 of the document). As each TBD is solved, the updated text is inserted
in each place that the TBD appears in the document and the item is removed from this table. As
new TBD items are assigned, they will be added to this list in accordance with the above
described numbering scheme. Original TBDs will not be renumbered.

TABLE G-1 To Be Determined Items
TBD Section Description
7-1 Figure 7.0-2 Figure not yet available.
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