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PROJECT APOLLO COORDINATE
SYSTEN STANDARDS



ABSTRACT

This document contains the Project Apollo Coordinate
System Standards (PACSS). It is the result of the
combined efforts of representatives from GSFC, KSC,

MSC, MSFC and Bellcomn. The standards are primarily
derived from past common practice, provide a .high

degree of uniformity and are such that strict con-
formance is technically practical. g

The majority of the Standard Coordinate Systemns are

assoclated with the Earth or Moon and have such uses

as site location, ephemerides, trajectory computation
and/or transmittal of trajectory information. The
remaining Standard Coordinate Systems are referenced to
the vehicles (both operating alone and in stacked con-
figurations) or vehiclé operations: primarily navigation,
guldance and control., Additionally there are Standard
Relationships which must exist among specific Standard
Coordinate Systems., :

A1l of the ProJect Apollo Coordinate System Standards
(PACSS) are contained in the Appendices. The text
provides amplification and explanation of the PACSS.
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INTRODUCTION

On June 1, 1954, following more than a year of
intercenter effort, an OMSF directive (li-D MB 1400)
was issued establishing a standard vehicle coordinate
system for Apollo. At the August 1964 Panel Review -
Board meeting it was found that the desired standardi-
zation had not in fact been accomplished by this
directlive. As a result a new effort was begun in-
volving GSKFC, KSC, MS3C, MSFC and Bellcomm; the scope
of thils effort extendecd beyond vehicle axes and
Included all coordinate systems involved in Apollo
interface data exchange. Complete involvement of

the particlpating organizations was solicited so

that the resulting standards would be the best
possible set,; worthy of unqualified adoption within
Project Apollo and acceptable to all participants.

The resulting Project Apollo Coordinate System
Standards (PACSS)* are contained in this document,
It has been organized such that all PACSS appear in
the Appendices in concilse language suited to literal
Interpretation. The body of the text attempts to
define the approach and reveal underlying patterns

~among the coordinate systems.

In all applications the particular PACSS being used
must be explicitly identified.

*Users of AMR must submit data to the Range in'a'

standardized format established by the Alr Force
Missile Test Center and described in Reference 1.
These standards, which are outside NASA control,
deviate from the PACSS in several instances.
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APPROACH

‘This section 1s devoted to explaining the methods
employed in the development of the Project Apollo
Coordinate System Standards (PACSS) and thercby
provides a means of understanding the logilc of the
approach. Basically a coordinate system provides
a reference frame within which a physical problem
is mathematically formulated and/or data are collected,
analyzed or transmitted. The coordinate system
chosen for ugse is usually selected based on the -
reguirementeg of the specific problem. The Apollo
project may be thought of as a collection of related
problems, each with its own preferred reference
freme., The purpose of this document is to establish

. a practical minimum numpar of well deiined coordinate

systems o be used for Interface data e NEE pu
The fpproach Diagram Oon Dage 5 represencs tne iramework
for the development of the PACSS and 1s explained in the

following subsectlions.

General Coordinate Systems

Past practice provided a wealth of coordinate systems
from which appropriate selectiocns were made for stan-
derdization in Project Apollo. Often the definitions
were quite entangled with the specific functional use;
separating them resulted in a group of general coordi-
nate systems which were defined in a basic and funda-
mental manner. A number of these general coordinate

systemd were placed directly in the PACSS without elabor

ation. The remaining systems in the general groupling
required further definition in order to be useful.

Project Apollo Data

Certain of the general coordinate systems were not
inmediately applicable to Project Apollo, simply
because of the excessively general nature of their
definition. With the introduction of specific Apollo
physical data the ambiguity present in many of these
definitions was removed and they became acceptable as
Apollo Standard Coordinate Systems. However, a few
coordinate systems still required additlonal informa-
tion before they became applicable.

w D e



(secTicn 3.3)

(SECTION 3.2)

(SECTION 3 AHD APPENDICES)
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2.3

Project Apollo Dzcigions

Adequate definition of the remalning coordinate
systems was attained by incorporating information
concerning upﬂcific Apolle project decisions.
Generally these de sions consisted of ground
rules and constraints relating to the use of the
Standard Coordinate Systems. Furthermore, by
recording Standard Relationshlps which must exist
among certain coordinate systems during various
phases of the misslon, addltional Su&?d?fd were
created. Consequently, there 1s a meaningful
distinctlon between a Standard Coordinate System
and a Project Apollo Coordinate gystum Stendard
(PACSS); the latter 18 €he gencral cacegory and
includes the former. :
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3.1

DISCUSSION OF PROJECT APOLLO COORDINATE SYSTEM
STRNUERDS

The complete set of Project Apollo Coordinate
System Standards are contained in the Appendices.
The dlscussion in this section is keyed to the
Approach Diagram (page 3) and presents additional
Information concerning these coordinate system
standards. The Appendices consist almost entirely
of figures, generally one standard per figure.
Flgures A-1 throuvgh A-13 in Appendix A define
Project Apollo Stendard Coordinate Systems. .
Figures B-1 through B-3 in Appendix B define
Standard Relationships amung two or more Standard
Coordinate Systems; in each of these cases the
relationship 1tself 1is an Apollo Standard. In
the following discussion frequent reference w111
be made to these figures. -

A tabulation of the general coordinate systems to
be applied to Project Apollo is presented in Table
I, page 6. These systems have been subdivided for
convenlence according to whether they are rotating
or non-rotating wlth respect to space-direction
fixed axes and according to the body to which they
are referenced, i.e., Earth, Moon, or vehicle,
Table I contains only the standardized names of . -
the coordinate systems and is introduced here to
establish perspective,

General Coordinate Systems Applied Directly to
the Standaras

There are a number of the general coordinate
systems shown in Table I which can be applied
directly to Project Apollo without further infor-~
mation or modificaticn, specifically: '

Geographlc Polar - - Figure A-1
Selenographlc Polar - Figure A-2
Radar Figure A-3

(a through d)

Geocentric Tnertial Figure A-Y4
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Impact Prediction Quasi- Flgure A-5

Inertial
Earth-Moon Plane Figure A-6
Orbital Rlements Figure A-7

It is interesting to note that all of these
systems are either Earth or Moon Referenced. .

The remaining systems listed in Table I reguire
additional project information in ordser to become
well-defined stendards. -

Project Apollo Data Appli:id to the Standards

The definitions of the Standarg Coordinate Systems
Introduced in this section are completed by the
application of specific Apollo data to the rotating
vehicle referenced coordinate systems of Table I
which are otherwise ambiguous.

The general standard for the Structural Body
Axes* system (Pigure 1, page 8) only specifies
that the X axis lles along the vehicle longitudinal
axig, the origin is located with respect to a
reference point on the longitudinal axis and the
Z axls is defined by a vehicle benchmark. Thus,
in order to obtain each specific Project Apollo
standard i1t was neceusary to define the hardware-
related origin of the system and the appropriate
benchmark defining the positive Z axis for each
of the Apollo vehicles. The Structural Body Axes
systems for the Apollo vehicles ares

A. TLaunch Vehicles

1. Saturn I and IB (Figure A-8a).

The origin is located on the longitudinal
axis 100 inches below the glmbal reference
plane. Position I (alternatively, fin I)
defines the positive Z direction.

*The Dynamical Body Axes system for any configuration
i1s obtained by a pure translation of the appropriate
Structural Body Axes system to the instantaneous center
of mass of that configuration (see Section 3e202).

i T
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Retating, vehicle referanced

Located on the vehicle's longltudinal axis and
defined with respect to a specified reference
point, which is fixed relative to the vehlcle
structure,

ORIENTATION AND LABELING

The X axis lles along the longitudinal axis of
the vehicle, positive in the nominal direction
of positive thrust acceleration,

The Z axis is perpendlcular to the X axils and
lies in the plane defined by the X axieg and a
specified vehicle benchmark, positive toward the
benchmark,

The Y axis completes a standard right-handed
system,

The Dynamical Body Axes system 1s defined as a
pure translation of the Structural Body Axea
system to the instantaneous Vehlcle center of
gravity,

Flgure 1 STRUCTURAL BODY AXES (Dynamical Bedy Axes)
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2. Saturn V (Figure A-8Db).

The origin is located on the longitudinal
axis 100 inch=3 below the gimbal reference
plane. Position I defines the positive Z axis.

B. Command and Service Module (Figure A-8c)

The orlgin is located on the longitudinal

axls 1000 inches below the mold line of the
CSM heat shield main structure ablator inter-
face. The benchmark defining the positive 2
axls is an alignment target (labeled 4%) at -
the top of the service module.

C. ILunar Excursion Modul: {Figure A-8d)

- The origin is located 200 inches below the LEM
Ascent stage base. The positive Z axis is not
defined by a physical benchmark; however, the
center of the ILEM exit hatch serves as a reference
benchmark. Thus the positive Z axis is parallel
to the center line of the exit hateh.

i system (Figure A-9), in which
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system 1s not speciiied uniquely; thus, for inter.
change of mass property data, 1t 1s essential that
the origin be explicitly stated.* ¢ -

Project Apollo Declgions Applied to the Standérds

Thls section 1s primarily concerned with the descrip-
tlon and/or specification of Standard Relationships
which exlst among various membars of the Apollo
Standard Coordinate Systems. In the development of

- these Standard Relationships, which arise from basic

project decisions, the four gensral coordinzte systems
remaining in Table I are introduced and defined.

*The origin for CSM and LEM mass data is the same
as for the CSM Structural Body Axes. The origin
for the launch vehicle is the same as for the launch
vehicle Structural Body Axes. : o

=
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3.3.

Relationships Among Coordinate Systems Related
to Apollo Navigation, (uidance and Control

Several Interrelationships exist among the coordinate
systemg involved in the navigation, guldance and
control functions; these interrelatlonships are
basically the same for the Launch Vehicle, CSil, CM
and LEM. The Dynamical Body Axes, Platform-Accelero-
neter and Navigatlon coordinate systems are commnon

to all powered flight phases and these are discussed
first. Several additional systems which apply only
during the launch phase are treated later.

The Dynamical Body Axes system of a particular
vehicle 1s always translatable with 1ts Structural
Body Axes system. Consistent use of the standard
axes deslgnations results in a "normally expected"
orientation of the vehicle with respect to the
flight path. For exemple, in the Launch Vehicle
and CSM the axes commonly termed pliteh*, roll and
yaw are ldenticel wilth the y, x and z directions,
respectively. This is not so in the LEM because
the pitch, roll and yaw designations (y, z, x,
respectively) have been agsigned In a manner which
is consistent with astronaut orientation rather
than one which is consistent with common vehicle
practice. :

The Platform-Accelerometer system 1s used for vehicle
attitude reference and to define the orientation of
the acceleroneters. The orientation of the Platform-
Accelerometer system is determined at the time of
erection of the platform. Gimbzl angles relate the
pesition of the Dynamical Body Axes to this space-
directlon fixed system.

- The Navigation system has its origin centered in a

specified (usually the dominant) central body and is
translatable with the Platform-Accelerometer system
for computational convenlence. Specific operational
orientations for the Platform-Accelerometer and Navi-
gation coordinate systems will vary throughout the
Mission.

*¥Because of the inconsistent definitions of piteh, roll
and yaw with respect to the x, y and z Body Axes systems,
1t is recommended that these terms not be devended upon
to defline directions of vehicle-or PIlatform axes.

¢ ; L



The Dynamlcal Body Axes, Platform-Accelerometer

:and Navigation systems have interrelated roles
during powered flight, The rules for the opera-
tional use of these sys%ems are generally such

as to keep them all as nearly in alignment as
possible during any powered flight interval, A
typical relative alignment of these three gystems

is shown for the spacecraft in Figure 2 (page 12),
where the central body plctured is the Moon. The
Platform-Acceleromster system is aligned with the -
X axis in the general direction of posgitive thrust
(typically this may be either the initial or average
thrust direction for the burn). The Y axis direc-
tion is defined by the vector cross product of the
positive X axis into the veh:icle poslition vector;
the Z axls completes a standard right handed system.

The relative alignment of these three systems is
basically the same for the launch vehicle as for
the spacecrafti. However, the Platform-Accelerometer
Y axis becomes 111 defined for the Earth launch
since the thrust vector (X axis) and the position
vector are nearly colinear. Therefore, at launch
the Platform-Accelerometer axes are defined with
the X axls along the local reference ellipsoild
normal*, positive outward and the Z axis In the

. plane defined by the X axis and aimlng azlimuth,
positive down range.

Similarly, when launching from the Moon the LEM
Platform-Accelerometer system is aligned with the
X axis along a reference vertical and the Z axis
in the direction of the aiming azimuth.

For the launch phase, conditions are sufficlently
invariant from mission to mission that specific
standards can be defined. The following four

* Standard Coordinate Systems are assoclated with
launch vehicle navigation, guidance and control.

Earth-Fixed Launch Site Figure A-10
Earth-Centered Launch

Derived . Figure A-11
Launch Vehicle Platform-

Accelerometer Figure A-12

Launch Vehicle Navigation Figure A-13

*The reference ellipsold 1s chosen to best fit the
geold or some portion of 1t; the Apollo standard
1s the 1960 Fischer ellipsoid.

. .
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The Earth-Fixed Launch Site system is rctating
with the Earth and oriented in the direction of
launch. It is expressed in terms of the reference
ellipsold and requires an exact specification of
both the launch site location and the aiming azimuth
for the trajectory. This system leads to the defini-
tion of the Launch Vehicle Platform-Accelerometer
system at guldance reference release time when the
gyros are uncaged and the stable platform becomes
Space-direction fixed. The Earth-Centered Launch
Derived system is defined to be translatsble at
all times with the Earth-Fixed Launch Site system.
The Taunch Vehicle Navigation system is in turn )
defined to be identical to the Earth.-Centered Launch
Derived system at guidance reference release time.
Thug, two rotating systems, the Earth-Fixed Launch
.Slte and the Farth-Centered Launch Derived, give
-rise to two non-rotating systems, the Launch Vehicle
Platform-Accelerometer and the Launch Vehicle Navi-
gation at guidance reference release time. A typical
relative alignment of the systems in this category is
shown in Figure 3 (page 14). .

3.:3.2 Relatlonships Among the Structural Body Axes of the
Epoljo Vehicics

The Structural Body Axes systems as assigned in
section 3.2 exhibit a common property, which is.
illustrated in Figure B-1%, Here the three Apollo
“vehicles are shown side by side, each in itsg pre-

ferred powered flight attitude. Each vehicle, 1if
operating independently; would choose this orientation _
to 1lift off and proceed dovn range in the positive Z
direction. This Standard Relationship results from

- previous common practice, including pilot orientation

: with respect to the flight path (see Reference 3).

There are two separate multi-vehicle configurations
in Project Apollo. The first occurrence is at ¥aurk
launch, where the Standard Relationship between the
Structural Body Axes of the three vehicles is as shown
in Figure B-2%, : .

*The Structural Body Axes are the subjects of discussion;
however, To preserve clarity, the Dynamical Body Axes

are pictured in this figure. The Structural and Dynamical
Body Axes are translatable.

L]
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PLATFORM-ACCELERCMETER AND
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DEFINED BY THE EARTH-TIXED
LAUHCH SI1TE AlD EARTH-CEHTERED

. LAGHCH DERIYED SYSTEMS AT
i ' GUIDAIICE REFERENCE RELEASE
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COCRDIKATE SYSTEMS WHICH ARE
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SAHE TYPE LINE (SOLID €} DASHED).

FIGURE 3 EARTH LAUHCH RELATED COTRDIHNATE SYSTEHS
(PICTURED FOR A LAUINCH FROM THE EGUATOR INTO AN EQUATORIAL ORBIT)

e fIE



3.3.3

The second is the normal docked configuration of

‘the CSWM/LEY spacecraft. The assigmment of the
" Structural Body Axes for each individual vehicle

is independent of 1ts pogition in either of the
stacked configurations. The Jmplicit decision

is that the standardization of coordinate systems
for the individual vehlcles 1s baslcally more
important than having all coordinate systems
translatable either at launch or in the docked
configuration*, Tnls is equlvalent to treating
the inactive vehicles as an inert payload.

A Structural Body Axes coordinate system can be
defined for each multl-vehlcle stack. The Standard
Relationship defining this coordinate system requires
that it be identical with the Structural Body Axes
system of the primary or thrusting vehlele. Thus
the space vehicle Structural Body Axes sygtem shown
in Figure B-3 is the same as that of the launch
vehicle. For a multi-vehicle configuration, the
origin of the Dynamical Body Axes is located at the
center of mass of the configuration and not at the
center of mass of the primary (thrusting) vehicle.

Relationships Among Coordinate Systems Under Backup

Conoitiono

The pattern of the PACSS is such as to keep the
separate vehlcles avtonomous and the coordinate systems
consistent from vehicle to vehicle., It is thus necegsary
to carefully define the appropriate. coordinate systems,
to be used when a multli-vehlcle configuration exists.
For the Structural Body Axes systems 1t has already
been stated in section 3.3.2 that the coordinate system
for any stack shall bhe that of the primary or thrusting:
vehicle, all other vehlcles being considered inert.

In cases where backup guldance must be ready to take
over at any time, specific ground rules are necessary.
The following simple rules providﬁ corisistent relations
among the coordinate systems under backun guldance
situations.

*¥Tt should be noted that the individual vehicle coordinate
systems could not have been assigned in any way that

would allow them to be translatable for both stacked
configurations.

- 1§’H



o The ﬁackup Platform-Accelerometer coordinate
system shall be translatable with that of
the primary.

o The Dynamical Body Axes of the primary (thrusting)

vehlcle shall alweays be used, 1.e. steering
comnands shall bz trensmitted in the coordinate
system of the primary vehlcle regardless of the
source.

@

s B s



SUMMARY

The ProJect Ap0710 Coordinate System Standards
conslst of the following kinds of information:

o definition of Standard Coordinate Systems
consisting of _

a. a descriptive name
B posit on of the origin

c. orilentation, positive direction and
labeling of the axes

d. a time derivative notation

o definition of Standard Relationships existing
among Standard Coordinate Systems

A1l PACSS are conuaincd in the Appendices; in general
one standard per page There are twelve Standard
Coordinate Systems Plgures A-1 through A-7 and A-10
and A-11) referenced to the FEarth or Moon and generally
applicable in defining positions and/or velocities of
sites, vehicles and other bodies. Seven Standard
Coordinate Systems (F¢gurcu A-8 and A-9Q and A-12 and
A-13) are related to the specific vehicles and vehicle
dynamics including navigation, guidance and control.
The 'standardization of relationships (Figures B-1
through B-3) is primarily among systems in this latter
group.

The most important underlying pattern in the standards
is the use of the same baslc coordinate system defini-
tions for each vehicle including its navigation, guldance
and control. Multi-vehicle and/cr backup situallons are
controlled through the definition of Standard Relation-
ships among the coordinate systems associated with the
indivldual vehicles. Practical control of all such
situations 1s not possible 'by standardization alone

and thus normal practice should include identification
of the standard coordinate system being used and/or
configuration sketches.



GLOSSARY

REFERENCY, ELLIPSOID is an ellipsoid chosen to best
Tit the geoid or some portlion of it. For the
Earth, an oblate spheriod is normally used. The
Apollo standard is the 1950 Fischer ellipsoid.

"More detailed information is avallable in Reference

2. _ :

REFERENCED, as used in describing a coordinate systenm,
Indicates the body with which the origin of the
system 1s associated. This terminology.is used in
preference to the word "fixzed" which connotes a
rigid attachment of the coordinate system to the
asgoclated body. For example, the Geographic Polar
system deflned wilth respect to the prime meridian
end the equatorial plane is rigldly "fixed" in the
Earth; whereas, the Geocentric Inertial system de-
fined wilth respect to the vernal equinox and the
equatorial plane is not "fixed" in the Earth but

is referenced to it. _

ROTATING is used to indicate coordinate systems
wnose axes exhibit angular motion with respect to
space fixed dilrectlions. There are no constraints

on the motion of the origin of such a system.

NON-ROTATING is used to indicate coordinate systems
vhose axes exhibit no angular motion with respect
to space fixed directions. However, there are no
constraints on the motlon of the origin of such a
systemn.

TRQ@ﬁ;ATQ@E@ coordinate systems have the property
that similarly labeled axes are parallel and have
the same positive directions. .

i

w18



APPENDIX A

Project Apnollo Standard Coordinate Systems

his Appendix contains the figures depleting

the nineteen Standard Coordinate Systems. In
the use of these standards, the dot convention
for 3indicating time derivatlves shall be adhered
to when appropriate.

P



LIST OF PROJECT APOLLO STARDARD

COORDINATE SYSPENS

Figure Title

A-1 Geograpnic Polar

A-2 - Selenogravhic Polar

A-3a Redar (A%-EL)

A-3b Radar (HA-DEC)

A-3c Radar (X-¥ 30 £t.)

A-3ad Redar (X-Y 85 ft.)

Al Geosentric Inertial

A-5 Jmpact Predictlon Quasi-Inertilal

A-6 Earth-lMoon Plane

A-T Orbital Elements

A-8a Saturn I and IB Launch Vehicle
Structural Body Axes

A-8b Saturn V Launch Vehilcle Structural
Body Axes

A-8c CSi Structural Body Axes

A-84 IEM Structural Body Axes

A-Q Mass Propertles

A-10 Earth-Flxed Launch Site

A-11 Earth-Centered Leunch Derived

A-12 Taunch Vehicle Platform-Acceleromater

A-13 ; Launch Vehlcle Navigation



STANDARD CCORDIMAGE SYSTEM 1

. ~~ GEOGRAPHIC POLAR

EARTH'S ThRit
ROTATICHAL AX1B

pRINE

HERIDIAN

REFERENCE
ELLI?S21D HORMAL -

PLAZE PERPENDICULAR TO
THKE RADIUS YECTCR R

SUZ-VEHICLE POIST -
TRUE EQUATOR
' ——— LCCAL BERIDIAY

i
i

TYPE:
ORICIN:

Rotating, Farth referenced

The center of the Earth

ORIFHTATION AND LABELING:

‘ - A 15 the longitude measured peaitive eastward from the prime
(Creenwich) meridien to ths maridian conteining the point of
. . interest, ©

8 18 the geocentric declination (angle between the goocentric
radius vecter and tha trus eguatorial plans) measured positive
north end negative south of the true equatorial plane,
- : The geodatic letitude ¢ 1s tha engle defined by the inter-
Bectlion of the refevence ellipzoid normal through the point of
- interest end the true cquatorlal plane, positive north and
negative south of the true equatorial plane,

) The geocentrie latitude ¢ 15 the angle between the true equa-
. torial plane and the radius veztor to the point of interacction
s of the reference ellipsoid and the reference ellipsoid normal .
; : . passing through the point of interest, measured positive north
| { . i ' and negative eouth of the trua equatorial plane,

| : 2 ' The altitude H is th2 perpendicular distance from the reference
i ellipsold to the peint of intereot,

e R 18 the mzgnitude of thas geocentric radius vector to the point
of interest,

i i - . V is the magaltude of the veloelty (inertial or Earth-fixed)
e I . of the vehicle,

" ) @ 1s the azimuth from north of the velocity vector projected
on a plene norcal to the geocentric radlus vector to the vehicle,

Y 18 the rlight path angle meaaured positlive upward to the

velocity wvee
vector,

tor from the plane norm

al to ths g=ocentric radius

Subscripts are usad to distingﬁlsh between the Earth-fixed and
11y VE' °g and TB define the

the inertial

quentities. Specifice

Earth-fixed velocity and VI, 95 and

FIGURE A-|

YI define the insrtial veloclity,



PRINZ MERIDIAE - '-~\

HARE

SEREHITATIS ~prmemme

THE APRARERT

\.
|

\

pIsk

TYPE:

BEAY CENTER OF \ \ } TRUE LUSAR

ORIGIN:

STAMDARD CQORDINATE SYSTEM 2

SELENDGRAPHIC POLAR

HOGH'S TRUE AXIS GF ROTATVIGH

/—POLET OF IHTEREST
j}i—- HARE CRISIU

N Y

N EQUATOR

Rotating, Moon referenced-

The center of the Moon

~ ORIENTATION AND LABELING:

The prime meridlan passes through the mean center
of the apparent dislk, which 1s the 0° latitude, 0°
longltude point.

The latitude ¢ i3 the angle defined by the inter-

section of the selenocentric radius vector to the .
point of interest and the true lunar equatorial plans,
positive north (toward Mare Serenitatis) and negative

.south of the true lunar equator.

The longltude) 1s the angle measured along the
equatorial arc from the prime meridian to the
meridian containing the point of interest, positive
eastward (toward Mare Crisium),

R 1s the radial distance from the selenocenter to

. the point of Interest.

FIGURE A-2



STANDARD COORDINATE SYSTER 3a
RADAR (AZ~EL)

EARTH'S TRUE
ROTATIOHAL AX1S

TRUE EQUATOR

RADAR SITE TAMGEHT PLANE

TYPE: Rotéting, Earth referencad

ORIGIN: The intersection of the radar axes

ORIENTATION AND LABELING:

The radar site tangent plane contains the site and .
is perpendicular to the reference ellipsoid normal
which passes through the ragdar site,

R 1is the slant range to the vehicle,

A 1s the azimuth angle measured clockwise from
true north to the projection of the slant range
vector onto the radar site tangent plane,

E is the elevation angle measured positive above

the radar site tangent plaue to the slant range
vector,

. FIGURE A-3a



T e L i e L L

STANDARD COORDINATE SYSTEIA 2h
RADAR (HA-DEC)

EARTH'S TRUE
ROTATICHAL AXIS

HA AXIS\I

RADAR SITE HERIDIMN—— oo e

it kbl b ' ot b e

—— %—;‘:
—_———
——:::::;EE:-ﬂ::::ff::::;;;;;%§%§;;::3'
C——RADAR SITE PAEALLEL €F LATITUDEE}::;t"
TYPE: Rotating, Earth referenced

-ORIGIN: ‘The point of intersection of the hour angle
axis with the plane of the declination gear

ORIENTATION AND LABELING:
R is the slant range* to the vehicle,

The HA axis 1is parallel to the Earth's true
rotational axis. The declination axls is

parallel to the true equator and perpendicular
to the HA axis,

The hour angle (HA) 1s measured posltive westward
in the plane of the local radar site parallel of
latitude, from the radar site meridian plane to

the plane perpendiculap to the equator ang contain-
ing the vehicle and the radar site,

The declination (DEC) is the angle measured from
the radar site parallel of latitude to the vehicle,
posltive north and negative south of this plane.

— e

* Range rate (R) data is also generally availlable
in thils system

.~ FIGURE A-3p



o b R B i

Db o b o e st b s

TYPE:
ORIGIN:

PLAME OF THE
PRIME YERTICAL

STANDARD COORDINATE SYSTEM 2c
RADAR (X-Y 30 1L)

ZEAITH

Fs

RADAR SITE MERIDIAM

"l T'ER Y

L L0GAL HORIZENTAL
PLALE

LRl e
\“~RAD£R SITE

EAST

Rotating, Earth referenced

At the Intersection of the X axis and
the plane of the Y axis gear

ORTENTATION AND LABELING:

R 1s the slant range*from the radar site
to the vehicle,.

The X axls lies along the intersection of the
horizontal plane ané the meridian plane at the
radar site, The Y axis 1s perpendicular to the
X axis.

X 1s the angle measured in the plane of the radar
site prime vertical from the zenith to the pro-

~Jection of the slant range vector,onto this plane,

positive eastward.

Y 1s the angle between- the slant range vector and
its projectlion onto the plane of the radar site
prime vertical, positive when the slant range
vector is north of the plane and nezative when 1t
i3 south of it,

(Wnen the radar antenna is directed toward the
zenlth, the X and Y angles are zero and the Y axis
is perpendicular to the radar site merlidian plane.)

*Range rate (R) data 1s also generally avallable in

this system.

FIGURE A-2c



U COORDINATE SYSTEM  3d

LN

TANDAR

RADAR (X-Y & fi.)

ZERITH

JOUTH  amnar

\—RADAR SITE

EAST

TYPE: Rotating, Earth refersasnced

ORIGIN: At the intersection of the X axis and
the plane of the Y axis gear

ORIENTATION AND LABELING:

-

. . R 18 the slant range* from the radar site
to the vehlcle,

= The X axis lies along the intersection of the
horizontal plans and the plane of the prime
vertlcal at the radar site. The Y ax’s is
perpendlecular to the X axis.

X 1s the angle measure in the meridian plane
of the radar site from the zenith to the

projection of the slant range vector onto this

plane, positive southward,

Lemn LOSAL KORIZOHTAL

PLAHE

Y 1s the angle belween the slant range vector and

1ts projection onto the meridian plane of the radar
site, positive when the slant range vector is east
of the meridien plane and negative when it is west

of 1t.

(Wnen the radar antenna 1s directed toward the

zendth, the X and Y anglec are zero and the Y axis
is perpendicular to the radar site prime vertical

plane.

e
¥
%

* Range rate (ﬁ) data 1s also generally availlable

in this system.

FIGURE A-2d



x; #

MEAN VERMAL /

EQUIKOYX

TYPE:
ORIGIN:

STANDARD COORDINATE

SYSTEM 4

GEOCENTRIC INERTIAL

z
A

e e,

EARTE'S HEAN
TATIOHAL AXIs

i 'i"""'--__o

T— HEAN EQUATOR

Non-rotating, Earth referenced

The center of the Earth

ORIENTATION AND LABELING:

The Z axlis 1is directed along the Earth's mean
rotational axils, positive north.

The X axis 13 directed towa
equinox.

rd the mean vernal

The Y axis completes a standard right-handed

system.

The epoch will generally be the hearest beginning

of a Besselian year, Howev
may Involve other epochs.

transmilssion. of related dat
used should be clearly stat

Thls system 1s translatable
Inertial system.

FIGURE A-4

er, speclal applications
Consequently, in any

a, the reference epoch-
ed,

to a Selenocentric



STANDARD COORDINATE SYSTEA 5
IMPACT PREDICTION QUASI-IRERTIAL

}t EARTH'S TRUE

ﬁ!-f ROTATICHAL AXIS

TRUE EGUATCR -

TYPE:  Non-rotating, Earth referenced

ORIGIN: The center of the Earth

ORIENTATION AND LABELING:
This system 1s redefined at the beginning of each
computational cycle, It is an ihertial systenm®
for the duration of each computational cyecle.

The Z axis 1s along the Earth's true rotational
axis, positive north.

The positive X axis intersects the prime (Greenwich)
meridian at the beginning of each computatiocnal cycle.

The Y axis completes a standard right-handed system.

(The X-Y plane 1s the Earth's true equatorial plane.)

*Velocitles expressed in this system are inertial
veloclties.

FIGURE A-5



STANDARD COCRDINATE SYSTEM 6
EARTH-H00N PLANE

\

RORHAL TO
EARTH-MOOH
PLARE

HoOk

TYPE: Non-rotating
ORIGIN: The center of the specified central body

(Ezrth or Moon: The Ezrth-centered system
is shown in this Figure,)

ORTENTATION AND LABELING:

This system 1s redefined at the beginning of each
computatlional cycle. It is an inertial system* for

the duration of each computational cycle.

The X axis lies along the Earth-Moon line at the
beginning of each enmrm:ational cycle, positive

away from the Earth toward the Moon.

The Z axis is normal to the Earth-Hoon plans, and
parallel to the Moon's angular momentum vector,

‘positive in a northerly direction.

The Y axls completes a standard right-handed system.

(The X-Y plane is normal to the lMoon's angular

momentum vector.)

This system is translatable to a selenocentric
Earth-Moon Plane system, In this case the positive
. X axls lies along the extended Earth-Moon line and

1s directed away from the Earth.

.

* Velocities exprésaed in this system are in=srtial

velocities,

FIGURE A-6



STANDARD CCORBIMATE SYSTEH 7
ORBITAL ELERAENTS

ROGRTH POLAR
AX1e

VERICLE'S ANCULAR l’,,f"’""'*

HOMERTUY ViCTen

/—‘(E! ICLE

ar
=e—PERIQEE

Nty

A3CENDING KODE

vERIAL
EGUITiON

¢ ) APOOEE—

TYPE: Non-rotating, Earth referenced

ORIGIN: The center of the Earth

ORIENTATION AND LABELING:
2 is the semi-major axis of #he orbit:
e 1s the eccentricity of tha orbit,
E é' T, the true anomaly, is the geocentriec angular
LB displacement of the vehicle measured in the orbit

. plane from perigee, positive in the direction of
travel in the orbit,

1, the right ascenslon of the ascending node, is
the angle measured eastward from tha vernal equinox
along the equator to that intersectlon with the
orbit where the vehicle passes from south to north,

w, the argument of perigee, is the angle measured
5o in the orbit planes betwsen the ascending node and
E ) perigee, posltive in the direction of travel in

1 £ s the orbit,

: 1, the inclination of the orbital plane, is the
i - angle between the north polar axis and the vehicle
2 ! y angular momentum vector,

FIGURE A-7



5 STANDARD COORDINATE SYSTEM 8a
~ SATURN [ AND IB LAUNCH VEHICLE STRUCTURAL BODY AXES

X
- ' ; I ' TYPE: Rotating, vehicle referenced
F ORIGIN: On the longitudinal axis, 100
i ' inches below the gimbal reference
| 3 plane -
}' { ORIENTATION AND LABELING:

hY
-

5 The X axls lies along the longitu-
dinal axie of the vehicle, positive
in the nominal direction of pos-
itive thrust acceleration.

—————
i
o
t

Position I (alternatively fin I)
defines the positive Z direction,

The Y axis completes a stzndard
right-handed systen.

The Dynamical Body Axes system,
which has its origin at the
vehicle's instantaneous center of
mass, 1s translatable with the
Structural Body Axes system.

27 Launch Complexes 34 and 37 wi1ll be

{ used for Saturn I and IB launchings.

; The positlive Z axis of the erected

vehlcle will be directed approx-

( } imately 100° 12' east of north for
Launch Complex 34, and approximately

90° 12! east of north for Launch

Complex 37.

i u\\\q“’,——— POSITION |

EIHBAL REFERENCE PLANE \.
N TOP VIEY

{YERICLE sTATIO0% 100)

: FIGURE A-8a
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STANDARD COORDIMATE SYSTEM &

SATURN V LAUNCH VEHICLE STRUCTURAL BODY AXES

TYPE: Rotating, vehlcle referenced

ORICIN: Cn the leongitudinal axis, 100
inches below the glmbal reference
plane

ORIENTATION AND LABELING:

The X axls llea along the longitu-
dinal axis of the vehicle, positive
in the nominal direction of positive
thrust acceleration.

Posiltion I defines the positive Z
direction,

The Y axls completes a2 standard right-
handed systen,

The Dynamlcal Body Axes system, which
has its origin at the vehicle's
Instanteneous center of mass, is trans-
lateple with the Structural Body Axes
system,

Lzunch Complex 39 will be used for
Saturn V launchlings., The positive Z
axls of the erected vehicle will be
directed approximately 90° 12! east of
north for this launch complex,

POSITION |

> S
0

X

TO? VIEY

81M3AL REFERENCE PLAXE ‘_,L*J

YERICLE STATIOY 192

FIGURE A-E:

o T



STAHDARD COORDINATE SYSTEM &
CSiA STRUCTURAL DODY AXES

OIAND BADULE
Lt EIDY

VEHICLE £TATION 1060 __l

SERYICE MODULE~,

TYPE: Rotating, vehicle referenced

ORIGIN: On the longitudinil axis, 1,000 inches below
the mold line of the heat shield main structure
ablator interface,

ORIENTATION AND LABELING:

The X axls lies along the longltudinal axis
of the vehlcle, positive in thes nominal
direction of positive thrust acceleration.

The benchmark defining the positive Z axls 1is
an allgnment target (labeled +Z) at the top
of the service module,

The Y axis completes a standard rignt-handed
system,

The dynamlcsl Body Axes system, which has its
orizin at the vehicle'. instantansous center of
mass, 1is translateble with the Structural Body
Axes system.

FIGURE A-gc



STANDARD COORDINATE SYSTEN &4
LLRd STRUCTURAL BODY AXE

CENTERLIKE OF THE
TRAHOFER TURHEL

[}_ -

]

i

i

bl -
i ' ]

]‘" L VENICLE STATIOH 200 — - /
J- * 2

|

| B i
1

CERTEALIME OF EXIT HATCE

LT

TYPE: Rotating, vehilcle referenced

ORIGIN: Located 200 inches below the LEM Ascent
stage base

ORIEATATION AND LAPELING:

The X axis lies along the longltudinal axls
(centerline of the transfer tunnel) of the
| o LEd, positive in its nominal direction of

{ | : positive thrust acceleration,

: The positive Z axis 1s not defined by a
& physical benchrark; however, the center of

' the LEM exit hatch serves as a rafercnce
i benchmark, Thus, tha positive Z axis is -

j parallel to the centerline of the exit hatch,

The Y axis completes s standard right-handed
Bystem,

- The Iymamical Body Axes system, which has 1its
orlgin at the vehicle's instantanaous center
: ) ; of mass, is translatable with the Structural
L i Body Axes syatem. :
T : .

FIGURE A-&d



STANDARD CCORDIMATE SYSTEM 9
MASS PROPERTIES

TYPE:  Rotating, vehicle referenced

i ? ORIGIN: 'Two origln are employed with
\ this system: one coincides

with the origin of the Launch
Vehicle Structural Body Axes
system and the other colncldes
with the orlgin of the C3M
Structural Body Axes system.
The former 1s gensrally used
when transmitting launch
vehicle mass propertles data
gnd the latter when trans-
mitting spacecraft mass
properties data,

—

e ORIENTATION AMD LABELING

In 211 cases the orientation
and labeling of the axes 1is
identical with that of the CSM
Structural Bedy Axes system
(Stendard Coordinate System 8c).

"/‘ff—-*POS IT108

i
i
:
!

| 1 _ FIGURE A-9



TRUE EQUATOR

IYPE:

STANDARD COORDINATE SYSTEH 10
EARTH-FIXED LAUNCH SITE

EARTHR'S TRUE
CROTATICHAL AXLS

REFERENCE ELLIPSOID HORMAL

LAUKCH SITE ] DATHING AZINMUTE

Rotating, Earth referenced

ORIGIN: At the intersection of the reference ellipsoid

and the normal to it which passes through the
launch site. ;

ORIENTATION AND LABELING:

The launch site tangent plane contains the gite
and 1s perpendicular to the reference ellipsoid
normal which passes through the launch site.

The X axis coincides with the reference ellipsoid
normal passing through the site positive upward.

The Z axis 1s parallel to the Farth-fixed aiming
azimuth, defined at guldance reference release

time, and Is positive downrange,

The Y axls completes a standard right-handed system.

(The Y-Z plane 1s the launch_site tangent plane.)

FIGURE A-10

A\ LAUHCH SITE TAHQENT PLAXE



STANDARD COORDINATE SYSTEM 10
EARTH-FIXED LAUNCH SITE

EARTH'S TRUE
CROTATIOHAL AXI3

REFEREHCE ELLIPSIID HORMAL -

LAUECHE SITE \AIHING AZIMUTH

e et

TRUE EQUATGR

\ LAUKCH SITE TAHQENT PLAHE

T Y "

TYFPE: .- Rotating, Earth referenced

ORIGIN: At the Intersection of the reference ellipsoid
and the normal to it which passes through the
launch site, "

ORIENTATION AND LABELING:

; : The launch site tangent plane contains the site
i : . and is perpendicular to the reference ellipsoid
oL 2 ’ normal which passes through the launch site.

The X axis coincides with the reference ellipsoid
normal passing through the site, positive upward.

The Z axis is parallel to the Earth-fixed aiming
azimuth, defined at guidance reference release
time, and 1s positive downrange.

The Y exis completes a standard right-handed system,

(The Y-Z plane 1is the launch site tangent plane,)

FIG‘JRE A-10



STANDARD COORDINATE SYSTEM 11
EARTH-CENTZRED LAUNCH DERIVED

ELRTH'S TRyS
ROTATIONAL AX1S

$

HCE ELLIPSOID HORMAL

EARTH-CERTERED

LAUHCY ntatvsn\\\\\

TRUE EQUATOR

LAUNCE SITE TARQERT PLARE

TYPE: Rotating, Earth referenced
ORIGIN: The center of the Earth

ORIENTATION AND LABELING:
The launch sit:z tangent plane contains the site and
i1s perpendicular to the reference ellipsoid normal
-whlch passes through the launch site,
The X axis 1s parallel to the reference ellipsoid
normal passing through the launch site and is
positive toward the launch site. !

The Z exis is parallel to, and positive in the same
direction as, the Earth-fixed aiming azimuth.

The Y exis completes a standard right-handed system.

(The Y-Z plane is parallel to the launch site tangent
plane).

This system is translatable with the Earth-Fixed
Launch Site systenm,

FIGURE A-11



STANDARD COORDINATE SYSTEM 12
E LAUNCH VEHICLE PLATFORE-ACCELEROHMETER

TYPE: . Non-rotating, vehicle referenced

ORIGIN: The intersection of the primary axes of
the accelerometer

ORIENTATION AND LABELING:

: ’ The X axis 1s parallel to .ie reference ellipsold
t 2 : normal through the launch site, positive upward.

i The Z axls is parallel to the alming azimuth,
| 2 positlve downrange,

i - The Y axis completes a standard right-handed system.
{ i - This system is trenslatable with the Earth-Fixed

i d Launch Site system at guldance reference releass
i ; tine,

FIGURE A-12



: - STANGARD CCORDINATE SYSTEM 13
LAUNCH VERICLE NAV {GATION

; X

EARTHTS AXIS OF ROTATIOH )
z ~
| 4 N A
. © PLATFORM-ACCELERGHETER
e _h.__/ SYSTEH Il SPACE
PLATFCRM-ACCELERGHETER ~
: SYSTEN TRANSLATED 7O A ~
|

THE EARTH'S crzar:;:-m_?‘f‘/

~~—— RAVIGATION SYSTENW

( z
&
i . L4 F
TYPE: Non-rotating, Farth referenced
i ORIGIN: The center of the Earth
£ 5, 4 ORIENTATION AND LABELING:
| Boop This system is translatable from the Launch Vehicle

i i Platform-Accelerometer system at guidance reference
‘ release for the launch vehicle,

The X axis is parallel to the X axis of the Launch
Vehlcle Platform-Accelerometer system.

i : s d The Y axis is parallel to the Y axis of the Launch
! ) Vehlcle Platform-Acceleromeber aystem,

The Z exis completes a standard right-handed system.

T - FIGURE A-13



APPENDIX B

Project Apollo Stendard Relatlonships Existing
Among Standara Coordinace oysocems )

This Aopendix contalns the figures depicting
the three Standard Relationghips.



LIST OF PROJECT APOLLO STANDARD RELATIONSHIPS

B-1 Dynamical Body Axes Systems

B-2 The Orientation of the Launch
Vehicle, CSM and LEM Structural
Body Axes in the Launch Configuration

B-3 ' Space Vehicle Structural Body Axes
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STARDARD RELATIOQESHIP 2

THE CRIENTATIC! OF THE LAUNCH

POSTRUCTUAL [ODY AXES I THE LAUS

—

et

- bon

FIGURE B-2

EHICLE, €8 AWD LEM

(CH CORFICURATION

HOTE: THE DYHAHICAL BODY AXES ARE
PRESEUTED HERE 1M CRODER
TO PRESERVE CLARITY. THE
STRUCTURAL AHD DYHAMICAL
BOCY AXES ARE TRANSLATABLE

| U

LAVHCH vEHICLE

N jbmeees POSITION |



=

STAHDARD RELATiOMSHIP 3
SPACE VEHICLE STRUCTURAL BODY AXES

NOTE:

THE SPACE VEHICLE STRUCTURAL
BODY AXES ARE IDENTICAL WITH

LAUHCH VERICLE STRUCTUAL BODY
KXES.

VAL

FIGURE B-3
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