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1.0 SCOPE
1.1 PURPOSE

a. Define and control the interfaces which shall be provided by the baseline
Shuttle System, for total cargo use by all members of the payload units.

b. Define and control all constraints which shall be observed by all members
of the payload community in using the interfaces so defined.

c. Establish commonalty with respect to analytical approaches, analytical
models, technical data and definitions for integrated analyses by all
interfacing parties. ‘

1.2 ORGANIZATION OF DOCUMENT

Section 1 (Scope) and Section 2 (Applicable Documents) are standard and
self-explanatory.

Section 3 (Physical Interfaces) identifies, codes and locates specifically all
of the physical interfaces which are defined and controlled by this document.
Included is a figure for each of the bulkheads, connector panels, stations,
etc., which (1) identifies individual connectors, fittings, etc., (2) locates
each dimensionally within the Shuttle Vehicle, and (3) references other
paragraphs herein which provide detail performance/design data for each.

Sections 4 through 8 define, for each subsystem discipline, detail
performance/design data necessary to achieve a satisfactory operational
interface. When appropriate, the individual sections establish analytic
methodologies for integrated analysis efforts. Where such data is voluminous
(ie electrical connectors), some tables have been moved to the appendices in the
rear of this document.

Section 9 (Software Interfaces) defines software detail performance/design data
necessary to develop compatible software at the interfaces.

Section 10 (Environmental Interfaces) establishes induced environments for which
the total cargo must be designed. When appropriate, it also establishes
analytic methodologies for integrated analysis efforts.

Section 11 (Other Interface Constraints and Limitations) defines general
constraints which must be observed in order to ensure satisfactory interface
performance and design.

Section 12 (Reserved)

Section 13 defines the electrical wiring interfaces. Connector interface
definitions and pin functions are given for both standard and non-standard cargo
interfaces. :

Section 14 defines the payload deployment and retrieval system. Detail

performances and design data necessary to achieve a compatible interface is
defined along with the analytical methodology involved.
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Appendix A (Abbreviations and Acronyms) and Appendix B (Glossary) are
self-explanatory. (

Appendix C Lists the Channel Frequency Assignments for transmitting.
Appendices D through H and J through W (Reserved)

Appendix I defines the analytical techniques and data to be used to determine
the compatibility of payload-induced loads with the Orbiter static limit-load
capabilities.

Appendix X defines the length selection criteria and deflection data for
alternate trunnion lengths.

1.3 EFFECTIVITY.
Unless otherwise specified, the interfaces defined and controlled herein are
applicable to the operational configuration of the Shuttle System. The Orbiter

Vehicle (0V) effectivity sequence is as follows: 0V102, 0V099, OV103, and
Subs.

1.4 CHANGE POLICY.

1.4.1 Scope. All changes to this document shall be controlled in accordance
with the procedures prescribed herein and by NSTS 07700, Volume 1V.
Dispositioned changes shall reflect program decisions and will record new,
changed, and/or deleted requirements.

1.4.2 (Change Initiation. Payload community PRCB members may initiate changes
following NSTS 07700, Volume IV procedures. A1l other payload community
initiated changes shall be submitted to the Shuttle Payload Integration and
Development Program Office (SPIDPO) at NSTS. SPIDPO shall review the proposed
change for technical adequacy, completeness, and validity. If SPIDPO review
verifies that a change is required, a Change Request shall be submitted in
accordance with NSTS 07700, Volume IV. A1l other initiators shall submit
changes in accordance with NSTS 07700, Volume IV.

1.4.3 Change Processing/Disposition. A change may be processed outside the
formal Level II change procedure and approved by the Level II PRCB Secretary
when both the Orbiter Project Office and SPIDPO recommend approval and there is
no Level II cost, schedule, weight, or performance impact. In this instance,
the applicable change shall be coordinated with the Management Systems Office
for special processing. Both the Orbiter Project Office and SPIDPO shall
coordinate on the PRCBD prior to authorization signature for those specially
processed changes. A1l other changes shall be processed for review and
appropriate disposition action as specified by NSTS 07700, Volume IV.

1.5 9CD Waivers, Deviations And Exceedances. ICD agreements with payloads are based
on MSIS ablowed payload services and provisions are identified in this document. 48
Orbiter/SIS design to requirement Por payloads is controlled at Level 11.

Unique payload 9CD's are derivatives of this 9CD and do not require Orbiter Project
approval if they remain within the Orbiter vehicle interface design parameters.
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Limits of this 9CD are established in a conservative manner to minimize individual
payload and mixed cargo analyses. (e.g. 90" radius maximum dynamic envelope allows 3"
radius for Orbiter deflection to remain free of potential contact).

Jotal Orbiter capability for payboads is divided into four sub-sections for mixed cargo
Plights (e.g. 1.75 KW/ELement is equal to this 9CD's available power of 7 KW continuous).

Any exceedance or deviation in payload capabilities or services is documented in the
payboad specific ICD's, Section 20, and evaluated to assure that the stated condition is
controfled in a manner to guarantee acceptable conditions to eliminate any added risk to the
vehicle or crew.

Definitiona:

Exceedance: Documentation of a condition that does not comply with stated requirements
but does not add any risk due to intended usage or configuration and can be
shown acceptable without special anabysis or controbs.

Deviation: A non—compluance that requires additional analysis or con.tro! to ebiminate risk
and is acceptable when properfy documented.

Waiver: A condition that does not comply with the requirements of this 9CD could add
risk and requires special controbs/analyses to assure adequate flight margins.
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2.0 DOCUMENTS
2.1 APPLICABLE DOCUMENTS

The following documents of the exact issue shown form a part of this document to
the extent specified herein. In the event of conflict between the documents
referenced and the content of this document the contents of this document shall
be considered a superseding requirement.

Federal

FED-STD-595 Ffederal Standard Colors
Ref. Fig. 3.4.1.2.1-1

SPEC-QQ-C-3208 Chromium Plating (Electro Deposited)

Class 2 . Ref. Fig. 3.3.1.2.2-1, Fig. 3.3.1.2.1-1

June 17, 1974

Military

MIL-B-5087B Bonding, Electrical and Lightning

August 31, 1970 Protection for Aerospace Systems
Ref. Para. 10.7.4.2, 10.7.4.2.1, 10.7.4.2.2.2,
10.7.4.2.2.3, 10.7.4.2.2.4, 10.7.4.2.3.5

MIL-C-5541 Chemical Conversion Coatings on Aluminum

Amendment 2 and Aluminum Alloys

November 30, 1972 Ref. Para. 10.7.4.2

MIL-STD-1572 " Telemetry Standards

May 17, 1976 Ref. Para. 8.2.2.5, Ref. Table 8.2.2.5.13-2,
8.2.2.5.13-3

MIL-W-5088H Wiring Aerospace Vehicle

July 20, 1979 Ref. Para. 3.3.2.2.1

NASA (Nationél Aeronautics and Space Administration)

ES3-76-1 Orbiter Midsection/Payload Bay Thermal
Suby 1983 Math Model Description
Ref. Para. 6.1.2.1
ES3-77-3 “390 Node" Atmospheric Orbiter Mid-section/
September 1983 Payload Bay Thermal Math Model Description
Ref. Para. 6.1.2.1
§SC-19540 Open Door Simplified Orbiter Thermal
March 1984 Simubator Description
Ref. Para. 6.1.2.1
§SC-19692 Closed Door Simplified Orbiter Thermal
May 1984 Simulator Deascription

Ref. Para. 6.1.2.1
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SN-C-0005
(Current Issue)

SE-S-0073
February 14, 1977

§scm-soso
Oct 16, 1972
"NSTS-08060 Rev D
January 28, 1983

N8IS-18798

NSIS-SP-R-0022 Rev. A
September 1974

40M382717
December 15, 1973

40M38294
(Current Issue)

40M38298
(Current Issue)

40M39569

December 15, 1973

I1CD-3-0027-03

NHB 1700.7A
December 1980

Industry
EIA-STD-RS170

1CD-2-19001

Specification, Contamination Control
Requirements for the Space Shuttle
Program

Ref. Para. 10.6.2.4, 10.6.2.1.1

Specification, Space Shuttle Fluid
Procurement and Use Control
Ref. Para. 5.8, 6.2.2.2

Acoustic Noise Criteria
Ref. Para. 4.2.2.1, 7.7.1

Space Shuttle System Pyrotechnic
Specification
Ref. Para. 10.7.4.1.1.5

9nterpretations of MSIS Payload

Safety Requirements
Ref. Para. 7.3.1.2

Vacuum Stability Requirements of Polymeric
Material for Spacecraft Applications,
Specifications for '

Ref. Para. 10.6.2.2

Connectors, Electrical, Circular
Minature High Density Environment
Resisting, Specifications for
Ref. Para. 13.2.2

Specification, Connector, Electrical
Circular Cryogenic Environment
Resisting

Ref. Para. 13.2.2

Specification, Connector, Electrical,
Special Miniature Circular
Environment Resisting 200°C.

Ref. Para. 13.2.2

Connectors, Electrical Minature Circular,
Environment Resisting 200°C,
Specification for

Ref. Fig. 3.3.3-3, 3.3.3-4

3.4.1.2.2-1, 3.4.1.3.2-2, 3.4.1.1.2-1

Crew Equipment Stowage Volume Control
Ref. Para. 3.4.2.1

Safety Policy and Requirements for Payloads
using the Space Transportation System (STS)
Ref. Para. 10.7.4.1.1.5

Electrical Performance Standard - Monochrome
TV Studio Facilities, Ref. Para. 8.2.8-1,
Fig. 8.2.8.2-1
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EIA-STD-RS330

MA0109-318
(Current Issue)

mpPsz2-0279-0002

(Current Issue)

mpPsz2-0388-0002

SPAR-SG.459/010

SPAR-5114001897

Rockwell International

ma30150-048
Sept. 1987

MC414-0614
(Current Issue)

MC432-0222
(Current Issue)

mcCas0-0017
(Current 9ssue)

MC454-0026
(Current Issue)

Mmcasa-0032
(Current 9ssue)

ME414-0234
(Current Issue)

ME414-0235
(Current Issue)

ICD-2-19001

Electrical Pefformance Standard for Closed
Circuit TV Camera 525/60 Interlaced 2:1,
Ref. Para. 8.2.8.1

Chromium Plating (Electro-Deposited)
on Titanium and Titanium Alloys
Rockwell International, Space Division
Ref. Fig. 3.3.1.2.1-1

Cable Electrical, Special Purpose, TFE, 2
Conductor, Shielded and Jacketed
Ref. Para. 8.2.12.2

Cable, Electrical, Special Purpose, TFE, 2
Conductor, Shielded and Jacketed

Ref. Para. 8.2.2.5.12, Tables 8.2.4.4-1,
8.2.4.5-1, 8.2.4.5-2, 8.2.6.1-1, 8.2.6.2-1,
8.2.6.3-1, 8.2.8.1-1, 8.2.14.1-1

Connectors, Electrical, Rectangular Type,
Rack to Panel, Environment Resisting, 200°C
Ref. Fig. 14.4.4-1

Connector, Plug-Mod. End Effector
Ref. Fig. 14.4.4-1

Wire and Cable. Clectrical, Pobyimide
Snculated
Ref. Jable 7.3.1.2-1

Specification, Connector RF,
SMA Series
Ref. Para. 13.2.2
Specification, Event Indicator
Ref. Para. 13.4.2

Power Controbler, Remote
Rep. Jable 7.3.1.2-1

Specification, Circuit Breaker, Thermal
Single Phase
Ref. Para. 13.4.2.Jable 7.3.1.2-1

Circuit Breaker, Ihermal Three Phase
Ref. Jable 7.3.1.2-1

Specification, Connector, Receptacle,
Electric Wall Mounting
Ref. Para. 13.2.2

Specification, Connector, Plug,

Electric Straight
Ref. Para. 13.2.2

2-3



ME414-0247
(Current Issue)

ME414-0250
(Current Issue)

ME414-0561
(Current Issue)

ME414-0562
(Current Issue)

ME414-0610
(Current Issue)

ME414-0611
(Current Issue)

ME414-0612
(Current Issue)

ME418-0031
(Current Issue)

ME418-0032
(Current Issue)

Mmeas1-0009
(Current 9ssue)

meast-oo10
(Current 9ssue)

MEas51-0016
(Current 9ssue)

meast1-0018
(Current 9ssue)

ME452-0093
(Current Issue)

ME452-0102
(Current Issue)

Specification, Connector, TNC
Bulkhead Cable Jack.
Ref. Para. 13.2.2

Specification, Connector, TNC
Cable Plug.
Ref. Para. 13.2.2

Specification, Connector, Coaxial
Bulkhead Pressurized Series TNC
Ref. Para. 13.2.2

Specification, Connector, Coaxial
Bulkhead Pressurized Series "HN"
Ref. Para. 13.2.2

Specification, Cable Adapter,
Connector Plug, Electric.
Ref. Para. 13.2.2

Specification, Connector, Hermetric
Jam Nut, Electric.
Ref. Para. 13.2.2

Specification, Connector, Hermetric
Flange Mount, Electric.
Ref. Para. 13.2.2

Specification, Contact, Socket
Crimp, Clip Retained.
Ref. Para. 13.2.2

Specification, Contact, Pin Crimp,
Clip Retained.
Ref. Para. 13.2.2

Fuse - Miniature Cartridge
Ref. Jabbe 7.3.1.2-1

Fuse - Microminiature with Axial Leads
Ref. Jable 7.3.1.2-1

Fuse - D. G. Limiter ﬂﬁpe, HNigh Current
Ref. Jable 7.3.1.2-1

Fuse - Subminiature
Ref. Jable 7.3.1.2-1, Para. 13.4.2

Specification, Rotary Switch
Ref. Para. 13.4.3.2

Specification, Toggle Switch
Ref. Para. 13.4.2, 13.4.3.2

SD73-SH-0226 Space Shuttle Program Jhermodynamic Design
Vob. & Book V Data Book Thermal Control System Constraints
Sept. 1985 Ref. Para. 6.1.1.2.1
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2.2 REFERENCE DOCUMENTS

2.2.1 Cargo Ground Interfaces. The Orbiter/cargo ground interface requirements
are defined and controlled by the following ICD's:

1CD-2-00003 Flight Vehicle/LPS Computational System Interfaces
ICD-2-1A001 Orbiter/Landing Station

ICD-2-1A002 Orbiter/Processing Facility

I1CD-2-0A001 Shuttle System/VAB and MLP

1CD-2-0A002 Shuttle System/Launch Pad and MLP

I1CD-2-1D003 Orbiter/Secondary Landing Station Interfaces

2.2.2 Middeck Accomodations. Interface provisions for pagloads in the middeck area of the
crew compartment are controbled by the following document:

NS898-21000-9DD-MDX Middeck Interface Definitions Document
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3.0 PHYSICAL INTERFACES
3.1 GEOMETRIC RELATIONSHIPS

3.1.1 Coordinate Systems.

3.1.1.1 Orbiter. The Orbiter coordinate system shall be in conformance with
Figure 3.1.1.1-1.

3.1.1.2 Payload. The payload coordinate system shall be in conformance with
Figure 3.1.1.2-1.

3.1.1.3 Instrument Pointing. The instrument pointing coordinate system shall
" be in conformance with Figure 3.1.1.3-1.

3.1.1.4 Orbiter Dynamic Body Coordinate System. Jhe Orbiter Dynamic Body
Coordinate System is shown in Figure 3.1.1.4-1.

3.1.1.5 Orbiter Guidance Navigation System Greenwich True of Date.

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 equator
(mean Earth equator) precesses among the fixed stars with a rate of one
revolution in 26000 years. Additionally, the Earth wobbles slightly on its
axis, relative to its mean position, with periods of oscillations of only a few
years. The former phenomenon is called precession; the latter is called
nutation. A mean system conveys the concept that precession is included when
relating that system to another system at a different time, but the nutation
phenomenon is not included. A true system, however, conveys the concept that a
mean system at any specific instant of time is converted to a true system at the
same instant of time by including terms associated with the nutation
phenomenon. The coordinate systems are defined below.

3.1.1.5.1 Orbiter GN and C Data (6TOD). The origin of the Orbiter Axes used in
describing the orbiter rotation rate is the orbiter center-of-mass. The X axis
is parallel to the orbiter structural axis and is positive toward the nose. The
7 axis is parallel to the orbiter plane of symmetry and is positive down with
respect to the orbiter fuselage. The Y axis completes a right-handed orthogonal
system (refer to Figure 3.1.1.4-1).

The origin of the GTOD (Greenwich True of Date) Coordinate System is the center
of the earth. The Z-axis is directed along the earth's true-of-date rotational
axis and is positive toward the north. The X-axis lies in the plane of the
earth's true-of-date equator, and its positive direction is toward the prime
meridian. The Y-axis completes a right handed system (refer to Figure
3.1.1.5.1-1).

The ordered transformation from GTOD to the Orbiter body is a right handed
rotation about the positive GTOD Y-axis (pitch), right handed rotation about the
intermediate positive 2-axis (vyaw), and a right handed rotation about the
positive Orbiter X-axis (roll). A right hand rotation is defined by placing the
right hand thumb along the axis of rotation with the fingers curling in the
direction of rotation.
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Orbiter rotation rates are represented by instantaneous, right-handed rotations
about the positive Orbiter Y, 2, and X axis respectively. These rates represent
the instantaneous body fixed rates, and are not the derivatives of the Euler
Angles.

The order of parameters within vectors transmitted to payloads is X, Y, Z for
position and velocity vectors and pitch, yaw, roll for attitude, and Y, Z, and X
for the body rates.

3.1.1.6 Orbiter GN and C Data (Aries M50). The origin of the Orbiter Axes used
in describing the orbiter rotation rate is the Orbiter center-of-mass. The
X-axis is parallel to the orbiter structural axis and is positive toward the
nose. The Z-axis is parallel to the Orbiter plane of symmetry and is positive
down with respect to the Orbiter fuselage. The Y axis completes a right-handed
orthogonal system (refer to Figure 3.1.1.4-1).

The origin of the Aries M50 (mean of 1950) Coordinate system is the center of
the earth. The Z-axis is directed along the earth's mean rotational axis of
epoch (the epoch is the beginning of Besselian year 1950) and is positive toward
the north. [Its positive X-axis is directed toward the mean vernal equinox of
epoch. The Y-axis completes a right-handed system (refer to Figure 3.1.1.6-1).

Orbiter rotation rates are represented by instantaneous, right-handed rotations
about the positive Orbiter Y, 2, and X axis respectively. These rates represent
the instantaneous body fixed rates, and are not the derivatives of the Euler

Angles.

The order of parameters within vectors transmitted to payloads is X, Y, Z for
position and velocity vectors and pitch, yaw, roll for attitude, and Y, Z, and X
for body rates.

3.1.2 Limit Envelopes for Cargo-Chargeable Items.

3.1.2.1 (Cargo Bay.

3.1.2.1.1 Cargo Llement Thermal and Dynamic Envelope. 4 15 foot diameter (4.572

m) and 60 foot fong (X0582 to Xo1302), payboad envelope shall be provided in the Orbiter
payload bay for cargo instablation. The centerfine of this envelope is located at Yo=0.0 and
Zo=400. During flight events, this cargo envelope distorts due to Orbiter thermal and
dynamic loads. The resubting payboad envelope is a 15 foot diameter circle at each Orbiter
Xo Station with the center of the circubar envelope bocated at the distorted Orbiter
centerline. Jhe distorted Orbiter centerbine is defined by displacing the undistorted
centerfine by the average motion of the right and left Orbiter bongerons for each Xo
Station. Jhe effects of cargo element manufacturing and installation tolerances shal? be
included when calculating payboad clearance Posses with respect to the cargo envebope.
Cargo element thermal and dynamic deflections and abt payload protrusions except the
payload attach fitting shall be contained within this envelope. Cargo element attachment
fittings may extend beyond the payload thermal and dynamic envelope in order to mate with
Orbiter attachment pittings as shown in Figure 3.1.2.1.1-1. Umbibicabs required to interface!
the cargo element to the Orbiter or to GSE while the payload is in the cargo bay may afso
penetrate the envelope.
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3.1.2.1.2 (Cargo Bay Clearance. Clearance between the cargo thermal and dynamic
envelope and the Orbiter vehicle structure and subsystems shall be provided by
the Orbiter, except for penetrations defined in Paragraph 3.1.2.1.4. Payloads
are constrained to the cargo thermal and dynamic envelope when subjected to the
induced environment during the complete flight, beginning with payload
installation and ending with payload deployment or removal.

A otdt&:c]earance of three inches shall be provided between cargo elements
and cargo bay kits, when installed.

3.1.2.1.3 0n-0Orbit Payload Positioning Envelope. The deployment/retrieval

~ envelope (for removing and installing payloads on-orbit) shall be that created
by the payload thermal and dynamic envelope being extended in the +Z direction
until the payload 15 feet thermal and dynamic envelope diameter is clear of the
orbiter longeron and the 60 feet thermal and dynamic envelope length is clear of
the orbiter cargo bay forward and aft bulkheads. Lateral and longitudinal
movement of the payloads during deployment/ retrieval operations shall be
controlled to avoid localized orbiter structure and subsystems as shown on
Figure 3.1.2.1.3-1.

3.1.2.1.4 (Cargo Bay Protuberances. Installation of payloads into the cargo bay
must consider potential interference of Orbiter protuberances into the cargo
thermal and dynamic envelope, as defined in Figure 3.1.2.1.4-1. Another
potential interference with large diameter cargo elements is the Cargo Bay
Liner. The Cargo Bay Liner is installed across and attached to the orbiter
structural frames, conforming to the internal mold lines of the lower cargo bay
clearance area approximately from longeron to longeron except where cable trays
and cargo attach hardware are located. The liner is attached to the lower side
of the longerons at L, 406 between all structural frames except between

Xo 576 to X, 582, where the upper limits extend to lo 419. During orbiter
ascent and/or descent the cargo bay liner could penetrate the cargo bay envelope
and contact the large diameter cargo element with a pressure of less than 0.1
psi. The pressure differential across the liner causes a ballooning of the

liner which penetrates the cargo envelope a maximum of 4.6 inches to a radius of
85.4 inches from the cargo bay centerline. When required, local special hardware
can be provided by the Orbiter to preclude the biner from violating the cargo 90" radius
envelope as defined in Paragraph 3.1.2.1.1.

3.1.2.1.5 Limit Envelopes for EVA and for Cargo Bay Kits.

3.1.2.1.5.1 EVA Envelopes. Envelopes shall be provided within the cargo bay
for EVA activities, as required. Cargo elements may be installed within volumes
required for EVA but shall be removable or jettisonable prior to committing to
EVA activities. EVA envelopes shall be defined as follows:

a. Inside Airlock Configuration. The first 48 inches aft of Station Xo
579 shall be clear of cargo elements during EVA access and operation.
(This configuration is illustrated in Figure 9-1 of Volume XIV.)

3.1.2.1.5.2 MMU/CBSA Limit Envelopes. The limit envelopes for the Manned
Maneuvering Unit (MMU) and Cargo Bay Stowage Assembly (CBSA) at the sides of the
cargo bay, when required, shall be defined as follows:
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X, 582.00 to 636.00
Yo Outboard of Yp 40.00 and Yo -40.00
7, 341.00 to 414.00

The volumes above these limit envelopes shall be clear of cargo elements during
EVA ingress/egress with the MMU/CBSA.

3.1.2.1.5.3 Docking Module. The limit envelope for the docking module shall be
as defined in Figure 3.1.2.1.5.3-1.

3.1.2.1.5.4 Airlock/Tunnel Adapter. The limit envelope for the airlock/tunnel
adapter shall be as shown in Figure 3.1.2.1.5.4-1.

3.1.2.1.5.5 (Deleted)

3.1.2.1.5.6 Overhead Docking Floodlight. The limit envelope for the overhead
docking flood1ight, when installed, shall be defined as follows:

Xo 581.5 to 586.5
7, 486 to 491

3.1.3 Visual Interfaces.

3.1.3.1 Lateral Field of View. The Orbiter shall provide the capability of
exposing the entire length and full width of the cargo bay as defined in Figure
3.1.3.1-1. With the cargo bay doors and radiators open, the Orbiter shall
provide an unobstructed 180-degree lateral field of view for any point along the
line Y, = 0, Z4 = 429.5 between X, = 582 and X, = 1302 (as shown in

Figure 3.1.3.1-1) without such mechanisms as the docking module, manipulator
arm, rendezvous sensor, payload retention guides, and the TV/1ight and bracket
installed. :

3.1.3.2 Cargo Bay Lighting. The Orbiter shall provide lighting within the
cargo bay to support Orbiter/payload operations both internal and external to
the cargo bay, including the modes of payload operations that are supported by
the Remote Manipulator System (RMS). The cargo bay lighting shall consist of
sources of illumination within the cargo bay nominally located as shown in
Figure 3.1.3.2-1. ‘ ‘

3.1.3.3 Television Viewing. The Orbiter shall provide closed circuit
television viewing. Up to Pour cameras shall be mounted on the forward and apt
cargo bay bubkheads (2 each) in positions identified in JFigure 3.1.3.2-1, and two cameras
(operated one at a time) can be instafled on the RMS. Additionalty, one camera may be
inataled afong the keel on a given Plight. The cameras require a space 22 inches in length
and, when instaffed, can protrude into the cargo dynamic envelope.

Up to two cameras can be displayed in the Orbiter crew compartment (up to Pour if split
screen). One camera (two if split screen) can be recorded for subsequent play back to the
ground, and one camera (two if split screen) can be transmitted to the ground in real time
(when not playing back recorded data to the ground).
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ORIGIN:

ORIENTATION:

CHARACTERISITICS:

1CD-2--19001

+Yo
(STARBOARD)

‘xo' YO' ZO’ - ‘01010)

~Y, (PORT)

IN THE ORBITER PLANE OF SYMMETRY, 400 INCHES
BELOW THE CENTER LINE OF THE PAYLOAD BAY AND AT
ORBITER X STATION = 0

THE Xog AXIS 1S IN THE VEHICLE PLANE OF
SYMMETRY, PARALLEL TO AND 400 INCHES BELOW THE
PAYLOAD BAY CENTERLINE. POSITIVE SENSE IS FROM
THE NOSE OF THE VEHCILE TOWARD THE TAIL

THE Zg AXIS IS IN THE VEHICLE PLANE OF
SYMMETRY, PERPENDICULAR TO THE Xp AXIS POSITIVE
UPWARD IN LANDING ATTITUDE

THE Yo AXIS COMPLETES A RIGHT-HANDED SYSTEM
ROTATING RIGHT-HANDED CARTESIAN

THE STANDARD SUBSCRIPT IS 0 (E.G., Xg) -

Jigure 3.1.1.1-1 Orbiter Coordinate System
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TYPE: ROTATING, PAYLOAD REFERENCED
ORIENTATION AND LABELING:

X AXIS IS NEGATIVE IN THE DIRECTION OF LAUNCH, PARALLEL
TO THE ORBITER PAYLOAD BAY CENTERLINE

7 AXIS IS POSITIVE UPWARD IN THE ORBITER LANDED
POSITION, PARALLEL TO ORBITER Z AXIS

Y AXIS COMPLETES THE RIGHT-HANDED SYSTEM

THE STANDARD SUBSCRIPT IS P

Figure 3.1.1.2-1 Payload Coordinate System

ICD-2-19001 3-6



INSTRUMENT

ORIGIN: INSTRUMENT CENTER OF ROTATION

ORIENTATION AND LABELING: THE Xp AXIS 1S PARALLEL TO THE
CENTERLINE OF THE CARGO BAY, POSITIVE IN THE
DIRECTION OF THE NOSE OF THE ORBITER
THE Z AXIS LIES IN A PLANE PARALLEL TO THE

PLANE OF SYMMETRY AND IS PERPENDICULAR TO THE
Xg AXIS AND IS POSITIVE DOWN IN THE LANDING

ATTITUDE
THE Yo AXIS COMPLETES A RIGHT-HANDED SYSTEM

CHARACTERISITICS: ROTATING RIGHT-HANDED SYSTEM
THE STANDARD SUBSCRIPT IS Q (E.G., Xq) -

FIGURE 3.1.1.3-1 INSTRUMENT POINTING COORDINATE SYSTEM
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NAME :
ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Xgy

YBY +PITCH P

R

CENTER OF MASS

3 +YAW

Zpy

+ROLL

tn

ORBITER DYNAMIC BODY COORDINATE SYSTEM
CENTER OF MASS

Xgy AXIS IS PARALLEL TO THE ORBITER
STRUCTURAL BODY Xg AXIS: POSITIVE TOWARD
THE NOSE

lgy AXIS IS PARALLEL TO THE ORBITER PLANE

OF SYMMETRY AND IS PERPENDICULAR TO Xgy,
POSITIVE DOWN WITH THE RESPECT TO THE ORBITER
FUSELAGE ‘
ROTATING, RIGHT-HANDED ORTHOGONAL SYSTEM

THE STANDARD SUBSCRIPT IS BY (E.G., Xgy)

Figure 3.1.1.4-1 Orbiter Dynamic Body Coordinate System

1CD-2-19001

3-8



EARTH's TRUE-OF-DATE
ROTATIONAL AXIS

CENTER OF EARTH

TRUE-OF-DATE EQUATOR

N

"1

PRIME (GREENWICH)
MERIDIAN

NAME : GREENWICH TRUE-OF-DATE (GEOGRAPHIC)
COORDINATE SYSTEM

ORIGIN: THE CENTER OF THE EARTH

ORIENTATION: THE Xg-Yg PLANE IS THE EARTH'S
TRUE-OF-DATE EQUATOR.

THE Zg AXIS IS DIRECTED ALONG THE EARTH'S

TRUE-OF--DATE ROTATIONAL AXIS AND IS POSITIVE
NORTH

THE +Xg AXIS IS DIRECTED TOWARD THE PRIME
MERIDIAN ’

THE Yg AXIS COMPLETES A RIGHT-HAND SYSTEM

CHARACTERISTICS: ROTATING, RIGHT-HANDED, CARTESIAN. VELOCITY
VECTORS EXPRESSED IN THIS SYSTEM ARE RELATIVE
TO A ROTATING REFERENCE FRAME FIXED TO THE
EARTH, WHOSE ROTATION RATES ARE EXPRESSED
RELATIVE TO THE ARIES MEAN OF 1950 SYSTEM

FIGURE 3.1.1.5.1-1 GREENWICH TRUE OF DATE (GEOGRAPHIC)
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EARTH's MEAN ROTATIONAL
AXIS OF EPOCH

- Xy MEAN EQUATOR
MEAN VERNAL EQUINOX
OF EPOCH
NAME : ARIES-MEAN-OF-1950, CARTESIAN, COORDINATE
SYSTEM
ORIGIN: THE CENTER OF THE EARTH
ORIENTATION: THE XM-YM PLANE IS THE MEAN EARTH'S

EQUATOR OF EPOCH

THE Xy AXIS IS DIRECTED TOWARDS THE MEAN
VERNAL EQUINOX OF EPOCH

THE Zy AXIS IS DIRECTED ALONG THE EARTH'S
MEAN ROTATIONAL AXIS OF EPOCH AND IS POSITIVE
NORTH

THE Yy AXIS COMPLETES A RIGHT-HANDED SYSTEM

CHARACTERISTICS: INERTIAL, RIGHT-HANDED, CARTESIAN SYSTEM

FIGURE 3.1.1.6-1 ARIES MEAN OF 1950, CARTESIAN
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HAND RAILS

TVCAMERA/ 2,425.56
N
2,400.0
180.0 DIA REF
Yo -94.0
| B
/ Z,318.51
\‘_/
Bed
|
: X0 1303.8 (0V102)
VIEW LOOKING AFT AT AFT BULKHEAD Xo 1305 (OV102)*
(TV CAMERA & HAND RAIL LOCATIONS
SYMMETRICAL ABOUT §) - ! Xo 1306.9 (0V102)
13015 l
. , L, 1L [
= MAX DYNAMIC o) ¢ 225
INTRUSION (0V102) ‘I'
P | 3_]2 ftica X°1302" f
_ Xo 1305 (0V103 & SUBS)
VIEWB-B ' Xg 1301.5 |
HAND RAILAFTBHD TYP || ==— Xo 1306.9 (OV103
__I Xo 1289.2°°° ' &IISUBSD ‘
542 |- MAX ovNAmc/",
INTRUSION - MH— H-t225
{0V103 & SUBS) N: —
*AFT CLEARANCE ENVELOPE (REF) X, 1209.7%°° [}

©*AFT PAYLOAD ENVELOPE (REF) {OV102)
©**AFT PAYLOAD ENVELOPE (REF)
(0V103 & SuBS)

Jigure 3.1.2.1.4-1 Payboad Clearance Envelope ntrusions
(Sheet 1 Of 8)
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2 Y X 1307
PAYLOAD DYNAMIC ENVELOPE

75 REF I
2P % - A Xp 1302

X 1293.76

8.95-INCH RADIUS /
STATICENVELOPE .
REF~_/

’
’

X 1283.61 —
REF

L4

8.95-INCH RADIUS

_ STATIC ENVELOPE
8.95-INCH RADIUS
STATIC ENVELOPE X0 1293.76
9.70-INCH RADIUS / ‘

DYNAMIC ENVELOPE
2,455.70

—_— L
V e ~J ‘
1 .28 (INTRUSION) / | 0.752PL
2,446.0 REF
5.87 (INTRUSION) \ | ;
20438——¥_—;— ‘-.\ e :
2,431.08 — £ "J
‘ 2,429.48 -c—-:—-l—-—
4 ' 1-' 0 o -
20427.83 2,427.13 (DYNAMIC) 1

/ / v., 79.64 (DYNAMIC) X 1289.34

T

L
|

CAMERA (DYNAMIC)
SAMER Yo 80.14 Xg 1290.29 Xo 1307
! Y0 83.72 Xo 1301.87
Xg 1302 (PAYLOAD
Yo 0.0 DYNAMIC ENV)
90-INCH RADIUS Z,400.0 ,
PAYLOAD DYNAMIC ENVELOPE
STARBOARD SIDE SHOWN
(PORT SIDE OPPOSITE)
LOOKING AFT

Jigure 3.1.2.1.4-1 Payload Clearance &nvelope Instrusions
(Sheet 2 Of 8)
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.372

1M

89.7R REF

/ MEC
250 -
3

‘-96* 7-
89.7R REF

6.ADDIAMAX
ACTIVE BEEL FITTING ENVELOPE
I wmn_n INTRUSION

- ."’,I,,,,I,/ — - s o

. N andi -
AL AVARRAR T AV B AR B R - — —

437 t

PASSIVE KEEL FITTING
ENVELOPE INTRUSION

ViBiCC

KEEL BRIDGE FITTING OVER WING
+ BOX TYPICAL BETWEEN:

ZONE A 1150.0 TO 1198.50
ZONE B 1198.50 70 1240.60.
JONE C 1240.60 TO 1258.00

Figure 3.1.2.1.4-1 Payload Clearance Envelope Inatrusions
(Sheet 4 Of 8)
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/—-~‘ Yo 71.5

2, 448.0

»

TV CAMERA ]

Y, 41.7
¢ oucT

™ TV CAMERA LOCATION

2,468.25

180.0 —7
DIA REF

R
i
|

- 2,400

/

F——f———f—

Z,330.0
2,309.7

DUCT §

VIEW LOOKING FWD AT FWD BULKHEAD (X, 576)
(TV CAMERA & PURGE DUCT LOCATIONS SYMMETRICAL ABOUT §)

+ X, 576

..1_

1.5
— Xg 579 FWD CLEARANCE ENVELOPE (REF)

4.5DIA
INFLATED ™ — - X, 582 FWD PAYLOAD ENVELOPE (REF)
MAX DYNAMIC { REF o
INTRUSTION MAX POSSIBLE
DEFLECTED SHAPE

VIEW E-E
FORWARD BULKHEAD PURGE MANIFOLD

Figure 3.1.2.1.4-1 Payload Clearance Envelope Instrusions

(Sheet 5 Of 8)
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ccrv
- — Xg576
0.00 DIA DYNAMIC ENVELOPE
18.00 DIA STATIC ENVELOPE
Xo 589 PAYLOAD DYNAMIC
17:00 ENVELOPE
I
|
VIEWF-F
' -~
/
ccTv
. \\/- 80-INCH RAD PAYLOAD DYNAMIC ENVELOPE
2,448
33° (REF)
2,400 : l

PORT SIDE SHOWN
(STARBOARD SIDE OPPOSIDE)
LOCKING FWD
(TV CAMERA ROTATED TO SHOW WORST CASE CONDITION)

Jigure 3.1.2.1.4-1 Payload Clearance Cnvelope Istrusions
(Sheet 6 OFf 8)

ICD-2-19001 3-20



STATIC

Yo 69.78 (31.25° WEDGE)
Yo 70.76 (25° WEDGE)

Yo 74.12(10° WEDGE)

CCTV STATIC
.ENVELOPE
(8.95-INCH RAD REF)

20461.24 (31.25° WEDGE)
5 462.36 (25° WEDGE)
2 464.60 (10° WEDGE)

INTRUSION: /
(SEE SHEET 8 OF 8)

2, 446.00

WEDGE CARGO BAY DOOR

SHOWN CLOSED

90.00R

Z,400.00 _{L/ —_— AN
Y, 0.0 SECTIONG-G
o~ RMS ELBOW CCTV IN STOWED POSITION
X 936.20 THRU X 966.20

Jigure 3.1.2.1.4-1 Payload Clearance Enuvelope Instrusions

(Sheet 7 Of 8)
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31.25°
WEDGE

25°
WEDGE

10°
WEDGE

NOTE:

1CD-2-19001

STATIC

CAMERA
TANGENT
90" R ENV.

0.04
(CLEARANCE)

1.48
(CLEARANCE)

5.52
(CLEARANCE)

INTRUSION

CAMERA
PERPENDICULAR
TO 90" R ENV.

6.11
(INTRUSION)

4.63
(INTRUSION)

0.63
(INTRUSION)

The 25° wedge will be standard.
will require special evaluation by NASA/JSC.

Jigure 3.1.2.1.4-1 Payload Clearance £nvelope Instrusions
(Sheet 8 Of 8)

CAMERA
TANGENT

TO 90" R ENvV.
- 3.95

(INTRUSION)

2.52
( INTRUSION)

1.54
(CLEARANCE)

DYNAMIC

CAMERA
PERPENDICULAR
TO 90" R ENV.

10.1
(INTRUSION)

8.63
(INTRUSION)

4.61
(INTRUSION)

Use of the 10° and 31.25° wedges
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!

EXTEND 70 Z, 515
FOR DOCKING

2,458
(MAXIMUM)

ICD-2-19001

|

, DOCKING
/ MODULE

~
NN

A\

3-23

NOTE: DIMENSIONS IN INCHES

FIGURE 3.1.2.1.5.3-1 DOCKING MODULE LIMIT ENVELOPE

48INTERNAL
/ DIAMETER !

w}m |
. 27,3579
Pid !
[}

7




X578  Xo618
| ; _L—T'o'z.am 15
5 A?’ N ] =+

2,3579

{ g ORB TUNNEL ADAPTER
L] e HATCH MECHANISM
= A enveLore

rr-w

6.00—{ |l

Xg 660

46.56 DIA,

VIEWB-8

FIGURE 3.1.2.1.5.4-1 AIRLOCK/TUNNEL ADAPTER LIMIT ENVELOPE
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X942 Xo STA

Xo STA 1385
576 CLEARANCE ANGLES
Xo STA 1307
180°
FIELD
OF VIEW
: N\
\
\ 429.5
£ : | Z 438
P ’
2
|
: T
]
LATERAL FIELD OF VIEW

FIGURE 3.1.3.1-1 CARGO ELEMENT FIELD OF VIEW
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Jigure 3.1.3.2-1 Cargo Bay Lighting and JV Camera JLocations
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ATTACHMENT LOCATION

FIXTURE CENTERLINE

! ! ' !
: ! ' :
! ! Xo ! Side ! Yo ! Z, !
! ! ! ! ! !
! ) 576 ! Aft ! 0 ! 484 .2 !
! Lights ! 750 ! Forward ! 56 ! 325.2 !
! ! 750 ! Aft ! -48 4 320.0 !
! ! 979.5 ! Forward ! 54.3 ! 323.9 !
! ! 979.5 ! Forward ! ~54.3 ! 323.9 !
! ! 1140.67 ' Forward ! 56 ! 324.9 '
! ! 1140.67 ! Forward ' -56 ! 324.9 '
! ! ATTACHMENT ! LENS EXTREME ! CAMERA CENTERLINE !
! ! BULKHEAD ! POSITION** ! ——— '
! Bulkhead ! Xo ! Xo ! Yo ! Z, !
! TV ' ' ! ! '
! Camera ! 576 ! 598 ! 11.5 ! 446 '
!Locations ! 576 ' 598 ! -1.5 ! 446 '
! ! 1307 ! 1285 ! 87 ! 446 '
! ! 1307 ! 1285 ! -817 ! 446 !
! ! Camera Centerdine !
! { ‘ !
! X ! Y 1Z, (Lens Extended) !
! ! { ! f
! Keeb TV Camera ! 789.73 ! -1.4 ! 316.14 !
! 72 JLocations ! { -1.4 f 316.14 !
! ! { -1.4 ! 316.12 !
! ! 1124.07 ! -1.4 ! 316.14 !

** Represents static position only, dynamic position could be one
inch inboard of static position.

Jigure 3.1.3.2-1 Cargo Bay Lighting And TV Camera Locations
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END EFFECTOR
k}l Xo = 1307 Xo = 1307 R}J WRITS TV
Yo=87 Yo = -87 CAXME%RA
Zp = 446 2o = 448 {FIXED)
PANITILT PANTILT _ S LGHT
TVILIGHT
BRACKET
X KEELNO.4
o oPTIONS Ry
RMSARM — 2 LOCATIONS, ONE AT WRIST, Zo = LINER
ONE AT ELBOW LEVEL
BULKHEADS ~ 2 OPTIONS ON EACH 4 .
BULKHEAD, 4 TOTAL
LOCATIONS l
KEEL — 72 TOTAL POSSIBLE LOCATIONS KEELNO. 3
PAYLOAD  — UNIQUE OPTION(S) AS Xo=102.3
REQUIRED “Z{:- e ELBOW CAMERA
LEVEL WITH PANITILT
J': KEELNO. 2
Xo = 902
' Yp=-14
Zo = LINER
LEVEL
T X NS0, PORT AMS
Yo --14
Z, = LINER
LEVEL
' SHOULDER ATTACH
CENTERLINE Xq = 679.5
— T 0
STARBOAR g
ST CARD ] EVA TV CONNECTOR
CONNECTOR Xo = 576 Xo = 576
Yo = 71.5FWD Yo=T715
2o = 446 2o ~ 446
PANITILT PANITILT

Jigure 3.1.3.2-1 Cargo Bay Lighting And TV Camera Locations
(Sheet 3 Of 3)
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3.2 INTERFACE LOCATION AND DIMENSIONING

3.2.1 Physical Interface Locations. Shuttle Orbiter/Payload physical interface
locations shall be in accordance with Figure 3.2.1-1. Standard payload
electrical interface accommodations are available only at the cargo element end
of Standard Mixed Cargo Harness (SMCH) cables in the cargo bay. Other
electrical interfaces shown in Figure 3.2.1-1 are not directly available to
cargo elements, but non-standard cables to the cargo element(s) can be provided
from these interfaces. Connector and pin assignments definition of the majority
of these accommodations are given in Section 13.0.

3.2.2 Dimensions And Tolerances. Unless otherwise specified, all linear
dimensions are in inches, all angular dimensions are in degrees, and the
tolerances for these are as follows:

Decimal: X.X =+ 0.1
X.XX =+ 0.03
X.XXX = + 0.010

Fractions: + 1/16

Angles: +0° 30’

ICD-2-19001 3-29



(1°c°¢ vuve) sanmaiviry

TINLNNLS OVOUV/NILING
g S

ey

(€) 100145 39uny omouye . 05°596%

e oo

NN o) 1y -
Ivaaung e1nd ony TNOIS ¥InDd

2001% . 43uno sang 8!..\

1BV W0 s
HMROVIING . .
soot-al sea’ WG 3V
SNOJLVOONNOOY 3WVD WIlu2313 04~ 9% AWans 2u/éo ey LAN00) vaoNMION3 1yan
. / £09% — ' \' i
i I
W § eSS . — //
‘ 2
0 WL p .o ¢ 13ms 3
W03 ¥ Wsls iy — . wacine sis’y
. -* i .

™mnien (y-1) ew“._.«u

SOLW0Y TUY W1 ervomvys /'\

sv9’x

Ve DIAN3S wanog WM

(Sheet 1 OF 4)

Jigure 3.2.1-1 Shuttle Orbiter Payload Physical dnterface Locations

3-30

ICD-2-19001



‘eld $9°12 SI WNI0A GILVIIA3A QYOTAVd WIOL °2

-

*2ld S°S SI V3IUV 3JvIunS T3NVd WNOILIOGY °03SS3DIY ATINJ 38 LSAW SIIVAYNS 3SIHL NO
SININOJWOD 7TV °Y3HV T3INVA TWHON 40 HLAIO SIHINI (9) XIS 40 3INVMOTIV WINDI¥ SIT0SNOD

ANIWAIND3 33UHL 40 SIIVAUNS QYVOSNI NO STINVA 290 03LvIIA3A GVOIAVd IWNOILIGQY LSS

GN3931 °T

(0301408 Y¥3118W0)

434409 SWINIL €14 €°T SIVADI NOLLVLS OVOAVd Tand NoLinatmsie
AvL 3WIN AOT30 NI0A G3L¥1030 VO AV
ovoTvd AvdL JUIN OVOTAVd

(T°1°1°9°€ vivd 43N)
¢l4 92°L1 STVNDI WNT0A
031v21030 QvOlAvd
$$3I0SN0D 319VAOKIN

(y°1°9°C vivd 33u)

NOILVLS QvOlAvd :.ﬁ.u%:
NOT1VLS
NOISSIM
aﬁlN.'Q.ﬂc'oﬁ
M FIF )

13vd NO1ANAlY¥LISIa

NOLLYLS OVOTAVd ¢L3 €°T SWADI JNT0A

031v31030 Qv0Avd

(0301A08d ¥3118¥0)
W € 13Nvd NOLINGTYISIO LISNO NO

€14 E1°2 STVNDI MNI0A \

214 89°C Svnd3 vaw

(C°1°v°C vuvd 13¥)
VIW 13NVd 031VI1030 OVOIAVd NOI1VLS LISHWO-NO

(Sheet 2 Of 4)

Jigure 3.2.1-1 Shuttle Orbiter Payboad Physical dnterface Locations—
Aft Fbight Deck General Arrangement

3-31

1CD-2-19001



(1°1°2°1°¢ Vivd 33v)
3d013ANI QV0AVd
(43u) via ost

SNOLLVGOHNODOV»
318y) Wonio3a| .-

S_(omx(hm/
"

GUVMY04 ONINOOT MITA

QUv0aYYLS

60°2+9

S30Vd 2 VId S5°2
(¥°2°€°c Vivd 334) WILSAS
NOLLVZITLIAIY ¥IV

N

Y0074 N

A0V

* (6€° L6c°2

SINIOd HOVLLY AT8WISSY,
278v2 WIINLI313

TINVd IJTAY3IS T041INOI
¥ IWNOIS QuvOoayviS

SMOONIM

o L] \ Qs ]
| AL
T._n.-l\.ﬁ,,..-llna.snm SNOILVOOWWOJOY 378V
J : _ © WII¥LI313 Lvod
_" _ _ 4 “
<) ._ m { |
o - {1 00v’z .
= |
8 .
' SINIOd HOVLLY AI8W3SSY
‘ \ 378v) WOI¥193 W3
40014 ,
¥730 1H9IN4 ’ : _

STINVd 3DIAY3S
T04LNOD ® TVNOIS L¥0d

Physical Interface Locations-

Xo 576 Bubkhead

(Sheet 3 Of &)

Jigure 3.2.1-1 Shuttle Orbiter Payload

3-32

1CD-2-19001



00°92-%2 00°¥9

\

14V SNIA00T A3IA

3

9, N_\.z-,:. IR N

AN

00° y°A

009

/

SINIOd HOVLLY

(081) STINvd 13

. GOVOUVd /

SNOLLVOOMWOOV 378VD
Niaan s —" |

00y="2

ASSV 318V) WOI¥LI3NI

(£°€°c°¢ Vivd 43v)

\| oN1700) 359
" swortvoowov 3w
WOIULIITI CHVOGHVS

wo.mmnon

3Nvd \
TINLIITNI 1u0d

3d0T3ANT JIWVNAG 9
TWIIHL (43¥) viQ o8t

/ (ge1) 1Invd

Y3IZ101X0 QVOAVé

* 13Nvd
TWIIYLIATI GYVOaNYLS

Xo 1307 Bubkhead
(Sheet 4 Of 4)

Jigure 3.2.1-1 Shuttle Orbiter Payload Physical dnterface Locations-

3-33

1CD-2-19001



THIS PAGE INTENTIONALLY LEFT BLANK

ICD-2-19001 3-34



3.3 PAYLOAD BAY

3.3.1 Orbiter/Payload Structural Attachments. Payloads/ Payload carriers shall
be supported in the cargo bay on payload trunnions extending beyond the payload
envelope in the +Y, directions at Z, = 414 and in the minus Z, direction at

Yo = 0. The trunnions shall be free to slide axially through split
self-aligning bearings contained in Orbiter attach fittings defined below, which
in turn shall be supported on bridges at the sides of the cargo bay (longerons)
and the bottom of the cargo bay (keel). The bridges shall distribute the loads
to Orbiter structure. The trunnion/bearing surfaces shall be the interfaces
which transmit loads between the Orbiter and the Payload.

The design concept for payload retention at the longeron shall permit Stabilizing
Fittings to carry only Z-Z loads by sliding fore and aft on the longeron bridge
cap relieving X-X loads, while the payload trunnion is free to slide through the
bearing relieving Y-Y loads. Insertion of shear pins between a longeron
retention fitting and the bridge converts it to a Primary Fitting, which shall
carry X-X loads in addition to Z-Z loads. The keel fitting shall carry only Y-Y
loads from the payload keel trunnion which is free to slide in the bearing
relieving Z-Z loads; the fitting is free to slide on the keel bridge in the X,
direction, thus relieving X-X loads (Auxiliary Fitting) or can be pinned to the
keel bridge to carry X-X loads. Only the payload attachment fittings required
for a particular flight will be installed.

a. Payload 4-Point Statically Determinate Installation. Figure 3.3.1-1 depicts
a 4-point statically determinate installation concept. Two opposite longeron
primary fittings shall react both X-X and Z-Z loads. A single stabilizing
fitting, installed on either side of the Orbiter, shall carry only Z-7
loads. 7The stabilizing fitting may be either forward or aft of the primary
fitting. The auxiliary fitting, at the keel, shall react only Y-Y loads.

b. Payload Statically Indeterminate Installation. Use of a statically
indeterminate installation shall not be precluded provided the resultant
loads are compatible with the Orbiter capability. Figure 3.3.1-2 presents a
simple 5-Point statically indeterminate installation. Two opposite longeron
primary fittings shall react both X-X and Z-Z loads. Two opposite longeron
stabilizing fittings shall carry only Z-Z loads. The stablizing fittings may
be either forward or aft of the primary fittings. The auxiliary fitting at
the keel shall react only Y-Y loads.

c. Payload 3-Point Statically Determinate Installation. Figure 3.3.1-3 depicts
a 3-point statically determinate installation. Two opposite longeron primary
fittings shall react both X-X and Z-Z loads. The auxiliary fitting at the
keel shall react both X-X and Y-Y loads.

3.3.1.1 Attachment Point Locations and Constraints. The Orbiter shall provide
the attach points located by nominal X,, Yo and Z, coordinates as listed in

Table 3.3.1.1-1. This table details those longeron attach points which may be
used for active and passive longeron fittings defined in Paragraph 3.3.1.2, and
the limitations on their use. It also details those keel attach points which may
be used for the active and passive keel fittings, defined in Paragraph 3.3.1.3,
and the limitations on their use. Further limitations on the availability of
specific attach points due to 1imits on trunnion deflections are presented in
Paragraphs 3.3.1.2.3 and 3.3.1.3.2 for longeron and passive keel fittings,
respectively.

1CD-2-19001 3-35



3.3.1.1.1 Attachment Point Location Tolerances. The Orbiter longeron and keel
attachment point location tolerances shall be as defined in Figure 3.3.1.1.1-1,
Jhese attachment tolerances include Orbiter manufacturing and assembly tolerances and

the effects of Orbiter structural hysteresis. The attachment deflections due to Orbiter
thermal and mechanical boading is discussed in Section 4.1.2. Point "A" is shown as

the primary fittings, Point "B" is at the stabilizing fitting and point “C" is at
the keel fitting. Tolerances associated with points "A", “B* and “C" shall be
applicable to: 1) Statically determinate or indeterminate cargo element
suspension system, 2) Cargo elements which have their primary fittings at point B
and their stabilizing fittings at point A, and 3) Keel locations independent of
primary/stabilizing fittings. Points A, B and C shall be taken as nominal
locations. Actual locations of each of these points shall fall within the
tolerance envelope specified from its nominal location.

3.3.1.2 Longeron Attachment Interface. The design concept for the longeron
attach fitting interface is a nominal 3.245-inch diameter (82.42mm) smooth
trunnion on the payload which mates with a split bearing retained in a housing
(attach fitting) on the Orbiter longeron. The payload-to-Orbiter interface will
be at the trunnion-to-bearing surface. The attach fitting will be furnished by
the Orbiter. : :

3.3.1.2.1 Attach fitting for Non-Deployable Payloads. The mechanism for
attachment of non-deployable payloads shall be as presented in Figure
3.3.1.2.1-1. This mechanism shall be capable of attaching all statically
determinate payloads. It shall also be capable of attaching statically
indeterminate payloads which have no longeron trunnion more than 0.412 inch out
of the X-Y plane formed by the other three. For such ¢ redundant payloads, with
each trunnion on a separate bridge, the center of the bearing of each longeron
attach fitting due to Orbiter manufacturing tolerances shall be within 0.177 inch
of the plane through the centers of any other three longeron attach fittings.

For the case of Z redundant payloads with two trunnions on the same longeron
bridge (each side of the cargo bay), the out-of-planarity Orbiter tolerance will
be within the root-sum-square of 0.030 inch and 0.174 inch times the ratio of the
trunnion spacing to the respective bridge span length.

The attach fittings shall be capable of pulling the trunnions in line with the
attach fittings. The force applied during installation to bring the trunnions in
line with the attach fittings shall be determined by the Root-Sum-Square (RSS) of
Orbiter and payload planarity errors due to manufacturing tolerances and by the
payload stiffness. This preload shall be combined with the flight loads and
assessed against the strength capability of the Orbiter as defined in Appendix I.

The torque imparted to the payload in latching an out-of-plane longeron trunnion
will cause the longeron trunnions to deflect in the +Y direction and can cause
the keel trunnion to deflect in the -Z direction. See Appendix X Por the bimits on
these deflections.

3.3.1.2.1.1 Longeron Trunnion for Non-Deployable Payloads. The longeron
trunnion for non-deployable payloads shall be as defined in Figure 3.3.1.2.1-1.
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3.3.1.2.2 Attach Fitting for Deployable Payloads. The mechanism for deployment
and retrieval of payloads shall be as presented in Figure 3.3.1.2.2-1. It shall
contain an alignment guide and a payload trunnion latch to secure the payload;
the trunnion latch shall be operated by an electromechanical actuator. 7o more
than two latches shafl be actuated simubtaneously. The mechanism shall be capable of
deploying and retrieving statically determinate or indeterminate payloads.

3.3.1.2.2.1 Payload Alignment Guide. The active attach fitting defined in
Figure 3.3.1.2.2-1, provides for use of alignment guides extending 8, 16, 22 or 22
inches above the attach point centerline. The 24 inch alignment guide shall
have both left-hand and right-hand versions and shall be installed in the cargo
bay with the higher guide on the far side of the fitting from the viewing
position. Alignment guide heights selected for specific attach points shall be
in accordance with Table 3.3.1.1-1.

3.3.1.2.2.2 Longeron Trunnion for Deployable Payloads. The longeron trunnion
for deployable payloads shall be as defined in Figure 3.3.1.2.2.2-1. The scuff
plate shall interface with the inboard surfaces of the alignment guides to
restrict motion in the +Y, directions and thus preclude inadvertent contact
between the cargo element and Orbiter structure during installation or retrieval
into the cargo bay.

3.3.1.2.3 Payload Longeron Trunnion Y, Travel. Maximum and minimum longeron
trunnion lengths shall be limited by Orbiter structure and by combined
deflections of the Orbiter and the payload as defined in Paragraph X.1. To
prevent excessive deflections in the trunnion Y, direction from resuiting in
Payload/Orbiter structural interference, the payload design shall incorporate
features that will make initial contact occur against the inboard surface of
Orbiter attachment support structure.

3.3.1.2.4 Longeron Trunnion Spacing. Minimum allowable longeron trunnion
spacing for vertical installation/removal of cargo elements shall be in
accordance with Figure 3.3.1.2.4-1.

3.3.1.3 Keel Fitting Interface. The Orbiter shall provide either an active or a
passive keel fitting for each payload/carrier. The active keel fitting shall be

capable of capturing and releasing the payload keel trunnion, both on the ground

and in flight; the passive keel fitting shall not have this capability.

3.3.1.3.1 Active Keel Fitting Interface. Payloads using the active keel fitting
shall provide a keel trunnion in accordance with Figure 3.3.1.3.1-1. The
interface between the active keel fitting and the payload keel trunnion shall be
in accordance with Figure 3.3.1.3.1-1.

3.3.1.3.2 Passive Keel Fitting Interface. The passive keel fitting shall be
used only for payloads which are installed with the Orbiter in the horizontal
position and shall not be used in lieu of the active keel fitting for payload
deployment or retrieval. Payloads using the passive keel fitting shall provide a
keel trunnion in accordance with Figure 3.3.1.3.2-1. The interface between the
passive keel trunnion and the passive keel fitting shall be as shown on Figure
3.3.1.3.2-2. Current hardware procurement plans do not include use of passive
keel fitting by payloads other than Spacelab configurations using keel points
deleted by active keel baseline change.
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3.3.1.4 Ground Handling at KSC. Cargo elements maybe installed in the orbiter
with the orbiter in either a horizontal or vertical attitude. All cargo elements
shall be capable of being removed from the orbiter in a vertical attitude. For
two flight longeron payloads, appropriate GSE (such as a ground handling
trunnion) will be provided to facilitate ground handling for horizontal and
vertical installation and removal.

3.3.1.4.1 Horizontal Cargo Element Installation and Removal. A clearance
envelope at the longeron trunnion interface shall be provided for horizontal
cargo element installation/removal operations in accordance with Figure
3.3.1.4.1-1. GSE end caps on longeron trunnion for cargo element horizontal
installation/removal operations shall be in accordance with Figure 3.3.1.4.1-2.

3.3.1.4.2 Vertical Cargo Element Installation and Removal. A clearance envelope
at the longeron turnnion interface shall be provided for vertical cargo element
installation/removal operation in accordance with Figure 3.3.1.4.2-1.

3.3.2 Standard Interface Panel (SIP). Standard Interface Panels (SIP), located
on the port and/or starboard sides of the Cargo Bay, shall provide interface
provisions for the Standard Mixed Cargo Harness (SMCH), add-on black boxes,
unique connector panels, structural support and clamps for cables and the Payload
Active Cooling Kit (PACK). The relbationship of the S9P to the element within the Cargo Bay
shall be as shown in Figure 3.3.2-1 for bridge and Adaptive Pagload Carrier (APC) mount
configuration.. For electrical interface definition refer to Section 13.0,
specifically Figures 13.3.1.1-1, 13.3.1.2-1, 13.3.1.3-1. and 13.3.4-1. Jor PACK
interface definition, refer to Section 3.3.5.2, specifically Figure 3.3.5.2-1.

3.3.2.1 Standard Mixed Cargo Harness - Standard Interface
Panel (SMCH-SIP). SIP, with a SMCH Interface Panel Installed (SMCH-SIP), shall
be the electrical interface between the Orbiter and the Cargo Element.

3.3.2.1.1 Port SMCH-SIP Connector Panel. The port SMCH-SIP connector panel
shall be as shown on Figure 3.3.2.1.1-1.

3.3.2.1.2 Starboard SMCH-SIP Connector Panel. The starboard SMCH-SIP connector
panel shall be as shown on Figure 3.3.2.1.2-1. The starboard SMCH-SIP connector
panel shall provide cut-outs for additional connectors and one spare power
connector. Connector cut-outs and spare power connector are available for cargo
element use as defined in cargo element unique ICD's.

3.3.2.2 SMCH-SIP Connectors and Cargo Element Supplied Harness. A1l SMCH-SIP
connectors shall consist of socket (female) contacts for interfacing with the
SMCH cables and pin (male) contacts for interfacing with cargo element supplied
cables. Cargo element supplied cables shall extend 48.0 +3.0, -0.0 inches beyond
their departure from the cargo element structure, and either be hardwired to the
cargo element or shall terminate in pin (male) contacts for interfacing with the
cargo element. The departure point for the cargo element supplied cables shall
be no more than 18 inches from the Orbiter sill.

3.3.2.2.1 Wire Harness Installation. Cargo element supplied wire harnesses
shall be installed in accordance with MIL-W-5088. Wire harness installation and
routing from the cargo element to the SMCH-SIP shall be a STS function. Wire
harness departure from the cargo element structure shaf® be in the forward direction
and shafl be as shown in Jigure 3.3.2-1.
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3.3.2.3 PRLA Power lnterface Panel. The PRLA Power Interface Panel shall be STS
supplied as shown in Figure 3.3.2.3-1. It shall be mounted on Standard Interface
Panels (SIP). Pin function assignments are as shown in Table 13.6.1.2-7.

3.3.3 Non-Standard Electrical Interfaces (9ndependent of SMCH). MNon-standard
ebectrical interfaces shafl be bocated at Xo 576, Xo 1307, Xo 603, Xo 645, and Xo 1203 as
shown on Jigures 3.3.3-1 thru 3.3.3-9. 9nterfaces for Get-Away-Special (GAS) payloads and
retention system power as shown on Jable 3.3.3-1. These interfaces shall not
normally be used by a cargo element except as a non-standard service as defined
in cargo element unique ICD's.

3.3.4 Fluid and Umbilical Panel Interfaces. Cargo element usage of the
atmospheric revitalization interface (Figure 3.3.4-1), gN, purge

interface (Figure 3.3.4-2), payload heat exchanger, 03/N; supply interface
(Figure 3.3.4-3), payload purge spigots (Figures 3.3.4-4 and 3.3.4-5), mid-body
pre-launch umbilical panel (Figure 3.3.4-6), and (T-4) umbilical panels (Figures
3.3.4-7 and 3.3.4-8), and payload active cooling kit (PACK) interface (Figure
3.3.5.2-1) shall be accomplished by installing cargo element supplied wiring
and/or fluid lines in accordance with Paragraph 3.3.5.

3.3.5 Midbody Attachment of Cargqo Element Wiring, Fluid Lines and Other
Lightweight Airborne Support Equipment (ASE).

3.3.5.1 Electrical Cable Accommodations. The Orbiter shall provide wire trays
along the sides of the Cargo Bay, extending from the connector panels at X, 603
to those at Xo 1203, in accordance with Figure 3.3.5.1-1. The Orbiter shall

also provide for egress of SMCH and cargo element provided cables from the wire
trays, as required, without physical interference with installed cargo elements.

3.3.5.2 FHuid JLine Accommodations.

3.3.5.2.1 Payload Active Cooling Kit (PACK). Cargo elements requiring active cooling
sha? utibize the PACK. IJhis kit provides secondary structure, hardware, insulation, and the
generic portion of the coolant supply and return lines between the Payload HNeat &xchanger
9nterface at Station Xo 636 and the PACK Snterface at the SIP Structure.

TFhe PACK is designed for a wet mate (quick-disconnect interface) and accommodates
vertical instaflation of the Cargo efements.

Payloads will provide Plex-fines to mate with SIS provided quick-disconnects as shown in
Figure 3.3.5.2-1. The flex-dines shall provide a 0.75 inch OD rigid tubing segment for a
minimum of 4.85 inch to accommodate SIS provided clamping. Payload support of the
Plex-Lbines shaf? be in accordance with Paragraph 3.3.5.3.

3.3.5.3 Power, Signal and Fluid Interfaces at Cargo Elements. The cargo element
shall provide power and signal cables, as required, to mate and demate with the
SMCH-SIP connectors. The cargo element shall provide support for fluid lines and
power and signal cables on their side of the departure point with adequate
allowance for mating and demating of connectors. The cargo element shall provide
cable and fluid line support, as required, such that there shall be no
unsupported lengths of cables or fluid lines greater than 18 inches.
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3.3.5.4 Midbody Scar. The Orbiter shall provide scar in the midbody for the
attachment of cargo element hardware at locations shown in Figure 3.3.5.4-1.
Load carrying capability shall be such that a ten pound weight can be carried at
each scar location simultaneously. Use of this scar by each cargo element shall
be limited to that specified in its unique ICD.

3.3.6 C(Cargo-to-Orbiter Electrical Bond. Each cargo element shall provide a
cargo-to-orbiter electrical bond in accordance with Paragraph 3.3.6.1, 3.3.6.2,
or 3.3.6.3 unless otherwise specified in the cargo element-unique ICD. A1l
electrical bond interfaces shall conform to requirements specified in Paragraph
10.7.4.2.

3.3.6.1 Primary PL Bus Connector Bond. The PRI PL BUS connector bond is defined
to be the main Orbiter-to-Cargo power interface and shall be accomplished by a
single wire in the power connector, as specified in Paragraph 10.7.4.2.2.1.1.

3.3.6.2 Cargo-to-Orbiter Bond Strap. o lieu of the power connector bond, the
Cargo-to-Orbiter bond strap shall be SIS-provided (as an optional service) and shabl

be connected between Orbiter structure and cargo ground stud provisions. Orbiter ground
stud provisions are defined in Jigure 3.3.6.2-1. This bond shat® meet the appropriate bond
class requirements of Paragraph 10.7.4.2 and shal® have Pess than or equal to 0.25 milliohms
at each junction of the faubt current interface. The specific implementation of this interface
shall be defined in the payload unique 9CD.

3.3.6.3 Cargo-To-Orbiter Static Bonding At The Keel Trunnion. Cargo-To-Orbiter
static bonding shall be provided through the Orbiter keel latch bonding assembly
establishing and maintaining contact with the cargo element keel trunnion. Keel
bonding characteristics shall be as specified in Paragraph 10.7.4.2.2.5.

3.3.7 Payload Purge Spigots. The payload purge spigots interface shall be in
accordance with Figure 3.3.4-4 and 3.3.4-5.
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Jable 3.3.1.1-1 Attachment Point Locations and Constraints*

!Number!

!Number!
]

Xo ! Keel Fitting ! Longeron Fitting !
________ ! ] '
i 1wk ) E ' ' ;
(Inches)!Active!Passive!Notes! .dctive ! Passive (Motes'
] | S ] ] [] | R, ]

612.73 ! (13) ! (13) ! ' ! ! !
616.67 ! x ! x ! ! (3,7,9) ! (3) ! !
620.60 ! x ! x ! !(3,7,9) ! X ! !
624.53 ! Yary ! (3,7,9) ¢ (9) ! !
628.47 ! ! ! ! (3,7,9) ! X ! !
632.40 ! ! ! !(3,7,9) ! X ! !
644.20 ! ! ! !(3,7) ! X ! !
648.13 ! ! ! !(3,7) ! X ! !
652.07 ! ' x !} ! (3,7,10)¢ (10) ! !
656.00 ! x ! x ! ! (3,7,10)! (10) ! !
659.93 ! x* ! x ! ! (3,7,10)! (10) ' !
663.87 ! x ! x ! ! ! ! !
667.80 ! x ! x ! ! ! ! !
671.73 ' x ' x ! ! ! ! !
'675.67 ! x !} x ! ! ! ! !
679.60 !(1,11)! (1) ! ! ! ! !
699.27 ! ! ! ! (3,6) ! X ! !
703.20 ! ! ' !o(6) ' X ! !
707.13 ! ! ! !o(6) ! X ' !
m.oz ! (1) + x ¢ !X ! X ! !
715.00 ! «x ! X ! ! X ! X ' !
718,93 ¢! x ' x ! !(5) ! X ! !
722.87 ! x ' x ! Y(5) ! X ! !
726.80 ! x ! x ! !o(5) ' X ' !
730.73 ! x ! x ! ! (3,5) ! (3) ! !
734.67 ! x ' x ! ! ! ! !
738.60 ! ox ! ! ' ! !
742.53 ! ! ! ! ! (3) ! !
746.47 ! ! ' ! ! (4) ! !
7158.27 ! ' ! ! (3,4,5) ! X ! !
762.20 ! ' ! Yo(5) ! X ! !
766.13 ! Yy ! to(5) ! X ! !
770.07 ! x ' x ! !(5) ! X ! !
774.00 ! x ' x ! !oex ! X ! !
777.93 ¢ x ' x ! !X ! X ! !
181.87 ! x ' x ! !(10) ! (10) ! !
785.80 ! x ! x ! ! (10) ! (10) ! !
789.73 ! x ! x ! Y(5) ! X ! '
793.67 ! (1) ¢! x !(5) ! X H !
797.60 ! ! ! !(5) ! X ! !
801.53 ! ! ! ! (3,5) ! X ! '
813.33 ! ' ' Y(3) ! X ! !
817.27 ! ! ! !oox ! X ! '
821.20 ! ' ()} Yoox ! X ' !
825.13 ! (1) ! x ! !X ! X ! !
829.07 ! «x ! X ! ' X ! X ' !
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Jable 3.3.1.1-1 Attachment Point Locations and Constraints*
(Continued)

254 !
255 !
256 !
257 |
258 !
259 !
260 !
261 !
262 !
263 !
266 !

'
]
T T :
!Active!Passive!Notes! Adctive ! Passive [Motes
—— ] | I— ] ] H ]
833.00 ! «x ! X ! ! X ! X '
836.93 ! x ' X ' Yo10) ! (10) !
840.87 ! «x ! X ! Yoo10) ! (10) !
844.80 ! «x ! X ! ! X ! X !
848.73 ! «x ' X ! ! (10) ! (10) !
852.67 ! ! X ! Yo(10) ! (10) '
856.60 ! ! ! Vo(s) ! X !
860.53 ! ! ! ' (3,5) ! X !
872.33 ! ! ! Yo(3) ! X !
876.27 ! ' ! ! X ! X '
880.20 ! (1) ! X ! ! X ! X !
884.13 ! (1) ! X ! ! X ! X !
888.07 ! «x ! X ! ! X ! X !
892.00 ! «x ! X ! ! X ! X '
895.93 ! «x ! X ! !(3) ! X !
899.87 ! «x ! X ! ' ! !
903.80 ! «x ! X ! ! ! !
907.73 ! ! X ! ! ! !
923.47 ! ' ! ! (3,6) ! X !
927.40 ! ! ! Yoo (6) ! X '
931.33 ! ! ! ! (6,10) ! (10) !
935.27 ! Vo) ! '(5,10) ! (10) !
939.20 ! «x ' X ! Vo(5) ! X !
943.13 ! «x ! X ! '(5) ! X !
947.07 ! x ! X ! ! X ! X !
951.00 ! «x ! X ! ! X ! X '
954.93 ! «x ! X ! V(10) ! (10) !
958.87 ! «x ' X ' !(3,10) ! (3,10) !
962.80 ! «x ! X ' ' ! !
966.73 ! ' X ! ! ! !
974.60 ! ! ! ! ! X !
986.40 ! ! ! VA(3) ! X !
990/33 ! ! H ! X ! X !
994 .27 ! Vo) ! ! X ! X !
998.20 ! «x ! X ! ! X ! X !
1002.13 ! «x ! X ! ! X ! X !
1006.07 ! x ' X ! ! X ! X !
1010.00 ! «x ! X ' ! X ! X !
1013.93 ! x ! X ! Vo(5) ! X !
1017.87 ! «x ! X ! Yo(5) ! X !
1021.80 ! «x ! X ! V(%) ! X !
1025.73 ! «x ! X ! Vo(9) ! X !
1029.67 ! ! X ! !(10) ! (10) !
1033.60 ! ! ! '10) ! (10) !
1037.53 ! ! ! Yo(3) ! X !
1049.33 ! ' ! Yo(3) ! X !
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Jable 3.3.1.1-1 Attachment Point Locations and Constraints*

(Continued)
!Number! X, ! Keel Fitting ! Longeron Fitting
1 ] ] ]
; i i 1ok : ' ' .
‘Number!(Inches)!Active!Passive!Notes! Adctive ! Passive (Notes!
] ] ] | [ 1 1 [
' 267 !'1053.27 ! ' d ! X ! X !
! 268 !1057.20 ' (1) ! x ¢ !X ! X !
!269 !1061.13 ! x ! x ! !X ! X !
1270 !1065.07 ! x ! x ! 'ooX ! X !
2711 !1069.00 ! x ! x ! !X ! X !
1272 !'1072.93 ! «x ! X ! ' X ! X !
' 273 !1076.87 ' (1) ! x ! Yo(5) ! X !
! 274 !1080.80 ! ! ! ! (3,5) ! X !
' 277 11092.60 ! ! ! !(3,5) ! X !
! 278 1!1096.53 ! ! H Q10) ! (10) !
! 279 !1100.47 ! ! ! !10) ' (10) !
! 280 11104.40 ! ! ! !(10) ! (10) !
! 281 !1108.33 ! x ! x ! ! X ! X !
! 282 !1112.27 ! «x H X ! Yo (5) ! X !
! 283 111,20 x ! x b Vo(5) ! X !
! 284 1112013 ! x ! x !} !(5) ! X !
' 285 !1124.07! x ! x ! !(5) ! X !
! 286 !1128.00 ! L S 'o(9) ' X !
1287 !1131.93 ! ) ! !(5) ! X !
! 288 !1135.87 ! ! ! !o(3) ! X !
! 292 !1151.60 ! ! ! Y(3) ! (3) !
! 293 !1155.53 ! vox ! ! (8) ! X !
1294 !11159.47 ) x ! x !} !X ! X !
1295 !1163.40 ! «x ! X ! ! X ! X !
!1296 !1167.33 ' x ! x ! X ! X !
1297 NMmM.2rr o ox b ox ) !X ! X !
1298 !M175.20¢' x ¢ x ! !X ! X !
1299 !11179.13 ! ! x ! ! ! (3) !
! 304 !1198.80 ! ! H ! ! (3,10) !
' 305 !1202.73 ! ! ! ' (8,10) ! (10) !
! 306 !1206.67 ! x ! x ! bo(5,10) ! (10) !
! 307 !1210.60 ! x ! x ! !o(9) ! X '
! 308 11214.53 ! «x ! X ! V(5) ! X !
1309 !1218.47 ! x ! x ! !(5) ' X !
1310 11222.40 ! x ! X ! ! (8,12) ! X !
V311 11226.33 ! x ! X ' ! (12) ! X !
! 312 !1230.27 ! ! ! !(9) ' X !
! 313 11234.20 ! ' ! t(9) H (9) !
! 314 11238.13 ! ! ! Yo(9) ! X !
! 315 11242.07 ! ! ' to(9) ' X !
! 316 !1246.00 ! ! ! ! (3,9) ! (3) !
! 322 !1269.60 ! ! ! ! ! (3) !
1323 11273.53 ! ! ' 1(3) ! X !
! 324 !1277.47 ! ! ! ! ! X !
! ! ! ' ! ! X !

325 11281.40
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Jable 3.3.1.1-1 Attachment Point Locations and Constraints
(Continued)

Yo and Z, Coordinates of Attach Points

! Longeron: Y, + 94.0, Z, 414.00

! Keel: Forward of X, 1191: Y,
: Aft of Xo 1191: Yo

0, Z, = 305.0
0, Zy = 308.4

na
[
=t

AL NOTES:

"x" denotes attachment capability. A number in parentheses indicates
attachment capability as limited in note.

Visual observation of the payload keel trunnion/keel attach fitting interface
is required during installation of a payload using a passive keel fitting.

A 24 inch high trunnion guide may be used at all available longeron attach
points which are not referenced to Note 5 or Note 6.

AL NOTES:

The following restraints are applicable to certain attach points as referenced

i
a

1.

1CD-2

n the "Notes" column and under attachment type. They do not apply to other
ttach points.

Payload retrieval capability at this location may be margina? and must be
evaluated on a case-by-case basis by NASA/YSC (latch opening not symmetrical about
attach point Xo location in open position).

Reserved.

These Tongeron attach points may be used only for primary fittings; i.e.,
the fitting must be pinned to the longeron.

Available at port side only.

These longeron attach points are available for deployment and retrieval
operations only with an 8-inch-high trunnion guide.

These longeron attach points are available for deployment and retrieval
operations with an 8-inch trunnion guide on the RMS side and either an
8-inch or a 24-inch-high trunnion guide on the non-RMS side.

When the RMS is instalbed, these attach points are available for deployment and
retrieval operations with only an 8 or 16-inch trunnion guide on the RMS side.

Jhese longeron attach points are available with an 8 or 16-inch guide on the
stabilizing fitting and a 22 or 2a-inch guide on the primary pitting.
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Jable 3.3.1.1-1 Attachment Point Locations And Constraints
(Concluded)

SPECIAL NOTES: (Cont)

9.

10.

11.

12.

13.

These longeron attach points are not available for use when the EVA
slidewire is installed.

Trunnion lengths at these attach points shall be selected to meet the
criteria in Appendix X when trunnion spacing in the X, direction is

greater than 100 inches.

Trunnion lengths at these attach points shall be selected to meet the
critieria in Appendix X.

Utilization of this longeron attach point with the VA slidewire installed is dependent
upon selection of specific latch configuration and orientation.

Use requires a special evaluation/analysis by NASA/YSC. This bocation normally
restricted to a pinned passive pitting.
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Jable 3.3.3-1 Retention System Power Connectors Locations

! ! PORT : Starboard !Xo FOR !Xo FOR ! :
*LOCATION!(-Y0101.75; Z0410.0)! (Yo]Ol 75; 20410.0) !CONN. J1!CONN. J2!BAY!
! NUMBER !--- T T e e e !CENTER !CENTER !NO.!

! Jl J2 J1 J2 !LINE !LINE !

: : i L
R 39017-__: 29019 ! 39022 ! 9024 ! 627.24 ! 630.24 ! 1-5
g 2 ! 29021 ! 9023 g 39026 E 39028 f 642.65 5,645.65 f 2 g
I ;_—iggﬁ?___; 19052 ! 108.30 ! 709.65 : 3-5
! A1) ! 39061 ! 09063 | 9064 39066 ! T44.50 1 146, o__:_g_f
; 5(1) :—-J9073 ! 9075 ! 29078 ! 39082 ! 811.25 5 814.25 5 f
g’”é(?{";"'SSééE"';"39037 é 29094 390;;—-: 885. ;6-5 886.74 ! 6-:
f";ﬁ_;":"53555"“1"39099 -5"39103_":"35{ 1 E“:-SEZ-;;"_EEE-EE—: 7-5
L 8(1) :—-39101 :_-35103 _§~-39114 H 39116 11003.75 1005, 1;_:_5—:
:“-;*--_-:—"3;{11 -: 39113 g--Sg{Ee : 39128 11050, 46”'1051 75 :—5-:
5~1o ---: 29121 :——39123 5_ 39138 f-—Sg;;E__'11oe 15 '1109 75 :;5-:
5-1-1_ ----- :"351-55“—:"351—55"5 --3;1-;;-“3“3;;.‘;“:1160 55 -ms 75 -?1-_:
12 1 39143 ¢ 39145 | 19166 1 39168 11229.20 ';555-55-';;—'

(1) Connectors J1 at these cargo bay locations (Port/STBD) provide, in addition
to retention system power service, electrical interfaces for
Get-Away-Special (GAS) payloads.

2. For connector part numbers and pin assignments refer to Section 13.0.
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FIGURE 3.3.1-2 5-POINT PAYLOAD RETENTION SYSTEM (INDETERMINATE)
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10.0 —Yo 90.00°
A . D) — /
, [*5-0= +.000 /
TRUNNION ENVELOPE | (4 SPLIT BEARING RETAINED  2.00 - 0gs /
EXTENSION IN BEARING HOUSING CAP REF TRUNNION ENVELOPE
~ Yo 94.00- EXTENSION
BEARING HOUSING CAP— Ty ~TRUNNTON (3) (REF 3.1.2.1,1)
TYPICAL ; ¥ 1R W
ATTACH LOCATION : N A J ]
t
4 -F — -’:-J:—!—g-- = 3 5.00+0.06 DIA-~

~NO FILLET RADIUS
TRUNNION 0.D. AFTER CHROI

ORBITER [ PLATING: 3.245.000*-83?
STRUCTURE by
= LBEARING I1.D.: 3.250*:-33314

NOTES:

(1) TRUNNION SURFACE MATERIAL:
ON NICKEL-BASED ALLOYS (e.g. INCONEL 718): ELECTRO-DEPOSITED CHROME (PER FEDERAL
SPEC QQ-C-320B, CLASS 2); THICKNESS 0.0003 IN. (0.008MM) MINIMUM.
ON TITANIUM: ELECTRO-DEPOSITED CHROME (PER ROCKWELL SPEC MA0109-318); THICKNESS
0.002 IN. (0.05MM) MINIMUM. TRUNNION SURFACE FINISH AFTER CHROME PLATING ?K"(a RHR,
MEASURED IN MICRONICHES -- EQUIVALENT TO 0.2 MICRON). SUBSEQUENT TO GRINDING, THE

FINAL SURFACE FINISH SHALL BE OBTAINED BY POLISHING, LAPPING, BUFFING, OR SIMILAR
METHODS.

(2) TRUNNION LENGTH SHALL BE IN ACCORDANCE WITH THE FOLLOWING:
FOR TRUNNION SPACING IN THE X, DIRECTION OF 100 INCHES OR LESS -
LENGTH IS 6.5 INCHES

FOR TRUNNION SPACING GREATER THAN 100 INCHES -
LENGTH IS 7.75 INCHES

(3) THIS RADIUS FAIRED WITH NO MISMATCH TO CYLINDRICAL SURFACE.

(4) BEARING HOUSING CAP SHOWN SWINGING AFT. ATTACH FITTINGS ARE INTERCHANGEABLE FROM
STARBOARD SIDE TO PORT, REVERSING SWING DIRECTION.

FIGURE 3.3.1.2.1-1 LONGERON ATTACHMENT MECHANISM AND ASSOCIATED
PAYLOAD TRUNNION FOR NON-DEPLOYABLE PAYLOAD
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ORBITER LATCHING CAPABILITY
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—5.250 DIA BASIC—
- 4,50 DIA MIN —»

so" 5°pm
MIN CONTACT
Jo \ | ‘ '\/V/ SURFACE REF
) / A 63 ANY SURFACE

“WITHIN

J2r N =
X o6r Max THIS AREA

q-_

MAX TRUNNION PENETRATION

NOTES: (REF TABLE X.1-1)

1. TRUNNION CYLINDRICAL  SURFACE  MATERIAL: HARD,  DENSE,
FINEGRAINED, ELECTRODEPOSITED CHROME TO WITHIN 0.15 INCH OF
ROOT. NICKEL-BASED ALLOYS ARE TO BE PLATED PER FED SPEC
QQ-C-320B, CLASS 2: THICKNESS SHALL BE 0.0003 INCH MIN
TITANIUM IS TO BE PLATED PER ROCKWELL SPEC MA0109-318:
THICKNESS SHALL BE _0.002 INCH MIN. TRUNNION FINISH AFTER
PLATING SHALL BE @7. (8 RHR, MEASURED IN MICROINCHES).
TRUNNION LENGTH SHALL BE IN ACCORDANCE WITH THE FOLLOWING:
‘FORWARD OF X01191.00 - LENGTH IS 8.00 INCHES
AFT OF Xg 119? 00 - LENGTH IS 4,82 INCHES
SELF-ALIGNING SPLIT BEARING, INSIDE DIAMETER
3.000+0.001,-0.000. BEARING CENTERLINE AT 2(305.025 FORWARD
OF Xpl1191, AT Z?308 .40 AFT OF Xgl191,
BLEND HITHOUT MISMATCH WITH CYLINDRICAL 0.D.
TRUNNION 0.D. AFTER CHROME PLATING: 2.99604-.38(1)3
TRUNNION STATIC LOCATION AT 20309.50 FORWARD OF Xgll191,
AT Zg 311.10 AFT OF Xpl1191.

@0 ©®

FIGURE 3.3.1.3.1-1 PAYLOAD KEEL TRUNNION FOR
ACTIVE KEEL FITTING
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FIGURE 3.3.1.3.2-1
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® r
G
2.324 ‘<:ESSS:§ 3
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l K 41 ' EFFECTIVE END OF TRUNNION
C )‘K\\\*t:)
Y ~N_ . /
MAX TRUNNION PENETRATION
(REF TABLE X.1-2)
NOTES:

3

CNC)

PASSIVE KEEL TRUNNION - SEE FIGURE 3.3.1.3.2-1

TRUNNION LENGTH SHALL BE SUCH THAT THE EFFECTIVE END
OF TRUNNION SHALL REMAIN WITHIN THE LIMITS ESTABLISHCD
IN APPENDIX X UNDER COUPLED ORBITER AND CARGO

ELEMENT DEFLECTIONS.
SELF-ALIGNING BEARING ASSEMBLY, INSIDE DIAMETER
3.0000+.0010,-0.0000 AND 2.26 INCH LONG

BEARING CENTERLINE AT Z,305.025 FORWARD OF Xoli91.
AT Z,308.40 AFT OF X;1151

TRUNNION STATIC LOCATION AT Z,309.50 FORWARD OF X 11
AT 7, 311.10 AFT OF X,119] % 01191,

FIGURE 3.3.1.3.2-2 PASSIVE KEEL ATTACHMENT INTERFACE DETAILS
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HORIZONTAL GROUND HANDLING ACCESS
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CLEARANCE ENVELOPE

FIGURE 3.3.1.4.1-1
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FIGURE 3.3.1.4.1-2 TRUNNION WITH END CAP

3-60

ICD-2-19001



=¥,32.50 -¥ 89.50 (DEPLOYABLE PAYLOADS)
=¥593.00 =¥590.00 (NON-DEPLOYABLE PAYLOADS)

1,
%, ‘_J - 3.00 g 9. 501N
'/,,..pgylogp 8.50 MAX J-HOOK PAYLOAD CLEARANCE
CLEARANCE ENVELOPE TRAVEL LIMIT REF 5.50 <=pn / ENVELOPE

NORMAL J- REF
—"—J —— 140850  2.00 . 4
peaiy _ |
ORBITER H PAYLOAD BAY ENVELOPE ? $.50 MIN
( r--.'[ 90.00R REF L |4 00 ner '
. r 2,414.00 VT |4 l
| ’ ° | l I
(I, ! l
'/ l Q OF TRUMNION AgP b :
i et 1.00 ReF i
L» N -
" |
PRIMARY J-HOOK
J L PORT SIDE SHOWN (STARBGARD SIDE OPPOSITE)
VIEW LOOKING AFT

FIGURE 3.3.1.4.2-1 VERTICAL GROUND HANDLING CLEARANCE
ENVELOPE FOR J-HOOK FITTING (SHEET 1 OF 2)
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«7,92.50 -7,89.50 (DEPLOYABLE PAYLOADS)
.7y “7o33.00 -1330.00 (NON-DEPLOYABLE PAYLOADS)

PAYLOAD
CLEARANCE ENVELOPE

= 3.00 '
= PAYLOAD CLEARANCE e § 50 MIN, =g 9.00 MIN.
Y ENVELOPE

Bl

T F
4

VIEW LOOKING AFT

FIGURE 3.3.1.4.2-1

T

0.50 MAX el E..i‘ ”
REF R
PAYLOAD BAY = l 10.00 MIN,
ENVELOPE / , f\
90.00R REF | |
.et ! 00 MAX REF
- 7,014.00 | \‘ Y
I
€ OF TRUNNION REF
1.50 (REF)
/
SECONDARY J-HOOK /

PORT SIDE SHOWN (STARBOARD SIDE OPPOSITE) ”

VERTICAL GROUND HANDLING CLEARANCE

ENVELOPE FOR J-HOOK FITTING (SHEET 2 OF 2)
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(Sheet 1 Of 2)

Jigure 3.3.2-1 3P Location (Bridge-Mounted)
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l MIN
} i} H ||y
§1P CONNECTOR———] I
PANEL (REF) i =
e-3.0
£Y 85.55 l =3 ol
- ot 4 Yo 85.55
.
somn 1M

T0 ml.mn
" ﬂﬂﬂ
Z,017.07 \ |
20406.5 (vaway
APC Al
ORBITER—> - {
391.98 —4— =T-T1-T1— =
F)
1
1 J\(
TOORBITER |
- A 4—'
STARBOARD SIDE SHOWN
PORT SIDE OPPOSITE

Jigure 3.3.2-1 S Location (APC Mount)
(Sheet 2 Of 2)
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5.3 3108 J107 J106 05
2.5
I D A
1.4 \\~4+-'// J102 Ji01
¥; v \_ 3108 0103 4,)

ICD-2-19001

/

- 9.9 —

f TOP VIEW
MASTER KEY (TYP)

NOTE: ORBITER/CARGO ELEMENT INTERFACE
CONNECTORS AND PIN ASSIGNMENTS
ARE SPECIFIED IN SECTION 13

FIGURE 3.3.2.1.1-1 PORT SMCH-SIP ELECTRICAL INTERFACES
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f

~=— FORWARD  OUTBOARD
t= 6.4 -
e B M:i.o t WASTER KEY (TYP)
e— 2.0 —v--]- 1.9 —>
4 /'L'l P CE&—( ) 1"1 1
J203 '/ Jzozk*/ “ ] “ I 1 °}7 119 T ?

3201 2.5

N ’ 3.0
i 5.3

20 Y

NOTES:

FIGURE 3.3.2.1.2-1

1CD-2-19001

1.

z.

J205 .
| . \
\\» I J206 r’ﬁg£4 “) *
- 1.1 pe—
e 3,2 - =
6.0 ~m—
e 9.9 (REF) >
T0P VIEW

ORBITER/CARGO ELEMENT INTERFACE CONNECTORS
AND PIN ASSIGNMENTS FOR J201, J202 AND
J203 ARE SPECIFIED IN SECTION 13.

J201 AND J206 ARE IDENTICAL CONNECTORS.
J201 SHALL BE USED AS An AUXILARY
POWER CONNECTOR.

CUTOUTS J204, J205 AND CX SHALL

BE CAPABLE OF ACCOMMODATING AN

18 SHELL SIZE, A 22 SHELL SIZE -

AND COAXIAL CONNECTORS RESPECTIVELY.

STARBOARD SMCH-SIP ELECTRICAL INTERFACES
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Y 97,64

>

J2

MASTER POLARIZING KEYWAY

2ok 14.00

>

,f-::.!-:,':.m

VIEW A-A

LH shown RH opposite

NOTES:

l.  ORBITER/CARGO ELEMENT PRLA INTERFACE PIN
ASSIGNMENTS ARE SPECIFIED IN TABLE 13.6.1.2-7.

FIGURE 3.3.2.3-1

1CD-2-1900

PRLA POWER INTERFACE PANEL

3-67



“JBABISSY ¥4 TINVIIVAY 108 “SINIR 40N

*LLZ0N00 MBTAVITSIINS VIV 0L MN0IND) TING
SIML MO SUOLIIME TW °SNOLLvI0) WOILvis
0L NOLLVIZM ] SOLIMEND) KOV3 40 YAUND

I SAUVIET IV ID1IVI0T WOLIIEDD 3L

02" " " ne
] s " "ne
{ wrw ©-%W ne

“r YT o
] stven 0¢°9¢ "
| e " "

o2y 00C°8¢ ”»

n Ny " )

(R 009 o

S0 YT o

€6° %0 0N '

866°%Y L X7 1

| % 21520

(31-38) 2wnl Wi WY .

3

: (::!’Tf ‘

|

=

m}

; ]
R e O SN

-
)
b
p
]

uwmn

@ lt..“u-“i

. @ I!.ﬁd..\

(sa/o) 0% 1
-0 W —

FEED-THROUGH CONNECTOR PANEL, STARBOARD SIDE

FIGURE 3.3.3-1

BULKHEAD X, 576
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BULKHEAD X, 576
(SHEET 1 OF 2)

.:t-- Ay vy

FIGURE 3.3.3-2 FEED-THROUGH CONNECTOR PANEL, PORT SIDE
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BULKHEAD X, 576
(SHEET 2 OF 2)

FIGURE 3.3.3-2 FEED-THROUGH CONNECTOR PANEL, PORT SIDE
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'Y°‘7.65

T | Y,50.55
Y,49.98
¥,51.70
20360.10 l |
702
7,359.44 O—7%
gz o
T PTX 7TY
2,357.92 + + +
‘é>\~_—/44 é>\~.—/44 E}\\.;_—,//,
: (o)
J494 J496 ~=
Y,53.46 Y,51.04 Y,48.38
INBOARD =i

EFFECTIVITY: Orbiter Vehicle 102

NOTE: ORBITER/CARGO ELEMENT INTERFACE CONNECTORS
AND PIN ASSIGNMENTS FOR J498 ARE SPECIFIED IN
TABLE 13.6.1-1. OTEER CONNECTOR'S FUNCTIONS
ARE ROUTED TO THE Xp 1203 CONNECTOR PANEL.

Jigure 3.3.3-3 Xo 1307 Starboard £Lectrical dnterfaces
(Looking AFT) (Sheet 1 Of 2)
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Yo51.06 Y048.16

Yo52.78

20360.25 — @ o106 —@F— 702
20359.35 — 1A O (P N2

20357.00 — °/+\° 'y +\c§ / ]
Sd ols s/

1
b

J494 J496 J498
¥053.53 Y050.56 Yo47,53
INBOARD———>

EFFECTIVITY: Orbiter vehicles 103 & Subs.

NOTE: ORBITER/CARGO ELEMENT INTERFACE CONNECTORS
AND PIN ASSIGNMENTS FOR J498 ARE SPECIFIED IN
TABLE 13.6.1-1. OTHER CONNECTOR'S PUNCTIONS
ARE ROUTED TO THE Xo 1203 CONNECTOR PANEL.

FIGURE 3.3.3-3 Xo 1307 STARBOARD ELECTRICAL INTERFACES
(LOOKING AFT) (SHEET 2 OF 2)
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-Y048.25 T

4= 3 EQ SP = 3.48 =

2,360.10

- J701 J703 J705 3707

2,357.92

2,354.90 o/-f-.\o o/;-\g
° b

o J44l J423
-Y048.38 -Y¥051.04 -Y053.46
«eafffommmme. INBOARD

EFFECTIVITY: Orbiter Vehicle 102

NOTE: - ORBITER/CARGO ELEMENT INTERFACE CONNECTORS
: AND PIN ASSIGNMENTS FOR J499, J701, J703,
.J705 AND J707 ARE SPECIFIED 1IN TABLE

13.6.1-1. OTHER CONNECTOR's FUNCTIONS ARE
" ROUTED TO THE X 1203 CONNECTOR PANEL.

Jigure 3.3.3-4 Xo 1307 Port Llectrical dnterfaces
(Looking AFT) (Sheet 1 Of 2)
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20360.100 — ® — O @ —®@

20357.00

20353.19

NOTE :

-Y052.48

«Y050.06 [

-Y¥051.06
~Y047.03

J701 J703 J705 J707
WARSAN
o) JO O\JO
O © J497 J495
J499
~ TN
RN,
_0 o) ©
Ja4l J423
- Y047.53 -~Y050.56 -Y053.53
«g——— JNBOARD

EFFECTIVITY: Orbiter Vehicles 103 & Subs:

OiBIIEl/CARGO ELEMENT INTERFACE CONNECTORS
AND PIN ASSIGNMENTS FOR J499, J701, J703,
J705, AND J707 ARE SPECIFIED IN TABLE

" 13.6.1-1. OTHER CONNECTOR'S FUNCTIONS ARE

ROUTED TO THE Xo 1203 CONNECTOR PANEL.

FIGURE 3.3.3-4 X, 1307 PORT ELECTRICAL INTERFACES

(LOOKING AFT) (SHEET 2 OF 2)
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FIGURE 3.3.3-5 Xo 603 STARBOARD S1GNAL AND CONTROL PANEL

3-175

1CD-2-19001



‘L-UGEL T18VL M 0314103dS YV ELLP HINOBHL LOLT SUOLIINNDD TVIXVOD
ONV LEELT 'SEEIN EEELT "EZELFR "LZELF 'SIEIP "LICLF "L'SEL TIBVL
N1 03141334S 34V ISEIr ONV E¥ELT "LYELR "LEEIP ‘GZEIF ‘L2ZEIF

‘SZELF ‘SIELM "ELELF “LIELR 'GOELF "LOEIF 'SOEIF 'EOCIP 'LOCIF YOS @ ,

SINIWNOISSY Nid ONV YOLIINNOD 3DVIHILNI INIWITI 09YVI/HILIGHO

BE{X-

. 310N
o ....5.. o0 GUV0E1N0 9NINDOT MIA o ._'
M o0¢ L
EI ) : — $3V1d 6 052 aVoiAvd * yaLigdo
051 g1~ g (L (ONRIM DVOTAVY
A N . o L] ]
C,VA\OC ooz ( 1 um.% «mv:.smw: _&w: goetrs _\fmv:. alelr Lzeur ot
—mﬂ——. N . (% :
NZNZN e 4 _,.Jm_I . %
ATAT A {434) 8¥'9 | AVHL JUIM
1) m LZEIr 4] L1EIr €ZELCGOELP. LOELT GOEIP ELELN leeir /13NVd 40 B
|\ led
) / sigir/ ey ¥ L AvdLIWEYD
{434) ONIIM Y3LIBHD —=f j= G271 GV0IAVd I0IS 14O0d T
ETL ) OVOIAVd

FIGURE 3.3.3-6 PORT SIGNAL AND CONTROL PANEL
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Xo 845 {REF)

. ] Yo 8981
. : )
RN AT
' P
- 20024451\ S50+ POWER PANEL (REF)
10.42
2, 34849
VIEW A-A
X, 645

t. | : 11.75 REF -I

16.60 REF

NOTE:

(1) ORBITER/CARGO ELEMENT CONNECTORS AND PIN
ASSIGNMENTS FOR J1035 AND J1036 ARE
SPECIFIED IN TABLE 13.5.2.1-1. J37 AND
J38 ARE SPECIFIED IN TABLE 13.6.1-1.

FIGURE 3.3.3-7 X, 645 ELECTRICAL POWER SERVICE PANEL
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FIGURE 3.3.3-8 X, 1203 STARBOARD SIGNAL AND CONTROL PANEL
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FIGURE 3.3.3-9 X, 1203 PORT SIGNAL AND CONTROL PANEL
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AR

04T THO DEPFTH 3.88 DIA (MAX) _e\s/v
(TYP 18 PLACES) SEALING SURFACE

9 £auay saces(@fo.014 o]
N MD115-2002-0003 9 REQD
\ 3.500 DIA

22

®

N

2.55 DIA

SECTION A-A
G FWD :
oa_aﬂzn—-l——m.
STATION
Xo 576.00

Yo 0.00

DETAIL A
(TYP 2 PLACES)

2,.331,99

NOTE:
DIM AND TOLERANCES
PER ANSI Y14.5 1966

FIGURE 3.3.4-1 ATMOSPHERIC REVITALIZATION SYSTEM INTERFACE
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X0l1251 REF

s 20324.36

GN2 INTERFACE
ME273-0099-2006

Xo1249 REF

Jigure 3.3.4-2 GN, Purge Interface at Xo 1249

I1CD-2-19001 3-81



3/4 ME273-0130-1228 (4 PLACES)® RESERVED FOR
PAYLOAD/PAYLOAD HEAT EXCHANGER INTERFACE
MATING CONNECTION 3/4 DIA OYNA TUBE
FEMALE INTERFACE CONNECTION

FLUID SERVICE CONNECTORS
1/4 ME273-0130-0420

'2 PLACES) * 02/N; RESERVED FOR PAYLOAD

INTERFACE MATING CONNECTION X 636

174 DIA DYNA TUBE FEMALE °

INTERFACE CCNNECTION

*INTERIM ROCKWELL PART NUMBER (FOR REFERENCN
ONLY) WILL BE CHANGED TO APPROPRIATE GOVERNMENT .
IDENTIFICATION WHEN SUCH GOVERNMENT SPECIFICATION °
COVERAGE IS IMPLEMENTED

PAYLOAD
UTILITY KIT (0
Rer) | (C2)

. ‘ ~
\\\\s,‘ ™~ 2,322.62
~‘\\\j'\ Z,321.56 A
\ 90" RADIUS
S << 10320-37\\\\‘~\PAYL0AD ERVELOPE

Yo-57.38 e

Y,-55.25
VIEW LOOKING FORWARD ‘§\§§§\N\

FIGURE 3.3.4-3 PAYLOAD HEAT EXCHANGER, 05/N» SUPPLY INTERFACES
Xo 636

Y,-59.43

ICD-2-19001 3-82



CARGD BAY vum OUTLETS (C) TCS BLANKETS

p — - AND LINER
| VENT VENT  vexT m (1F INSTALLED)
DR N0.3 .4 2.5 W.6
K R T
Y
FORWARD BULKHEAD  ©7p °%0 0 ’“ sPURGE OUTLETS
PURGE MANIFOLD, -~ 776 . 915 1 X,1307 BULKHEAD
(CARGO BAY __> a | O CHECK VALVES

-PURGE INLET) [N l
CARGO BAY —e= - (A)i(8) / (éﬂ) (B) (A) (l)(l) L =" FUSELAGE
—~ & ES ‘V/ N7 W/
= e T"—"‘—m
LOWER MID CUSELAGE
FUSELAGE ™ = \ ,/ : P VENT
X0582 \ | “13"7 l—vuasz TEMPERATURE
. AND FLOW CONTROL
POINT AT 'I'-IO
usg SOUER MID SP160T 3 ¢pleoT 2 SPIGOT 2 LOWER MID
LAGE PURGE \JX0849.5 ¥0965.5 %01127.2 ,  FUSELASE PURGE OUTLETS
INLET — X01307 BULKHEAD
CARGO BAY PURGE INLETS CHECK VALVES
REF FIGURE
3-304’5

o Ref Jables 6.2.1-1 and 6.2.1-2, Cargo Bay Purge Gas Characteristics
o Purge infet spigota 1. 2 and 3 normally capped off unbess required by pagyboad
(A4) Ondicates biner fibter (8 total) - Connects Cargo B3ay and Lower Mid Fuselage

(3) Ondicates vent fibter (8 total) - Connects Cargo Bay to OM.L Vents and to Lower
Mid Fusebage
(C) Coordinates bisted are for forward edge of forward filter and aft edge of aft fibter

- Jigure 3.3.4-4 Mid-Juselage/Cargo Bay Purge System

ICD-2-19001 3-83



MD 114.5003-004
8 REQD NUT PLATE
ME112-0011-3XXX
8 REQD BOLT

LEVEL LINE
8.43°

FIGURE 3.3.4-5 MID-FUSELAGE/CARGO BAY PURGE INLET SPIGOT
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3.4 Crew Compartment

3.4.1 Aft Flight Deck. A general arrangement of the aft flight deck is shown
in Jigure 3.2.1-1 (Sheet 2 of a).

3.4.1.1 Payload Equipment Interfaces.

3.4.1.1.1 Equipment Consoles. The payload display and control panels and/or
equipment shall be installed in Orbiter-provided removable consoles at the
Mission Station and Payload station. The console, used at both stations, is
defined in Figure 3.4.1.1.1-1. Each console shall accommodate the electrical
equipment rack panels defined in Figure 3.4.1.1.1-2.

Jhe console and attachments are designed to accommodate a total equipment modube
weight of up to 135 8bs. Cantibever mounted modubes are in each case to be bolted to the
top frame as shown in Jigure 3.4.1.1.1-3. Jo keep individual modube Poads within strength
limits, the c.g. of each cantifevered module must Pafl within the Pimits or Figure
3.4.1.1.1-4. Jo keep combined module boads within strength bimits, the overall c.g. of the
modules must fall within the limits of JFigure 3.4.1.1.1-5.

£quipment modubes which fall outside the bimits of Figure 3.4.1.1.1-4 sha®® have a bower
support in addition to the upper attachment, to provide Y-direction support for bower end of
the modufe. Jor structural purposes a single strut running from the lower center of the
module to a lower corner of the container is supficient. Access for attachment is through
the front panet.

3.4.1.1.2 Equipment Areas. Payload display and control panel areas shall be
provided at the On-Orbit Station. The interface requirement for On-Orbit
Station panels is defined in Paragraph 3.4.1.3.

3.4.1.1.3 Panel GSE Hard Points. Accommodations to install and remove
cargo-provided paneis in the consoles and panel areas shall be provided as
required. GSE quick release pin T and U handles are available as GFE and
payloads using this service shall provide receptacles in accordance with Figure
3.4.1.1.3-1.

3.4.1.1.4 Fire Protection. Each payload display/control panel shall have
adequate provisions for fire protection.

3.4.1.1.4.1 Fire Holes. Each payload display/control panel shall have on its
front surface a "fire hole", 0.5 inch in diameter, located so as to allow a fire
extinguisher to be inserted for suppressing fire behind the panel. The hole
shall be covered by a 0.75-inch-diameter GFE decal placed over the fire hole.

3.4.1.1.5 Electrical Short Prevention. A coating shall be required on all
exposed wire terminations, component terminals, and other conductive surfaces of
electrical and electronic equipment located in the Orbiter Crew Compartment, for
protection against electrical shorts due to humidity and debris.

3.4.1.2 Mission Station
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3.4.1.2.1 Equipment Console and Display Panel. One equipment console shall be
provided in accordance with paragraph 3.4.1.1.1. The panel envelopes for the

two possible console installations are defined in Figure 3.4.1.2.1-2. 1In
addition, space and mounting provisions for a display and control panel are
defined in Figure 3.4.1.2.1-1. '

3.4.1.2.2 Electrical Distribution Panel. The electrical distribution panel
interface shall be in accordance with Figure 3.4.1.2.2-1.

3.4.1.2.3 Electrical Harness Supports. The supports for the electrical
harnesses shall be in accordance with Figure 3.4.1.2.3-1.

3.4.1.2.4 Zquipment Cooling. Orbiter provided ducting for the cooling of cargo
element electrical equipment mounted in the MS console are shown in JFigure 3.4.1.2.3-1 and
Figure 3.4.1.2.4-1. Cooling air provided at the Mission Station shall be as

defined in Paragraph 6.3.

3.4.1.3 On-Orbit Station

3.4.1.3.1 Display and Control Panels. Two areas for display and control panels
shall be provided for payload use at the On-Orbit Station. The envelope for
each shall be in accordance with Figure 3.4.1.3.1-1.

3.4.1.3.2 Electrical Distribution Panel. The port electrical distribution
panel connector interfaces shall be in accordance with Figure 3.4.1.3.2-1. The
starboard electrical distribution panel connector interfaces shall be in
accordance with Figure 3.4.1.3.2-2.

3.4.1.3.3 Electrical Harness Supports. The electrical harness supports shall
be in accordance with Figures 3.4.1.3.3-1 and 3.4.1.3.3-2.

3.4.1.3.4 Retention System Control. The Orbiter shall provide switch controls
and talkback indicators for Retention System management. Switches on Panel
A6A1, installed at the Aft Flight Deck On-Orbit Station, provide for the
activation of a total of fifteen latches in the cargo bay, with no more than two
latches being operated simultaneously.

3.4.1.4 Payload Station.

3.4.1.4.1 Equipment Consoles. Three equipment consoles shall be provided in
accordance with Paragraph 3.4.1.1. The panel envelopes for each shall be in
accordance with Figure 3.4.1.4.1-1. | :

3.4.1.4.2 Payload Station Distribution Panel (PSOP). The Orbiter shall provide
electrical interfaces at the PSDP in accordance with Figure 3.4.1.4.2-1.

3.4.1.4.2.1 Electrical Characteristics at the Cargo Element Interface.
Electrical interface characteristics are defined by function in Sections 8 and
13.

3.4.1.4.2.2 Standard Interface Cabling. The Orbiter shall provide standard
cables, as defined in Paragraph 13.5.2.2 to extend from the PSDP to cargo
element equipment installed at the Payload Station.
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3.4.1.4.3 Electrical Harness Supports. The supports for the electrical
harnesses shall be in accordance with Figure 3.4.1.4.3-1.

3.4.1.4.4 £Lquipment Cooling. Orbiter provided ducting for the cooling of cargo
element electrical equipment mounted in and befow the PS console are shown in Jigure
3.4.1.4.4-1. Cooling air provided at the Payload Station shall be as defined in

Paragraph 6.3.

3.4.1.4.5 Space Allocation. The space below the modules reserved for payloads
shall be in accordance with Fiqure 3.4.1.4.5-1.

3.4.1.4.6 Standard Payload Display and Control Interface Modules. The STS
shall provide Standard Payload Display and Control Interface (SPDCI) modules.
The SPDCI shall include a Closed-Circuit Television (CCTV) Monitor Panel (TVMP),
a Standard Switch Panel (SSP), a Manual Pointing Controllier (MPC), and a
Deployment/Pointing Panel (DDP) to which the MPC is attached by an STS-provided
umbilical. Performance characteristics shall be as defined in Paragraph 13.4.

3.4.1.4.6.1 Television Monitor Panel (TVMP). The TVMP rear panel connector
layout, shall be as shown in Figure 3.4.1.4.6.1-1. '

3.4.1.4.6.2 Standard Switch Panel (SSP). The Standard switch panel primary
location will be in payload dedicated console location L12, with optional
locations in L10 or L11 when defined in cargo element-unique ICD's. Layout of
the SSP front panel, including lettering, shall be as shown in Figure
3.4.1.4.6.2-1. The SSP rear panel connector designations and layout shall be as
shown in Figure 3.4.1.4.6.2-2.

3.4.1.4.6.3 Manual Pointing Controller (MPC). The manual pointing controller
(MPC) shall be attached by an electrical connection to the DPP by an eight-foot

umbilical cable.

3.4.1.4.6.4 Deployment/Pointing Panel (DDP). Layout of the DPP front panel
shall be as shown in Figure 3.4.1.4.6.4-1. The rear panel connector
designations and layout shall be as shown in Figure 3.4.1.4.6.4-2.

3.4.1.5 (Reserved).

3.4.1.6 Bonding. All crew-compartment electrical bonding interfaces shall be
prepared in accordance with Paragraph 10.7.4.2.

3.4.1.7 Harness/Connector dnterface Between Orbiter and Cargo Llement. Al cables,
SIS or cargo element supplied, interconnecting the Orbiter and cargo element shafl have the
following connector configuration at the cargo efement termination of the cable:

a. A cables shall terminate in connector plugs which consist only of pin (male) contacts
for interfacing with cargo efement modules, panebs, components, etc.

b. A% interfacing cargo efement modubes, panels, components, etc.. shabl incorporate

connector receptacles which consist onby of socket (female) contacts for interfacing
with cables interconnecting the Orbiter and cargo efement.
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3.4.2 Mid Deck.

3.4.2.1 Stowage. A1l of the potential loose-equipment stowage locations and
volumes, negotiable on a mission-by- mission basis for Cargo use, are defined
and controlled in ICD-3-0027-03. A minimum volume of 89 cubic feet shall be
dedicated to cargo use in each mission. A limited number of identical modular
stowage units, defined in Figure 3.4.2.1-1, are included in the above total
volume dedicated to Cargo use in each mission.
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NOTES:

(:} CONSOLE ACCOMMODATES PANELS UP TO 4. MAXIMUM WEIGHT OF CARGO ELEMENT
SIZE “M" OR COMBINATIONS OF PANEL COMPONENTS IN CONSOLE SHALL NOT
SIZES UP TO SIZE “M” PER FIG. 3.4.1.1.1-2 EXCEED 135.0 LBS WITH CONTENT
DENSITY OF NOT MORE THAN 30.0 LBS PER
@ MOUNTING HOLE LOCATION DIMENSIONS CUBIC FOOT
ARE REFERENCE ONLY ‘
y 5. . COMPONENTS MOUNTED ON PANELS R14,
(:} MOUNTING HOLE LOCATIONS CONTROLLED L13, AND L14 SHALL BE RECESSED SO
PER ROCKWELL INTERNATIONAL TOOL THAT THERE WILL BE NO PROTRUSIONS
#T-7135445 BEYOND THE SURFACE OF THESE PANELS

6. :AzNgl. KICK/PUSH LOADS PER PARAGRAPH

19.000

FIGURE 3.4.1.1.1-1 PAYLOAD DEDICATED CONSOLE, TYPICAL FOR L10,
L1, L12, L13, L14, RI1 OR R14 ON AFT FLIGHT DECK
(SHEET 1 OF 3)
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VIEW A-A

KITTABLE WIBING INTERFACE CONNECTORS TO BE
LOCATED ON THIS SURFACE

@
@

IC0-2-19001

NOTES:

SURFACE PREPARED FOR ELECTRICAL
BONDING OF PANEL PER PARAGRAPH
3.4.1.6 ALL AROUND MOUNTING FLANGE.

FIRE HOLE .50 DIA SHALL BE PROVIDED ON
THE PANEL SURFACE TO INTERFACE WITH
FIRE EXTINGUISHER NOZZLE. .75 DIA AREA
AROUND THE FIRE HOLE ON PANEL SURFACE
SHALL BE RED COLOR N0.31136, PER
FED-STD-595.

FIGURE 3.4.1.2.1-1
(SHEET 1.0F 2)

@

e
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\ §, roo ™ Max swich
| ! ENVELOPE
NG Y 4.38MIN
|
1.15‘-.|' et
1.04
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ORB -—-l—— PL

PANEL MOUNTING HOLE LOCATIONS
CONTROLLED PER ROCKWELL
INTERNATIONAL TOOL NC. T-72;0006.

MOUNTING HOLE LOCATION DIMENSIONS
SHOWN ARE REFERANCE ONLY.

CONTENT DENSITY SHALL NOT EXCEED
30.0LBS PER CUBIC FOOT

PANEL KICK/PUSH OFF LOADS PER
PARAGRAPH 4.2.3

 PANEL THICKNESS AND FASTENER LENGTH
(4XXX) VARIES OEPENDING ON
APPLICATION.

R-7 PANEL ENVELOPE
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(2) CENTER OF COOLING DUCT

ORBITER INTERFACE LOCATION.
3 .50 INCH CLEARANCE PROVIDES
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2.50 0D COOLING AIR RETURN DUCT
CONNECTION FITTING AT X, 521.32
RUISEERG.34.0241 !

2.50 0D COOLING AIR RETURN
DUCT CONNECTION FITTING
TYPICAL AT X, 543.66 R12)

PAYLOAD MODULE
REFL_

/ PAYLOAD CONSOLE
, TVPICALREF

ACCESS PANEL REF

| ‘ /X
MISSION STATION DISTRIBUTION \g Qa KITTABLE WIRE TRAY AND
PANEL (SEE F1G .3.4.1.22-1) BRACKETS REF -

4 NOTES:
! 1 A 1. CODLING AIR RETURN DUCY
I . iy CONNECTION FITTING ENDS

N ACCORDANCE WITH
VIEW LOOKING AFT FG.34.1.4.4-1

Figure 3.4.1.2.3-1 Mission Station Distribution Pmt._ Cooling Duct
Connections And Kittable Wire Jray Locations
(See Figure 3.2.1-1 Jor Orientation Reference)
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Figure 3.4.1.4.2-1 Payload Station Distribution Panel,
Connector PSDP-$100 (Sheet 2 Of 2)
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OTES:

() CONFORMS TO NASA SPECIFICATION 40M39569
{2) CONFORMS TO.NASA SPECIFICATION 40M38277
() REQUIRED WIRE SIZE TO PINS IN CONNECTOR

IS AWG 12.

ALL OTHERS ARE AWG 22.

4. REAR PANEL CONNECTOR FACE 1S LOCATED
AT A DEPTH OF 8.5 INCHES FROM FACE OF
FRONT PANEL IN L10,L11 OR L12

CONSOLE LOCATIONS.

() CONNECTOR MASTER KEYWAY AT TOP (TYPICAL)

FIGURE 3.4.1.4.6.2-2 STANDARD SWITCH PANEL (SSP) REAR

1CD-2-19001

PANEL CONNECTOR LAYOUT
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NOTES
1. STOWAGE CONTAINER HAS A DESIGN DENSITY
or 30 Las/r73 .
2, LOCKER CONTENTS MUST BE PACKAGED 70 PREVENT
LOAD SHIFTING

3.. INTERNAL LOCKER RESTRAINTS WILL NOT 85 DESIGNED
FOR CRASH CONDITIONS

4, DOOR IS FLUSH WITH SOTIOM OF LOCKER WHENeOPENED
90 DEGREES AND CAN OFEN 180 DEGREES (STRAIGHT
DOWN)

(® DooR HAS FRICTION HINGE POR ZERO-G OPERATION
AND A MAGNETIC LATCH FOR TEMPORARY CLOSURE OF DOOR

FIGURE 3.4.2.1-1 MODULAR STOWAGE
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4.0 STRUCTURAL INTERFACES
4.1 CARGO BAY

4.1.1 Interface Force Constraints. Interface forces shall be constrained to
the Orbiter attach point limit-load capability defined in Appendix I.

4.1.1.1 Friction-Induced Loads. Design of the Orbiter and payloads shall
include the effects of friction induced loads at both longeron and keel
interfaces. The coefficient of friction (u) for X, Y, and Z directions is shown
in Figure 4.1.1.1-1 and Figure 4.1.1.1-2. The friction loads shall be combined
with normal interface loads for payload design.

4.1.2 Attachment Mechanism Deflection Limits. With the exceptions of
attachment mechanisms and umbilicals, the cargo in the cargo bay shall remain at
all times within the payload thermal and dynamic envelope defined in Paragraph
3.1.2.1.1. :

Payload attach fitting deflection limits used for longeron and keel trunnion
length selection are specified in Appendix X. Trunnion lengths for most payload
categories are standarized in Paragraphs 3.3.1.2 and 3.3.1.3 as shown in Figures
3.3.1.2.1-1, 3.3.1.2.2.2-1, 3.3.1.3.1-1. Trunnion length restrictions placed
upon certain longeron and keel attach points are as specified in Table
3.3.1.1.-1 (Notes 10 and 11). The criteria in Appendix X must be satisfied for
payloads requiring non-standard lengths.

The spherical bearings in the longeron and keel attach fittings provide for
misalignment and for relative rotational deflection between the payload trunnion
and the Orbiter structure. The available alignment cone angles constitute the
limits on the relative rotational deflections between the payload trunnions and
the Orbiter structure. These limits are apportioned to the payload and to the
Orbiter in Table 4.1.2-1 for use in preliminary payload design. The total
relative deflection 1imits for the final payload design shall be verified by
couplied dynamic and quasi-static analyses.

4.1.3 Cargo Limit-Load Factors/Angular Accelerations. The load factors/angular
accelerations specified in Tables 4.1.3-1, 4.1.3-2, 4.1.3-3 and 4.1.3-4 shall be
used for preliminary design of cargo and carrier primary structure and for
determination of preliminary Orbiter/Cargo interface loads as the guiding
criteria only. The center-of-rotation for angular accelerations is at the cargo
element center-of-gravity. The load factors for emergency Panding condition are
defined in Paragraph 4.1.3.5.

Cargo load factor/angular acceleration is defined as the total externally
applied force/moment on the cargo or cargo component divided by the
corresponding total or component weight/mass moment of inertia and carries the
sign of the externally applied force/moment in accordance with the Orbiter
coordinate system. (See Figure 4.1.3-1).

These load factors/angular accelerations are valid for any location in the bay.
The load factors/angular accelerations result from the response of the Shuttle
vehicle structure, including cargo, to external forces corresponding to both
quasi-static and transient flight events. These external forces are generated
by the thrust, aerodynamics, wind shear, prelaunch restraints, entry maneuvers,
landing gears impact, etc.
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Accelerations at specific points within the cargo will depend upon cargo design
characteristics and mounting methods. Portions of the cargo that are
cantilevered from their support points, or that have substantial internal
flexibility, may experience higher accelerations than those reflected in the
tables. The load factors/angular accelerations shall be considered in all
combinations for each event.

4.1.3.1 Quasi-Static Flight Events. The load factors/anguiar accelerations
associated with the quasi-static flight events are generated by external forces
which change slowly with time and for which the vehicle elastic responses are
relatively small. Consequently, coupled transient dynamic analyses are not
normally required. However, for cargo with redundant Orbiter interfaces, a
coupled static analysis of the various quasi-static flight events shall be used
for determining deflections and cargo interface forces. Shuttle model and
deflection data to analyze quasi-static flight events shall be included in the
payload-unique ICD.

Load factors/angular accelerations are specified in Table 4.1.3-1, for
quasi-static flight events during ascent and descent, for up to a maximum of
65,000 1b. (29,484 kg) 1ift- off cargo and up to a maximum of 32,000 1b (14,515
kg) landed cargo. These conditions are normal design conditions for the Orbiter

structure.

4.1.3.2 Transient Flight Events. The transient flight events correspond to
conditions for which the external forces are highly transient in nature and
significant elastic response occurs. Shuttle 1ift-off and landing are events of
this type. The associated cargo responses depend on the cargo geometry,
stiffness, and mass characteristics. Consequently, design values of
cargo/Shuttle interface forces and cargo design loads shall be determined by
coupled dynamic analysis. Shuttle dynamic model and forcing functions used for
the dynamic analysis shall be included in the cargo element-unique ICD. Typical
load factors for the transient events are given in Table 4.1.3-2.

The load conditions in Table 4.1.3-2 are for an ascent cargo weight of up to a
maximum of 65,000 8b (29,484 kg) 1ift-off cargo and up to a maximum of 32,000

1b (14,515 kg) landing cargo. Jhe maximum design banding sink speed is 9.6 fps (2.93
mps).

4.1.3.3 Descent Landing Loads.

4.1.3.3.1 Descent and Landing Loads for Réturn.able Cargoes. Returnable pagyloads,
including empty cradles, are required to meet the descent and landing load factors of Jable
2.1.3-1 and Jable 4.1.3-2. The maximum design Panding sink speed for returnable payloads

i4 9.6 fps (2.93 mps).

Jhe banding load factors shafl be used for prebiminary déaign and shafl be superseded by
dynamic analysis resubts when avaifable.
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4.1.3.3.2 Descent and ing JLoads for Non-Returnable Cargoes. Mon-returnable
cargoes, are required to design for Orbiter descent and landing. Non-returnable payboads
are required to meet the foad factors of Jable 4.1.3-3 and Jable 4.1.3-4 for descent and
landing of cargoes up to 65,000 pounds (29,484 kg). The maximum design landing sink speed
for non-returnable cargoes is 7.2 fps (2.19 mps).

Jhe landing Poad factors shall be used for prebiminary design and shalt be superseded by
dynamic analysis resubts when available.

4.1.3.4 (Reserved)

4.1.3.5 Emergency Landing Load Factors. The Orbiter Vehicle design considers
safe crew egress following emergency landing or water ditching. Hence, the
mounting structures for equipment and crew provisions vessels, and for the
payload attachments, shall be designed to load factors equal to or greater than
those shown in Table 4.1.3.5-1. Payload equipment inside the Orbiter crew
compartment shall be designed to preclude hazards to the flight personnel after
the application of the emergency landing loads defined in the table. The
attachment structures (including fittings and fasteners) of the payloads must be
designed for emergency landing loads. The attachment structure of payload
equipment where failures could result in injury to personnel or prevent egress
from the emergency landed vehicle must be designed for this requirement.
Payload equipment design shall consider provisions to maximize the probability
of safe crew egress following an emergency landing.

4.1.3.6 Factors of Safety for Structural Design. The structural design of all
mounting hardware and/or bracketry (or any other structure which could be
affected by flight loads) shall assure an ultimate factor of safety >1.4.
Pressurized lines and fittings less than 1.5 inch in diameter shall have an
ultimate factor of safety >4.0. Those equal to or larger than 1.5 inch in
diameter shall have an ultimate factor of safety >1.5.

4.1.3.7 Fracture Control. Structural components, including all pressure
vessels the failure of which could cause destruction of the Orbiter or injury to
the crew, shall be analyzed to preclude failures caused by propagation of
pre-~existing flaws.

4.1.4 Mass Properties Characteristics of Total Cargo.

4.1.4.1 (Center-of-Gravity (C.G.) Envelopes Provided by the Shuttle Vehicle.
Except for the flight segments indicated below, the Shuttle Vehicle shall
perform satisfactorily with no constraints placed upon the Cargo C.G. For these
exceptions, Cargo C.G. limit envelopes are defined for each axis by the
following:

a. X-axis: Cargo C.G. limits shall be calculated using the equations
defined in Figure 4.1.4.1-1.

b. Y-axis: Cargo C.G. limits shall be calculated using the equatiens
defined in Figure 4.1.4.1-2.
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c. Z-Axis: Total Cargo C.G. limits shall be calculated using the equations
defined in Figure 4.1.4.1-3.

C.G. 1imits for Cargo items mounted on the cargo bay attachments shall be as
shown in Figure 4.1.4.1-3. In addition to these Cargo Z, C.G. 1imits, the
Zo C.G. 1imits for the summation of all cargo elements mounted on attachment
fittings in the cargo bay are defined by the curve ABCDEFGHIJ in Figure
4.1.4.1-3.

A1l items chargeable to Cargo, regardless of location, (e.g., within cargo bay,
below cargo bay, in cabin, etc.) shall be included in the calculation to
determine the location of the Cargo C.G. The Cargo C.G.'s shall be constrained
within the three 1imit envelopes defined above during the following flight

segments:
a. Normal entry through landing.
b. MECO through landing for RTLS abort.
c. Entry through landing for all other intact abort modes. (Refer to TBD.)

4.1.5 Acoustics. The acoustic levels in an empty cargo bay that are defined in
Table 4.1.5-1 represent the minimum level to which a payload must be certified
to be considered safe to fly on the STS. The acoustic levels during orbit,
entry, and landing are significantly below the ascent levels and shall be
assumed negligible.

Acoustic levels for specific payloads are dependent on payload geometry, surface
area and acoustic ‘absorption characteristics and will differ from those of the

empty cargo bay.

4.1.6 Vibration.

4.1.6.1 (Reserved)

4.1.6.2 Random Vibration. Jhe random vibration environments associated with SIS
bipt-off are specified for trunnion mounted payloads, sidewafl adaplter mounted payloads, and

orbiter bongerons. Jhe environments are applicable at Orbiter interfaces for cbl axial
Pocationas. The environments may be considered statistically uncorrefated.

4.1.6.2.1 Random Vibration for Trunnion Mounted Payloads. Jhe random vibration
environments for the bongeron trunnion and keel trunnion interfaces are specified in Jables
4.1.6.2.1-1 and 4.1.6.2.1-2.

4.1.6.2.2 Random Vibration for Sidewall/Adapter Mounted Payloads. Jhe random
vibration environments for hardware mounted on the Orbiter sidewall through an adapter is
given in Jable 4.1.6.2.2-1.

4.1.6.2.3 Random Vibration for Orbiter Longerons. JThe random vibration for hardware
mounted to the orbiter bongerons is given in Jable 4.1.6.2.3-1.
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4.1.7 Payload Minimum Freguencies/Flight Control Interaction.

4.1.7.1 Applicability. The requirements herein are applicable to all flight
control regimes (ascent, on-orbit, and descent) with the payloads in their
stowed positions and the cargo bay doors closed. Acceptability in the on-orbit
mode with payloads extended and the doors open is a loads and fuel consumption
problem, and is not covered in this section. The acceptability criteria herein
is based on the descent mode requirements. ' If these requirements are met, the
system will be acceptable for all flight modes. :

4.1.7.2 Single/Multiple Payloads Frequency Re uirements. These requirements
cover both multiple and single payloads for both nominal and heavy landed
payloads (The latter are in excess of 32,000 pounds). The requirements are
based on the 1ift-off mass and modal characteristics of the payloads and their
constraint systems. The criteria consist of a definition of the minimum
acceptable constrained frequency as a function of payload weight. Any
individual payload that is a portion of the total cargo manifest (a multiple
payload cargo) and whose lift-off weight is less than 45,000 pounds, shall meet
the requirements for a 45,000 pound payload; if in excess of 45,000 pounds, the
constrained frequency requirements for the heavier weight must be met.
Constrained frequency is defined as the frequency of the payload on its mounts,
with the mounts fixed to an infinite mass. These frequencies can be attributed
either to the inherent flexible characteristics of the payload and/or to the
suspension characteristics of the rigid payload. '

4.1.7.3 Criteria. The minimum acceptable payload constrained frequency is
presented in Figure 4.1.7.3-1 for damping ratios (z) from 0.005 to 0.04 (0.5
percent to 4 percent). The plot is applicable to the pitch, roll and yaw
(rudder/yaw jet) modes. The constrained frequencies are associated with the
primary pitch/plunge and lateral payload modes. For damping ratios between the
defined values, a linear interpolation is permissible. If z is greater than
0.04, the 0.04 value must be used.

Damping values up to 0.01 can be used for preliminary flight confro] interaction
analysis. Higher damping ratios must be verified per JSC 14046 (Payload
Interface Verification Requirements).

As shown, a 32,000 pound single payload with 0.01 damping requires a minimum
frequency of 37.5 radians per second. The requirements for a single 45,000
pound payload, or for any lighter weight payload that is part of a 45,000 pound
multiple payload cargo, is at least 39.75 radians per second when z is 0.01.

4.1.8 Payload Huid Lines/PACK Interface Structural Limitations.

4.1.8.1 Interface Loads. The maximum Poads that may be transmitted by the payPoad
coolant bines to the Payload Active Cooling Xit (PACK) are presented in Jable 4.1.8.1-1.
Jhese boads are based on the analytic capabibity of the PACK support structure.
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4.1.8.2 Deflections. The payload Pluid lines shall be designed to accommodate maximum
deflections without producing oads that exceed the values given in Jable 4.1.8.1-1. Jotal
tine deflaction shall include maximum Orbiter deflection and refevant payload deflection.
Maximum deflections are presented in Jable 4.1.8.2-1. Jhese values include Orbiter
sidewall movement and permissible trunnion sbiding. Relative motion of the payload fluid
line clamp point with respect to the fongeron trunnion shall be added to the deflections in
TJable 4.1.8.2-1. The deflections apply for any PACK payload bay Location.

4.1.9 Pyrotechnic Shock

8.1.9.1 Payload Induced Pyrotechnic Shock. The payload generated pyrotechnic shock
detected on the trunnion at the pagyload to Orbiter interface shabl not exceed the shock
response spectrum shown in Jigure 4.1.9-1. Payload generated pyrotechnic shock is not
acceptable in the middeck or the aft flight deck.

4.1.9.2 Pyrotechnic Shock From Other Sources. JThe maximum Level of pyrotechnic shock
detected on the trunnion at the payload to Orbiter interface transmitted from other
payloads or Orbiter mounted equipment, such as the RMS or the XU Band Antenna, is shown
in Jigure 4.1.9.2-1.
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TABLE 4.1.2-1 PAYLOAD/ORBITER ROTATIONAL DEFLECTION LIMITS
FOR PRELIMINARY DESIGN

! ! ROTATIONAL DEFLECTION !
! INTERFACE LOCATION ! LIMITS DEGREES !
1 1 - t
! {PAYLOAD*!ORBITER* ! TOTAL**!
1 ] ] 1

'DEPLOYABLE LONGERON FITTING 13.0 13.0 6.0 !
] ] ] ] ]
'NON-DEPLOYABLE LONGERON FITTING '5.0 13.0 ig.0 !
] t i ) ]
'ACTIVE AND PASSIVE KEEL FITTING '3.0 13.0 16.0 !

*  For preliminary design use only.
** Total relative rotational deflection.
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TABLE 4.1.3-1 CARGO LIMIT-LOAD FACTORS/ANGULAR ACCELERATIONS FOR
DESIGN (QUASI-STATIC FLIGHT EVENTS)

' ! ! ANGULAR !
! ! LOAD FACTOR g ! ACCELERATION '

! ! ! RAD/SEC 2 !

' FLIGHT EVENT ! ! '

! ! ! ! [ !  CARGO

! ! Nx !Ny ! Nz ' 8 ' e ! ¥ ! WEIGHT !
! -1 ! ! ! ! ! !

! ASCENT ! ! ! ! ! ! !

! ! ! 1o ' ! ! !

'HIGH-Q BOOST ! -1.9 !+0.40 !! 0.25'+0.10 '+0.15 !+0.15 !

! ENVELOPE ! ! 11-0.50! ! ! 'Up to 65
! ! ! 1o ! ! ! ! Klb

! ! - ! ! ! ! !

! INTEGRATED ! -2.9 !40.06 ! ~0.15!+0.20 '+0.25 '+0.25 !

!VEHICLE BOOST ! -2.6 !+0.02 ! -0.20'+0.20 '+0.25 '+0.25 !

! MAX Ny ! ! ! ! ! ! !

! ! - Sy ! JE——— | J— !

!ORBITER BOOST ! -3.17! 0.0 ! -0.60!'+0.20 !+0.25 !+0.25 !

L OMAX Ny ! -3.05! 0.0 ! -0.80!+0.20 '¥0.25 '¥0.25 !

! - ! ! J— . S U
! POST SRB ! -1.10!+0.12 !-0.59 ! ' ! !

! STAGING ' ! ! ! ' ! !
. ! ! - - - - S ——
! DESCENT ! ! ! ! ' ! !

! ' ! ! ! ' ! !

!TAEM: PITCH !!1.01! O ! 2.50! 0 ! 0 ! 0 'Up to 32
! MANEUVER''-0.15! ! ! ' ! ! Klb

! 3 ! ! ! ! ! '

! ! -0.25! 0 ' 2.50' 0 '-0.11 ! O !

! 1 ! ! ! ! ! !

! '10.97' 0 '-1.000 0 ' 0 ' 0

! o ! ! ! ! '

! 1 ! ! ! ' ' !

! [QU— R J— J—— J—  F—— !

'TAEM: ROLL ! 0.65!#0.12 ! 1.98!+1.28 ! 0.02 '+0.13 !

! MANEUVER! ! ! ! ' ! !

! - ! ! ' ! - !

'TAEM: YAW ' 0.60'+0.85 ! 1.0'0 10 ' 0 !

! MANEUVER! 0.56'+0.49 ! 1.44! 0 10 1+0.044!

! ! 0.61!+0.002! 0.92! 0 ' 0 1+0.056!

1CD-2-19001 4-8



Jable 4.1.3-2 Cargp JLimit-Load Jactors/ Angubar Accelerations
Jor preliminary Design (Iransient Hight Lvents)

:ACCELERATION RAD/SEC 2!
]

! LOAD FACTOR

g

CARGO
WEIGHT

4

! Nz

! Ny

* FLIGHT EVENT ! Nx

K1b
1(29484 kg)!

‘Up to 65

143.1

147.7

2.5 143.7

1-2.5 !

1-0.2 141.4 |

-3.2 !

E
LIFT-OFF

® W s s me =,

DESCENT

fup to 32

{+4.9

'
]

{+11.3

1+4.2 1+46.4
]

1+1.5

1-2.0!

1.8

Landing

o -

K1b
1(14515 kg)!

-1.0 !
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TABLE 4.1.3-3 CARGO LIMIT-LOAD FACTORS/ANGULAR ACCELERATIONS FOR
DESIGN (DESCENT OF NON-RETURNABLE CARGO)

! ! ! ACCELERATION d '
! ! LOAD FACTOR g ! RAD/SEC, ! !
' FLIGHT EVENT ! ! ' !
! ! ! H .Y L. b oot CARGO !
! '!'Nx !'Ny !Nz ! ¢ ! ® ! ¥ ! WEIGHT !
! ' 4 ! ! ! ! ! !
! DESCENT ! ! ' ' : ' : :
! " ! ' ! ! ! ' !
'TAEM Pitch '!1.01! 0 '2.50' O! O ! O !'Up to 32 !
! Manuever!!-0.15! ! ! ! ' ' Kb !
' " ! ! ! ! ' ! !
' ' 0.25' 0 !2.50°¢' O!-0.10! O ! !
! ! ! ! ! ' ! ! !
! 1 ! ! ' ' ! ' !
s ''0.97 ! 0 '-1.00¢ O! O ! O ! !
! i ! ! ! ! ! ! !
! o ! ! ! ! ! ! '
! ' ! ! ! ! ! ! !
: : : ! ' ! ' ' '
'TAEM: Ro11 ! 0.65 !+0.12 !1.98 !+1.28! 0.02 !+0.13 ! !
! Maneuver! ! ' H ! ! ! !
! ! ! ! ) ' ! ! !
ITAEM: Yaw Man-! 0.60 !+0.85 1.0 ! 0! o'! 0 ! '
! euver ! 0.56 !40.49 !1.44 ! 0! 0 !+0.044! !
! ! 0.61 !+0.002!0.92 ! 0! 0 !40.056! !
! - b Voo L R - b R e e !
' Iy ! ! ' ! ! ! !
'TAEM: Pitch 10,83 0 !2.07! 0! 0! O !65 K1b !
! Maneuver!'!-0.21! ! ! ! ! ! !
! " ! ' ! ! ! ! !
! ! ! ! ! ' ! ! !
! ‘0.7 ! 0 '2.07' O0!-0.09! O ! !
! ! ! ! ! ! ! ! !
! M ' ! ! ! ! ! !
! ‘t0.81! 0 '-0.83¢ 0! O ! O : !
! ' ! ! ! ! ! ! !
! Vo ! ! ! ' ! ' !
' 1 ! ! ! d ! ! !
! ! ' ! ! ' ' ! !
'TAEM Ro11 ! 0.54 !+0.10 !1.65 !+1.06! 0.02 !+0.11 ! !
: Maneuver! ! : ! : : : :
! ' ! ! ! ! ! ! !
'TAEM: Yaw ! 0.51 !+0.75 1.0 ! 0! o! 0 ! !
: Maneuver! 0.44 !+0.45 !1.53 ! 0! 0 '10 039! :
! ! 0.5 !+0.012!0.93 ¢! 0! 0 !+0.054! '

NOTE: Load factors for non-returnable cargoes between 32,000 1bs
and 65,000 1bs are found by linear interpolation between
values given in the table.
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Jable 4.1.3-4 Cargo JLimit-Load Factors/ Angular Acceberations
Jor Preliminary Design (Landing Of Non-Returnable Cargo)

: LOAD FACTOR g 'ACCELERATION RAD/SEC 2! !
t t
.o ! CARGO !
¥ ! WEIGHT !

FLIGHT EVENT

2™ ter b sum ter o sam

! ! ! ! ! !

!'N ' N 'N ! ¢ ! !

P T P ! ' -

! ! ! ! ' ! ! !
fLanding 11.50 1+1.0 143.6 {+4.8 (484 (43.2 (400 weights !
! 1-1.70 ! {-0.3 ! ! ! ! !
! ! ! ! ! ! ! ! !

Jigure 4.1.3-1 Sign Convention Jor Cargo JLimit-Load
Factors/ Angular Accelerations

I1CD-2-1900 4-1



TABLE 4.1.3.5-1 EMERGENCY LANDING DESIGN LOAD FACTORS

Load Factor
65 K1b (29484 kg) Down !

Load Factor
65 Kib (29484 kg) Up
32 K1b (14515 kg) Down

CONDITION

!
:
!
!
!
: ! !
! X !y ! 1
! : !

1 ]

+4.50 ! +0.738! +2.215
-0.738! -0.738! -0.985

‘Emergency Landing
!(Outside Crew

] !
! 1
| [}
! !
.5 1 +1.50 ! +4.5
-1.5 ! -1.50 ! -2.0
[} ]
. :
[} '
| )
! 1

G tem o W Vm tem G Sem G QEs G G S Qs G &
e Gem S S S P G G S G S e S e S P

;
!Compartment) ! ! !
! -1 ! ! !
‘Emergency Landing! +20.0 ! +3.3 +10.0 ! !
! (Inside Crew ! -3.3 ! -3.3 -4.4 ! H

i ] [}

{Compartment)

Sign convention follows that of the Orbiter coordinate system in Figure
4.1.3-1.

Emergency landing load factors are ultimate. The longitudinal load
factors are directed in all aftward azimuths within a cone of 20 degrees
half-angle. The specified load factors shall operate separately.

For cargo weight between 32 K1b and 65 K1b, use a linear interpolation
between the load factors given.
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TABLE 4.1.5-1 ORBITER CARGO BAY INTERNAL ACOUSTIC ENVIRONMENT

1/3 Octave !Sound Pressure Level(dB) ref. 2X10~5 N/m?
Band Center

] I
: : E
! Frequency ! Lift-of f ! Aeronoise !
! (Hz) ! ! !
! ! 5 Seconds/Flight* ¢ 10 Seconds/Flight* !
1 ] ] ]
! 31.5 ! 122.0 ! 112.0 !
! 40.0 ! 124.0 ! 114.0 !
! 50.0 ! 125.5 ! 116.0 !
! 63.0 ! 127.0 ! 118.0 !
! 80.0 ! 128.0 ! 120.0 !
! 100.0 ! 128.5 ! 121.0 !
! 125.0 ! 129.0 ! 122.5 !
! 160.0 ! 129.0 ! 123.5 !
! 200.0 ! 128.5 ! 124.5 !
! 250.0 ! 127.0 ! 125.0%* !
! 315.0 ! 126.0 ! 125.0%* !
! 400.0 ! 125.0 ! 124.0%* !
' 500.0 ! 123.0 ! 121.5 !
' 630.0 ! 121.5 ! 119.5 !
! 800.0 ! 120.0 ! 117.5 !
! 1000.0 ! 117.5 ! 116.0 !
! 1250.0 ! 116.0 ! 114.0 !
! 1600.0 ! 114.0 ! 112.5 !
! 2000.0 ! 112.0 ! 110.5 '
! 2500.0 ! 110.0 ! 108.5 '
1 ] ] ]
! Overall ! 138.0 ! 133.5 !

*Time per flight does nof include a scatter factor.

**NOTE: Narrow band discrete noise is radiated from the cargo bay vent
doors during transonic/low supersonic flight. The noise
radiated from any one vent is described below:

This environment is not intended for full payload exposure but
only to those areas of the payload adjacent to a cargo bay
vent opening.

:One-Third Octave Band ! Sound Power Level
!Center Frequencies, Hz! dB re 10-12 watts
]

8 Seconds/Flight

e St e b S Gem hum gam

Pm s tem st b b= pem

.
!
.
1
.
-
.
1
.
3
.
1
.

250 128
315 136
400 130
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Jable 4.1.6.2.1~1 Orbiter Cargo Bay Random Vibration Payload

X Axis

Y Axis

Z Axis

Jhe associated time duration is 20 seconds per axis per plight which includes a
fatigue scatter factor of 4.

I1CD-2-19001

20 - 58 Nz
58 - 125 Nz
125 - 300 Nz
300 - 900 Nz
900 - 2000 Nz

Overall = 3.1 Grms

20 - 68 Nz
68 - 125 Nz
125 - 300 Nz
300 - 900 Nz
900 - 2000 Nz

JLongeron Jrunnion/Orbiter Interface

Overall = 3.1 Grms

20 - 45 Nz
45 - 125 Nz
125 - 300 Nz
300 - 900 Nz
900 ~ 2000 Nz

Overall = 3.2 Grms

4-14

.0025 ¢ / Nz
+9 dBB/Octave
025 ¢ /Hz
-9 df3/Octave
.001 ¢ /Hz

.008 £/ Nz
+9 d#3/Octave
025 R/ Nz
-9 df3/Octave
001 g /HzZ

.009 #/ Nz
+3 df3/Octave
025 ¢/ Kz
-9 df3/Octave
001 #/Hz



X Axis

Y Axia

2 Axia

Jhe associated time duration is 20 seconds per axis per flight which includes a
fatigue scatter factor of 4.

ICD-2-19001

20 - 90 Nz

90 -~ 100 Nz
100 - 300 Mz
300 - 650 Nz
650 -~ 2000 Nz

Overall = 2.3 Grmas

20 - 90 Nz
90 - 100 Nz
100 - 300 Nz
300 - 650 Rz

650 ~ 2000 Nz

Overall = 2.3 Grmas

20 - 60 Nz

60 -~ 100 Nz
100 - 300 Nz
300 - 650 Nz
650 - 2000 Hz

Overall = 2.2 Grms

4-15

Jable 4.1.6.2.1-2 Orbiter Cargo Bay Random Vibration Payload
Keel Irunnion/Orbiter Wnterface

.008 g2/ Nz
+9 df3/Octave
.01 g2/ Nz

~9 df3/Octave
.001 g2/ Nz

.008 ¢2/ Mz
+9 df3/Octave
.01 g2/ Mz

-9 df3/Octave
001 g2/ Mz

.0023 g2/ Nz
+9 df3/Octave
.01 g2/ Mz

-9 df3/Octave
.001 g2/ Nz



Jable 4.1.6.2.2-1 Orbiter Cargo 8ay Random Vibration Payload
Sidewalt Adapters/Orbiter Interface

X Axis (same as bongerons)

20 - 32Nz ' .003 ¢2/ Nz

32~ 100 Nz +6 dBB/Octave
100 - 500 Nz .030 ¢2/ Nz
500 - 2000 Mz : -4 df3/Octave

Overall = 5.5 Grme

Y Axis 20 - 45 Rz +10 df3/Octave
45 - 600 Nz .060 g2/ Nz
600 - 2000 Mz -6 df3/Octave

Querall = 7.7 Grms

Z Axis (same as longerons)

20 - 45 Nz .009 g2/ Nz

45 - 70 Nz +12 df3/Octave
70 - 600 Nz .050 g2/ Nz
600 - 2000 Rz ~6 df3/Octave

Overall = 7.0 Grms

Jhe associated time duration is 20 seconds per axis per Plight which includes a
fatigue scatter factor of 4.
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Jable 4.1.6.2.3-1 Orbiter Cargo Bay Random Vibration

X Axis

Y Axis

Z Axis

Jhe associated time duration is 20 seconds

fatigue scatter factor of a.

ICD-2-19001

Orbiter Longerons
20 - 32 Nz
32- 100 Nz

100 - 500 Nz
500 - 2000 Mz

Overall = 5.5 Grms

20 - 50 Nz
50 - 120 Nz
120 - 160 Nz
160 - 600 Wz
600 ~ 2000 Nz

Overal? = 7.8 Grms

20 - a5 Nz
45 - 70 Mz
70 - 600 Jz

600 -~ 2000 Nz

Overall = 7.0 Grms

4-117

.003 g2/ 4z
+6 df3/Octave
.030 g2/ Mz
-4 d3/Octave

+10 dé3/Octave
.08 g2/ Mz

-3 d8/Octave
.06 g2/ Nz

-6 di8/Octave

.009 §2/ Mz
+12 d8/Octave
.050 g2/ Nz

-6 dB/Octave

per axis per flight which includes a



TJable 4.1.8.1-1 Maximum nterface Loads Payload :Jlmd

1CD-2-19001

Jable 4.1.8.2-1 Maximum nterface Debfections Payload Fuid

Lines/PACK nterface

Motion Jogether ! Motion Apart
(9nches) ! (9nches)

{

!
!
'
X { Yy  Z t X 1 Yy 1 zZ
!
!
'

f f [} { (]

0.80 { 3.00(1) {o0.50 fo.8o0 {2752 ![{o.50
! ! ! ! !

S Swy twm Sy twy fmy

(1) 9ncludes 0.93 inch payload motion

(2) ncludes 1.99 inches payload motion

4-18

Lines/PACK nterfaces

! PACK Maximum AMowable Loads Per Jbuid Line !
! f
f - Snterface Load | Snterface Moment !
! Direction Load (Pounds) ! Direction Moment (9n. Pounds) !
! -

! Xo ! 4112 { mx, ! +1032 !
! ! ! ! !
! Y, ! +124 ! my, ! +612 !
! ! ! ! !
! 2, {275 ! mz, ! + 425 !



.25 L KLBS -88

(o]
‘ -80
53] 10 KiBS \\
(o]
51| 32 kuBs . =90
50 KLBS

.19
B
& '85 KLBS
3 .17
o
& 121 KLBS
. .15] 41
o
£~
=
-
(&
=t
[
=

- 8 .10 -70°-60° -30°
.02 | } ! ! ) | } |
-200 -160  -120 -80  -40 0 40 80

TEMPERATURE ©OF
TRUNNION INTERFACE ONLY
VALUES TO BE USED FOR:

. Y-Y Loads at Longeron Latch

«» Z-Z Load at Keel Latch

. For Intermidate Load Values, Use
Next Highest u Value Plotted

(NOTE: Do Not Interpolate)

W N =

FIGURE 4.1.1.1-1 ORBITER/PAYLOAD Y AND Z DIRECTION RETENTION SYSTEM
COEFFICIENT OF FRICTION FOR FIBRILOID BEARING LINER
WITH BRAYCO OIL
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12 10K -

4

.10 4-

.08 4

.06 1T

004 -

| !

.02 &
10 15 20 25 3

g

(S
o T

LOAD Y, X KLBS
LATCH/BRIDGE INTERFACE ONLY
VALUES TO BE USED FOR:

X-X Loads at Longeron Latch/Bridge
2. X-X Loads at Keel Latch/Bridge o o
3. All Temperature Environments (~200 F to +275 F)

-
.

FIGURE 4.1.1.1-2 ORBITER/PAYLOAD X-X DIRECTION RETENTION SYSTEM
COEFFICIENT OF FRICTION FOR DRY FILM LUBERICANT
LATCH/BRIDGE INTERFACE
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<—— WMAXIMUM CARGO DESIGN
LAUNCH WEIGHT -
65000 LBS (29484 Kg)

<6—— CARGO C.G, AFT X, LIMIT

<«——— MAXIMUM CARGO DESIGN.
LANDING WEIGHT (NORMAL

- MISSION)-32000 LBS
(14515 xg)

CARGO WEIGHT |

" CARGO C.G. ——b
“FWD X LIMIT

, 582 'Xo STATION (INCHES) ' 1302
" EQUATIONS FOR CALCULATING CARGO Xo'(STATION) C.5. LIMITS

1076.7 . - 3,70x106

We .

WD LIMIT =

1108.95 W, + 3.4x105

Ye

AFT LIMIT =

WHERE  W_ = CARGO WEIGHT IN LBS

FIGURE 4.1.4.7-1 ALLOWABLE CARGO C.G. LIMITS (ALONG X-AXIS)
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MAXIMUM CARGCZ DESIGN —»
LAUNCH WEIGHT. '
65000 LBS (23484 KG)

|

ABORT ONLY
. LIMITS

)

CARGO C.G. STARBOARD
Y, LIMIT -

MAXIMUM CARGO DESIGN
LANDING WEIGHT (NORMAL
.~ MISSION) 32000 LBS

(14515 x6) —»

VARGU KWLilGRT

CARGO C.G. PORT

Yo LINIT. N
r— PAYLOAD BAY §

-8 | 0 +8
Y, STATION (INCHES) -

EQUATIONS FOR CALCULATING CARGO Y, (STATION) C.G;_ LIMITS

| 'rLS W, + 6.265x10%
LIMIT = *
T %

NHERE W, = CARGO WT IN LBS

Figure 4.1.4,1-2 Allowable Cargo C.G; Limits (Along Y-Axis)

FIGURE 4.1.4.1-2 ALLOWABLE CARGO C.G. LIMITS (ALONG Y-AXIS)

2-19001 4-22



1 ' MAXIMUM CARGO DESIGN LANDING

490
\ WEIGHT (NORMAL MISSION)
r 32000 LBS (14515 KG) -
_ e A LY =1 max;m cARGO |
» . DESIGN LAUNCH WEIGHT
- | 65000 LBS (29484 K5)
= . . .
=~ a00l— - - PAYLOAD BAY §
& | |
=3
7
5 H
J CARGD WEIGHT

o EQUAT!bNS FOR CALCULATING CARGO Zo (STATION) C.6G. LIMITS

384.5.W_ + 1.331x10°

UPPER LIMIT = =

C N
360 Wc - 1.566x10

LOWER LIMIT = — Vo
WHERE W_ =CARGO WT IN LBS | |
PARTIAL PAYLOAD Zo (STATION) C.G. LIMITS FOR SUMMATION OF ALL PAYLOADS MOUNTED ON

ATTACHMENT FITTINGS IN PAYLOAD BAY (ZOFC.G. TO REMAIN WITHIN CURYE ABCDEFGHIJ, THE
SEGMENTS OF WHICH ARE DEFINED BELOW) : .0

I1JAB:
© BC:

CD:

DEF:

FG:

HI:

SAME AS CARGO C.G, LIMITS ABOVE FOR P/L WT UP TO 4000 LBS .

STRAIGHT LINE FROM POINT B (4000 LBS, STA 490) TO POINT C
(6000 LBS, STA 445)

STRAIGHT LINE AT STA 445 FROM POINT C (6000 LBS) AN <
C.G. LIMITS ABOVE D POINT D ON CARGO

SAME AS CARGO C.G. LIMITS ABOVE FROM POINT D (STA 445) TO POINT F (STA 380)

STRAIGHT LINE FROM POINT F(65,000 LBS, STA 380) TO POINT G (32,000 LBS,
STA 355) ' ’

STRAIGHT LINE AT STA 355 FROM POINT G (32,000) TO POINT H (6000 LBS)
STRAIGHT- LINE FROM POINT H(6000 .LBS, STA 355) TO POINT 1(4020 LBS, STA 310)°

FIGURE 4.1.4.1-3 ALLOWABLE CARGO C.G. LIMITS (ALONG Z-AXIS)
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FIGURE 4.1.7.3-1
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Jigure 4.1.9.1-1 Orbiter/Pagload Interface Shock Response
Spectrum Payboad Pyrotechnic Shock
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Jigure 4.1.9.2-1 Orbiter/Payload Interface Shock Response
Spectrum Orbiter Pyrotechnic Shock
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4.2 AFT FLIGHT DECK

4.2.1 Quasi-Static.

4.2.1.1 Limit Load Factors. (See paragraph 4.1.3 for definition of load
factor).

4,.2.1.1.1 Operational Inertia Load Factors. Operational inertia load factors
shown in Table 4.2.1.1.1-1 shall apply to all secondary structure.

4.2.1.2 Emergency Landing Load Factors. The emergency load factors specified
below shall apply to components mounted in the crew compartments. They shall
not apply to items whose failure does not result in injury to personnel or
prevent egress from the crashed vehicle.

Ultimate Inertia Load Factors

kNy

! '
: !

200 ! 3.3 ! 10.0
[ S ]
] 1

-3.3 -4.4

These load factors shall act independently, and the longitudinal load factors
shall be directed within 20° of the longitudinal axis.

4.2.1.3 Vibratibn.
4.2.1.3.1 (Reserved)

4.2.1.3.2 . Random Vibration. The random vibration environments applicable to
components mounted in the Aft Flight Deck during launch and ascent shall be as

follows: |
20 - 150 Hz +6.00 db/Octave
150 - 1000 Hz 0.03 g2/Hz
1000 - 2000 Hz -6.00 db/Octave

Composite = 6.5 g(rms)

Environment exposure duration = 7.2 sec/flight in each of Xy, Y,, and Z,
axes.

The exposure duration of 7.2 seconds/flight does not include a fatigue scatter

factor. A fatigue scatter factor appropriate for the materials and method of
construction is required and shall be not less than 4.0.

ICD-2-19001 4-27



4.2.2 Acoustics. Table 4.2.2-1 represents the minimum level to which equipment
to be flown in the aft flight deck must be certified to be considered safe to
fly on the STS. Maximum continuous sound pressure bevels in the aft plight deck for
normal on-orbit operations resubting from all Orbiter-provided equipment shaf? meet the
8imits shown in Figure 4.2.2-1. Maximum sound pressure Pevels for intermittent Orbiter
equipment shabl meet the bimits of Std 145 of §SCM-808o0.

4.2.2.1 Payload Generated Acoustic Noise. The individual payboad elements shall not
emit continuous acoustic noise into the crew working/biving spaces exceeding the levels
shown in Jigure 4.2.2.1-1 as measured one foot from the noise radiating surface(s).
Maximum noise bevels for intermittant noise generated by payboad efements shall meet the
dimita of MASA Std. 145 in 3SCM-8080.

4.2.3 Panel Kick/Push-0ff Loads. In areas where panel deflection could cause
equipment damage to payload provided Aft Flight Deck equipment, the panel shall
be capable of absorbing a limit 125 pound (56.7 kg) load distributed over a 4
in. x 4 in. (101.6 mm x 101.6 mm) square area.

1CD-2-19001 ‘ 4-28



TABLE 4.2.1.1.1-1 OPERATIONAL INERTIA LOAD FACTORS

! Condition ! Limit Load Factors !
] ] 1
! ! N ! N ! N !
! ! X fes y ! z !
H ! =2.55 ! o ! .55 !
‘Lift-0Off !-2.23 ! -.03 ! 1.68 !
' !o-1.28 ¢ 01 ! -2.05 !
H ! ! ! !
‘High-q Boost ! -1.90 ! .04 ! -.20 !
! !-1.60 ! +.20 ' -.20 !
! : ! H ' !
!Max Boost ! -3.20 ! .09 ! -.20 !
] ] ] ] ]
!0rbiter Max Load Factor =325 ! -02 ¢t -.60 !
! !-3.00 ' o ! -1
! ! ! ! !
!TAEM Maneuvers Pootl.ay ! 0 ! 2.5 !
! ! 0.53 ! 1.7 ' 1.02 !
! ! 0.21 ! -1.39 ! 0.90 !
! ! ! ! !
!Landing ! 3.51 ! o ! .96 !
! ! -2.96 ! 0 ! 35 !
! ! ! ! !
! ! -.60 ! 0 ! 4.9(1) !

(1) N, is 4.9g at the crew module C.G. only. It varies

linearly with X from 6.689 at the forward bulkhead to
3.70g at the aft bulkhead.
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TABLE 4.2.2-1 AFT FLIGHT DECK ACOUSTIC ENVIRONMENT

Sound Pressure Level - dB

[} ]

! 1/3 Octave ! ref. 2 x 10~5N/m2

! Band Center ! H

!  Frequency ! Lift-off ! _Aeronoise !
! (Hz) ! 5 Seconds/Flight* ! 10 Seconds/Flight* !
! 31.5 ! 107 ! 99
! 40.0 ! 108 ! 100
! 50.0 ! 109 ! 100
! 63.0 ! 109 ! 100
! 80.0 ! 108 ! 100
! 100.0 ! 107 ! 100
! 125.0 ! 106 ! 100
! 160.0 ! 105 ! 99
! 200.0 ! 104 ! 99
! 250.0 ! - 103 ! 99
! 315.0 ! 102 ! 98
! 400.0 ! 101 ! 98
! 500.0 ! 100 ! 97
! 630.0 ! 99 ! 97
! 800.0 ! 98 ! 96
! 1000.0 ! 97 ! 95
! 1250.0 ! 96 ! 94
! 1600.0 ! 95 ! 93
! 2000.0 ! 94 ! 92
! 2500.0 ! 93 ! 91
1 ] ]

! Overall ! 117.5 ! 1M

*Time per flight ddes not include a scatter féctor.
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OCTAVE BAND LEVEL - dB re 20 N/m2

ICD-2-19001

80

70

| \ _|.. Woeck cegTeR
o L -- ~. 1_—--K
P Sl >~

60 ; Y ~

‘\\\\> \\\\\\ .\\\\

. FLIGHT DECK -
| BETWEEN .CDR & PILOT \\
50 PiEAk LEVEL \
40
30

63 125 250 500 1000 2000 4000 8000

OCTAVE BAND CENTER FREQUENCIES - Hz

FREQ. Hz 63 125 250 500 1000 2000 4000 8000 O/A dBA
FLIGHTDECK| 66 59 56 56 59 5 52 45 68 63
MIDDECK 62 62 65 61 62 63 58 54 71 68

Jigure 4.2.2-1 Crew Module Acoustic Noise Levebs
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> MID DECK
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= FLIGHT | DECK T~ |
. 40 A\
=) \
=
=<t
[~2]
ud
>
= 30
(&) .
o
20
63 125 250 500 1000 2000 4000 8000
OCTAVE BAND CENTER FREQUENCIES - Hz
FREQ. Hz 63 125 250° 500 1000 2000 4000 8000 O/A dBA
FLIGHT DECK |56 49 46 46 49 46 42 35 58 53
MID DECK 52 52 55 51 52. 53 48 44 61 58

Jigure 4.2.2.1-1 Crew Modube Acoustic Noise Limits For Payloads
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4.3 GENERAL ACCELERATIONS

4.3.1 RCS/VRCS Accelerations. During normal Orbiter attitude-keeping
activities, thrusting of the Orbiter RCS will cause slight accelerations to be
exerted on cargo elements depending on their locations with respect to the
vehicle center of rotation (affected by weight distribution, but generally in
the vicinity of X,1120, Y,=0, 2,=400). RCS acceleration values shall be

-as defined in Table 4.3.1-1. Vernier RCS acceleration values shall be as
defined in Table 4.3.1-1. 1In either case, all three angular accelerations may
occur simultaneously.

4.3.2 Prelaunch Accelerations. Maximum and minimum 1imit- load factors/angular
accelerations exerted on the cargo during prelaunch shall be as specified in
Tables 4.3.2-1 and 4.3.2-2 for an unfueled (empty) and fueled (full) Shuttle
External Tank (ET), respectively. These data are based upon the dynamic
response of the cargo, with the cargo bay door closed, in a Shuttle vehicle
which is exposed to ground wind loading, including gust and vortex shedding
effects. The Rotating Service Structure (RSS) and other Shuttle service
connections are retracted. The dynamic response is maximized such that these
data may be applied conservatively to cargo elements of all weights at all
locations. '

Limit-load factor/angular acceleration, including sign convention, is defined in
paragraph 4.1.3. The center-of-rotation for angular accelerations is at the
cargo element center-of-gravity. 0° wind vector coincides with the Orbiter +Z
axis. The wind vector rotates clockwise; therefore, 90° wind is from Orbiter +Y
to Orbiter -Y. Prelaunch deflections are defined in ICD 2-0A002, SHUTTLE
SYSTEM/LAUNCH PAD AND MLP.

4.3.3 OMS Accelerations. The maximum limit-load factors/angular accelerations
exerted on the cargo during OMS engine operation shall be as specified in Table
4.3.3-1. The maximum values include the effects of OMS engine thrust overshoot,
misalignment, and the dynamic magnification of the payload and Orbiter
structures. Limit-load factor/angular acceleration, including sign convention,
is defined in Paragraph 4.1.3. The center of rotation for angular accelerations
is at Xg 1094.9, Y, 0, Z, 372 for a 32,000 1b cargo element and at

Xo 1093.7, Yo 0, Zo 375.9 for a 65,000 1b cargo element.

4.3.4 Orbiter Jowing Loads. The Orbiter shall not impose total acceberation bevels in
Cargo elements which exceed + 0.8¢ baterally, 1 + 1.3¢ vertically, and 1¢ axially.

4.3.5 Payload Deployment Operations. During non-RMS deployment operations, the
payload will be capable of sustaining loads imposed by the Shuttle as a result
of RCS attitude control. The definition of the flight control system for RCS
attitude control will be contained within the appropriate PIP or ICD. OMS and
RCS translation will not be considered during payload deployment operations
involving erection and/or extension. This requirement does not apply to

. payloads requiring the RMS for payload deployment/handling operations.
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TABLE 4.3.11

ACCELERATION LEVELS

ORBITER PER AXIS PRCS

S T e e 1 e i 4o T o V= S L S e e tem S b e e b o Ces oem b b b G b

-Yaw

! ! Maximum ! Nominal ! Time
Acceleration : Command ! Hi-Mode ! Mode ! Average
] 1 ] ]
TRANSLATION (ft/sec?)! ! ! !

] ] [} ]

32 K Lbs Payload DX !0.55% ! 0.27 ' 0.29
=X ! NA ! -0.28 ! -0.27
Doty ! NA ! 0.28 ! 0.12
-y ! NA ! -0.28 ! -0.15
! +Z Yo1.26%* ! 0.42 ! 0.43
! -2 ! -0.94% ! -0.55 ! -0.50
] ] ] ]

65 K Lbs Payload VX ! 0.46* ! 0.23 ! 0.24
=X PONA D -0.23 ! -0.22
Doy YOONA D 0,23 ! 0.10
Po-y ! N/A ! -0.23 ! -0.12
42 P1.05%* ! 0.35 ! 0.35
! -7 :-0.80 ! -0.46 ! -0.42
] ] ] ]

ROTATION (deg/sec?) ! ! ! !

] ] ] ]

32 K Lbs Payload ! +Rol1 ! N/A ' 1.09 ! 0.80
!-Ro11 ! N/A ! 1,09 ! -0.89
P #Pitch ! N/A ! 1.29 ! 1.16
! -Pitch ! N/A ! -0.86 ! -0.81
! +Yaw YONA Y 0072 ) 0.70
! -Yaw ! N/A ! -0.72 ! -0.62
t 1 ] [} -

65 K Lbs Payload ! +Rol1 ! N/A ! 1.03 ! 0.76
! =Roll ! N/A ! -1.03 ! -0.84
$4+Pitch ! N/A ! 1.18 ! 1.06
! -Pitch ! N/A ! -0.79 ! -0.74
! +Yaw ! N/A ! 0.66 ' 0.64
! ! N/A ! -0.66 ! -0.57

* Hi-mode acceleration in +X and -Z is available only during
OPS 1 (insertion) and OPS 3 (de-orbit) phases with TRANS
DAP (Transition, digital autopilot).

** Hi-mode acceleration in +Z is available only during OPS 2
(on-orbit) phase with on-orbit DAP (digital autopilot).

ICD-2-19001
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TABLE 4.3.1-2 ORBITER PER AXIS VRCS
‘ ACCELERATION LEVELS

[}
.
[}
]
[}
.
[}
[}
[}
.
!
1
[}
3
1
[}
[}
[}
}
]
]
.
'
.
1
!
]
1
1
|
1
]

! ! ! Per Axis !Translational Crosscouple !

! ! ! Rotational !'Acceleration, feet/second?!

! !Rotation!Acceleration!

t Payload !Command E deg/sec? toX by toZ

é 32 K Lbs % +Pitch g 0.0209 §~o.0003 g 0.0 g—o.oose

E § ~Pitch g ~0.0163 g 0.0 g 0.0 5-0.0077

é % +Ro11 g 0.0209 é—o.ooo1 g 0.0027 %—0.0057

E g -RoT1 g' ~0.0209 5-0.0001 %-0.0027 5-0.0067

E g +Yaw § 0.0175 5-0.0001 2—0.0011 é-o.oozg

! ! -Yaw ! -0.0175 !-0.0001 !-0.0011 !-0.0029

TNORS ol il ol it

165 K Lbs ! +Pitch ! 0.0191 !-0.0002 ! 0.0  i-0.0047

E 5 —pitch,% ~0.0149 % 0.0 g 0.0 §—0.0064

! ! +Ro11 ! 0.019 -0.0001 ! 0.0023 :-0.0056

g é ~Ro11 % ~0.0196 5-0.0001 é-o.ooza g-o.ooss

E g +Yaw g 0.0160 §‘°-°°°‘ g-o.ooog 5-0.0024

g {~Yaw ! -0.0160 -0.0001 {-0.0009 i-0.0024
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Jable 4.3.2-1 Maximum And Minimum
Cargo Limit Factors/Angubar Accelerations ~
Prefaunch, &£xternal Jank Unfuebed (Empty)

! ! Load Factor ! Angular Acceleration
! Ground ! ! Rad/Sec?

! Wind Speed !-- !

‘and Direction! !

; Lon n, n, T Py v

- ]
!72 Knots :-1+¢0.10 +0.05 +0.15 ! +0.01 +0.10 +0.01
! 0° ! !
] = —— b e e e e e
{72 Knots :-140.05 +0.10 +0.05 ! +0.06 +0.02 +0.06
! 90° ! !
e e ————— | —— — —
172 Knots :-1£0.10 +0.05 +0.15 ! +0.02 +0.10 +0.02
! 180° ! !

Jable 4.3.2-2 Maximum And Minimum
Cargo Limit JFactors/ Angubar Acceberations -
Prebaunch. &xternal Jank Fueled (Fubb)

! ! Load Factor ! Angular Acceleration
ooereuwAd b : _Rad/sec2

! w_i nd Speed ! _____ - - o ] - I AN o R R T TR,

‘and Direction! ! .. . ..

! ! ! ] e ¥

S LI S S

'49 Knots :-1+0.05 +0.03 +0.08 ! +0.01 +0.05 +0.01

!0 ! !

e ! —_— - !

'49 Knots :-140.03 +0.05 +0.03 ! +0.03 +0.01 +0.03

!9Q° ! !

| ! __________________ 1 |

149 Knots !-1#0.05 +0.03 +0.08 ! +0.01 +0.05 +0.01

! 180° ! !
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TABLE 4.3.3-1 MAXIMUM CARGO LIMIT-LOAD FACTORS/ANGULAR
ACCELERATIONS FOR OMS OPERATION

Angular Acceleration

Load Factor Rad/Sec?2

]
.
1
H
]
.
[}

e

]
.
)
.
[}
.
J
.
1

. B

iUp to 32 KLB
]

]
]
g
! LI !
tCargo Weight ! Ny !
] - ) : 1
E .0051 !
1 ]
! 0 !

.
' !
! ' ' :

-.273 ! +.0048! -.089! +.0104 ! +
[ ' '

: Pt

-.237 ! £.0042! -.074! +.0096 !

132K to 65KLB 048 ! +.
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4.4 (Debeted)
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5.0 FLUID INTERFACES.

5.1 "UMBILICALS.

5.1.1 Mid-Body Prelaunch Umbilical Panel. The physical characteristics of the
fluid interfaces are defined in Figure 3.3.4-6.

5.1.2 Starboard Payload (T-4) Umbilical Panel. The physical characteristics of
the fluid interfaces are defined in Figure 3.3.4-7.

5.1.3 Port Payload (T-4) Umbilical Panel. The physical characteristics of the
fluid interfaces are defined in Figure 3.3.4-8.

5.2 CARGO BAY PURGE AND VENT. (See Paragraph 6.2.1)

5.3 HEAT EXCHANGER INTERFACE. (See Paragraph 6.2.2)

5.4 AIR REVITALIZATION SERVICE. (See Paragraph 6.3.)

5.5 OXYGEN SUPPLY. (See Paragraph 6.3.1)

5.6 PAYLOAD STATION AND MISSION STATION COOLING. (See Paragraph 6.3.2)
5.7 (Debeted)

5.8 Specification of Fluids. Fluid procurement and use control shall be in
accordance with NASA Specification NSTS-SE-S-0073.
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6.0 ENVIRONMENTAL CONTROL INTERFACES
6.1 PASSIVE THERMAL CONTROL
6.1.1 Thermal Design Mission.

6.1.1.1 (RESERVED)

6.1.1.2 Orbiter Vehicle Attitude Constraints. During on-orbit operations, the
Orbiter attitude-hobd time bimits depend on a combination of the Pollowing factors:

a. Sun angle to orbital plane (Beta angle)
b. Orbiter altitude:

| ¢. Orbiter attitude and attitude history
d. Water management for heat rejection
e. On-orbit thermal conditioning requirementa
f. Preentry thermal conditioning requirements

Because these factors depend on orbiter operations in response to payboad mission
requirements, the Orbiter's attitude-hobd capability wibl be established in payload-unique
9CDs and mission-specific Payboad Integration Plans (IP9Ps) for each payload which requires
attitude-holbd periods greater than the minimum durations defined in Paragraph 6.1.1.2.1,
including the deorbit and entry requirements defined in Pargraph 6.1.1.2.3. Jhe
attitude-hold periods presented in this paragraph are composite vabues based on
consideration of a number of Orbiter thermal issues. Jhe durations are referenced from
specific initial conditions (passive thermal control (PIC) steady-state conditions at the
particubar beta angle). The attitude-hold periods are intended onby as an initial simpbified
presentation of orbiter capabibities for SIS users.

6.1.1.2.1 Orbiter Constraints as a Junction of Attitude and Sun Angle-to-Orbital Plane
(Beta Angle). Depending on the combination of factors noted in Paragraph 6.1.1.2, the
maximum attitude-hofd capability for the Orbiter will be bimited to the durations and ranges
given in the table bebow for 0° < beta angle < 20°, 20° < beta angle

< 60° and 60° < beta angle <90°. Attitude-hold periods longer than the

minimum specified durations may impose constraints on mission variables such as vehicle
orientation, orbital parameters, etc. Such extended attitude holds. and the corresponding
mission constraints, shall be specified in applicable payload-unique 9CDs and
mission-specific PIPs as a basis for mission planning. BBefore the attitude-hold durations can
be repeated, the Orbiter muast be placed in a preferred attitude for a specific duration to
aflow the accumubation of fuel cell generated water used for active thermal controf and/or
passive thermal conditioning, also to be defined in applicable ICDs and PIPs.
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! /

! ! From PIC nitial Conditions (Hours)+

! Cargo #B3ay Orientation*® e e e e
! ! 0°€ B <20° ! 20°< B <e60° ! 60°< B <90° !
TGOS SRy SO RS ! { SRS S |
! Jhree-Axis nertial ! ! ! !
! ! ! ! !
! Sobar Viewing ! -160 ! -160 ! s52to 160 !
! (BBay to Sun) ! ! ! !
! ! ! ! !
! Other 9nertial Attitudes ! ! ! !
! - Jaif Sun ! 12 ! 6 ! 5 !
! - Nose Sun ! 37 ! 35 ! 33 !
! - Side Sun ! 110 ! 110 ! 98 !
! - f3ottom Sun ! 160 ! 160 ! 14 !
e S _—— | JR— S !
! Local Vertical (LU)** ! ! ! !
! ! ! ! !
! Carth Viewing ! ! ! !
! (Bay to Carth) ! ! ! !
! - With Nose Joward Sun ! _— ! _ ! 7 !
! at Beta Near 90° ! ! ! !
! (Wing on VV) ! ! ! !
! ~ With Jait Joward Sun ! 61 to 160 ! 71to160 ! 5 !
! (Wing on V) ! 1 ! !
! - With &ither Side ! 160 ! 37to 160 ! 16 to160 !
! Joward Sun (Nose or ! ! ! !
! Jail on VV) ! ! ! !
! ! ! ! !
! Other LU Attitudes ! ! ! !
! - Port Side LV with ! 160 ! 6 ! 5 !
! Jail Joward Sun ! ! ! !
! - Bottom LV with Jail ! 160 ! 6 ! 5 !
! Joward Sun ! ! ! !
! -~ Starboard Side LV ! 160 ! 7 ! 5 !
! with Jail Joward Sun ! ! ! !
! — BBottom LV with Lither ! 160 ! 7 ! 7 !
! Side Joward Sun ! ! ! !
! ~ Jaif LV with Bottom ! 160 ! 12 ! 7 !
! Joward Sun ! ! ! !
! - Jail LV with Lither ! 160 . ! 12 ! 7 !
! Side Joward Sun ! ! ! !
! - Jail LV with Jop ! 160 ! 120 ! 90to 160 !
! Joward Sun ! ! ! !
! - Nose LV with Jop ! 160 ! 120 ! 71to 160 !
! Joward Sun ! ! ! !
! - Nose LV with Bottom ! 160 ! 160 ! 160 !
! Joward Sun ! ! ! !
! - BBottom LU with Noase ! _— ! —_ ! 16 !
! Joward Sun at Beta ! ! ! !
! 75° ! ! ! !
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! (Continued)
!

{ Cargo Bay Orientation*

H

f
! Nose Joward Sun at
! Beta > 75°

! -~ Lither Side LV with
! Jop Joward Sun at

! Beta > 75°

Orbiter Attitude-Hobd Dw'ation Limits
From PIC Initial Conditions (Nours)+

. —_

! Orbrate (Single-Axis

! Onertial) ***

! Solar Viewing (BBay to Sun)
p .

! Space Viewing (3ay Keating
! Near Zero)

! - Jail Sun with Jop to

! Space

/ - Nose Sun with Jop to
! - Space

! - Nose Sun (But Pitched
! up -10° with Jop to

! Space)

!

'

! - Jail Sun with Star-

! board Side to Space

! - Jail Sun with Port

! Side to Space

! ~ Jail Sun with Bottom
! to Space

! - Nose Sun with Bottom
! to Space

! - Nose Sun with &ither
! Side to Space

! ~ Side Sun with Jop to
! Space

! - Side Sun with Nose to
/ Space

! - Side Sun with #ottom
! to Space

! - Bottom Sun with Nose
! to Space

! - Bottom Sun with Side
! to Space

! - Bottom Sun with Jail
! to Space

ICD-2-19001

-160

23

160

12

25

23

160

160

160

160

110

-160

7

43 lo 160
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63 to 160

7

18 to 160



* Fhe orientations shown are generalized attitudes with no intent to include

ok

Aok

a tolerance. JFor significant deviations from the general attitude, unique assessment may
be required.

JLocal vertical attitudes are those with an orbiter axis (usuaaly a major axis) pointed
continually toward the Larth (e.¢., top or bay bocal vertical).

Orbrate attitudes are those with a single orbiter axis (usually a major axis) inertial but
with a rotation period about that axis equal to one orbit period. Orbrate orientations can
produce the most severe thermal conditions for the orbiter or payload.

TJhe orbiter attitude-holbd periods shown are based on consideration of both passive and
Active Thermal Control System (AICS) bimits. The passive bimits included were
obtained from "Space Shuttle Program Jhermodynamic Design Data Book - Thermal
Control System - Constraints” (Rockwebt dnternational Document SD73-SNH-0226, Vobume
1£, B3ook V, September 1985). Jhe passive thermal bimits are referenced from specific
initial conditions (PIC steady-state conditions at each beta angle). AICS attitude
duration éimita are strong functions of the internal heat load added to the Orbiter Freon
2oops and these heat Poads are highly dependent on the specific mission, the payload
configuration, and other operational factors. Attitude duration bimits for specific
payboad configurations and missions must be determined by analysis, and these will be
addressed in the payload-unique 9CDs and the mission-specific PIPs. The AICS duration
2imits presented here reflect a nominal on-orbit supply water quantity (478 pounds) at
the beginning of each attitude hobd, a 245 pound minimum on-orbil supply water quantity
redline, orbiter fuel cell power of 22 kifowatls, a constant water production rate of 18
pounds per hour. a 110°3 radiator Jreon infet temperature, a seven member crew, a
deployed forward radiator panel configuration, and eight radiator panels. Jhe
attitude-hold periods shown are intended only as an initial simplified presentation of
orbiter capabilities for SIS users.

1CD-2-19001 6-4



6.1.1.2.2 (Reserved)

6.1.1.2.3 Orbiter Constraints for De-orbit and Entry Preparation. Orbiter
pre-entry thermal conditioning attitudes and duration requirements are dependent upon the
thermal state of the orbiter and nature (normal or contingency) of the impending entry. TFhe
orbiter pre-entry thermal conditioning time wifl be established during the mission using
real-time temperature measurements. Jhese data wif be used to determine the actual
required pre-entry thermal conditioning duration within the range defined in the following
table.

! Beta Angle ! Long Jerm Orbiter Orientation { Jhermat Conditioning !
! Range, ! Prior Jo Pre-&ntry Thermal ! Jime Range, Nours !
{ Degrees ! Conditioning ! : !
! ! ! {
! 0° Jo 90° ! Any ! 0Jdo 12 !

! ! !

!

Jhe operational objective wibll be to accomplish pre-entry conditioning required for
normal entry by attitude holds compatible with both the orbiter and payload operational or
refurbishment requirements. 9 mutually compatible requirements cannot be established,
pre-entry conditioning will be accomplished by passive thermat conditioning (PIC) by
rotating the orbiter at 2 to 5 revolutions per hour about the X-axis with the orientation of
the X-axis within +/-20 degrees of the perpendicubar to the sun vector.

Jor an aborted entry resubting from an orbiter problem. the pre-entry thermal
conditioning will be constrained only by the payload Plight safely constraints defined in the
P9P Annex. Mowever, for an aborted entry, effort will be made to satispy the pre-entry
thermal requirements without violating the payload operational or refurbishment
attitude-hold constraints also defined in the cargo efement PIP.

6.1.1.2.4 0On-Board Support Equipment. On-Board Support Equipment remaining in
the cargo bay after deployment of the payload shall be designed to be compatible
with the Orbiter attitude-hold capability defined in Paragraphs 6.1.1.2.1 and 6.1.1.2.3.
HNowever, the use of active cooling shalt not be required to meet Orbiter compatible
attitude-hobds.

6.1.1.3 Space Environment. The numerical values of the parameters defining the
space environment shall be as follows:

a. Solar ﬁadiation (hot case) 444 Btu/hr. - ft.2

b. Earth albedo 30 percent of solar radiation
c. Earth Radiation 77 Btu/hr. - ft.2

d. Space Sink’Temperature 0°R

6.1.1.4 (Defeted)

6.1.2 Thermal Design Confiqurations/Models.
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6.1.2.1 Orbiter Interface Models. Orbiter thermal models for integrated
analysis shall be as defined in £S3-76-1, £83-77-3, §SC-19540 and §SC-19692.

6.1.2.2 Coating Surface Properties.

6.1.2.2.1 Orbiter Surfaces. For thermal design purposes, the infrared
emittance and solar absorptance of the Orbiter surfaces shall be as defined in
Figure 6.1.2.2.1-1 and Table 6.1.2.2.1-1.

6.1.2.2.2 (Deleted)

6.1.3 Structural Attachment Thermal Interfaces. Jhe structural attachments for

the cargo element/Orbiter configurations shafl be as defined in Paragraph 3.3.1. Jhese
interfaces shall be defined by the contact conductances between cargo element provided
attachment hardware and Orbiter provided attachment hardware. Jor thermal analysis
purpose the contact conductances should be assumed to be either zero or infinite, whichever
is the worst thermal design case.

6.1.4 Thermal Environment.

6.1.4.1 Cargo Bay Wall Temperature. Typical temperature ranges at the cargo
bay walls are defined in Table 6.1.4.1-1. Actual temperatures are dependent
upon flight parameters and upon cargo element configuration. The maximum
temperature for the radiator panels when the doors are closed shall not exceed
210°F.

6.1.4.2 Entry Air Inlet Conditions. Jhe temperature and mass flowrate of the
repressurizing air entering the cargo bay and the cargo bay pressure during entry to
be utilized for cargo design thermal analysis is as defined in Figures
6.1.4.2-1, 6.1.4.2-2, and 6.1.4.2-3.

6.1.4.3 Reflected Solar Enerqy. Cargo Elements and Orbiter components which
extend above the cargo bay door hinge line (2o 400.00 ref.), or are deployed
transversely over the radiators, may be subjected to locally concentrated solar
radiation. The magnitude of the local fluxes will be a function of cargo
element or component location and Orbiter orientation relative to the sun.
Objects located over the radiators may be irradiated with a flux substantially
higher than the solar constant due to focusing by the reflective radiators.

6.1.4.4 Prelaunch and Post-landing Environments. Worst case hot and cold
prelaunch and post-landing environments, as well as nominal environments are
defined, which shall be used in verifying Orbiter/cargo elements thermal
compatibility. Constant values for environmental extremes are provided which
may be used for calculating conservative thermal predictions. Diurnal data is
also provided which may be used for performing more rigorous predictions.

6.1.4.4.1 Solar Flux. The solar constant, which is defined as the heating flux
to a surface normal to the incident solar radiation, has a mean value of 429
BTU/hr-ft2 outside the earth's atmosphere. Because of attenuation due to
atmospheric interference, the solar constant at the earth's surface varies as a
function of time of day. Figure 6.1.4.4.1-1 shows the diurnal variation of the
solar constant to be used for normal hot and cold environment cases of
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prefaunch and post-fanding anabyses. For prelaunch conditions, it shall be
assumed that the Orbiter is in the vertical position on the launch pad with its
tail facing south at the Eastern Test Range (ETR) or facing west at the Western
Test Range (WTR). For landings at the ETR the Orbiter is assumed to be
generally oriented with the X-axis in a north-south direction; for the WTR, the
orientation is also assumed to be generally in the north-south direction.

For hot case analysis, the flux represents the direct flux for a surface normal
to the flux. The direct fluxes for the various surfaces of the Orbiter must be
corrected for the angle of incidence which varies for each surface and with time
of day. For cold case analysis, the flux is assumed to represent the diffuse
flux for a cloudy day and does not need to be corrected for the angle of
incidence.

Figure 6.1.4.4.1-2 shows the curve to be used for the maximum solar flux at
contingency landing sites. The curve was generated assuming a March "noontime"
equatoral flux of 396 BTU/hr-ft2 and the timewise distribution equation shown
on Jigure 6.1.4.4.1-2. Minimum flux at a contingency landing site is assumed to
be equal to zero.

For cases where it is desirable to use constant (conservative) values for the
solar flux, the following values may be used:

Hot Environment*

Prelaunch and normal post-landing 363 BTU/hr-ft?
Contingency landing 396 BTU/hr-ft2

Cold Environment*x*

Prelaunch and normal post-landing 70 BTU/hr-ft?
Contingency landing 0 BTU/hr-ft2

*  For prelaunch hot conditions with the Orbiter in a vertical position on the
pad, assume the sun is in the Orbiter X-Z plane at an angle 38° up from the
local horizontal at the ETR, and in the Orbiter X-Y plane at an angle 31°
up from the local horizontal at the WTR. For hot analyses for normal
post-landing and contingency landings, assume the sun is directly overhead,
JFigure 6.1.4.4.1-1.

**  For cold conditions, assume the flux is diffuse. Jigure 6.1.4.4.1-1.

6.1.4.4.2 Ambient Air Temperature. The ambient air temperature varies with
time of day, season and local weather conditions. Figure 6.1.4.4.2-1 and
6.1.4.4.2-2 show diurnal air temperatures for ETR and WTR locations for cold,
hot and nomina? days for representative months. The temperatures for hot and

cold days represents the maximum and minimum values, respectively, for 95
percent of all measurements while the temperature for a "nominal® day represents
the median (50 percentile) of all measurements.
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Figure 6.1.4.4.2-3 shows diurnal air temperatures for hot and cold days at
contingency landing sites. The curve for a hot day was synthesized assumlng a
maximum temperature of 110°F at noon and the minimum temperature at ETR in July
for 95 percent hot day, JFigure 6.1.4.4.2-1. The curve for a cold day was

synthesized assuming a minimum temperature of 0°F and a 50°F temperature rise
and fall in the morning and afternoon, respectively.

Where it is desired to use constant (conservative) values of ambient
temperature, the following values are recommended:

Hot Environment

Prefaunch and normal post-fanding 99°F
Contingency landing 110°F

Cold Environment

Prefaunch and normaf post-fanding 25°3
Contingency landing 0°F

6.1.4.4.3 Ground Surface Temperature. The ground surface temperature is
influenced by incident daytime solar radiation, sky/ground radiation
interchange, air temperature and velocity, and surface properties. Generally,
it is assumed that the ground surface temperature is the same as the air
temperature. If desired, the ground temperature may be assumed to be equal to
the diurnal air temperature. When constant (conservative) values are
appropriate, the following values may be used:

Hot Environment

Prebaunch 99°F (60°F*)
Normal post-fanding 99°3F
Contingency banding 110°3

Cold Environment

Prelaunch 25°3F
Normal post-fanding 25°3
Contingency banding 0°3

* When in a vertical position on the launch pad, the bottom of the Orbiter
views the external tank which has a temperature of approximately 60°F.

6.1.4.4.4 Sky Temperature. The sky temperature is influenced by climatic
conditions such as ambient temperature and cloud cover and time of day. MWhile
on the runway the upperbody surfaces of the Orbiter radiate heat primarily to
the sky. While on the launch pad in a vertical position, these surfaces radiate
approximately one-half to the ground and one-half to the sky. The following
constant values are recommended for design purposes:

Hot Environment

Prelaunch 50°F*
Normal post-landing 50°F
Contingency landing ' 50°F
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Cold Environment

Prelaunch 5°F
Normal post-landing -22°F
Contingency landing -22°F

*  Average radiation temperature viewed by Orbiter top surfaces is 76°F
assuming sky temperature of 50°F and ground temperature of 99°F.

6.1.5 (Deleted)

6.1.6 Cargo Bay FHoodlight Thermal Characteristics. Depending upon the degree of

payload blockage of the cargo bay Ploodlight’s view to space. operation of the bights may be
constrained due to payload or floodlight thermal bimitations. JThermal configuration and
maximum temperatures of the lights are presented in Jigure 6.1.6-1 and direct bight beam
short wavelength (excluding IR) maximum heat flux is presented in Figure 6.1.6-2 for use in
payload thermal design analyses. JThese data are included Por use in identifying potential
Ploodlight operational constraints due to payload thermal considerations. % constraints are
indicated. a more detailed analbysis shall be accomplished to define the required operational
constraints. A4 thermal math model of a typical floodbight is available; if required, for
detailed thermal analysis. Specific locations of the cargo bay bights are presented in Jigure
3.1.3.2-1, Section 3.0.
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Jable 6.1.2.2.1-1 JThermo-Optical Properties Of Orbiter Surfaces

o o v e 495 e e o o o o e o D o e S . A 4 T e T e il i e A S T S 4 S 1 Y A S < . o €A S e T2 oS S W 28 P el T o o " .+ o S < v

! Surface
!Description

!Cargo Bay
‘Liner

!Radiator
‘Concave
'Surface
'Radiator
‘Convex
'Surface
‘Cargo Bay
!Doors Con-

'cave Surface!

Cm s dem b b= =y

‘Cargo Bay
!Doors

]

'Convex
'Surface

Design

! Surface !

‘Fuselage Mid
!Section
!Sides

'Wing Upper
]
!Surface
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!

!

! Criterion! Material !New!Degr.'!New!Degr.!Percent!Percent !
e R e el e e et oo !
'la /e < .4!Teflon ! ! .36 ! 1.9 ! ! !
'S !Coated 1.22! '.9 ! ! ! !
! R 8'G]ss Cloth' ! ! ! ! 99 { none !
R e S e e e e R et L i !
la /e < .4‘Teflon ! ! .36 ! 1.9 ! ! !
'S 'Coated 1.22! 1.9 ! ! ! !
! € > .B'Glss Cloth! ! ! ! ! 99 ! none !
b bl e e it et e !
'la /e < .4'Teflon ! ! .36 ! .9 ! ! !
1S - !Coated 1.22! 1.9 ! ! ! !
! € > .B'Glss Cloth! ! : ! ! 99 ! none !
e ol e it R et e !
! N/A 'S1lver— ! P11 Imin! .8 ! so ! s0 !
! !Coated 1.08! '.8 ! ! ! !
! !Teflon ! ! ' ! ! ! }
Rt e B R e R e !
! N/A !Silver- ! .11 !min! .8 ) 50 ! S50 !
! !Coated !.08! '.8 ! ' ! !
! ‘Teflon ! ! ! ! ! ! !
e D e e e R e e R R !
!Fwd 2 Pnls!Silver- 1.08! .11 !min! .8 ! s0 ! s0 !
! !Coated ! ! '1.8 ! ! ! !
! 'Teflon ! ! ! ! ! ! !
T e e e e i et oo L !
'!Fourth Pnl!Teflon- 1.22) .36 1.9 ! .9 ! ! !
'!(w/0 radi-!Coated ! ! ! ! ! ! !
‘ator) 'Glss ! ! ! ! ! ! !
la /e < !Cloth ! ! ! ! ! 99 ! none !
'S ! ! ' ! ! ! ' !
! € > ! ! ! ! ! ! ! !
e S Pl e e e b e !
‘o /e = ! ! ! 1>.8!>.8 ! N.A. ! N.A. !
'S !FRSI (1) !.16! .32 ! ! ! ! !
! ! ! ! ! ! ! ! !
! to .4 e e R R e !
! e > ‘LRSI (2) !.16! .32 !>.8!>.8 ! N.A. ! N.A. !
| - | U N [N I b e —— b e o e———— []
la /e = 1.32 :.16! .32 !>.8!>.8 ! N.A. ! N.A. !
'S 'rRSI (M) ! ! ! ! ! ! !
! to .4 !———m— o o e R L S L !
! € > 'LRSI (2) !'.1e6! .32 !>.8!>.8 ! ! !
B e dmt Yo e e
'la /e = ! ! ! >.8!>.8 ! N.A. ! N.A. !
'S 'FRSI(Y) '.16! .32 ! ! ! ! !
! to 4 e e e e e et
! e > 'LRSI (2) !'.16! .32 '> 8‘> 8 ! ! !
| RO b VeVl V o | b 1
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a !
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Jable 6.1.2.2.1-1 Thermo-Optical Properties Of Orbiter Surfaces
. (Continued)

C ! ) ! ! ' ! ?__—__?__;——--?-M; ----- !
! Surface ! Design ! Surface ! a! a ! ¢! ¢ !Diffuse !Specubar '
‘Description ! Criterion! Material !New!Degr.!New!Degr.'Percent!Percent !
e b L et L el Rttt R et et it !
‘Wing Lower !« /e = .7 'LI 900 1.92!>.6 !.85! .85 ! N.A. ! N.A. !
! 'S 'HRSI(3)(4)! ! ! ! ! ot !
!Surface ! to 1.1 ! ! ! ! ! ! ! }
! ! ¢ > .85! ! ! ! ! ! ! !
L e T R ! - Rt e Rt et it R et !
'Bottom of la /e = .7 LT 900 1.92!>.6 !.85! .85 ! N.A. ! N.A. !
! 'S 'HRSI(3)(4)! ! ' ' ! ! !
'Orbiter ! to 1.1 ! ' ! ! ! ! ! !
! ! e > .85! ! ' ! ! ! ! !
R e T R e e Rttt e Rttt Voo e !
‘Fuselage Fwd!a /¢ = .2 ! ! ! 1>2.8!1>.8 ! N.A. ! N.A. !
!Section (Top! S 'FRSI (1) !'.16! .32 ! ' ! ' !
‘and Portion ! ! ! ! ! ! ! ! !
‘of Sides, ! to .4 le—meee o e Rt ot e e e !
!See Figure ! e > .8 ILRSI (2) !.16! .32 !>.8!>.8 ! N.A. ! N.A. !
'6.1.2.2.1-1 ! ! ! ! ' ! ! ! !
e e e o oo e oo Yo e !
!Fuselage Fwd!a /¢ = .7 'L1 900 1.92!>.6 !.85! .85 ! N.A. ! N.A. !
!Section 'S 'HRSI(3)(4)! ! ! ! ' ! !
! ! ! ! ! ! ! ! ! !
!(Nose and ! to 1.1 ! ! ! ! ! ' ' !
'Portion of ! e > .85! ! ! ! ! ! ! '
!Sides, See ! ! ! ! ! ! ! ! !
'Figure ! ! ! ! ! ! ! ! !
'6.1.2.2.1-1 ! ! ! ' ! ! ! ! '
e ——l- ' R R o R e !
!Fuselage Aft!a /e = .2 ! ! ! ! ! ! ! !
!Section 'S *FRSI (1) !.16! .32 !>.8!>.8 ' N.A. ' N.A. !
!Sides ! to .4 ! ! ! ! ! ! ! !
! ! c> .8 ! ! ! ! ' ! ! !
e Yoo S - oo R i Rt R L !
!Vertical Finla /¢ = .2 ! ! ! ! ' ! ! '
! 'S 'FRSI (1) !.16! .32 !>.8!>.8 ! N.A. ' N.A. !
! ! to .4 ! ! ' ! ' ! ! !
! ! e > .8 ! ' ! ! ! ' ! !
e J— ! e et e R el b e ——
!Base Heat la /e = .7 ! ! ! ' ! ! ! !
'Shield 'S 'LI 900 1.92! >.6 1.85!.85 ' N.A. ! N.A. !
! ! to 1.1 !'HRSI(3)(4)! ! ! oot ' !
! ! e > .85! ! ! ! ! ' ! !
R R S S — {JRR PR R — U  J—— !
!OMS Pods la /e = .2 ! ' ! ! ! ! ! !
! 'S 'FRSI (1) !.16! .32 !>.8!>.8 ! N.A. ! N.A. !
! ! to .4 oo L et oo e e !
! ! e > .8 !LRSI (2) !.16! .32 !>.8!>.8 ! N.A. ' N.A. !
! ! ' ' ! ' ! ! ' '
P e e R et ittt R e b mmieee !
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Jable 6.1.2.2.1-1 Thermo-Optical Properties Of Orbiter Surfaces
(Concluded)

o s S o et o S S D o o e L 2 D Y St o (i o S S0 e o e e o e " o e o e o i i e e i o e e o i o
|
.

- P
e ! ¢ ﬂbd”hee!Specu&u‘

' []

! Surface ! Design ! Surface ! o o

‘Descr1pt10n ! Criterion! Material !New'Degr 'New'Degr 'Percent'Percent
S —— . . Sy . Qo . [ |
!Body F1ap la /e = .7 ! ! ! ! ! ! !

!(Upper and ! S ‘LI 900 +.92! >.6 !1.85!.85 ! N.A. ! N.A.
‘Lower Sur- ! to 1.1 !HRSI(3)(4)! ! ' ! ! !

'faces) ! ¢ > .85! ! ! ! : ! !
____________ e e ) eV
!SSME Nozzles!a /e = 1.0! ! ! H ! ! !
!External 'S !Inconel .81 .85!.8!.85 ! N.A. ' N.A
Surfaces : '718 > L : '

O —— Y [ | P [ O |
'SSME Nozzles!a /¢ = 1.8!A286 ! ! ! ! ! !
!Internal 'S ‘Stainless !.55! .55 !.3 ! .3 ! N.A. ! N.A.
'5urfaces ! !Steel ! ! ! ! ! v
NOTE

(1) Felt reusable surface insulation.
(2) Low-temperature reusable surface insulation.
(3) High-temperature reusable surface insulation.

(4) HRSI coating absorptance is highest when new and decreases with
degradation.

(5) Small Orbiter surfaces (e.g. wing and vertical fin leading edges,

nose cone, T-0 umbilical, etc.) and minor Orbiter vehicle
differences are not shown.
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Jable 6.1.4.1-1 Cargp Bay Wall Temperature

CONDITION ;E;PERATURE
| Min;mum ! Maxim;;—
—— —— i___
1. Prefaunch (1) +40°F ! +120°F
! +150°F

3. On-0Orbit (doors
open) (2) (4)
| +220°F

4, &ntry and Post- -50°F

landing (3) (4)

Pem S s G S S G Sum tm tem S G S e

]
]
]
]
{
;
! ]
2. JLaunch (1) Vo +40°F !
] ]
! -250°F ! +200°F
] ]
g .
! 1
! ]

Conditions 1 and 2 are for an assumed adiabatic cargo

~element.

(3)

(4)

1CD-2-19001

Condition 3 is for an assumed empty cargo bay. The
effect on wall temperature which results with a cargo
element installed is dependent upon cargo element
configuration, cargo element location in the bay, and
on-orbit attitude. Under hot case conditions, cargo
element effects can cause local insulation surface wall
temperatures to exceed 200°F substantially.

Condition 4, minimum, is for an assumed adiabatic cargo
element with an initial -250°F cargo bay wall
temperature. Condition 4, maximum, is for an assumed
empty cargo bay.

Conditions 3 and 4 should be analyzed using detailed
integrated Orbiter/cargo element math models to define
cargo element and Orbiter cargo bay temperatures for
specific cargo element configurations.
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Jigure 6.1.4.2-1 Jemperature Of Air Entering The Cargo Bay During
Entry - Max A Temperature Case
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6.1.4.2-3 Cargo Bay Air Pressure During Entry Jor Lstimated
Jhermal Worst Case

Jigure
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LOCAL STANDARD TIME - MOUR

TIME  DESIGN DESIGN
OF HIGH - © O LOW
DAY SOLAR RADIATION SOLAR RADIATION
HOUR | BTU/FTZ/HR | GM-CAL/CM2/MIN | BTU/FTZ/MR | @M-CAL/CM2/MIN
0500 0 0.00 0 0.00
1100 363 1.64 70 0.32
1300 80 0.36
1400 363 1.64
2000 0 0.00 0 0.00
363
€ :mf
N
&
é‘ 300 §
1 o
=] DESIGN HIGH
£ 20}
o
& 150 |
(-4
3
2 100}
50 |
0 L _
2 4 8 10 12 14 .16 18 20 22 24

Jigure 6.1.4.4.1-1 Diurna? Variation For Solar Constant
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Figure 6.1.4.4.1-2 Equatorial Sobar Constant Variation At
Contingency JLanding Sites
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Figure 6.1.4.4.2-2 Western Jest Range (WIR) Diurnal Air Jemperature
Experience
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