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PREFACE 

INTERNATIONAL EXTERNAL ROBOTIC INTEROPERABILITY STANDARDS (IERIS) 

This International External Robotic Interoperability Standards (IERIS) establishes a 
standard interface to enable on-orbit robotic operations and joint collaborative 
endeavors utilizing different robotic compatible spacecraft or equipment. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International External Robotic Interoperability 
Standards under Human Exploration and Operations Mission Directorate (HEOMD). 
Any revisions to this document will be approved by the ISS MCB. 
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 INTRODUCTION 

This International External Robotic Interoperability System Standards is the result of a 
collaboration by the International Space Station (ISS) membership to establish, 
interoperable interfaces, terminology, techniques, and environments to facilitate 
collaborative endeavors of space exploration in cis-Lunar and deep space 
environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 
range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission success.  
These standards are not intended to specify system details needed for implementation 
nor do they dictate design features behind the interface, specific requirements will be 
defined in unique documents. 

1.1 GENERAL 

This International External Robotic Interoperability Standards is the result of 
collaboration by the International Space Station membership to establish a standard 
interface to enable on-orbit robotic operations and joint collaborative endeavors utilizing 
different robotic compatible spacecraft or equipment. 

1.2 PURPOSE AND SCOPE 

The purpose of the International External Robotic Interoperability Standards is to 
provide a set of common design parameters to allow station module, visiting vehicle, 
and on-orbit relocatable or replaceable unit (ORU) providers to architect and design 
elements which are compatible with an external robotic system, and vice versa. 

The primary goal of this standard is to inform and enable the Deep Space Gateway 
(DSG) and Deep Space Transport (DST) architectures.  

Although the target environment for this standard is the cis-lunar orbital environment it is 
recognized that the DSG is a proving ground for phase 2 DST missions including the 
path to Mars and for planetary surface deployable systems.  The interfaces defined 

herein will thus include contamination resistant versions.  The standard will not preclude 
and will facilitate where possible application to earth orbit and commercial applications. 

This standard leverages ISS robotic interface heritage and lessons learned, as well as 
related technology development activities. 

This standard does not address DSG internal robotic compatible systems, vehicle to 
vehicle berthing only interfaces (e.g. ISS CBM (Common Berthing Mechanism)), or 
vehicle to vehicle berthing compatible docking interfaces (e.g. IDSS-B, [RD-02]). 
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1.3 RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the International External Robotic Interoperability Standards 
committee for review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. NASA will maintain the International External 
Robotic Interoperability Standards under Human Exploration and Operations Mission 
Directorate (HEOMD). Any revisions to this document will be approved by the ISS MCB. 

1.4 PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 

document(s) that take precedence in the event of a conflict between content. Applicable 
documents include requirements that must be met. If a value in an applicable document 
conflicts with a value here, then the system may need to be able to meet both values at 
different times. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here was deliberately changed 
based on new data or a special constraint for the missions discussed. 
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 DOCUMENTS 

2.1 APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.4 of this document. 

[AD-01] IASIS International Avionics Systems Interoperability Standards 

[AD-02] ICSIS 
International Communication System Interoperability 

Standards  

[AD-03] ISPSIS 
International Space Power System Interoperability 

Standards 

[AD-04] ITSIS International Thermal System Interoperability Standards 

[AD-05] SLS-SPEC-159 
Crossprogram Design Specification for Natural 

Environments (DSNE) 

[AD-06] TBD 
International Electromagnetic, Electrostatic, and Bonding 

Requirements 

2.2 REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document. These reference documents may or may not be 
specifically cited within the text of this document. 

[RD-01] 
SLS-ESD 

30000 
SLS Mission Planners Guide 

[RD-02] IDSS IDD 
International Docking System Standard (IDSS) Interface 

Definition Document (IDD), Revision E, Oct. 2016 

[RD-03] ISO 9409-1 
Manipulating industrial robots - Mechanical interfaces ï 

Part 1: Plates 
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 INTERNATIONAL EXTERNAL ROBOTIC INTEROPERABILITY STANDARDS 

3.1 GENERAL 

The following subsections describe the classes of external robotics interfaces for the 
IERIS. 

3.1.1 DESCRIPTION 

Lessons learned from robotic operations on board the International Space Station (ISS) 
have identified that the use of a limited number of standardized interfaces would be 
beneficial for improving efficiency and reducing overall complexity, which are critical 
considerations for future space exploration robotics. 

The goals of the IERIS are: 

1. Establish common generic mounting interfaces for all external robotic interface 
classes. Standardizing interface requirements ensures interchangeability and is 
consistent with other international standards such as those developed for the 
manipulation of industrial robots (ISO 9409-1). 

2. Maximize use of simple interface designs. IERIS should direct the 
module/vehicle/payload designers to simple and robust robotic interfaces that 
have been accepted by the international community. 

3. Enable provision of robotic fixture hardware as part of the robotic system if 
desired. 

The IERIS document is divided into several sections to define each of the unique robotic 
interface classes. 

In this document, ORU will be used interchangeably with ORU/Payload to represent 
both ORU and generic non-ORU payloads. 

¶ Large Fixture Interfaces (Section 4.0) 
Fixtures used for robotic handling of vehicles/modules, large payloads or as 
robotic bases.  Applicable to operations including free flyer capture, relocation 
and tool handling. 

¶ Small ORU Platform Interfaces (Section 5.0) 
Platforms designed for supporting smaller ORUs that are mounted to a 
vehicle/module. 

¶ Large ORU Platform Interfaces (Section 6.0) 
Platforms designed for supporting larger ORUs that are mounted to a 
vehicle/module. 

¶ Dexterous Fixture Interfaces (Section 7.0) 
A small dexterous interface used to robotically manipulate smaller 
payloads/ORUs. 
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¶ ORU Direct Interfaces (Section 8.0) 
An interface that directly mounts to an ORU and vehicle/module without an 
intermediary platform. 

 

Within IERIS, the use of Small and Large with respect to robotic interfaces is meant to 
distinguish the magnitude of the loads expected to be imparted at the interface.  These 
loads may be derived from a combination of mass and geometry of the attached 
payloads.  Therefore, the selection of large or small interfaces will be determined by the 
userôs needs on a basis of loads, mass, and geometric constraints.   

Requirements and features of each interface class are divided into common and 
specific sections.  The common sections include interface descriptions, requirements, 
and verification methodologies consistent across the interface class.  The specific 

sections include descriptions and requirements that are particular to a hardware 
interface implementation (e.g. grapple fixture, wedge, etc.) that cannot be captured in 
the common section (such as loads, geometry details).  Wherever possible, IERIS 
seeks to maximize the commonality between the specific hardware implementations. 

A sixth interface class may be added to IERIS in the future for interfaces that deal with 
the direct mounting of Large ORUs/Payloads.  This will be dependent on the results of a 
platform vs direct mount key trade study for large ORUs that is currently under 
development <TBR 3-1>.  A summary of key trade off studies is presented in Appendix 
F:. 

A distinction must be made between interface user and interface developer level 
requirements.  User level requirements are those that are of interest to parties who 
intend to mount an external robotics interface onto hardware. User level requirements 
can include interface loads, mounting details or fixture clearance approach envelopes.  
These requirements comprise the majority of the main body of IERIS.  Developer level 
requirements can include details that are pertinent to the design of specific 
implementations of external robotic interface classes.  These details can include 
geometric, structural, thermal details of particular components of the interface.  These 
developer level requirements can be extensive for each specific interface specified in 
IERIS, and therefore are not to be included in the main body of this document.  Where 
applicable, IERIS will refer to external developer requirement documents. Alternatively, 
developer requirements that do not currently reside in an external document will be 
collected in Appendix E:. 

The document is expandable and may be updated to include sections that are pertinent 
to future robotics interface topics such as Human-Machine Interfaces (HMIs) or robotic 
fluid transfer/refueling interfaces for on-orbit servicing. 
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3.1.2 COMMON MOUNTING INTERFACE PLANES 

The subsequent sections describe common mounting interface planes for each external 
robotic interface class. 

Rationale:  Common mounting interfaces are defined for each interface class so that 
module and ORU providers can have a common set of requirements at the mounting 
plane.  These will apply to all interfaces of that class, unless otherwise superseded by 
requirements defined in the specific implementation section. 

3.1.2.1 LARGE FIXTURE INTERFACE 

The common large fixture mounting interface plane is the interface located between the 
large fixture and the vehicle/module. The large fixture will interface with a large fixture 
compatible End Effector (EE) or tool.  A conceptual example of the large fixture and 
corresponding mounting interface is depicted in Figure 1. 

 

FIGURE 1 EXAMPLE OF A LARGE FIXTURE AND THE COMMON MOUNTING INTERFACE 
PLANE 

3.1.2.2 SMALL ORU PLATFORM INTERFACES 

For the small ORU platform, two common interface mounting planes can be defined. 

¶ The common small platform mounting interface plane is the mounting plane 
between the ORU and the small platform. 

¶ The common small receptacle mounting interface plane is the mounting plane 
located between the platform and the vehicle/module. 

A conceptual example of the small ORU platform and corresponding mounting 
interfaces is depicted in Figure 2.  The small platform is manipulated by a dexterous 
fixture, which is included in the figure for reference. 
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FIGURE 2 EXAMPLE OF A SMALL ORU PLATFORM AND COMMON MOUNTING PLANES 

3.1.2.3 LARGE ORU PLATFORM INTERFACE 

For the large ORU platform two common interface mounting planes can be defined. 

¶ The common large platform mounting interface plane is the mounting plane 
located between large ORU and the large platform 

¶ The common large receptacle mounting interface plane is the mounting plane 
located between the large platform and the vehicle/module. 

A conceptual example of the large ORU platform and corresponding mounting 
interfaces is depicted in Figure 3.  The large platform is manipulated by a dexterous 
fixture, which is included in the figure for reference. 

 

FIGURE 3 EXAMPLE OF A LARGE ORU PLATFORM AND COMMON MOUNTING PLANES 

3.1.2.4 DEXTEROUS FIXTURE INTERFACE 

The common dexterous fixture mounting interface plane is the mounting plane located 
between the dexterous fixture and the vehicle/module or ORU. The dexterous fixture will 
interface with a dexterous fixture compatible EE. A conceptual example of the large 
fixture and corresponding mounting interface is depicted in Figure 4. 
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FIGURE 4 EXAMPLE OF A DEXTEROUS FIXTURE AND COMMON MOUNTING 
INTERFACE PLANE 

3.1.2.5 SMALL ORU DIRECT INTERFACE 

For the ORU direct interface two specific interface mounting planes can be defined. 

¶ The specific mate/demate mounting interface plane is the mounting plane 
between the ORU and the mate/de-mate structure. 

¶ The specific receptacle mounting interface plane is the mounting plane between 
the mate/demate receptacle and the vehicle/module. 

A conceptual example of the ORU direct interface is depicted in Figure 5.  The direct 
interface is manipulated by a dexterous fixture, which is included in the figure for 
reference. 

 

FIGURE 5 EXAMPLE OF AN ORU DIRECT INTERFACE AND COMMON MOUNTING 
PLANES 
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3.1.2.6 IERIS ROADMAP 

The organization of IERIS is represented pictorially in Figure 6. 

Each specific implementation of each interface class is based on a set of common 
requirements defined at the interface plane.  Details on specific implementations of 
interface classes can be found in the sections detailed in the figure. 

 

FIGURE 6 IERIS ROADMAP 
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3.1.2.7 INTERFACE SUMMARY 

An overview of external robotic interface classes is presented conceptually in Figure 7. 

 

FIGURE 7 OVERVIEW OF INTERFACE CLASSES AND COMMON MOUNTING PLANES 
FOR A NOTIONAL STATION 

3.1.3 STANDARD OPERATIONS REFERENCE FRAMES 

For all robotics interfaces (large fixtures, dexterous fixtures, ORU interfaces, etc.), there 
will be two standard operation frames that will be aligned at the interface plane. The 
operations coordinate system on the manipulator side will be oriented such that the +x-
axis is aligned in the mating direction, and the +z-axis is aligned such that it points away 
from the interface alignment sensor (where applicable).  The y-axis is oriented to 
complete the right-handed Cartesian system.  When no alignment sensor is present, or 
if the sensor is installed along the x-axis, the orientation of the operations frame will be 
based on the orientation of the passive (stationary) side of the interface.  Figure 8 
depicts a Standard Operations (SO) coordinate system (CS) for a conceptual 
manipulator end effector. 
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FIGURE 8 STANDARD OPERATIONS COORDINATE SYSTEM 

Similarly, a standard operations frame will be located on the stationary half of the 
mating interface such that the two coordinate systems will be coincident when the 
interfaces are fully mated.  If no alignment feature is present, or if the feature is 
centered on the x-axis, then the coordinate system will be aligned with the fixture 
mounting plane. It is recommended that that an alignment reference marking be used to 
indicate the direction of the z-axis on the stationary interface.   Figure 9 depicts an 
example of a stationary fixture with a mating coordinate system aligned with the EE 
standard operations coordinate system from Figure 8.  The mating interface coordinate 
systems are defined in the specific sections of each fixture class within the standard. 

 

FIGURE 9 STANDARD OPERATION MATING FRAME 

3.1.4 ENGINEERING UNITS OF MEASURE 

All linear dimensions are in millimeters and all angular dimensions are in degrees. 
Unless otherwise specified, the dimensional tolerances shall be as follows: 

¶ xx implies xx ± 1 mm 

¶ xx.x implies xx.x ± 0.5 mm 

¶ xxº implies xxÁ Ñ30ô 
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3.2 INTERFACES 

Unless otherwise stated, the International Avionics System Interoperability Standards 
IASIS [AD-01], the International Communication System Interoperability Standards 
ICSIS [AD-02], the International Space Power System Interoperability Standards 
ISPSIS [AD-03], the International Thermal Interoperability Standards ITIS [AD-04],  the 
Cross-Program Design Specification for Natural Environments (DSNE) [AD-05], and the 
International Electromagnetic, Electrostatic, and Bonding Requirements [AD-06] are 
applicable to all external robotic interfaces. 

DSNE [AD-05] defines natural environments for Earth orbit, lunar orbit and lunar surface 
operations. Not all interfaces defined herein are qualified for all operational 
environments.  Interfaces that are intended to support lunar surface operations are 
identified as dust tolerant within IERIS.
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 LARGE FIXTURE INTERFACE 

4.1 GENERAL 

The large fixture interface class is comprised of fixtures that support robotic handling of 
large payloads/vehicles/modules or that can be used as robotic bases.  These fixtures 
are applicable to operations including free flyer capture, relocation and tool handling. 

The large fixture interface family share a common large fixture mounting interface plane 
(Figure 1).  This establishes a standard interface for both the low profile grapple fixtures 
(LPGF) and free flyer grapple fixtures (FFGF). 

From the contingency release trade (F-1), it has been recommended that the 
contingency release capability of the large fixture interfaces should be incorporated into 
the manipulator end-effector, rather than in the fixture, to reduce overall system mass. 

Details and requirements pertaining to the specific large fixture interface 
implementations are detailed in sections below. 

Common and specific interface requirements are based on ISS heritage and represent 
best available information at the time of document release. Requirements are expected 
to evolve as the DSG design matures. 

4.1.1 COMMON INTERFACE DESCRIPTION 

The common large fixture mounting interface establishes a generic mounting interface 
standard for large fixtures.  The goal is to furnish the module/vehicle designers with the 
simplest possible mounting interface in a bid to develop robotic fixture hardware as part 
of the total robotic system architecture. 

4.1.2 COMMON INTERFACE FUNCTIONS 

The common large fixture interface shall: 

1. Support mechanical and structural attachments to the user 

2. Provide an electrical bonding capability for the user 

3. Provide manipulator and EVA access to interface attachments and connections 

4.2 COMMON REQUIREMENTS 

4.2.1 COORDINATE SYSTEMS 

The common Large Fixture Mounting (LFM) coordinate system is defined in Figure 10.  
An overview and description of the coordinate system is provided in Table 4-1. 

Not all large fixtures will have a dedicated off-axis target.  Alternatively, the large fixture 
mounting coordinate system may be aligned with a common location pin hole. The 
location pin hole center shall be aligned with the -ZLFM axis vector. 

Rationale: For consistency, the LFM coordinate system is aligned with the standard 
operations coordinate system (3.1.3) when mated. 



IERIS Draft Release Copy 

February 2018 

Verify this is the current version before use 4-2 

 

FIGURE 10 COMMON LARGE FIXTURE MOUNTING COORDINATE SYSTEMS 

TABLE 4-1 COORDINATE SYSTEM DESCRIPTION FOR COMMON LARGE MOUNTING 
INTERFACE 

Name Symbol Position Orientation Purpose 

Common large 
fixture 

mounting 
interface 

coordinate 
system. 

XLFM,  
YLFM, 
ZLFM 

Center of 
bolt pattern 

Aligned nominally with 
robotic end effector 
operations frame 

+XLFM: Normal to 
mounting plane and 
away from the large 
fixture (towards 
structure) 

+YLFM: Completes the 
right-handed 
coordinate system 

+ZLFM: Away from 
centerline of intended 
large fixture target or 
fixture alignment aid. 

 

Description of 
large fixture 
mounting 
coordinate 
system 

+XLFM 
 

+XLFM 

+YLFM 
 

+YLFM 

+ZLFM 
 

+ZLFM 

+ZLFM 
 

+ZLFM 

LOCATION PIN 
HOLE 
 
LOCATION PIN 
HOLE 

(IF APPLICABLE) 
 
(IF APPLICABLE) 
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4.2.2 ENVELOPES 

4.2.2.1 FIXTURE ENVELOPE 

The maximum envelope occupied by a large fixture installed on the mounting interface 
is defined in Figure 11. 

Rationale: This volume envelopes all specific implementations of Large Fixtures 
documented in the IERIS. 

Ø32

+XGFM

MOUNTING INTERFACE

256

Ø758

439

Note:
All linear dimensions are in mm

 

FIGURE 11 LARGE FIXTURE MAXIMUM ENVELOPE 

4.2.2.2 CLEARANCE APPROACH ENVELOPE 

The manipulator approach envelope to large fixtures are defined in the specific sections 
4.4.1.2.1.1 (LPGF) and 4.4.2.2.1.1 (FFGF).  
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4.2.3 MECHANICAL INTERFACE 

4.2.3.1 MOUNTING BOLT HOLE PATTERNS 

The mounting bolt hole patterns and interface details for large fixtures are defined in 
Figure 12.  Access is required to the rear of the interface for mounting fasteners. 

Rationale: The bolt pattern presented is a heritage mounting interface that has been 
used on the Shuttle and the International Space Station Programs. 

 

FIGURE 12 LARGE FIXTURE MOUNTING BOLT HOLE PATTERNS 

  

LOCATION PIN HOLE 

1x Å12 (TBC) 
 

PRELIMINARY 
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4.2.4 STRUCTURAL INTERFACE 

4.2.4.1 MOUNTING INTERFACE LOADS 

The common large fixture to vehicle interface shall meet all performance requirements 
while being subjected to the robot arm loads defined in Table 4-2. 

NOTE: These loads represent the maximum expected loads for all large fixtures. 
Specific implementations of large fixtures may be rated for lower loads. 

Rationale: The specified loads bound the worst-case loads expected to be exerted by 
the base of a DSG manipulator.  

TABLE 4-2 COMMON LARGE FIXTURE MOUNTING LOADS <TBR 4-2> 

Torsion Moment 

(about XLFM)  

Bending Moment 

(about axis 
perpendicular to 

XLFM )  

Shear Load 

(perpendicular to 
XLFM) 

Axial Load 

(along XLFM) 

3100 Nm (TBR) 3100 Nm (TBR) 2000 N (TBR) 1000 N (TBR) 

Notes:  
a) Forces and moments will be applied simultaneously.  
b) Forces and moments are applicable for any direction  
c) Shear force is applied in a plane 152 mm above (+XLFM) mounting interface plane  

 

4.2.4.2 MOUNTING INTERFACE STIFFNESS 

The user shall provide a stiffness at the large fixture mounting interface to support 
robotic operations.    

The minimum rotational stiffness about X, Y, and Z shall be 2e6 Nm/rad <TBR 4-7>. 

Rationale:  The mounting interface stiffness for large fixtures must be sufficiently stiff to 
limit oscillations that could affect the manipulators ability to perform operations at the 
end-effector. 

 

4.3 VERIFICATION 

TBD 
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4.4 SPECIFIC LARGE FIXTURE INTERFACES 

4.4.1 LOW PROFILE GRAPPLE FIXTURE INTERFACE 

4.4.1.1 GENERAL 

The Low Profile Grapple Fixture (LPGF) is a robotics interface suitable for use as a 
robotic base or as a module or payload grasp fixture for relocation purposes. The LPGF 
is not suitable for use in free flyer capture operations where a large capture envelope is 
required by the manipulator. 

4.4.1.1.1 LPGF DESCRIPTION 

The LPGF provides the User with on-orbit mechanical, structural, and electrical 
interfaces to a manipulator base or tip. The general configuration of the LPGF is shown 
in Figure 13. 

 

FIGURE 13 LPGF (INTERFACE TO ROBOT END EFFECTOR) 

NOTES: 
1. Electrical architecture and umbilical shown are notional (placeholder only; design 

not completed) 

2. Mass optimization not performed 

3. Coarse alignment guides are preliminary 
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4.4.1.1.2 COORDINATE SYSTEMS 

The LPGF Coordinate System is defined in Figure 14. 

Rationale: For consistency, the LPGF coordinate system is aligned with the standard 

operations coordinate system (3.1.3), and the common LFM coordinate system (4.2.1) 
when mated. 

 

FIGURE 14 LPGF COORDINATE SYSTEM 

TABLE 4-3 LPGF COORDINATE SYSTEM DESCRIPTION 

Name Symbol Position Orientation Purpose 

Low Profile 
Grapple 
Fixture 
Coordinate 
System 

XLPGF, 
YLPGF, 
ZLPGF 

Center of 
Hirth 
coupling on 
pitch plane 
of coupling 
teeth. 

+XLPGF: Normal to hirth 
coupling interface plane along 
the centerline of LPGF, and 
directed from the Origin 
toward the mounting interface 
plane. 
 
+YLPGF: Completes the right-
handed coordinate system 
 
+ZLPGF: Perpendicular to 
XLPGF. When installed on its 
mounting interface, ZLPGF is 
parallel with ZLFM as defined in 
section 4.2.1  

Description of 
the LPGF 
interface to 
manipulator 
end-effector. 
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4.4.1.1.3 LPGF FUNCTIONS 

LPGF is the robotic structural interface to a spacecraft, tool or payload. It features: 

1. Engagement surfaces that interface with complementary mating surfaces on a 
large manipulator end-effector to react operational loads. 

2. Receptacle connectors <TBD 4-2> to allow the User to access electrical signals 
(power, data and video as desired) on a manipulator tip-mounted tool or payload 
or transfer manipulator power and control signals from spacecraft through the 
manipulator. 

3. An alignment target to support situational awareness during the 
engagement/disengagement operations. 

4.4.1.2 REQUIREMENTS 

4.4.1.2.1 ENVELOPES 

4.4.1.2.1.1 CLEARANCE APPROACH ENVELOPE 

The LPGF clearance approach envelope is defined in Figure 15.  The approach 
envelope shall be kept clear of intrusions. Intrusions into the approach envelopeôs keep 
out zone may result in impact and contact loads with the manipulator during operations.  

The LPGF clearance approach envelope includes consideration for wrist cluster sweep.  
No clearance approach considerations for specific manipulator tools have been included 
at this time.  Special consideration is also required for the case of large payloads that 
may be stowed on a LPGF as they will need to ensure that sufficient clearances exists 
relative to surrounding structure during approach.  

Rationale: It is desired to maintain a minimum of 75 mm clearance between the manipulator 

and adjacent structure when approaching an LPGF.  The LPGF approach envelope is 

based on a 75 mm clearance envelope outside of the mechanical sweep of the manipulator 

wrist cluster volume while considering a range of possible configurations. The preliminary 

manipulator wrist cluster was swept through ±180 degrees on the WR joint and ± 85 

degrees on the WY joint to derive the envelope. 
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Envelope  
Ø Da Ø Dg H h Ŭ 

Mm mm mm mm deg 

Approach to Static or 
station-attached 
Payload 

1428 912  1350 128 54 

Notes: 
1. User Stay-out Zone (a.k.a. Clearance Volume) is centered on the centerline of 

the LPGF. 
2. Envelopes are based on LGPF, EE, and wrist cluster volumes only.  No 

consideration has been made for attached payloads, which need to be 
evaluated separately for clearance 

3. Encroachment into these envelopes is by waiver only.  
4. Clearances required beyond dimension ñHò from attachment plane will be 

dependent on the User and the required manipulator configuration. 
5. The approach envelopes do not account for manipulator runaway.  
6. Hardware Clearance Envelope is a function of the EE. 

FIGURE 15 LPGF CLEARANCE APPROACH ENVELOPE 
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4.4.1.2.2 MECHANICAL INTERFACE 

The LPGF mechanical interface shall conform to the common mechanical interface 
specified in section 4.2.3. 

4.4.1.2.3 STRUCTURAL INTERFACE 

The LPGF structural interface shall conform to the common structural interface specified 
in section 4.2.4. 

4.4.1.2.3.1 MASS 

The mass of the LPGF shall not exceed 11.3 kg <TBR 4-8>). 

Rationale: Based on preliminary estimates for LPGF 

4.4.1.2.4 ELECTRICAL INTERFACE 

4.4.1.2.4.1 ELECTRICAL CONNECTORS 

The proposed electrical interface functions available to a generic external User is 
illustrated in Figure 16 with characteristics summarized in Table 4-4. 

LPGF USER

SYSTEM POWER 
(PRIME)

PAYLOAD POWER 
(PRIME)

DIGITAL COMMUNICATION 
(PRIME)

SYSTEM POWER 
(REDUNDANT)

PAYLOAD POWER 
(REDUNDANT)

DIGITAL COMMUNICATION 
(REDUNDANT)

 

FIGURE 16 LPGF TO USER ELECTRICAL INTERFACES <TBR 4-5> 
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TABLE 4-4 LPGF ELECTRICAL INTERFACE PARAMETERS <TBR 4-6> 

Function1 

Operating 
Current 

(Amps) 

Interface Voltage 
(volts) 

Wire Type # of Wires 

System Power2 0 to 20.4 (TBR) 
98 to 136 (TBR)  

(current dependent)  
12 AWG Wires (TBR) 2 (TBR) 

System Power Return 0 to 20.4 (TBR) - 12 AWG Wires (TBR) 2 (TBR) 

Payload Power3 0 to 20.4 (TBR) 

98 to 136 (TBR)  

(current dependent) 

 

12 AWG Wires (TBR) 2 (TBR) 

Payload Power Return 0 to 20.4 (TBR) - 12 AWG Wires (TBR) 2 (TBR) 

External Digital 
Communication and 

Video  

(Manipulator <-> User) 

N/A 
LVDS (low power, 

high speeds) (TBR) 

Gigabit Ethernet 

100 Ohm Differential 
shielded (TBR) 

4 
Differential 

Pairs 
(TBR) 

NOTES: 
1. These functions are available on both prime and redundant channels/connectors 

2. System Power is intended for use by the robotic element/manipulator itself with a 
maximum power demand of 2000 W (TBR) 

3. Payload Power is intended for use by payloads onto which the LPGF is mounted 
with a maximum power demand of 2000 W (TBR). 

4.4.1.2.4.2 POWER QUALITY 

Electrical power supplied to the user will meet the power quality requirements in 
accordance with the International Space Power System Interoperability Standards 
(ISPSIS). 

4.4.1.3 VERIFICATION 

TBD 

4.4.2 FREE FLYER GRAPPLE FIXTURE INTERFACE 

4.4.2.1 GENERAL 

The Capture and Berthing of the free-flying vehicles using a robot arm requires flight 
support equipment (FSE) to enable the robot arm to interface with the vehicle. These 
FSE include the Free Flyer Grapple Fixture (FFGF) which is mounted on a visiting 
vehicle to allow their capture and handling by a manipulator. 

4.4.2.1.1 FFGF DESCRIPTION 

The FFGF provides the User payload with on-orbit mechanical and structural interfaces 
to the tip of a manipulator, as well as thermal isolation and electrical bonding. 
Contingency release capability should not rely on EVA due to the time criticality of free 
flyer capture and should be provided by the active end-effector to reduce mass and 
complexity of each individual FFGF (Appendix F: Contingency release trade). The 
general configuration and interfacing provisions of the FFGF are shown in Figure 17. 
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The FFGF is based on the ISS-heritage Flight Releasable Grapple Fixture (FRGF), and 
is updated for use with DSG (e.g. reduced mass). 

 

FIGURE 17 FFGF (INTERFACE TO ROBOT END EFFECTOR) 

4.4.2.1.2 COORDINATE SYSTEMS 

The FFGF Coordinate System is defined in Figure 18. 

Rationale: For consistency, the FFGF coordinate system is nominally aligned with the 
standard operations coordinate system (3.1.3) and the common LFM coordinate system 
(4.2.1) when mated. 
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FIGURE 18 FFGF COORDINATE SYSTEM 

TABLE 4-5 FFGF COORDINATE SYSTEM DESCRIPTION 

Name Symbol Position Orientation Purpose 

Free Flyer 
Grapple 
Fixture 
Coordinate 
System 

XFFGF, 
YFFGF, 
ZFFGF 

Center of 
Grapple 
Shaft on the 
EE/GF 
interface 
plane 

+XFFGF: Normal to Face 
Plate along the centerline 
of Grapple Shaft, and 
directed from Origin away 
from  Grapple Cam 
 
+YFFGF: Completes the 
right-handed coordinate 
system 
 
+ZFFGF: Perpendicular to 
XFFGF and directed from 
Origin away from the 
grapple target centerline. 
When installed on its 
mounting interface, ZFFGF 
is parallel with ZLFM as 
defined in section 4.2.1. 

Description of the 
FFGF interface to 
manipulator end-
effector. 

YFFGF 

 

ZFFGF 

 

XFFGF 
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4.4.2.1.3 FFGF FUNCTIONS 

The FFGF shall: 

1. Support mechanical/structural attachment to the User 

2. Provide capability for electrostatic discharge bleed-off to the User 

4.4.2.2 REQUIREMENTS 

4.4.2.2.1 ENVELOPES 

4.4.2.2.1.1 CLEARANCE APPROACH ENVELOPE 

The FFGF clearance approach envelope is defined in Figure 19 and Table 4-6.  The 
approach envelope shall be kept clear of intrusions. Intrusions into the approach 
envelopeôs keep out zone may result in impact and contact loads with the manipulator 
during operations. 

Rationale: The FFGF approach envelope dimensions are based on SRMS heritage from 
the Shuttle program. 

Ø Da

USER STAY-OUT ZONE
2

Ø Dg

H
3

Ŭ

Approach Envelope 

(Conical)
4

Common Large 

Fixture Mounting 

Interface

See 

Note 3

 

FIGURE 19 FFGF CLEARANCE APPROACH ENVELOPE  

TABLE 4-6 FFGF APPROACH ENVELOPE 

Envelope  
Ø Da (ref.) Øe Dg H Ŭ 

mm mm mm deg. 

EE Approach to Dynamic or FF 
Payload  

1527 674 508 50 
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Notes:   See  Figure 19 for reference 
1. User Stay-out Zone (a.k.a. Clearance Volume) is centered on the centerline of the FFGF.  

2. Encroachment into these envelopes is by waiver only.  

3. Clearances required beyond dimension ñHò from attachment plane will be dependent on 
the User and the required manipulator configuration. 

4. The approach envelopes do not account for manipulator runaway.  

5. Hardware Clearance Envelope is a function of the EE and not dependant on the FFGF  
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4.4.2.2.2 MECHANICAL INTERFACE 

The FFGF mechanical interface shall conform to the common mechanical interface 
specified in section 4.2.3. 

4.4.2.2.2.1 MOUNTING FASTENERS 

The mounting joint configuration for the FFGF is shown in Figure 20. 

Rationale: The mounting joint configuration illustrated is based on the mounting of 
heritage NSTS and ISS grapple fixtures. 

 

FIGURE 20 MOUNTING JOINT CONFIGURATION FOR FFGF 

4.4.2.2.3 STRUCTURAL INTERFACE 

4.4.2.2.3.1 OPERATING LOADS 

The FFGF mounting interface shall be able to transmit the following forces and 
moments identified in Figure 21 and Figure 22, in combination with a shear force of 
667N, between the manipulatorôs End Effector and the Mounting Interface. 

Bushing 

Epoxy Glass Laminate 

NEMA G11 

 

Bushing 

Epoxy Glass Laminate 

NEMA G11 Baseplate 

 

Baseplate 
Stand-Off 

 

Stand-Off 

Payload Structure 

 

Payload Structure Thermal Washer 

Epoxy Glass Laminate 

NEMA G11 

 

Thermal Washer 

Epoxy Glass Laminate 

NEMA G11 

Nut Plate 

 

Nut Plate 

Mounting Bolt 

.375-24 UNF 

200 KSI, 12 Point 

External Wrenching 

 

Mounting Bolt 

.375-24 UNF 

200 KSI, 12 Point 

External Wrenching 

Mounting Interface 

Plane 

 

Mounting Interface 

Plane 

Washer 

CRES 15-5PH 

 

Washer 

CRES 15-5PH 

38.4 mm 

MAX. 

37.1 mm MIN. 

 

38.4 mm 

MAX. 

37.1 mm MIN. 
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Axial force is defined along XFFGF of the FFGF while shear force is perpendicular to this 
axis. 

Rationale: These loads represent the structural capacity of the heritage NSTS flight 
releasable grapple fixture (FRGF) used on the ISS program. 

 

FIGURE 21 AXIAL FORCES VS. BENDING MOMENT 

 

FIGURE 22 TORSION MOMENT VS. BENDING MOMENT 
















































































































































