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Background

* NASA Precision Assembled
Space Structure (PASS) project

* Design reference mission: in-
Space Assembled Telescope
(iSAT)

e 2019 NASA iSAT study found
that in-space assembly is likely
the only way to achieve >15 m
aperture space telescope

e PASS project will perform
ground demonstration of 20 m
diameter backbone truss
structure

Backbone
Truss Structure
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Introduction PASS

e Contribution: Concept of
operations for
autonomous assembly of
modular space structures
verified through

hardware tests.

* Modular structural design =t
can enhance repairability L Lk
and enable new types of
spacecraft

* UR10e robot used to
position modules, custom
Grapple Tool used for

Grapple Tool

Structural Modules

. . (TriTrusses)
joining AT -
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N@Jﬁ Test Goal

Starting state

Fully assembled three TriTruss system
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2.

Robot Trajectory Generation

Leveraging Robot Operating System (ROS2), Movelt, and Open
Motion Planning Library (OMPL)

Broken into gross motion and fine alighment phases

Use robot inverse kinematics to find joint angles corresponding to
grapple or insertion goal state

Use robot Jacobian to plan a linear motion in reverse to an
approach point — this ensures grapple/insertion point is reachable
from approach point

Gross motion: Use sample-based motion planner to find motion
from current robot state to approach point

Fine alignment: Use robot Jacobian to plan linear motion from
approach point to grapple/insertion point
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Gross Motion Planning © PASS

Langley Research Center

_ h - o -

Actuator Actuator
state state

Input:
Planni :
Scene - - * |terative process

* A path is formed by repeatedly
sampling point in robot

configuration so‘oace until goal
pose is reache

* Each point is checked for validity
(collisions, other constraints)

* Time is specified along the
path according to max velocity
and acceleration constraints

* Create a trajectory from path

“p

Input: End-
effector goal
state

Goal
reached/goal
not reached

Collision/
no collision



usy Grapple Tool and TriTruss PASS

Langley Research Center

* TriTruss: Repeating structural module that comprises the telescope structure

* Grapple Tool: Robotic end-effector used to manipulate TriTrusses
* Three prongs — one for each corner of TriTruss
* Four actuators per prong:
* Rotary servo for grappling TriTruss from stowage
* Rotary servo for capturing adjacent TriTruss during insertion

* Rotary servo + linear actuator to comprise lock screwdriver for .
joining TriTrusses —

"o TriTruss [ N\05




AN
Grapple Tool Components © PASS
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Lock screwdriver camera

Grapple
Post

Post fingers

Capture post

Capture fingers grasp
capture post and pull bay
into position

\ Electronics box \ camera




Test Procedure PASS
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1. Robot plans trajectory to pick up the first TriTruss
2. Fine alignment is performed manually using the UR10e teach pendant

3. Post Fingers close on the TriTruss Grapple Post. Robot’s payload information is updated using a mass model
of the TriTruss

4. Trajectory is planned to insertion point for the first TriTruss
Manual fine alignment performed

Robot switches to compliance control and the Capture Fingers close on the Capture Post attached to the
TriTruss that is being joined. Compliance control allows the Capture Fingers to pull the robot into a final
position such that the Lock Screwdriver can drive a bolt to join the two TriTrusses.

7. Lock Screwdriver tightens the bolt to 8.4 Nm using torque feedback from the rotary servo. Once the bolt is
tightened, the Lock Screwdriver backs out and the Capture Fingers open.

8. Robot applies a 100 N test load. This ensures the connection was successful.
9. Robot payload information is updated to remove the previously held TriTruss.
10. Cartesian motion planner is used to drive the robot along a retreat path.

11. Steps 1-10 are repeated with the second TriTruss to complete a three-truss assembly.



Precision Assembled Space Structure

”Q%A Three Module Assembly Test

Langley Research Center
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Results: Actuator Data — Capture Fingers PASS

Langley Research Center
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Results: Actuator Data — Screwdriver Rotary Servo T PASS
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Results Actuator Data — Screwdriver Linear Servo PASS

Langley Research Center
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Results: Test Load

140
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 After joining nodes, o
manipulator applied a 100 N .
test load in axial direction of
screw to verify connection
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e Conclusion PASS

 Test results verify feasibility
and repeatability of
autonomous assembly con-ops

* This basic concept can be used
to enable new types of
spacecraft that can be easily
repaired, extended, and
evolved

* Future work (and parallel
work) will address vision-
based pose estimation to
automate fine alignment
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Precision Assembled Space Structure

Langley Research Center
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