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Abstract

In-space assembly of small satellites could enable rapid response and reconfiguration of swarms and constel-
lations. Key gaps currently limiting their in-space assembly are: (1) the lack of standardization of electromechan-
ical CubeSat modules for compatibility with commercial robotic assembly hardware; and (2) testing and modify-
ing commercial robotic assembly hardware to enable successful small satellite assembly on-orbit. Standardization
of electromechanical CubeSat modules for on-orbit assembly requires compatibility with low-cost end-effectors.
These end-effectors must successfully grasp and manipulate CubeSat parts, engaging component attachment
mechanisms, to assemble them into a CubeSat. In this proof-of-concept assembly demonstration, we use modular
CubeSat components and two commercial off-the-shelf (COTS) 16 inx 7 in x 7 in (40.6 cm x 17.8 cm x 17.8 cm)
dexterous robot arms, weighing two kg each. Working to close both the standardization and testing gaps, we
demonstrate the robotic assembly of a 1U CubeSat without humans-in-the-loop in less than eight minutes with a
lab prototype. This paper describes both the successful aspects of this work, and lessons learned about issues such
as thermal and power for overheated motors and positioning errors. We additionally discuss a plan toward a flight-
like system. Robotic assembly of CubeSats in space can increase response time, enable customization, on-orbit
replacement and refueling, decrease time and cost spent on Earth-based environmental and vibration testing, and
can be more effectively packed for better use of mass and volume given launch costs.

1. Introduction servicing systems include Northrop Grumman’s Mis-
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for cost-effective on-orbit assembly and servicing ca- February 25, 2020. MEV-1 is designed to dock to ge-
pability to address _multlple gov_ernment (Doggrfell, ostationary satellites whose fuel is nearly depleted,
2006) and commercial constellation needs. We first and it does not make use of robot arms (Northrop

consider state-of-the- art robotic servicing and assem- Grumman, 2020). There are several on-orbit robotic
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