Design and Testing of a Thruster Pointing Mechanism (TPM-250)
for Deep Space and IOS Nanosats

Freddie Williams”", Emilia Wegrzyn*, Artur Fouto*, and Alberto Garbayo*

Abstract

This paper presents the design, analysis, and qualification testing of the 2-axis Thruster Pointing
Mechanism (TPM-250) for electric propulsion thrusters for the upcoming HENON (Heliospheric Pioneer for
Solar and Interplanetary Threats Defence) Mission, scheduled to be launched in January 2027.
Qualification Model (QM) testing of the TPM is underway, with the qualification campaign ending in early
May 2026, and Flight Model delivery in June 2026. This paper and associated presentation covers the test
results and lessons learned throughout the development, from Concept to Engineering Model to
Qualification, both from technical and programmatic perspectives.

Figure 1. The TPM-250 Engineering Model (EM)
Introduction

Thruster pointing mechanisms are usually employed for the efficient use of electric propulsion for certain
critical propulsive maneuvers required for deep space, interplanetary travel, or rendezvous with Near Earth
Objects. This consideration is especially relevant for nanosat and small sat missions due to their limited
resources in terms of power, mass, and volume. 2-axis thruster pointing mechanisms are often included in
such complex missions, providing thrust vector control in operational modes and compensation for center
of mass shifting. An accurate and lightweight pointing mechanism can significantly reduce reliance on cold-
gas thrusters for AOCS (Attitude and Orbit Control System) operation, decreasing fuel requirements and
spacecraft mass.

HENON mission

The HENON mission is a 12U XL CubeSat mission, funded by the European Space Agency. The mission
aims to make space weather measurements in Distant Retrograde Orbit (DRO), giving advance warning of
incoming solar storms. The mission will also demonstrate a transfer from Sun-Earth L2 (second Lagrange
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point) to DRO using Electric Propulsion (EP). By exploiting measurements on the sunward side of the DRO
(at ~0.1 AU from Earth), which has never been explored before, the HENON 12U XL CubeSat will enable
a significant improvement in the advance warning time and hence forecasting of major solar events
compared to spacecraft at Sun-Earth L1 [1].

Consortium

The prime for the HENON project is Argotec (ltaly), whilst the Cubesat Propulsion System (CPS) is
developed by Mars Space (UK). Added Value Solutions UK (AVS UK) are responsible for the development
of the TPM-250 mechanism within the CPS. The TPM-250 is shown in Figure 1.

AVS is a worldwide leader in the development of complex instrumentation for Science and Space
applications. The background of AVS in vacuum engineering, high-precision mechanisms and mechatronic
systems has led us to become one of the only few specialized and EN9100 approved Space mechanisms
suppliers in Europe.

Design Challenges and specification

The development of TPM-250 has encountered many challenges. As part of a CubeSat mission, both space
and mass are severely constrained. The entire pointing mechanism sits within a 1U volume and has a mass
of 700 g. TPM must pivot a 400 g electric thruster and associated umbilicals through +7.25° about the
vertical axis. The development of a launch lock within this volume is necessitated by the relatively high
thruster mass. A full list of the achieved requirements is in Table 1.

Table 1. The specification for the TPM-250
TPM250 Standard Specification

Mechanism Volume: 100x100x80 mm
Electronics Volume: 100x100x70 mm
Mechanism Mass: 710¢g

Peak Power (Operating): <5WwW

Average Power (Operating) <45W

Peak Power (ldle): <0.5W

Angular Range: +7.25°

Angular Resolution: 0.006°

Angular Error: 0.081°

Angular Speed: 0.56°/s

Cycles: 1100 (Flight) 50 (Ground)
Operating Temp: -20 to +70°C

Lifetime: >3.5 yrs

Payload: Micro RIT 3.5 Thruster (D80 x 70 mm — 400 g)

Mechanism layout

The TPM-250 consists of two concentric gimbal rings pivoting independently about two orthogonal axes.
This allows the 2-axis pointing of the thruster. The gimbal rings are independently actuated by redundant
stepper motors, with actuation force being generated by a leadscrew and lead nut combination. The
leadscrew force is opposed by spring plungers, ensuring the gimbal rings follow the actuators during
retraction. Launch lock is achieved through the use of a single release nut. To save both mass and volume,
the TPM-250 is operated as an open loop mechanism. Calibration is periodically carried out by making use
of two calibration limit switches at the extremes of travel. An overview of the TPM mechanism is shown in
Figure 2.

194



Thruster -
Outer gimbal
ring

Leadnut

assembly - HDRM bolt

Frame
_ Inner gimbal
ring

Gearbox

Release
actuator

Stepper
motor

Spring
plunger

Figure 2. The Main Subsystems of the TPM-250 QM Mechanism
Launch Lock development

The inner and outer gimbal rings have a low stiffness when subjected to out of plane bending loads. During
launch the rings act as springs and allow low frequency modes to develop in the system. Stiffening the rings
sufficiently is not only impractical due to mass restrictions but also puts unacceptable loads through the
delicate pivot bushings. Ideally, each gimbal ring would be individually locked at multiple points, but the
practicalities of mass and volume dictate that a single release actuator must be used. The Launch lock
system is shown in Figure 3. The Hold Down and Release Mechanism (HDRM) bolt clamps the inner gimbal
ring to the frame at the HDRM contact interface. This also generates a preload at the opposite side of the
gimbal ring between the preload bridge and the inner gimbal ring. These two load paths offload the majority
of the launch load from the gimbal bushes and outer ring, allowing the mechanism to survive launch. This
layout is shown in Figure 3. At the time of writing, the release mechanism has been triggered more than 20
times across EM and QM without failure. The shape memory alloy release nut is provided by Dcubed [2].
The specifications of the nut are shown in Table 2.

Table 2. Release Nut Specifications

Mass 409

Variant UD3RN

Max. preload 4000 N

Size 25x25x25 mm
Proof load 4500 N

Actuation current 4 A
Actuation time <4 sec
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Figure 3. The Operation of the Launch Lock Mechanism. The TPM-250 is Shown in the Launch
Configuration.

Actuation scheme

Each gimbal ring is actuated by a separate linear actuator. These actuators contact the ring at a hertzian
contact, allowing both translation and rotation at the contact interface. By controlling the relative positions
of two actuators and thus the two gimbal rings, the position of the thruster can be controlled. Each actuator
is motorized by redundant space-qualified stepper motors. This setup is shown in Figure 4, where the
location of the return spring plungers is also labelled.
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Figure 4. The Actuation of the Gimbal Rings. The Main Frame is Hidden for Clarity
Calibration

TPM is an open loop system, meaning there is no independent feedback of thruster position. Position is

estimated through step counting and internal algorithms. To account for missed steps and resulting

mechanism drift, each axis has a single limit switch against which it can be calibrated. This calibration
sequence can be performed periodically during operation.
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Test philosophy

TPM follows a classic Engineering Model (EM), Qualification Model (QM) and Flight (FM) development
path. At the time of writing Qualification is underway, with full qualification status anticipated in May 2026.
Coupling and magnetic testing with the Cubesat Propulsion System is underway at the time of publication.

il b

Figure 5. (I-r) TPM and TPME EM During Benchtop Commissioning, TPM QM During Functional Testing
In Vacuum

Lessons learned during testing
Bushing Overlap
Initial design of the spring plungers used a single bushing to constrain the movement of the linear plunger.
This provided inadequate linear control and bound up under off-axis loads. The design was modified to
include bushings at both ends of the plunger, greatly reducing friction and binding.
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Figure 6. The Updated Plunger with a New Secondary Bushing To Maximize Overlap

Spring redundancy

The initial spring plunger design used twin concentric coil springs to achieve redundancy. In practice, these
springs necessitated a 2x factor on spring force and were extremely difficult to assemble accurately. They
also had a tendency to tangle and bind during use. To address this, a chain of 14 wave springs in series is
used. The mechanism can now tolerate up to 3 spring failures without compromising margins, and the force
delta after three failures is around 20%.

Radial lead nut constraint

Functional testing of the early QM unit revealed unanticipated wear to the threads of the lead nut used to
actuate the gimbal rings. Bronze debris clogged the threads, leading to reduced motorization margins far
before achieving the intended life. The cause was traced to the fact that the lead nut itself was
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unconstrained radially whilst being subjected to side loading by the mechanism. This placed an out of axis
torque load on the threads, causing damage. The design has been updated to include a radial lead nut
constraint. This updated design is being retested at the time of publication.

Bronze
debris

Figure 7. Bronze Debris from the Lead Nut Deposited on the Leadscrew

Weldment accuracy

Initial leadscrews were laser welded to their respective shafts, with a tight shaft fit interface between the
two to ensure concentricity. Despite this fit, the runout seen between the screw and the shaft was poorly
controlled, leading to excessive procession of the screw. This was addressed by combining the shaft and
leadscrew into a (more costly) single unit. Whilst more cost effective as a weldment, the loss of dimensional
control during welding could not justify the savings.

Shaft/gear
assembly
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Figure 8. The Inner Weld was Eliminated to Improve Runout Between the Shaft/Gear Assembly and the
Leadscrew

TPME (TPM-Electronics)
TPM-250 is accompanied by an associated electronics module (TPME). TPME controls and reports
operation of the mechanism, communicating with the S/C via CAN bus. Qualification of the module is

happening in parallel to TPM. TPM is available as both a standalone unit, and as a package with the TPME
included.
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Conclusions

The design and test of the TPM-250 to the current point in time has created a robust thruster pointing
mechanism. The mechanism has been successfully locked for launch using a novel locking configuration,
and several other issues discovered during test have been effectively addressed. The mechanism has
particular scope to be adapted to other applications including scanning mirrors, antennas and laser
communications equipment. Upon completion of qualification in May, the gimbal mechanism will represent
a modular, self-contained mechanism that may be adapted to many mission profiles.
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