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Abstract

A two axis 5 kW class electrical thruster holding and pointing mechanism has been developed and qualified
in the context of a “GSTP Element 2: Make” contract in partnership with the European Space Agency (ESA).
This paper presents the design and qualification of the Thruster Pointing Mechanism (TPM) used to hold
and point the electrical thruster. This electrically redundant TPM includes actuators, drive trains, position
sensors, thermal control system, Xenon piping and cable management systems. It is based on the fine
pointing mechanism patents US 9172128B2 [1] and EP 2 608 313 B1 [2]. The novelty of the system is that
the payload (thruster) is held in such a way that it precludes the use of hold down and release mechanisms
or snubbers, greatly reducing its mass and volume and increasing its reliability.

Introduction
With the advent of electrical thrusters, the need for pointing them to account for spacecraft center of gravity
changes has arisen. Since MDA has developed many different antenna pointing mechanisms, it was in a
good position to design one for electrical thrusters. This paper describes the design of the mechanism, the
problems encountered during qualification and the modifications implemented to correct them.

TPM Design Overview

The TPM is presented in Fig. 1. It can point the payload at any orientation within a half cone of 15 degrees,
extendable if required to 22 degrees.

Figure 1: Thruster Pointing Mechanism
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It contains a mobile plate on which the thruster (or other payload) is mounted. The mobile plate sits on a
central spherical bearing to constrain the three translation degrees of freedom. The two driven rotations are
actuated by Rotary Actuators (RAs). Each RA contains a stepper motor that drives a one stage planetary
gear stage that drives a Harmonic Drive. The RA output bearing is thin section cross roller bearing to react
the axial, radial and bending moments. The RAs rotate a crank that imparts rotation to the payload through
a connecting rod. The final rotational degree of freedom is constrained using an anti-rotation bar.

Major Design Challenges

During the design phase, the following major design challenges were identified.

1. Isolating the mechanisms from the very hot temperature of the thruster.

2. Heating the thruster to the appropriate temperature.

3. High electrical power transfer through the gimbal.

4. Routing of the piping and the harness to minimize exposure to radiation, temperature excursion
and Micro Meteorite Orbital Debris (MMOD) impact while keeping full flexibility on the mechanism
pointing range.

5. Holding and pointing a 12 kg thruster

Isolation of Hot Thruster

The mobile plate has a thruster attached to it. The thruster can dissipate up to 1000 W. The mobile plate
has to manage that heat to control the thruster temperature and to limit exposure to the mechanisms
underneath. Heat conduction is minimized by the low thermal conductivity of the titanium thruster base and
the insertion of a 75 um thick sheet of Kapton coated with Vapor Deposited Aluminum facing the thruster.
Any heat that gets by the above is radiated out sideways by the use of clear sulfuric anodized aluminum
radiators on all sides.

Heating of Thruster Prior to Start

The thruster must be above a certain temperature prior to start. Thirty-five Watts of heaters arranged in
redundant pairs are installed under the mobile plate to achieve this. The temperature is monitored using 3
RTD sensors.

High Current Mobile Harness

A 5 kW thruster requires a lot of voltage/current. The configuration implemented here requires sixteen 1
mm~2 (approx. 17 AWG) double insulated wires which bundled together form a 20 mm OD cable bundle.
The routing of the dynamic part of the harness is shown in Fig. 2.

Figure 2. Mobile Harness
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As can be seen, the cable bundle is routed through the pedestal to limit temperature exposure and to protect
it from MMOD and radiation. The bundle is clamped at the fixed end on the baseplate and the mobile end
on the mobile plate. In between, each wire is free to move which reduces the composite stiffness of the
mobile portion of the bundle. The bundle is routed such that it interfaces with the mobile plate as close as
possible to the spherical bearing to minimize the translations of its mobile portion. The routing of the
harness’ flexible portion is designed to reduce friction with adjacent surfaces. Inner surfaces of the pedestal
are coated with a low friction surface finish to protect the harness from friction wear.

Mobile Gas Piping

The electrical thruster requires two separate gas pipes, one for its anode and one for its cathode. They are
both type 304 stainless steel tube of OD 3.17 mm and wall thickness of 0.508 mm. Fig. 3 shows the piping
routing around the pedestal with the clamping arrangement. The challenge was to find the balance between
stiffness and flexibility. The tube shall be long enough to reduce the stress induced by the enforced
displacement from the thruster support plate tilt and minimize the tilting resistive torque on the mobile plate.
These tubes could not be excessively long though in order to minimize the pressure drop.

The solutions chosen were:
a) to fix the piping on the mobile plate as close as possible to the main spherical bearing to minimize
translations at that point,
b) to minimize the diameter of the coil,
c) to link both coils with plastic brackets to avoid contact between coils, protect the tubes from the
vibration environment and have a uniform behavior of both tubes.

Figure 3. Mobile Gas Piping

Holding and Pointing a 12 kg Thruster

The use of the design of the Fine Pointing Mechanism patents [1] [2] was critical to obtain a system that
was competitive in terms of volume, mass, reliability and simplicity of use. The design is such that the center
of gravity of the payload is as close as possible to the main spherical bearing holding it. This means that
during vibration, very little loads are transferred to the rotary actuators. Additionally, in the stowed
configuration, the crank arms are in line with the connecting rods meaning that any remaining launch loads
are not converted to torques on the RAs. These features enable holding this 12 kg payload without the use
of hold down and release mechanisms, simplifying the use and improving reliability. Finally, the design
holds the payload as low as possible to the base minimizing the volume of the system.
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Development Plan

The full development took approx. 2 years from May 2021 to May 2023.
The components that needed development and qualification were:
Mobile piping

Mobile harness

Spherical bearings

Thruster plate with thermal hardware

For the mobile piping and harness, several Bread Boards (BB) were manufactured, vibrated and life tested
in ambient conditions to determine their capacity to perform the mechanical life. These tests permitted fast
iterations of the mobile harness and piping designs. These initial BBs were mechanical cycled through full
range of travel. This permitted to fail fast and tweak the design for each new iteration. After we knew that
the design could take the mechanical life, the next step was to constrain it in the stowed condition such that
it could survive launch loads.

Finally, a full up TPM was qualified. The qualification model TPM is shown in Fig. 4.

Figure 4. Qualification Model TPM
Test Problems and Lessons Learned

This section will review test problems and the associated design improvements and lessons learned.
Fracture of a major component during vibration testing and its cause, corrective and preventive actions.
How to hold high power mobile electrical cabling through the launch environment. How to hold mobile gas
piping through the launch environment

Fracture of a Major Component During Vibration
During qualification level random vibration in the Z direction, a Titanium bolt broke. Fig. 5 shows the location
of the bolt in the TPM.
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Figure 5. Location of Broken Bolt on TPM

Fig. 6 shows the bolt in question. Note that in Fig. 6, the left-hand spacer is missing.

DT

Figure 6. Broken Bolt

Cause of Failure:
Two separate causes were found.
1. Achamfer around the through hole of the ball of the spherical bearing was not on the drawing. This
chamfer reduced the contact area between the ball and the two spacers on either side of the ball.
The spacers yielded and the axial preload in the bolt was lost. Without the spacers participating in
reacting the bending moments in the bolts, they no longer had positive margins and failed.
2. The spherical bearings developed some radial gaps which caused non linear behavior that was
difficult to predict.

501



Corrective Actions:
1. The spacer size was increased to take into account the chamfer in the balls and reduce their stress.
Fig. 7 shows the larger spacer.
2. The random vibration notching plan was updated to better define the notched profiles and protect
the mechanism in case cross axis modes are excited during vibration.

Figure 7. New Design

Lesson Learned:
Beware of small contact surfaces on parts. The effects of chamfers and internal radii are often missed in
analysis.

Problems with Mobile Power Harness During Vibration

The thruster power cable bundle is provided by the thruster and therefore cannot be changed. Each of the
16 wires in that bundle has a jacket that contains silicone and as such is very tacky. This is not an ideal
jacket for a mobile harness as rubbing between tacky wire jackets causes significant resistive torque and
rapidly causes wear and debris. The final solution was to limit the motion of the mobile harness as much
as possible by clamping it on the mobile plate as close as possible to the main spherical bearing. This
configuration was tested on a BB prior to implementing it on flight equipment. Fig. 8 shows the third BB with
the harness and piping installed and ready for vibration testing.
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Figure 8. Third Harness and Piping BB

Problems with Holding the Piping During Vibration

One of the design challenges is to sufficiently hold down the gas piping during launch vibration while
permitting it to be flexible enough to meet pointing travel and not impart too much resistive torque to the
rotary actuators. Several breadboards were manufactured to come up with the current design. These BBs
were first vibrated and then life tested through an accelerated life test. It is only on the third attempt that a
satisfactory performance was achieved.

Lessons learned during testing:
1. Since there are two tubes through the mobile portion, their relative positions have to be well
maintained to prevent inter tube chatter.
2. Thetubes have to be permitted to move but their motion has to be controlled during vibration. Some
sections of the tube are snubbed in the stowed configuration and some sections are permitted to
impact plastic bumpers during vibration.

Conclusion
MDA has designed, manufactured and qualification tested an electric Thruster Pointing Mechanism that
manages high temperatures, MMOD and radiation. Several flight units have now been manufactured and

delivered. Problems were encountered during breadboard and qualification testing. They were resolved
and the lessons learned during these activities were presented.
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