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ABSTRACT

ISP SYSTEM has designed, manufactured and tested the
single-axis scanning system installed on the mid-infrared
spectrometer on board JAXA's MMX probe. This system
supports, actuates and adjusts the orientation of a mirror
over a working stroke of +/-10° with a resolution of 0.005°
and a repeatability of +/-0.02°. A stroke of +17° must be
possible to reach a calibration position. Speed must be
sufficient to complete a 27° stroke in less than 2 minutes.
The operating temperature range is -40°C/+30°C. Angular
movement is based on the development of an eccentric
cam driven by a stepper motor-reducer in contact with a
lever linked to the mirror. Project’s challenges are
repeatability, service life and very high vibration
constraints.

1. INTRODUCTION

The scanner mechanism is a sub-assembly of the MIRS
instrument (IR spectrometer), part of the probe of MMX
mission (JAXA, launch date 2026). The destination of this
probe is Mars and its moon Phobos.

LESIA was responsible of the system engineering, CNES,
LAB, OMP were involved in the project.

The main functions of the scanner mechanism are listed
below:

e Supporting the mirror
»  Actuating the mirror
*  Adjust and maintain the mirror orientation

2. SYSTEM REQUIREMENTS

The criteria specified for each main characteristics are
detailed in the table below:

Table 1: Main characteristics specification

Main characteristics Specified value

Nominal position 45°
Angular stroke 27°
Science stroke +/- 10°
Calibration position +17°

Repeatability +/- 0.02° (0.35mrad)

Resolution 0.005° (90prad)

Speed 27° < 2min

Operational temperature range -40°C / +30°C

Before the beginning of the project (09/2020), an
Engineering Model had been designed and manufactured
by the CNES:

* Mirror size 38mm x 29mm

» 2 Flexure pivots

* MoS2 on cam contact area

» Stepper motor and gearbox (200 steps/trn, ratio
1:196)




Figure 1: Mechanism CAD view

The functioning principle was based on rotating with a
gearbox stepper motor, an eccentric cam in contact with a
lever linked to the mirror.

The contact between cam and lever is ensured through a
traction spring. The mirror is guided by 2 flexural pivots
Riverhawk and its angular orientation is driven by the
eccentric cam position.
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Figure 2 (a) (b): Kinematic principle

After the manufacturing and assembling of the
Engineering Model, performances characterization tests
have been performed and results were in accordance with
expected values:

 Precision < 0.35mrad
* Resolution < 90prad

Duty cycle and lifetime testing revealed performance
degradation over time due to changes in surface
accommodation between cam and lever.

3. DESIGN AND DEVELOPMENT

The objective was to design and manufacture a scanner
mechanism on the Engineering Model base, with
adaptations according to first test results (especially
damage of contact surfaces after cycling).

The development plan included several models:
4 QM:

* QM1: Qualification model - Flight definition -
Dedicated to qualification tests at ISP level - 11 /
2021

* QM2: Qualification model - Flight definition -
Dedicated to qualification tests at instrument level
-05/2022

e M1: Qualification model - Flight definition -
Dedicated to functional tests at instrument level -
06 /2022



* M2: Qualification model - Flight definition -
Dedicated to environmental tests at instrument
level - 10/ 2021

3 FM:
« EML1: Flight model - 09 / 2022
« EM2: Flight model - Spare model - 09 / 2022

* EM3: Flight model - Complete batch of spare
components (unassembled) - 09 / 2022

Preliminary design tasks started on the base of EM
definition and criteria of the initial specification. During
this phase, mirror dimensions have been updated:

* Initially : Optical surface 62mm x 32mm
» Specification upgrade : Optical surface 47mm x
48.5mm

Just before CDR, critical parameters of the technical
specification have been upgraded :

» Duty cycles :

+ Initially : 50 complete strokes - 14 820° (ECSS
margin included)

+ Specification upgrade : MARS + PHOBOS -
847 900° (ECSS margin included)

* Random vibrations :

* Initially : 0.5g%/Hz ; 80 - 400Hz
(about 22g RMS)

 Specification upgrade : 1gHz ; 100 - 1000Hz
(about 33g RMS)

Important risks were then identified regarding the design
of the Engineering Model:

*  Compatibility of the flexure pivots technology
with the requested duty cycles and mechanical
environment

+ Damage of the contact area between Cam and
Lever (even with geometry, roughness and
lubrication improvement)

*  Mirror holding under random vibrations

Flexure pivots

Flexure pivots foreseen for the mechanism were not
compatible with the number of cycles and loads induced

by mechanical environment. This technology has been
replaced by ball bearings assembly.

3 deep groove ball bearings :

*  Duplex assembly - back-to-back arrangement- on
one side (solid preload)
» 1 Ball bearing on the other side (elastic preloaded)
- 4762 x D 12.7 x 4.978mm
- Stainless steel 440C
- ABECY9
- Braycote 601EF Lubrication

Ball bearing
with elastic preload

Duplex assembly
with solid preload

Figure 3: Bearings mounting

Cam / Lever contact

To avoid damaging the contact area, a ball bearing has
been inserted between Cam and Lever :

- Ref. 6702

- D15xJ 21 x4mm

- Stainless steel 440C

- ABEC5

- Lubrication Braycote 601EF

Ball bearing

Figure 4: Cam / Lever contact



Launch configuration

The launch position of the eccentric cam has been located
on mechanical end stop (+18°), outside of the functional
stroke. It was possible thanks to replacement of flexure
pivots by ball bearings.

A flexible strip, in contact with lever in this configuration,
avoids fretting under vibrations (elastic preload 35N).

Lever

Flexible strip
Stainless steel
6 x 0.5mm

Spring

Figure 5: Launch configuration

Kinematic principle

For one complete turn of the eccentric cam, the maximum
rotation stroke is about 30.5°, which is compatible with
mirror specified rotation amplitude of 27°.
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Figure 6: Angular mirror position / eccentric rotation

Science stroke of +/-10° is performed for a rotation of the
gearbox shaft of 110° (11 545 motor steps).

The resolution / step
(specified resolution).

is 0.0017°: 3 steps for 0.005°

For a driving frequency of 500 steps/s, the rotation speed

is about 0.85°/s.

The total number of motor steps form mechanical end stop
- to mechanical end stop + is about 18 500 motor steps

(28.5° ; 37s).

4. QUALIFICATION

TESTING

The synoptic below presents the qualification plan:
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: Qualification plan

5. RESULTS AND DISCUSSION

Performance tests
specifications:

showed conformance with

Table 2: Performance tests results

Characteristics

Measured values




Typical angular positions

Mechanical stop -

-10.345° (< -10°)

Mechanical stop +

17.609° (> 17°)

Stroke between mech. stops +/-

27.954° (> 27°)

Minimum current -10° / +17°

180mA (nominal

Répétabilité Cycla duréa de via / Recett inftiala

current 600mA)
Repeatability +/- 1000 steps (min/ max) | 0.002° (< 0.02°)
Resolution +/- 3 steps (min / max) 0.005°
Repeatability +/-11° (min / max) 0.004° (< 0.02°)

Vibrations tests : sinus 30g - random 32.83g RMS 120s
1 accelerometer 3 axes stuck on the motor rear face:

= 2219 RMS along Z at 900Hz

Pilot-X

CP-XIY/Z

Figure 8: Vibration test configuration

Eigen frequency offsets were compliant with the
specification after vibrations (< 5% in frequency ; < 20%
in amplitude)

Shock test : 2 shocks per axis

Table 3: Shock specification
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Figure 9: Typical sequence for 1 performance test cycle
Table 4: Performance regarding to temperature
Minimum ili i ii
Temperature | Stroks Repeatability | Resolution Repeatatllllty
Current | +/-1000 pas | +/- 3 steps +/-11
20°C 27.946 | 180mA 0,002° 0.0056 0,006°
45°C 27.944 1 180mA 0,004° 0.0056 0,007°
-20°C 27.95 180mA 0,005° 0.0053 0,006°
-55°C 27.947 | 280mA 0,004° 0.0054 0,004°

Duty cycles / final FAT

Frequency SRS (g), Q=10
100 — 1000Hz 9 dB/oct
1000 — 3000Hz 3609

Vacuum thermal tests

The duty cycles performed under vacuum included 4
phases:

- 2% at45°C: 35 cycles

- 2% at-55°C: 35 cycles

- 94% at -20°C : 1 620 cycles

- 2%at20°C: 35 cycles
Total: 1 725 cycles

Figure 10: Duty cycles monitoring




No particular anomaly was detected during cycling. The
performances were globally unchanged after cycling.

Table 5: Initial and final performances

T Measured values
Initial FAT Final FAT
Typical angular positions
Mechanical stop - -10.345° -10.363°
-10° -9.991= -10.013°
0° 0.008° 0.002¢°
+10° 10.011¢ 10°
+17° 16.999° 17.005°
Mechanical stop + 17 609° 17 558°
Stroke between mech. stops +/- 27 954° 27.921°
Minimum current-10°/+17° 180mA 180mA
Repeatability +/-1000 pas (min / max) 0.002° 0.001°
Resolution +/-3 pas (min / max)
Pasition -10° 0.0029 0.0031°
Position 0° 0.0056° 0.0057¢
Position +10° 0.005° 0.0052°
Repeatability +/-11° (min / max) 0.004° 0.004°

The synoptic below presents the FM acceptance tests
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Figure 11: FM acceptance tests

The FM behavior and performances were very similar to

QM.

6. CONCLUSION

The Flight Models were delivered within two years from
the project initiation, despite a highly constrained
schedule and several specification upgrades during the
design phase—particularly concerning random vibration
levels and operational duty cycles. These evolutions
needed modifications of some EMI component
technology.

One of the major challenges of the project was the limited
scheduling margin identified from the outset, which
required the rapid identification and implementation of
solutions with minimal impact on the overall timeline.
This was notably the case for the ball bearings, where
sourcing components compatible with space environment
constraints and subject to lead times of 10 to 12 weeks
proved particularly difficult. For this purpose, one
reference was procured from CNES stock, while the
second was an industrial-grade stainless-steel bearing,
cleaned and lubricated by ISP.

Despite these constraints, the mechanism achieved the
expected performance levels. The qualification campaign
confirmed that the scanner mechanism is compliant with
the specified environmental conditions and that its
performance remains stable after operational cycling. All
manufactured and tested models exhibited consistent
behavior and performance, demonstrating the robustness
and repeatability of the design and manufacturing
processes.

Figure 12: MIRs FM

7. REFERENCES

Brevet CNES 19 15218 — Dispositif de scan a
excentrique amélioré.



