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ABSTRACT  

The NEONUT is a lightweight, resettable, non-

explosive, ultra-low shock actuator for satellite HRM 

applications (release of solar array, antenna…). It is 

designed and manufactured in compliance with the 

ECSS requirements & free of export restriction. 

 

The NEONUT, based on patented technology, is the 

result of multiyear R&D efforts mainly self-funded by 

SOTEREM but also supported by French agencies such 

as CNES, MIP Region & DGA. 

 

 

1. INTRODUCTION 

The previous work on SEFC and RULSA BBMs 

development (presented at ESMATS 2013) supported 

by CNES, FEDER funds and Midi-Pyrenees regional 

council confirmed the feasibility and potentiality of the 

original concept proposed by SOTEREM and C&T. 

NEONUT lies on these foundations and is supported by 

SOTEREM, French DGA, TAS and C&T in its 

development.  

 

The NEONUT is a unique resettable separation 

mechanism. This paper relates the development & 

activities required to miniaturized & prove the design 

robustness to meet satellite mechanism requirements. 

 

2. DESIGN AND CONCEPT 

2.1 Patented concept principle 

The advantages of this new concept are: 

 

- high bolt rated load compared to the low 

hold/release actuator force needed: the patented 

device plays the role of a load damper with a 

locking ratio (bolt load / locking force) > 500. 

- ultra-low shock due to the control of the 

release velocity 

- quick release time, <30ms 

- resettable by the end-user customers, directly 

in the clean room for instance, without   

disassembly or refurbishment of the release 

mechanism. 

 

This new concept is based on a segmented grip or nut 

which is maintained in its holding position by a spiral 

spring metallic ribbon. The ribbon is rolled around the 

segmented nut, and secured by a low force Hold and 

Release Device (HRD). 

 

 
Figure 1 : Patented concept 

 

2.2 Design 

The NEONUT is designed to hold and release a 15kN 

loaded tie rod upon an electrical pulse order. It weighs 

only 150g while being resettable. It does not need to be 

dismounted after an actuation and can be quickly reset 

directly in-situ. 

Tie rod is secured with 

preload thanks to three grips 

closed together to create a 

locking nut. A spiral spring 

ribbon holds the grips.  

The spiral spring is hooked 

by a rotary wheel.  

 

The locking of the wheel 

is provided by the rocker 

which fits into a notch of 

the wheel. 

Ribbon 

Segmented  

   nut/grip 

 

Attached 

to an HRD 
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The rocker, which is actuated by springs, rotates when 

released. 

At the end of the realease, the rocker is secured to the 

magnet plate. 

 

The magnet holds the rocker against the sucker frame 

thanks to its magnetic field  

 

Two windings housed in 

the ferromagnetic frame 

enable to generate magnetic 

field upon an electrical 

order. The resulting force 

cancels the magnetic field 

of magnets, lets the rocker 

rotate and frees the wheel. 

The spiral spring unwraps 

and allows the three grip 

thirds to open & release the 

IF tie rod. 

 

 

2.3 Mechanical analysis 

Motorization and holding computation have been 

performed following ECSS mechanism methodology 

(ECSS-E-ST-33-01C). 

 

Environmental analyses have been performed to ensure:  

- Compliance to REACH and ROHS 

requirements 

- To withstand operating temperature range from 

-120°C to 120°C 

- Flight orbital pressure of 1.33 10-8 Pa 

- Compliance to ECSS-ST-Q-70 §5.1.12 for 

galvanic couples. 

- Radiation environment 100krad 

Finite Elements models analyses demonstrate that 

NEONUT is compliant to 15kN load case and 

mechanical environment of qualification test. 

 

 
Figure 2 : Finite Elements Model 

2.4 Dependability analysis 

According to Thales Alenia Space’s Dependability 

requirements for suppliers, NEONUT reliability is 

>0,99999 on worst case scenario (>6000 hours in-orbit). 

 

 

2.5 In situ resetting  

The NEONUT, after actuation, can be directly reset in-

situ by the use of a dedicated tool. The procedure only 

requires few minutes. 

 

 

 

 

 

  
 

 

 

      
Ribbon rewinding 

 

      
IF Tie rod locked by the grip nut closure 

 

Figure 3: Reset illustration 

 

2.6 Overview 

The table hereafter summarizes the NEONUT main 

properties.  

 

satelitte wall 

NEONUT after 

actuation 

Resetting 

Tool 

IF tie rod 
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Performances 

Nominal Axial bolt load 15 kN 

Release Time < 30ms 

Functional Shocks Output < 150g at 155mm 

Number of actuation w/o 

disassembly 

> 50 actuations 

In situ reset Yes 

Design 

Release initiator Electrical actuator 

Margins Standard ESA ECSS 

Mechanism 

Reliability >0,99999 worst case 

scenario (>6000 hours in-

orbit) 

Redundancy 2 electrical actuators 

Contamination Collected Volatile 

Condensable Material < 0,1 

%. 

Rod elongation Up to 1mm 

Mechanical and Electrical Interfaces 

Accommodation 3xM3 or Customized 

Power supply Standard pyro pulse 

compatibility (typical: 4A, 

40ms) 

Rod diameter M6 

Mass 150 g 

Volume 47mm x Ø44mm 

Connexion 2x2 AWG26 

Environment 

Thermal environment -120°C to + 120°C 

Pressure Ambient to 10-9 mbar 

Qualification Vibration Level >50 g RMS, 2000 Hz 

Qualification Shock Level 100 Hz / >20 g 

2000 Hz / >1000 g 

10000 Hz / >3000 g 

Standards 

REACH and ROHS compatible 

ITAR Free 

 

 

3. BBM DEVELOPMENT Background 

In 2011, SOTEREM started a R&D program aimed to 

design, manufacture and test under space environment 2 

Breadboard Models: 

• RULSA, supported by CNES: load capability 

up to 35kN in a M10 nut dedicated to antenna 

or solar array; 

• SEFC, funded under French State incentives: 

load capability up to 180kN in a M20 nut 

dedicated to launch vehicle separation systems. 

Each of these BBM underwent a broad variety of tests. 

The impending results helped to build a robust 

architecture & design patterns suited for release 

mechanism. The first design of the NEONUT was 

issued from these years of efforts as a solid technologic 

basement. 

 

 
Figure 3 : From Rulsa and SEFC to the NEONUT EQM 

From the way the clamp / tie rod interface is shaped to 

the integrated bearing for the wheel guidance, the 

lessons learnt from previous release units project were 

implemented on the NEONUT. 

Three BBM were manufactured & tested in order to 

gather the maximum amount of feedback on the design 

choices & support the complete justification and 

mechanical analysis. 

The first prototype passed a portion of the 

environmental tests and validated the functional tests in 

the laboratory. The second BBM successfully validated 

the in-vibration behaviour and the different material 

pairs and the last prototype validated the nominal 

actuation after mechanical and thermal environments 

stresses. 

 

4. QUALIFICATION HARDWARE TESTS 

The NEONUT intends to become a flightworthy version 

of the separation nut product range designed by 

SOTEREM. Its qualification tests sequence is built to be 

reflective of the flight mission profile, with a high 

number of actuations on ground (AIT activities), the 

environmental tests and the loaded long-term storage. 

Finally, this campaign reinforces the choice of material 

pairs and processes. 

Two EQMs models underwent the complete test 

campaign (i.e vibration, shock and thermal cycling) 

with two separate final functional tests to ensure that the 

worst-case scenario is covered: EQM1 is activated at 

+120°C and EQM2 at -120°C. 

 

The qualification tests strategy is summarized in table 

below. 
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Figure 4 : Qualification test sequence 

 

 

Figure 6 : NEONUT EQM 

 

4.1. Release characteristics 

The fig. 6 shows a typical release plot for a NEONUT 

loaded at 15kN, with the record of the triggering current 

(pink curve) and the resulting released load (blue 

curve). The complete release of the tie rod is achieved 

in about 28ms. 

 

 
Figure 5 : Release of the tie rod (blue) from 15 kN 

(2VDC) to 0N. 

 

4.2. Shock emission 

The emitted shock level was evaluated on a 

representative configuration thanks to the contribution 

of Thales Alenia Space and CNES on an ESA TRP. 

The NEONUT was loaded at 6.5 kN and integrated onto 

a test bench developed by TAS and CNES. 

The following SRS values were recorded at 155 mm : 

⎯ Maximum value outside the plane.  

SRS: 119g[Z] 

⎯ Maximum value in the plane. 

SRS: 68g[X], 29g[Y] 

 

4.3 Endurance 

The NEONUT key characteristic is in-situ reset ability. 

For this purpose, the NEONUT has to endure many 

actuations without losing its performances. 

The clamps/tie rod shear has been designed to minimize 

its vulnerability to matting. The material fatigue has 

been selected with caution to ensure more than two 

hundred 15kN loading without the need to change parts. 

After several iterations, the design selected for the 

Neonut spiral spring can endure more than 50 releases 

without any wear. 

 

4.4. Mechanical vibration and shocks tests 

There are two success criteria for the mechanical 

environment:  

• No release of the tie rod while the tests are 

performed 

• Successful final actuation after energization 

 

Three BBM models were actuated between each 

environmental test, followed by a complete expertise 

and inspection.  
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Figure 6 : Vibration test setup. No release during the 

test and nominal functional verification afterward on 

the BBM test. 

 
Figure 7 : Shock test SRS. The tests were performed 

along the 6 axis. Nominal functional verification 

afterward on the BBM test. 

The EQM test sequence has been performed as a typical 

flight mission: vibration – shocks - thermal vacuum 

cycling - actuation. 

 

4.5. Thermal tests 

The two worst-cases scenarios (-120°C and +120°C 

actuation) are covered. Thus, two functional tests were 

performed on two different models: after the thermal 

cycling (10 cycles, -120/+120°C, 2 hours at Tmax and 

Tmin per cycle)) EQM1 is activated at +120°C and 

EQM2 at -120°C. 

 

Four thermocouples were installed, from TC1 on the top 

of the NEONUT (the electromagnet) to TC4 on the 

bottom nut). The tests were performed under a 10-4 

mBar vacuum. 

 

 
Figure 8 : Thermal test data and actuation (red dotted 

line). 

For both cases, the actuation was successful and the tie 

rod released on a 4.1A, 39ms impulse. 

 

5. CONCLUSION 

The NEONUT space environment qualification is an 

important milestone for SOTEREM to market 

lightweight resettable separation nut range of product. 

The selected design is reliable and robust to a classic 

space mission life profile: the performed test campaign 

passes a TRL7 level. 

SOTEREM would like to thank Alain Blanc for its 

support throughout the design phase of the NEONUT, 

and, of course, all the TAS, C&T and DGA teams 

involved in this project. 

SOTEREM would like to thank CNES, Christian Dupuy 

and Jacques Sicre for their support during the overall 

RULSA development project whose the very important 

return of experience on space mechanism development 

allowed the success of NEONUT development and 

qualification. 

 

This project is paving the way to a wide range of 

products and possible variations of lightweight, non-

explosive and ultra-low shock actuators including non-

resettable low-cost designs and different sizes and load 

capacities.  
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