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Technology
Paraffin Burn wire SMA Electromagnetic | Piezoelectric
Criteria
Stroke High - Medium-High Medium-High Low
Load capability High Medium | Medium-High Medium-High High
5

Mass and volume High Medium Low Medium Low

. . Slow Fast Moderate — Moderate — Fast
Actuation time Fast response

response response | Fastresponse | response

Operating
Temperature
" Higher
Type of release Progressive | Shock Progressive Progressive Progressive

TiNi Power High High Medium - High | High e |

consumption

PinPullers
HDRM
None Rotary
Flight history (EM already | None Nt None None
developed) e
Frangibolt
Recurrent cost . .
(ROM) High Low Low High Low
Terminal
Coil
Armature
Bearing
Movable Pin
Pot-shaped
ASTRIUM Thermal Fuse Pakiupe
Permanent H H
Page = 2 Al CEDRAT Piezoelectric
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CRITICAL REVIEW OF ESA TECHNICAL REQUIREMENTS

Parameter Esa ITT Achievable. Comments
Recurring Price [k€] <7.0 Yes Preliminary analysis
Pin Stroke [mm] 10.0 Yes Ensured by preliminary design.
Min. Axial Pull Force [N] 100 Yes Ensured by preliminary design.
Motorization calculations according to ECSS-E-ST-33-01C.
Max. Shear Force (No-Actuation) 1800 Yes Requirement change. ()
[N] Ensured by preliminary design.
Preliminary Analyses show the correct behaviour.
Max. Shear Force (Actuation) [N] 300 Yes Requirement change. ()
Ensured by preliminary design.
Preliminary Analyses show the correct behaviour.
Mass [kg] 0.075 Yes Restrictive parameter. )
Ensured by preliminary design.
Operational Temperatures [°C] -150 to +125 Yes Maximum Operational Temperature.®
Minimum Operational Temperature. )
Actuator design using SMARQ. ©®)
Operational Cycles (min) 100 cycles Yes Reliable Mechanical Design.
SMARAQ lifetime > 100 cycles.
Redundancy Redundant actuation Yes Ensured by design. 2 independent trigger actuators will be
included.
Electrical Interface TBD after Market Yes The most interesting option is Pyro interface(®)X?)
Research
Actuation Time max [s] <0.5 Yes Restrictive requirement. ()
Actuation Time Repeatability Error 10% of nominal actuation Yes Error between actuations at the same environment temperature.
time. ©)
No Shock Yes Yes Ensured by preliminary design.
Use of SMA technology.
Fully resettable Yes Yes Ensured by preliminary design.
A Reset Tool will be designed.
ITAR free Yes Yes ARQUIMEA technology.
Based on European components Fully Yes Fully designed with European technologies and components.
and processes SMARQ is an European product.
Pin Puller Technology Non explosive Yes Use of SMA technology.
Reusable Yes. Without Yes Ensured by preliminary design.
refurbishment
Resettable Yes, via manual Yes Reset Tool.
operation.
Pin Positions Only 2 possible Pin Yes Ensured by preliminary design.
positions
(i) retracted
(ii)deployed
Position monitoring Possible Position Sensor Yes Position Sensor.

Possible problems with operating temperatures. (10
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MECHANICAL DESIGN
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OPERATION PRINCIPLE
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Stress
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Self Crown Rotation

Shock

Equivalent Stress
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MORE ANALYSES

Gapping

Axially

Radially
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Diameters

Hertzian

Sphere-Sphere
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TEST SEQUENCE FOR QM

| Spring Performance Verification

Friction Jest D Functional Pre-tests
' SMA Actuating Force :

I

L 1
i I Actuation Test Secondary ;
i i

_______________________________

i [ Visual Inspection D
| Physical Measurements |«
| ) - -

: Electrical Measurements I : Physu:al Inspectlon

, | Static Load Test D
: Tests
i Actuation Test Primary ¢ . iemiimmesaccssssseocsogsos :
i | ' Functional Test i ;
1 OO'N'PIn PU”er i Motorization Test | i runctional iests |—1 Actuation Test Primary |<r
IR ey em——. \): Vibration Test |——:
|

__________________________________

Mo Fire Current Test

; —1 Actuation Test Primary H—
j :
]

Input Shock Test H

Thermal Vacuum Activation €

I
! | Shock Generated Test |€|—
Actuation Test Primary h‘ !

d Thermal Vacuum Cycling F‘:(—/ 50-N-Pin Puller

]
No Fire Current Test '—r
]

l Thermal Vacuum Activation H‘
iThermal Vacuum
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FUNCTIONAL PRE-TEST
(SMA actuating force)

Small SMA Pull Force Straight

Force(M) va Time(s)

Big SMA Pull Force Straight

Force(N) vs Time(s)

Farea(N)

Sma” SMA Actuator 6,5 11,5 16,5 215 26,5 315 36,5 41,5 6,5 16,5 26,5 36,5
N N
Page = 9 (Unfeasible)

Big SMA Actuator

Nitinol Pull Force in Curve SMARQ Pull Force in Curve
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FUNCTIONAL PRE-TEST

(Friction Tests) -
i

Fmax=70.42 (N)

Setup for Friction Test on Pin

ma=13.09 [N]
12t
Mechanical Interface 2
(to connect the Pin = y
Puller’s crown with the | -
pulleys systms) =
g s
5
i
bk
system 4
Load Cell AL
| 02 0 02 04 06 08 1 12

Distance [mm]

Friction on Crown for 100-N-Pin Puller

Setup for Friction Test on Crown

48.6 N2 2*(1.5%(13.1N) + 1.2*(2.89)) = 48.39 N => 100-N-Pin Puller

Page = 10 422N 2 2*(1.5*(5.05N) + 1.2*(8.04)) = 34.45 N => 50-N-Pin Puller

6 8 10 12

0 2 4
Distance (mm)

Friction on Pin for 100-N-Pin Puller

Froax=29.8 [N]

.
-2 [ 2 4 6 8 10 12 14 16

Distance [mm]

Friction on Pin for 50-N-Pin Puller

Fmax=5.045 [N]

Force [N]

0 05 1 15 2 25 o
Distance [mm]

Friction on Crown for 50-N-Pin Puller
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FUNCTIONAL PRE-TEST

(Springs Performance Verification)

350

Data Acquisition System
300 A
Stroke (Positions P1 and P2)
250 \ Load Cell
200 e .
~+-PP10ON_01 -~ = .
150 3 | —PP100ON_02 -
—+-PP50N
100 >
50 \ \
0 — : : i = :
20 30 40 5

0 10

FIN]

0 Mechanical interface
d [mm] (with the tested spring inside)

Stroke Spring Performances Setup for Stroke Spring Verification

Pushing screw

y=0456+1.983

Z 4
2
0 1 L 0 .
0 2 4 6 8 10
d [mm)]
rege- 11 S€tUP fOr Reset Spring Verification Reset Spring Performances
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FUNCTIONAL PRE-TEST
(Actuation Test with Secondary SMA)

Setup for Actuation Test

15 - : ; . . T T B6A+/-(0.54)
%m i = 40 T T
g | 2.5A+/-(0.5A) EZZ Jm"wml
02 4 é Jé _— 1; ;‘2 - 14 -t 186 4 18 i 10F
5 i i ‘ : : . i | 0.6A+/-(0.2A) | ol - L
g 1 T : T ; : ‘,
| | - e ) £
u2 :1 ? 8: 10 1‘2 14 16 18 Zmn‘ﬂr_ 108 20mn +/- 1008 inﬁnhy a 05
S . mmvr-mmmmnmmnq | 2 4 [ 8 10 1‘2 14 16
i SR | Pyro Interface Amp Limitations .” |
o L \ \ | | | L g st
JE N T Output 28 —40 V
Result Plots for 50-N-Pin Puller (PoPy5rte Coipate) T e

Page = 12 Result Plots for 100-N-Pin Puller
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PHYSICAL INSPECTION

(Physical Measurement)

m ) R

Pin Puller of 100 N # 1

10116_PP100_01_Weight_001 75 98.7
Average 97.5
75 97.2
Average 95.5
n Puller of 50 N
57 74.4
Average 75.2

Pin Puller of 100 N # 1

10116_PP1 m 1 <60 53.15

I Diameter average 53.14

et 01
10116_PP100, Length_001 1 <60 49.58
I — Length average 49.52
Pin Puller of 100 N # 2

=t HRTTT

10116_PP100_02_Diameter_001 1 <60 53.07
I — Diameter average 53.10
10116_PP100_02_Length_001 1 <60 49.45
I — Length average 49.49
Pin Puller of 50 N
10503_PP50_Diameter_00 1 <60 51.40
I — Diameter average 5140
10503_PP50_Length_001 1 <60 38.82
I — Length average 38.82

P =13
" Envelope
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Electrical Resistance: 20 Q for 100-N-Pin Puller
8 Q for 50-N-Pin Puller

— |
! - 3 13 {
S =5
/ At 000002 oy g “
# S e =
-
‘

page» 14 DIElECLrIC: results < 5OE-2 C Grounding: results < 10 mQ
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FUNCTIONAL TESTS

! X

Actuation with

(]
tome (3)

Static Load

Test Setup for Static Load

Primary SMA
|

0
e

100-N-Pin Stroke

10
e (5)
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QONLin Puller Results 100-N-Pin Puller Results

Test Setup for Actuation

50-N-Pin Stroke . .
Motorization
10! §x Pree——
i SEnE ™~ Y
i ﬂ i. 1
£. £ ] e
i i

&
brme (5)

50-N-Pin Puller Results

5
time (51

100-N-Pin Puller Results
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ENVIRONMENTAL TESTS

(vibration)
Test Setup for Axial Axis

mmmmmmmm

uuuuuu

uuuuu

H
2
Voltage (V)
= o = =3
k-
Curren

Actuation of 100-N-Pin Puller
Before and After Vibrations

Frequency (Hz)

Profile of Random Vibrations ¢

Page = 16 Actuai[ioﬁ 012 5(e)—l\lw—Piun Igullﬁer mBefore
and After Vibrations
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ENVIRONMENTAL TESTS
(Shock)

Radial Axes

Axial Axes
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J

S

1000
Frecuency (Hz)

Shock Profile for All Axes

Shock Generated

10000~
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Shock Generated for 50-N-
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- LR

Shock Generated for 100-N-
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THERMAL VACUUM TESTS
(Setup, Pressure, Temperature and Cycling)

LT

Test Setup
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THERMAL VACUUM TESTS

(TVAC at Ambient and Maximum Temperatures)
TVAC @ 22°C

S i“ i
2
g 10/ § 10
2 . G . 0 e . 9 . >
1 - r - v T T 15 ;
24 g 4
g 05!
R
E r ; 1‘0 “JZ Ill i N é

e i et _
e N e e No Fire TVAC @ 125°C

time (s)

50-N-Pin Puller 100-N-Pin Puller il conl
H Y ied B 1
e j <
gum gon;.
0 I

TVAC @ 125°C 5 o

15 20 2 5 10 15
ene fmin) b=

! £ |
Su & 50-N-Pin Puller 100-N-Pin Puller
§ . o l ) )
i;.‘ gi— g‘-1_
b | b

10
: ; ; ,
W*rlﬂmmmlmmmrmmm'rmmmn r g
ki ik st Mt by et e
i U ™ (L) ]
T G v 0 0 3 ATy
time (s

Sensars (V)

| J 4
et g e w

Sensors (V)
= @

Sansors (v)
2w

10
time (s}

Page = 19 50-N-Pin Puller 100-N-Pin Puller



ESA-PIN PULLER

THERMAL VACUUM TESTS
(TVAC at Minimum Temperature)

Temperature Evolution
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Cold TVAC of 100 N-Pin Puller TVAC @ 90°C Stepped Cold TVAC
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LIFETIME TEST
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— Spring Performance
= Verifications

1] 10
d{mm)

Stroke Springs (Degradation)

IR g

Reset Springs

www.arquimea.con

FUNCTIONA POST-TEST

Friction Test

Pin (More Friction)

Crown (Less Friction)

SMA Actuating

: \__\ Force

05

315 36,5 415

50-N-Pin Puller

Page = 22

100-N-Pin Puller

Actuation Test
Secondary

Vorags (V)
R

Gurment (A
B R

100-N-Pin Puller

Sensers ()

e (51

50-N-Pin Puller
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VERIFICATION OF CONFORMITY OF QM AGAINST REQUIREMENTS

Parameter ESAITT ARQ Pin Puller Achieved?
PP100N PP50N PP100N PP50N PP100N PP50N

Recurring Price [k€] <7.0 <7.0 Yes
Pin Stroke [mm] 10.0 90 10.0 90 Yes
Min. Axial Pull Force [N] 100 50 100 50 Yes
Max. Shear Force (No-Actuation) [N] 1800 450 1800 450 Yes
Max. Shear Force (Actuation) [N] 300 90 300 90 Yes
Mass [kg] 0.075 0.057 0.0965 0.0752 No
Envelope [mm] 60 x 60 60 x 60 53.1 x49.5 51.4 x 38.8 Yes
Operational Temperatures [°C] -150 to +125 -90 to 70 -50 to +125 - 50 to +70 No
Redundancy Redundant actuation Redundant actuation Yes
Electrical Interface Pyro Pyro adaptable Yes
Voltage [V] 26 - 40 28 Yes
Power [W] < 40W 36.4 13 Yes
Current [A] 3.5t05.2 1.3 4 Yes
No fire current [A] 1 0.130 @ 5 min No
Resistance [Q] 1+0.2 20 8.2 No
Actuation Time max [s] <1 <6 <5 No
Insulation [MQ] <10 <10 Yes
Dielectric [C] < 50x10-12 < 50x1012 Yes
Grounding [mQ] >10 >10 Yes
Actuation Time Repeatability Error [%] <10 25 <10 No
Low-Shock [g] <1000 < 300 <200 Yes
Lifetime (Cycles) > 100 > 25 (tested for > 110 cycles) No
ITAR free Yes Yes Yes
Based on European components and Fully Fully Yes
processes

Pin Puller Technology Non explosive Non Explosive Yes
Reusable Yes, without refurbishment Yes, without refurbishment Yes
Resettable Yes, via manual operation Yes, via manual operation. Yes
Pin Positions Only 2 possible Pin positions Only 2 possible Pin positions Yes

(i) retracted (i) retracted
(ii)deployed (ii)deployed
Position monitoring Possible Position Sensor Limit Switch No

Page = 23
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CONCLUSIONS AND LESIONS LEARNED

Using a one single SMA fibre with enough output force is more feasible than using several fibres.

Small SMARQ fibres do not increase the electrical resistance enough, so indirect heating is the best solution.
Reduction of SMA output force has been measured with the fibres in curve respect to the fibres in straight.

The stroke springs of 100-N-Pin Pullers have presented degradation after test campaign.

The frictions measured in the crowns was reduced after test campaign.

The frictions on pins have been increased in 23% because wear have been recognized in the 100-N-Pin after test campaign
The mechanical parts have been mechanized and good external appearances have been presented.

The total weight of the assembly exceeds the required mass of the device.

The measured values of enveloped, dielectric, grounding and insulation fulfil the project requirements.

The measured value of the SMARQ actuator resistance is compatible with Pyro interface.

The Pin Puller structure has presented a successful resistance to the application of these external forces.

The QM has presented more than 9 mm of pull stroke.

Successful actuations have been performed with half SMA actuator.

No self actuations and degradation have been recognized after the environmental test and thermal vacuum cycling.

The shock generated by the Pin Puller actuation has been measured obtaining values below 1000g.

Thermal vacuum actuations have been obtained at 125 and 22°C.

The influence of just cold temperature has been checked by testing the devices at -90°C in inert atmosphere with successful actuations.
The combination of cold and vacuum is a worst condition that has not been overcame below -50°C.

Two factors have been recognized, which directly affect the actuations at cold temperature:

> The pull forces measured with the SMA actuators in curve is less than the forces measured in straight.
> The pull force of SMA in curve fulfils the motorization equation considering 1.5 as friction factor of uncertainty, but not considering 3.

Lifetime has been validated since the Pin Puller has actuated for a total of 110 cycles.
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