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Introduction: Project Overview

« Objective: Development of a friction-free
RF waveguide switch based on the WR75
C-switch from TESAT.

— C-switch request two stable positions

— 90° of rotation

. Focus: Mandatory dimensions

Proposed dimensions to minimize test effort @ 3

— Eliminate lubricants by removing friction

parts such as bearings in actuator and —— i
mechanism _ -
:{—1— =
— Improve reliability (no particles that can , —
impact function of the mechanism). e h
« Goal: Advance TRL from 2 to 5. o == o ‘ - 1 I
. ok :_',-
—  Functional Tests M e
o 1 s,
L J 2 4 =T
— Laboratory RF performances tests on EM © o i = , ||

— Representative environmental tests on EM

[Eacmon| )

— Lifetime tests
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Key Objectives

« Design and manufacture a friction-free
mechanism that fulfill or even exceed
actual performances requirements of the
actual commercial waveguide C-switch
WR75 from TESAT.

— Key aspects taken into consideration:

« RF Performances

« Thermal dissipation of RF through mechanism
structure

« Cleanliness (no particle generation)

 Validate friction free mechanism design
through functional, performance, an
environmental tests.
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State of the Art Mechanism (1/2)

Physical . .
Groups principles Main advantages Main drawbacks
Flexible Elastic Limited number of parts Limited range of motion
hinges deformation )
. . Creep issues related to the stored
Stored elastic energy provided elastic energy
additional force for the change of
position Thermal isolator
Accurate motion No internal latching
Average lateral stiffness No discrete positions
Bi-stable and Kli Limited number of parts
multi-stable Buckling Limited range of motion
Simple control law (open loop)
Small angular range
Internal latching
Thermal isolator
Discrete positions
Low lateral stiffness
Accurate motion
Bimetals CTE mismatch Limited range of motion
Potential actuator included Small angular range
Compactness (blade shape) Sensitive to temperature changes
Feedback control required

dLMdarecH

= CSem

WGS
Project 20-10P-374

(a) the initial stable position

(b) the second stable position
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State of the Art Mechanism (2/2)

Physical

principles Main advantages

Groups

Main drawbacks

SMA materials SMA

Potential actuator included

Compactness

Limited range of motion
Small angular range
Sensitive to temperatures changes

Feedback control required

Piezo electric . .
Piezo electric

Potential actuator included

Possible rotation over 360°

materials Limited range of motion
Potential actuator included Small angular range
Compactness Sensitive to temperature changes
Feedback control required
I\bfleaagr?r?tic Electro ; Small angular range
gs magnetism

Feedback control required

Complex control law
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State of the Art: Actuators

Groups

Physical
principles

Main advantages

Main drawbacks

Stepper motor

Electro-magnetic

Low inertia

High angular accuracy
High acceleration

High torque/mass ratio

Open-loop position control

Classical ball bearing used to ensure
rotor/stator centering

Low residual (cogging) torque
Moderate to high parasitic forces
Moderate to high complexity

Moderate torque/power ratio

Torque motor

Electro-magnetic

High torque/mass ratio
Robust and simple construction

Absence of ball bearings in commercially
available products

Absence of no-current stable position
Moderate to high parasitic forces
High inertia

Closed-loop position control

Moderate torque/power ratio

Voice-coil

Electro-magnetic

Low inertia

Absence of ball bearings in commercially
available products

Small parasitic forces

High torque/power ratio

Absence of no-current stable position
Closed-loop position control
Low Torque/Mass ratio

Moderate to low complexity
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Solution Trade-off (1/2)

« Four solution configurations were evaluated in detail
through a trade-off:

— Flexible hinge + Voice Coil configuration 1

— Flexible hinge + Voice Coil configuration 2
— Bi-stable + Voice Coil configuration 1

— Bi-stable + Voice Coil configuration 2

« Considering the following different criteria and their
weighting:

2 Vr‘ / i
Coils
o Contributing® \__]

Magnetic latches

Voice coil configuration 1 (Rotary Voice Coil Actuator)

— Mechanical Performances (weight 0.6)

— Thermal performances (weight 0.6)
— Physical performances (weight 0.6)
— Design risks (weight 1.6)

— Cost (weight 1.6)

Magnetic latches

Voice coil configuration 2 (Cylindrical Voice Coil Actuator)
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Solution Trade-off (2/2)

« Selected Combination was a bistable mechanism with a voice coil actuator such
as in configuration 2

« Reasons for Bistable
— Long term mechanical stability with stable locking positions essential for RF operations

— Redundancy with the voice coil latching

« Reasons for Voice coil in configuration 2

— In addition to common properties of voice coil such as friction free or high reactivity for
precise movements the cylindrical voice coil offer in addition:

« Torque adjustment flexibility (Torque can be adjusted by modifying active coil length without
changing the average radius of the actuator)

- Simple cccl))nstruction (fewer moving parts, less complex to manufacture and assemble, reliability
improve

— For the reasons presented above, the cylindrical voice coil is the best option to be used for
space application for such kind of friction free mechanism
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Voice coil Design and Development

Radial flux slender configuration

Average
magnetic 08 !
path

Iron cores

Coil
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Maintain the footprint constraints

Torque proportional to the stator height hy;
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CuBe mobile connections
PEEK

Outer guide radius 12
Inner guide radius 4
Bending radius 4
Width 2

Thickness 0.03
Rolling ribbon length 28

CuBe Young modulus 131000
Conductivity 1.16E+07
Opmaxbeng ~ 491.25
Torque on VCA
due to rolling ribbon

0.15

Rolling resistance 79.50

(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(MPa)
(S/m)
(MPa)

(mNm)

{ma)
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Voice coil Design and Development

Mounting and performance verification Latching mechanism improvement

-45° +45°

Rolling /
) ‘ ribbons
@/ Bl
' Electrical
connections =T
\VCA outer [ \ /
o core End

stops

. VCA support
= I/F structure

F

= Reduction in complexity (12 - 5 parts)

Comparison of VCA torque - FEM Vs
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Bistable Pivots Design and Development

 Flash nickel tests

— Representative samples treated with a
thin nickel layer.

— Coating uniformity and thickness
measured using an X-ray fluorescence
spectrometer (Fischerscope® XRAY XAN
250).

— Results:

« Consistent nickel thickness observed on
aluminium stator and rotor rings (5mu).

« Demonstrated process repeatability.
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Bistable Pivots design and development

« Soldering Test results

— CuBe Dblades were inserted into
grooves in aluminum supports to test
the soldering process using Sn63Pb37
alloy. Although results were
qualitative, the solder adhesion was
considered satisfactory for most
samples.

— For the final manufacturing of the
bistable mechanism, an automated
soldering dispenser was employed.
Lead-free solder (Sn96Ag4) was
chosen to comply with ESA's desire to
discontinue the wuse of lead-based
alloys for soldering. To ensure strong
adhesion of the solder to the blade
surfaces, a high-performance flux,
INH1, was required.
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Bistable Pivots design and development

« Tensile Tests

— Objective: Test the strength of soldered joints.

— Method: Applied progressive tension to a CuBe
blade clamped between two plates.

— Results:

* Most joints withstood up to 20 N, meeting
expected load requirements.

« Some joints failed due to insufficient solder
material in the groove

« Thermal conductance tests

Thermal Conductance

0083
0.08
0.075
0.07
0065
0.086
0.035

— Conductance value of the same order of
magnitude as grease lubricated ball bearings in
the better conditions (e.g. preload, all balls in
contact...)

— Resonable conductance variance over temperature
variation

y = -2.65E-08x% + 2 42E-05%2 - 7.08E-03x + 7.30E-01

o
[
[¥3]

Thermal Conductance [W/K]

0.045

0.04
220 240 260 280 300 320 340 3a0 380

Interface Temperature [K]
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Performance Testing (1/2)

« Initial functional tests.

— 1200 actuations for both SNO1 /SNO2

— Incoming 10 actuations on both sides and
then measurement and verification
measurement of following criteria followed
by 10 activations

« Measurement of coil resistance ~28 Ohms

« Switching time measurement for both
positions ~17ms

« Minimal current activation measurement for
both position (ref motorisation margin)
~170mA (Motorisation margin~3)

« RF performances (next slide)
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Performance Testing (2/2)

« RF performance analysis (SNO1

and SNO2 results)

— Similar results on SNO1 /SNO2:

— Compliant in POS1
« Insertion Loss (1-2 and 3-4)

» Input Return Loss (1-2 and 3-4) :
« Output Return Loss (1-2 and 3-4) .

Isolation 1-3, 1-4, 2-3 and 2-4

— Not compliant in in POS2

« Input Return Loss (1-4 and 2-3) A ;
« Output Return Loss (1-4 and 2-3) 7 S

dLMmartecH

Insertion Loss (1-4 and 2-3)

Isolation 1-2, 1-3, 2-4 and 3-4

10000.000
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" " | 10800.000MHz

050 Insertionloss

Spec:
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Offset = -3.893MHz
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WGS
Project 20-10P-374

aaaaa

Output Return
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aaaaa

55555
Spec:

fc = 12500.000MHz Offset = -3 833MHz

2500.000

~2500.000

MHz
M2 : CENTI
0.000M
zzzzz
M4 : WORST
11111111111
11111
Spec:
25.04
Non compliant

fc = 12500.000MHz Offset = -3.893MHz
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Vibration tests (setup configuration)

 Two setup
configuration testes

— SNO1:

« Without top cover

« Triaxial
accelerometer on top
rotor bistable pivot

« Triaxial
accelerometer on top
motor housing

— SNO2:

« Nominal
configuration

« Uniaxial
accelerometer on
stator parts

« No accelerometer on
rotor
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Vibration Tests (SINE)

« Test setup and results summary.
— Sine test passed without any issue for SNO1 (SINE X and Y) and SNO2 model (SINE X, Y

and 2)

A-007Y

A-009Z

dLMdarec

= CSem

FREQUENCY /Hz

WGS
Project 20-10P-374

slide 18



Vibration Tests (RANDOM) 1/2
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Vibration Tests (RANDOM) 2/2

—— i
+ RND Z (SN2 ONLY) After Sine Z 4, // ‘\

-3dB 0dB

01
-009Z ° 200 400 600 800 1000 1200 1400 1600 1
A-009Z 100 A FREQUENCY / Hz
100 —

504
504

204
m -

HIN /GG

0.24

0.1 T v T T v v v v v 0.1 T T T T T v v r -
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
FREQUENCY / M2 FREQUENCY / Hz

« Identified issues: blade rupture and misalignment.
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General Fishbone diagramme of blade failure in pivots

Soldering Unbalanced mass in the rotor

Local mechanical properties change due to heating Disymmetric loads

Material thinning by chemical attack additional loads
Soldering shoulder Eigen modes alteration
Blade failure
Rotor dynamic displacement Not uniform blade length
Components fatigue Central hub or/and ring closed grooves
Underestimated dynamic amplification Undefined displacement of the rotor

High vibration Loads
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Influence of rotor accelerometer in the Eigen modes (1/2)

 Frequency

With Cover WO Cover and with additional accelerometer
MODE |FREQUENCY T1 T2 T3 R1 R2 R3 MODE |FREQUENCY T1 T2 T3 R1 R2 R3
NO. [Hz] (%9 (%] (%9 (%9 (%9 (%] NO. [Hz] [%] [%] [%] [%] [%] [%]
TOTAL Fraction 95.9% 95.9% 98.1% 93.4% 93.4% 93.8% TOTAL Fraction 05.0% 05.0% 08.1% 093.0% 093.0% 03.7%
1 329.080000 4.6% 1 333.305900 0.3% 0.3%
2 333.111200 2 341.467800
3 514.577300 3 4538.859700
4 760.077100 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 4 603.708100
5 844.565300 0.0% 0.0% 0.0% 0.0% 0.0% 5.0% ] 806.009800 0.0% 0.0% 0.0% 0.0% 0.0% 5 4%
6 954.453800 0.0% 1.6% 0.0% 0.1% 0.0% 0.0% 6 934.665200 0.0% 1.7% 0.8% 0.1% 0.0% 0.0%
7 |1147.763000 9.2% 0.1% 0.0% 7 | 1158.437000 1.9% 7.1% 3.9% 1.1% 0.0%
8 |1194.250000 0.0% 0.0% 0.0% 8 |1187.272000 2.5% 8.3% 5.5% 1.5% 0.0%
9 |1202.943000 0.1% 9 [1210.255000 AN 0.2% 0.1% 8.0% 0.0%
10 |1478.711000 0.0% 0.0% 0.2% 0.0% 10 | 1478.736000 0.0% 0.0% 0.1% 0.0% 0.0% 0.0%
11 |1512.270000 0.0% 0.0% 0.0% 0.0% 11 [ 1517419000 0.1% 0.1% 0.9% 0.1% 0.1% 0.0%
12 | 1526.836000 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 12 | 1538.854000 0.0% 0.0% 0.0% 0.0% 0.3% 0.0%
13 |1540.499000 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 13 [1543.371000 0.0% 0.1% 0.1% 0.1% 0.0% 0.0%
14 |1545.203000 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 14 | 1557.745000 0.2% 0.0% 0.0% 0.0% 0.1% 0.0%
15 |1554.534000 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 15 | 1581.034000 0.1% 0.7% 1.5% 0.2% 0.0% 0.0%
16 | 1586.760000 0.0% 1.2% 0.0% 0.2% 0.0% 0.0% 16 | 1668.426000 0.0% 0.4% 3.0% 0.1% 0.3% 0.1%
17 |1747.547000| 0.0% 0.0% 0.0% 0.0% 0.6% 0.0% 17 |1690.184000| 0.0% 0.0% 0.0% 0.0% 0.0% (RN
18 |1765.067000 0.0% 0.1% 0.0% 0.7% 0.1% 0.0% 18 | 1726.638000 0.2% 0.1% 1.6% 0.0% 1.0% 0.0%
19 | 1774.792000 0.0% 0.0% 2.2% 0.0% 0.0% 0.0% 19 | 1758.233000 0.1% 0.2% 0.1% 1.0% 0.1% 0.0%
20 |1892.726000 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 20 [1886.540000 0.0% 0.2% 0.1% 0.2% 0.1% 0.0%
21 | 1967.563000 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 21 [1957.373000 0.4% 0.1% 0.0% 0.0% 0.2% 0.0%
22 11970.052000 0.1% 0.0% 0.0% 0.0% 0.1% 0.0%
oo WGS _
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Influence of rotor accelerometer in the Eigen modes (2/2)

 Mode Shapes
Mode 1 Mode 2

Vil
C 700 46187
b 27453 Al
C 700 © 700 27585 433
2575t 25861 40413
24021 24137 37527
22305
“ea 3484
20589
S0 31753
1.8874 1 8084
28867
1.7158 1724
2508
15442 15516
23093
13728 13792
20207
1201 12068
I 1.732
10285 10344 N
A 1.4433
85789E-1 8 6202E-1 A Y
N
6.8831E-1 6896261 N 11547
z z z A
51474E-1 S1721E-1 \\ 8.66E-1
= Y 34316E-1 % 3448161 g -.1\77\345-1
Output Set: Moda 1, 329.08 Hz Output Set: Mode 2, 3331112 Hz QOutput Set Mode 3,514.5773 Hz }
Deformed{(2.7453). Total Translation 1 7158E-1 Deformed(2 7585 Total Translation 1.724E-1 Deformed(4 6187) Total Translation 288676
Nodal Contour. Total Transtation Nodal Confour: Total Translation Nodal Conttour Total Translation
Second Contour 0 Second Contour. [ Second Contour: 0,
TR Third Contour Third Contour
v
c 00 38805
vl v
3638 € 700 28919 c 700 75408
33954 2712 7.0695
31520 25305 65982
29104 23497 61269
26678 2169 56556
24283 Lais 51843
21828 ol ans
19402 16267 42417
1o e 37704
14552 12052 42001
1.0845
12127 PR
9037361
. 97012E-1 23565
% -1
72750E-1 2299
z 1.8852
542241 z
oY 48506E-1 1.4139
Output Sat Mode 1, 333.3059 Hz > 3614961
Deformed(3 8805) Total Transiaton 242531 ~
Nodal Contour Total Translation SR L Hode 21308 Hz x 9.426E-1
Detormead(2 8919): Total Translation 1.8075E-1
Second Contour o Nodd Contir Tt izt Qutput Set. Mode 3, 458 8597 Hz
Third Contour: Deformed(7.5408). Total Translation 4 713E-1
Second Confour: 0
Third Contour Nodal Contour. Total Transfation
Second Contour 0

Third Contour:
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Influence of rotor accelerometer

 Mode Shapes

Mode 4

X
Qutput Set: Mode 4, 603.7081 Hz
Deformed(5.507): Total Translation
Nodal Contour: Total Translation
Second Contour:
Third Contour

daLmhdare

Mode 7

Vi
C: 700

5507
51628
48186
44744
41302
3796
34418 % ‘_ta

Output Set: Mode 7,1147.763 Hz

30077 Deformed(6 5762) Total Translation
Nodal Contour: Total Translation
Second Contour,
27835 Third Confour
C. 700
24003 RLLpALY
20651 "9'5" g
17209 /
13767
10326
6.8537E-1
3441861
0
z

X
Output Set. Mode 7, 1158.437 Hz
Deformad(5 9153} Total Translation
Nodal Contour: Total Transiation
Second Contour.
Third Contour:

= CSem 20

in the Eigen modes (2/2)

65762

6.1652

57542

5.3432

49322

45212

410

36991

32881

287N

24661

20551

16441

1

82203E-1

41101E1

0.
59153
55456
51759
48062
44365
40668
36971
33274
29577
2588
22182
18485
14788
11091
T3941E-1
369T1E1

0

Project 20-10P-374

o<
- -
=3
=3

z

o |

Output Set Mode 8, 1194.25 Hz
Deformed(2 4156) Total Translation
Nodal Contour. Total Translation
Second Contour
Third Contour:

1
C. 700

Y

X
Output Set Mode 8, 1187.272 Hz
Deformed(6.9191) Total Translation
Nodal Contour. Total Translaton
Second Contour.
Third Contour

Mode 8

24156

22646

21137

19627

18117

16607

15098

13588

1.2078

1.0568

9.0585E-1

75488E-1

6.039E-1

45293E-1

3.0195E-1

1.5098E-1

69191

64867

6.0542

56218

51893

47569

43245

3892

3.4596

3.0271

25947

21622

1.7208

1.2973

86489E-1

43245E-1

0.
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Influence of rotor accelerometer in the Eigen modes (2/2)

. ModeMc%EagpeS Mode 11 Mode 17

Vil
C 700 70259
65868
. Wl
S Vi 700 55058
57088 700 4.7165
51617
52694 44217
48303 41769 48176
43912
38392 44735
39521
35374 41234
3513
30738 3.2426 37853
26347 2.0478 3.4411
2195
2653 _ 3007
17565 »
z 2.3583
13174 27529
¢ ” 8782461 2.0635
Y
Output Set Mode 9, 1202 943 Hz 24068
Deformed(7.0259) Total Translation 4391261 1.7687
Nocal Contour Total Translation 2.0647
Second Contour o
BT 1.4739
v
700 22355 1.7208
11791
67832
z
8.8435E-1 19768
6331 F Z
1.0323
58788 Y x 5.6956E-1
Output Set: Mode 11,1512.27 Hz v
54266 Deformed(4.7165); Total Translation 2.9478E-1 A % 6.8823E-1
Nodal Centour: Total Translation Output Set: Mode 17, 1690.184 Hz
49144 Second Contour. . i
Trird Gort 0 Deformed(5.5058): Total Translation 3.4411E-1
45222 ra tentour Nodal Contour: Total Translation
Second Contour Q
40680 Third Contour:
36177
31655 F
213
22611
18089
Z 1.3566
¥ X 9.0443E-1
Output Set: Mode 9, 1210.255 Hz
Deformed(7 2355). Total Transiation 45222€-1
Nodal Contour: Total Translation
Second Contour o
Third Contour
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Issue Random Y (SNO1) (WO Cover and additional acc.)

« Reasonable impact in frequency search
due to small amount of broken blades

1
12 7.3354E+8

3
3 6.8845E+8

6.4336E+8

5.9827E+8

5.5318E+8

« In simulations, stresses don’t exceed
neither ?/ield and ultimate limits of
material but considering that these
mechanical stresses are in the area
where take place the chemical attack it
could be sufficient considering this is a
repeated load occurring ~90 000 times
during RND Y test at 0dB to break the

5.0808E+8

3.2772E+8

2.8263E+8

2.3753E+8

1.9244E+8

blades' z 1.4735E+8
=\
1.0226E+8
X
Qutput Set: Case 12 Time 2.5 5 7168E+7
—_ M Osy — 0 . 1 6 Deformed(0.001466): Total Translation

Elemental Contour: Nonlinear Plate Top VonMises Stress 1 2076E+7

— M OS u — O 1 9 Second Contour: Nonlinear Plate Bot VonMises Stress

 Most probable root cause in addition
with chemical attack is the unbalanced
mass added by the accelerometer
(compare both figure on the right
side). The fatigue is more the induced
effect of this unbalance load.

Qutput Set: Case 12 Time 2.5

Deformed(0.001497): Total Translation

Elemental Contour: Nonlinear Plate Top VonMises Stress
Second Contour: Nonlinear Plate Bot VonMises Stress
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5.2748E+8

4.9576E+8

4.6405E+8

4.3234E+8

4.0063E+8

3.6892E+8

3.0549E+8

2.1035E+8

1.7864E+8

1.4693E+8

1.1522E+8

8.3506E+7

5.1794E+7

2.0081E+7

3.372E+8 =




o

6.8891E+8
6.8831E+8

oRol e

w W

6.4703E+8

Issue on Random Z (WGS SNO2)

 Osciliating axial forces on the blades
=> fatlgues. 47951E+8

. Sllgtly a_bove “inﬁni_te,_’ life fatl ue 35978 [
mechanical stress limit defined at
550 M Pa 27011E+8 [

1.8635E+8

« Margin of safety:
— WRT Yield (Sfy=1.21): 0.24 | | ‘
_ WRT Ultlmate (SfU= 1 .375) . 0.26 gggfrzesg(tb.cogﬁj;g):—l—'lrn;falszanslation 0010851

Elemental Contour: Nonlinear Plate Top VonMises Stress 1.8826E+7
Second Contour: Nonlinear Plate Bot VonMises Stress ’

1.4447E+8

1.0259E+8

« BUT Altered mechanical properties of
the blades at the location of maximal
stresses due to soldering chemical
attack (at least thinner in this area).

« Crack initiations at interface between
rings
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ACCELERATION | G

Shock test

» Performed successfully
No further damage on mechanism observed

P1-X

ACCELERATION / G
ACCELERATION /G

2 ; i NS S S ; i CHNS S S
100 200 500 1000 2000 5000 10000 100 200 500 1000 2000 5000 10000 100 0 500 1000 2000 000 10000
SRS | FREQUENCY SRS ! FREQUENCY SRS | FREQUENCY

SRE Ma SRS Ref | [——5RS Maximax Er| [——SRs Masimas SRS Rel |
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Thermal Shock and Cycling tests

« Results of thermal performance evaluation.
« Observations on RF stability.

Output Return Loss SW-POS1 1-2 [48]

Insertion Loss SW-P0S2 2-3 [dB]
- - : - 0,50 B - -

Input Aetwrn Loss SW-POSL 1-2 [dB]

+0.50 e - - -
10400,000 12500,000 15000.000

+2500.000 250,000 ©.000
Fraguency/MHz

2500, D00 Frequency/MHz |Center » 12500, 000)

CagC [MARFER | SPac,  |PREGUENCY | |

HCPTL | G7.0 [ 164 |
T CCRTL -350 183 ?5.g

HCPT3 | B7.0 | 165 | 250

11737.500
10731350

HEFTL |
T CERTL -35.0] 0,12

(1] A
HCETS | B7.0 | 0.15 | +6.00E-2| 12059.375

(870 262
=350 37.0
f3:3

+ X
[ F70 [ 263 | +1603. 135 I heeTs

FEO0L- TEETs | 250 165 PN IETLETS

TLETs [ 250

FEO] TEa ] +

TEETS | -25.0] 271 PN 1303175
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Performance Deviation Analysis
Key factors:

— RF Rotor-stator misalignment (Assembly tolerances chain/center shift/angular stroke)

— Manufacturing /assembly variations. -> RF performances / Pivot performances

— Stress distribution determination in bistable

. Challednglng as small perturbations may have a greater or lesser impact that is difficult
to predict

End stop Moving contact
I/Fin 17-4PH

Teflon
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Challenges Encountered

« Mechanical failures of pivots.

— Modal Analysis of pivots in buckled state is not possible with current FEM tools and extrapolation
from general model to pivots is approximative and time consuming to be used for each cases.

— Manufacturing process, defects or dissymmetry could have significant impact on the mechanical
strength of the bistable leading to them failure.

« Impact of small manufacturing deviations.

— As we have seen in the performance analysis deviations of small manufacturing details may have
significant impact at system level such as:

RF performances (Rotor/stator alignment)

END stop position accuracy

Bistable pivots lifetime / failure / rotation stroke
WGS lifetime

« High vibration loads
— Was challenging to commit
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Lessons Learned

« Importance of quality control for all manufacturing operations on
the bistable pivots.

 Need of integrate features in the design that help to align elements
without need to adjust position by measurement.
— Alignment by machining tolerances

« Avoid the use of flux for soldering considering potential surface
treatment of the blades such as flash nickel.

dLMmartecH :csem



Proposed Improvements (bistable)

* Pivot manufacturing refinements
— Features to improve manufacturing uniformity

« Surface treatment advancements
— Flash nickel on the blades

« Enhanced pivot designs and FEM
— Features to improve manufacturing uniformity
— Better

dLMmMaTecH :=csem A -



Proposed Improvements (VCA motor)

Redesign on parts interfaces to ease the assembly
process/interface with rotor and pivots

Integration of RF rotor with the voice coil moving part
Integration of standard connections (D-Sub connector)
Integration of elements for telemetry (reed-relays?)

Optional exploration of alternative actuators for size and mass
reduction purpose.

dLMarecH :csem project 20-10p-374
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Future Work

« Improvements of Bistable Manufacturing process
— Manufacturing process of the bistable pivots and specially the soldering process are very challenging.

— Potential approaches to consider include flash nickel treatment of the blades to prevent chemical attack before
soldﬁring, ?s well as material and design modifications, which are being considered to improve resistance to
mechanical stress.

« Extended testing for long-term durability.

— Once manufacturing improvements of the bistable pivots are achieved one of the first test to perform at
bistable pivot level or at WGS system level are the lifetime tests under vacuum and thermal cycling conditions.

— In case of performed at system level, lifetime tests will allow to qualify at the same time the voice coil actuator
and the bistable pivots.

« Focus on mass and size optimization.

— Aside from the points mentioned above, the biggest challenge for future work will be enhancing compactness
and reducing mass to remain competitive with current commercial space WGS. Possible way forward are the
inclusion of the RF parts inside the actuator or the modification of actuator type.
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Conclusion

« Summary of project achievements.

— Achievement of fully functional WGS friction free mechanism
— ~TRL 5

— Functional Bistable design
— Functional and reliable voice coil actuator

« Remaining challenges and next steps.

— Improve design to reduce size and mass
« Integration of RF features inside actuator

— Improve design manufacturing process of bistable
« Add design features to avoid unwanted soldering shoulders
« Avoid the use of flux by performing blades surface treatment
« Better Jigs to avoid misalignment during automated soldering process

— Improve simulation prediction of bistable
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Comparison with Existing Models

Advantages Disadvantages

Friction Free Mass (3.8x more)

Reliability (Theoretical to Size
be proved by test)

Thermal behaviour Resistance to mechanical
(conduction through the loads
bistable pivots)

Switching time (then
times less)
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Thank you for your attention
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