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OHB Italia: from LPF to LISA S
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e OHB ltalia provided support to GRS PI Team in the design,
development, and verification of the LPF Gravitational
Reference System (aka Inertial Sensor System)

e For LISA the GRS ltalian contribution is further extended:

— GRS Head full unit including mechanisms (ﬂlg
— Mechanism Control Unit (MCU) 2 3§
— Power Conditioning Unit (PCU) of the GRS Front End %
Electronics (FEE) N
1R
! ‘,R\
“‘\g
[ [ | | $.
GRSH FEE ‘ MCU CMD
[ |
SAU PCU
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LPF Inertial Sensor Head Design @

Istituto Nazionale di Fisica Nucleare

T

Vag 'thambe

CVM Actuator Block
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LPF Inertial Sensor Integration and Tests at OHBI

agration and/“
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. . actuation anh monitorin
e The successful LPF mission has demonstrated that PCDU Primary Powsr——> MUY i . MOSA1
. . . . OBCPPS ——»
the LPF GRS design is mature for LISA mission. oscmiisss «——s  (NFR) , — >
CVM/GPRM actuation and monitoring 1 R
e However, a full re-build of the LPF GRS units is not ocou primary Power—» T EE PCUL
. N+R
compatible for LISA. L
) o ) _ e ower 1 I ClockiStatus _ GRSH1 _
e Design modifications are necessary to comply with < 12 Sending 1 NR - IFO Laser
. ) . . OBCPPSandClock ____,  FEE SAU1 6 x Injectipn 1 N/R
the specific LISA mission requirements, such as cmcwmiiss > (N#R) 2 Plinger (NR_ :
the longest on-ground storage and mission "“”’:1”"‘“"*“
duration, and to be compatible with LISA MOSA e —— [ -~ Vot
ani ock ———» X g
and S/C. OBC MIL1553 <+— 3 xUVlight 2N E 3x UV light 1 NR
3xUVlight 2R § g
. . . : a 8
e GRS maintain the same LPF architecture, but: romrmyrem—— (0 EEEE“EE i E Bl sxoviomenn ?
OBC PPS and Clock —» x UV lig -
— ULU implements LEDs technology replacing Hg RS S N | S
LampS " EH ref. ground 2 N+R —
OBCPPSandClock — .,  FEE SAU2 B V;’:;el:;jg‘r:z::dzzur:;R
f . f P N+R X Plunger
— FEE inherits high-performance capacitive cocmss «—> 1 (R s .
. . . . . Secondal Synch. +—p
sensing with increased electrostatic actuation Power [ St IFO Laser
] FEE PCU2
— MCU combine in a single unit both mechanisms g ™™™ " (R}
drivers with improved TM release control % CVMIGPRM actuation hnd monitoring 2 N
) PCDU Primary Power ——» < r
o osrz PPS —> Mcu2 | . VD2
g OBC MIL1553 +—> (N+R) || CVM/GPRM actuation and monitoring 2 R - MOSA2
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e GRSH design largely inherited by LPF

e Main design upgrade wrt LPF:

Test Mass Electrode Pm(iiz:::::ga"d c:ﬁ::fi:;d LS L Vent Duct SDS ltems
— Vacuum: hermetic and hard mounted Housing | RO |y banism | | Chameer | | Masses
VD to GRSH VC’ on ground static — Frame ey | ZgloAiu:rfgr —{Main Chamber| |—| InternaléM | [~ Main Body Tempitlature
vacuum minimizing water permeation srdtianess || | amess | Sensors
through VV to preserve GRSH oo | wecminl |1 o] L ement | | ) [ e | e
internal outgassing rate,
— Self-gravity: implementation of a i I i e e e B i B e
new balance masses Kkit, optimized to  breesas] | [ oom
new requirements, e s
Z- Actuator
— TM release: design upgrade of o | [
GPRM, in parallel investigated to  [ramsee] | [0
implement a more robust release craares ||| asembly |
also in consideration of an [ yae T | [opites
autonomous operation —
| sincue
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LISA GRS Head Design at PDR <
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+X view

CVM AB Z+ CVM dust cover

connectors

Alignment features

eBM tuning
OWA SDS Coil
MOSA mech. i/f eBM -X

VC Main Chamber
EFT Tricoax

EFT DSub

VD Main body CVM AB Z- EFT

VD Elbow
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LISA GRS Head Design at PDR

CVM Actuator Block Z+

CVM Bellow

VC top cover Assembly

CVM Transmission

Stage GPRM Z+ (conical)
iBM
SDS Coil EH
OFT OWA
CVM Fingers ™
GPRM Z- (pyramidal)
EFT Tricoax —_
EFT DSub —
CVM Valve

VC Bottom Cover
CVM Actuator Block Z-

LL )
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Vent Duct: a new design for LISA &

Contour Plot Mode#1,Frequency= 1.767e+02Hz
Displacement(Mag)
Analysis system

1.992E+00

1.743E+00
- 1.494E+00
l 1.245E+00

9.960E-01

7.470E-01
I 4.980E-01

I 2.241E+00

Venting Valve Aperture Viton Orin gs

2.490E-01

0.000E+00

No Result
Max = 2.241E+00
Node 42651266
Min = 0.000E+00
Node 2121075

Structural
Analysis

| -
o Molecular o

Conductance
Analysis

Node Attribute: Temperature [0.0s], Geometry Layer

Viton Gaskets

15.964

= 14.700

[

. 10908
sou Thermal
8.380

. Analysis

= o Vent Duct Aperture NE—

[

= -0.489

m.. &
-4.262
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Balance Mass: a more accurate analysis for LISA NN

x10*

e Mass model for GRSH generated to comply to more stringent
self-g requirements: DC forces, torques and stiffness

e Self-g Balancing: IBMX, EBMX duly shaped to achieve
balancing while keeping torque and stiffness within budgets

* No need of EBMY for the applicable Balancing target :

0.02

Z[m

-0.02

Mass [kg]

Internal and External BMs shaping

From LISA Pathfinder to LISA: Celebrating 10 years of the LPF launch — Dec 3" — 4th 2025 CSIC Catalan Delegation <<All information contained in this presentation is property of OHB Italia SpA. All rights reserved.>>




e . (—E_\
Grabbing Positioning and Release Mechanism INFN - 99 LRENTO rravia

Istituto Nazionale di Fisica Nucleare

GPRM is composed of 2 mechanisms,
that Grab, Position, and Release the TM

Moving Part:

 Linear Runner

* Plunger unit
 Force Sensor o —
 Piezo Stack
* Release Tip

Top plunger (z+)

Fixed Part:
Piezo-Walk
Actuator Unit
Position Sensor
Side-Guiding
 Fix Sliders
* Flex Rollers

LPF Mechanism Configuration

TM Release Steps

- bl [

1
Handover Release Retraction
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GPRM Design Improvements for LISA: Why (INFN - T NV ERSaA =y M

: :
n TM1 Pre-Release State [m] / [rad] ‘erRzle Velocity [um/s] / [urad/s] TM2 Pre-Release State T2 Release Velocity [umys] / [urad//s]
e Experimental flight results: e e e e o e o o

82606 -46E05 88507 19604 39604  1SE-04 5 1.0e-05 14E-04  12E03  25E03 Followed -2 Plunger
12E-05 -8.0E-05 -2.2E-06 -4.5E-04 7.3E-04 7.0E-04
15E-05 -8.0E-05 -1.4E-06 -45E-04 6.2E-04 7.7E-05
— 46 TM releases performed for each Les ses sew stu ssu s
13E-05 -7.9E05 -4.1E-06 -4.5E-04 6.9E-04 4.5E-04
12E-05 -7.9e-05 1305 -3.7E-04 T75E-D4 7.6E-04
TM t th d f 1 1 12605 -7.8E-05 S1E-06 -38E-04 77604 7964
a e en O mISSIOn 14E-05 -7.9E-05  2.56-05 -3.96-04 7.0E-04  1.3E-04
14E-05 -8.0E-05 5.2E-06  -4.0E-04 T7.2E-D4 9.4E-04
14E-05 -7.96-05 51E-06 -4.0E-04 76604 -9.9E-05

5 20E07  LSE-05  -13E08 29803 3«1 <1 83 308 473

15 95E-07  -24E-05 -1.3E-03 4.2E-03

5 2E-06  L1E-04 -1.3F-03 3.1E-03 ETA Lost control after o
5 15E-06  7.9E-05  -1.3E-03  LBED3

5 LEEQE -44E-05 -12E-03 2.1E03

5 12606 7FAE-06  -12E-03 L4E030 6 6 <35 -100 -430 1000 ImpactedinZ

5 40607 -126-04 -13E03 35603 5 0 75 0 268 -232

5 -21E-08  7.6E-05  -13E-03  LGED3

5 5007 45E05 12603 49035 13 4 59 187 289

5 aoe07  -a9e0s -13e03 26603 EEOSEEORSE

5 6.BE-06 LBE-04 -1.2E-03 3.4E-03
14E-05  -8.0E-05 6.6E-06  -3.5E-D4 T7.BE-04  -6.9E-05

— very different results for TM1 and e e

5 BEEQ7  G3E05 -12E03  36E03 6 33 4 200 200 1400
| 15E-05 -8.1E-05 63E-06 -4.2E-04 B3E-04  7.9E-04

16E-05 -BAEOS  6.7E-06  -4.6E-04  7.9E-04  2.3E-03 s 0 6 5 BI1E-05 -B3E-04 -11E-03 26602 -6 45 0 0 O 748
TM2 14E-05 -8.1E-05 83E-06 -51E-04 69E-04  7.1E m 5 9.2E-07 -7.3E-05 -1.2E-03 -99E6-04 6 -7 43 -540 -300 580
19E-05 -8.3E-05 8.1E-06 -3.6E-04 72E-04 45E-4 -7 0 -8 0 -300 0 5 16606 -L1E-04 -1.3E-03 46603 Stopped, but lost contro
15E-05 -B3E-OS  64E-06  -3.0E-04 B7E-04  10E-03 7<l -7 -31-270 -47 5 SI1E-05  -32E-04 -11E-03  -16E-02
L7605 -84E05 77606 29604 7.86-04 28603 [slleliel oS 5 87605 -L7E-D4 -14E03 27602 4 12 -6 -58 300 -228
" - - | 23805 -81E05 74606 -4.1E-04 4.8E-04 12603 s -2 -6 -65-315 52 5 S3E-07  -L8E-04 -13E-03 22603
o An a Iys Is Of L P F I n -fl I g ht d ata 17E-05 -BSE-OS  9.26-06  -3.0E-04  7.8E-D4  7.5E-4 Snmelhlngvery strange happenedont 15 3.36-07  -1L7E-04 -13F05 28603 & O O 0 -250 o
21E-05 -86E-05 9.3E-06 -3.0E-04 68E-04 14E03 B<l -7 5 11607 -15E-04 -13E03 30604 4 14 45 77 95 200

| 1Se05 -B4E-05 76606 -3.5604 77604 13E-03 5 17606 -LAE-D8  -1IE-03  4.2E-02
I M at release 15605 8.4E05] 79606 -25604] SAEOH 16504 5 1906 -13E00 1303 12603 7 0 D <00 <200 <200
| 1SE05 -84E05 SSE-06 -30E-04 46E-04  -3.0E-04 5 63607 15E-04 -10E-03  -2.6E.03
126-05] -BAE-05) G.9E06] -2.75-04] 7.1E-04] 6.5E-04 5 12606 15608 1303 25603 0 15 51200 O 0 Impacts
1.5E-05 -8.4E-05 6.6E-06 -2.7E-04 6.5E-04 -8.9E-04

5 10e-06 -9.3E-05 -1.2E03 226041 27 13 300 200 -200 Impacts
17E-05 -86E-05 11E-05 -1S9E04 86EE-04 11E-03) 615 0 -1060 O 0 Impacts 5 13E06 .L2E08 17603 75608 4 0 44 o o 547

Y M H n H d nt'f H d H . | 16e0s -sseos  7as0e  -lmE04 B2E04 STE m 5 20006 gse0s aaece  2ico: EENSEISEIESS
a I I e I Ie Is s u es " 1.6E-05 -8.6E-05 6.9E-06 -1.8E-04 8.9€-04 S.LE-m 5 o.06-05 CLOE-04  -1LI1E-03 3.36-02 4 0 2.4 0 0 -568
146051 -BAEOS| 96E06] -25E04| SO0EMM S0E04 5 17606 -16E04 -11E03  19(03<l 18 5 1110 253 213 Impacts
1.6E-05 -8.6E-05 7.2E-06 -2.0E-04 8.5E-04 1.2E-04 -2 -2 <1 <100 <100 -212

| 10605 secos  7aros 27004 53604 -5.sE0s 5 24606 -11E-04 -13E03 -42604 -4 23 55 .70 300 8OO
1-7E-EIS -&dE-I]E ?.zs-ns -2-25-04 ?-ss-m -d-as-m 5 23606 1ee0s  -13e  9.3c0s [ENEHEENNSEONEE
LOW I M-to-plunger gap I Loros| seE0s| 7ar0s -socos seeoel Bacas 5 17606 -67ED5 -LIE03  -30E04 1 45 -2 -260<100 205

L1E-05 -84E05 B3E-06 -24E-04 A0E-04  10E-03 5 3406 -13e0d 1200 4003 SR

I g B . -! o =i f < 100 -
17E-05 -85E-05 9.5E-06 -23E-04 7.6E-04 14E-03[13 -2 68 -74 330 95 5| 4SE0S| -SBE-0M) -SEED1  -6.2F-03 R o ) g

5 1EE-06  -12E-D4 -12E-03  4.36-03) 3 41 -15 -1210 140 B30 Impacts
17E-05 -85E-05  7.96-06  -2.3E-04  7.7E-04 -63E-04 7 -1 7 92 -300 171

. LEE05 S50 LIE06 21604 B.2E-0% LAEGE 5 1.86-06 -16E-04 -12E-03 3.7E-03 =1 1 4 100 -0 -BOO
Lateral motion of the plunger at the B & s Rl e @

- 13E-05 -85E-05  B.6E-06  -3.5E-04  60E-04  -12E-03 5 ROE-07 -13E-04 -13E-03 306030 B 0 38 0 448 o
suggests that plunger impacts the izl aas tmod xn tzoara 2ezaina oxanc i
15E-05 -8.3JE-05 J.BE-06 -29E-04 8EE-D4 6.6E-04 Completely not understandable. 5] 2.7e-07 L1E-D4  -1.2E-03 49603 B 0 b 0 220 -187

L6E-05 -B.4E05  BAE06 -19E-04 6I9E-04 -12E-03 :: :ﬁjg i;ig: ﬁiﬁ ;:E:: 5 28 7 113 320 -448 Extreme xtalk X-PHI
18E-05 -8.4E-05 82606 -27E-04 64E-04  5.4E-03 <1 <1 <1 5 58 -286 ’ ae e o ) . e el

handove r/release/retraction phases’ | 16E-05  B6EDS 74505 23504 SIE04  SEED3 31§ 75 215 -124 Impact during slow retract 5 ;:E‘g: zzig: i;i$ ‘;gi:: 4 -84 28 -249 100 -1165 Impact during slow plung
plunger vibration LPF data: courtesy of ESA

— Unreliable preload at release due to Need to improve the GPRM design for a safe,
noisy force sensor reliable and autonomous TM release.
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........................................................ GPRM from LPF GPRM in-flight |
; RUAG performance analysis | :

[ Technology Transfer
RUAG — OHB-I

\ 4 A 4
i e _ _
W Evaluations of Design
X Improvements
\ 4
e © g
Breadboard Tests }
\ :
R Mechanical
X : connection I
) 4 - . > /
e . - R,
7

EM Baseline Definition ]

‘©

: i = '; 1
1 - _ . -~
h S - ‘ :
________________________________________________________ ! . W |
! ~ 1
1 o R
_ 1
| | |
1
1
1
g 1
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* Alonger tip stroke is a
fundamental to increase the gap

and reduce the risk of TM re-contact PICMA® Stack Multilayer
after release Piezo Actuators

e Change of release tip piezoelectric
actuator

— 2 glued COTS Actuators per
redundancy

~ 2 xP-883.30

) |

P-883.50 ==

— Increased stroke by ~50%

AAVMMNMWAANNNN]

— Maximization of LPF heritage:

minor mechanical changes PI

e Single COTS Actuators with same P-883.50 —
length under development at Pl

Lo

A O

~ 2 x P-883.30

RRRIRRRYYHIRRRRRNRR

RNANNN

\
L
\‘“‘\“

NN

N\ CRNAN

i1
N

7

7

= E
77

=77
Q

W/
S
A

/]

B S0

From LISA Pathfinder to LISA: Celebrating 10 years of the LPF launch — Dec 3 — 4th 2025 CSIC Catalan Delegation <<All information contained in this presentation is property of OHB Italia SpA. Al rights reserved.>>




YNV

GPRM Main Design Improvements (2) @ W 18

e Mechanism operation relies on force reading
— The lower the preload at TM release the lower the impulse

e Force sensor optimized by decreasing thickness of deformable
parts where strain gauges are located

— Increased (doubled) sensitivity

— Reduced stiffness has no detrimental effect on mechanism
performance

— Low Noise Sensor readout (implemented on MCU)

0.8mm
e | ) = T

0.5mm
Y A 2 A
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. . . . . Short Stroke Test cl to rel iti
 Side-movement at motion inversion causes plunger-TM impact 1or Sroke est cose To Teiease postion

Roller-Roller

for — slider-Roller

— Configurations tested on BB model - Sl

2 5+ i

— Roller-roller is new baseline for LISA ol ]
= [ower lateral movement close to TM with lower risk of re-impact Dm0 w0 w00 60 0 0

= Higher movement on long stroke due to roller run-out does not T S

affect release performances 5::’ ’

. 8 300 |- Roller-Roller

LPF: Slider-Roller LISA: Roller-Roller b —— Slider-Roller

T T N 0 20 40 60 80 100 120 140 160 180 200
T T T Tt T z ( m)
J!;;gza-;-- N SESENNEESS 8 - H

Long Stroke Test

300

OF T
o
0 i
-150
— 300 |-
ﬁ\ g -450 +
I T i 600 -
1 17 g
\ Eﬁ -900 -
1¢ 4050 -
& 1200 |- Roller-Roller
SaNaNaNy / /\\} ==l 4350 - —— Slider-Roller
Nt S ~1500 1 : L i
‘\ «(\\\\\\\\"4‘ /1 0 1 2 3 4 5 6 7 8
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GPRM Status: Current and Next Activities K7,

Istituto Nazionale di Fisica Nucleare

« Demonstrate the capability of re-
i building GPRM
.« Debugging and optimization of

A 4

{ EM Baseline Definition &

Design Finalization

——

integration procedures and

A 4

— ; ( Coo support equipments for next

" EM Integration } ---------- ----¢  models

[T > Fm e e ,

; v o Verification of mechanism

[ EM Tests Detailed Definition } __________ L performance |

. & Execution .« Consolidate grabbing, positioning

: and release procedures

'« Characterization of adhesion |

! . forces |

[ ] i 1+ Verification of mechanism models

QM and FM MAIT

From LISA Pathfinder to LISA: Celebrating 10 years of the LPF launch — Dec 3" — 4th 2025 CSIC Catalan Delegation <<All information contained in this presentation is property of OHB Italia SpA. Al rights reserved.>>




NS *A7
S ((
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6 non-contact displ. Sensors for TM 6DoF tracking

e Test setup built around TM (fixed)

— GPRM mounted on the flanges in nominal position

— GPRM optimally aligned with best-fit in TM indent
(maximum penetration method)

e Test with suspended TM (free) to demonstrate grabbing
and pre-release position/orientation

Dummy TM suspended in CoG for gravity
free simulation.

2 couples of indents for TM manufacturing
repeatibility estimation

GPRM units mounted on FM Flanges
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