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Main actors :
A Space Research Centre, Polish Academy of Science (MUPUS penetrometer for PHILAE lander in ROSETTA
mission and others : KRET 11 KRET 2, HEEP, CHOMIK instrument for PHOBOS -GRUNT mission )

A PIAP/PIAP Space

A SENER PL (IBDM, e.Deorbit i clamping mechanism , Umbilical Release Mechanism  ExoMars 2020 )
A Astronika

A SKA-Polska

A ABM Space,

A Robotics inventions

A Creotech Instruments

A GMV (software for GNC and  robotics , e.Deorbit )
A AGH University of Science and Technology,

A Sybilla Technologies,

A Cilium Engineering,
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Past Activities from Poland

Title Short Description Prog Remark Start Date End
Sampling device dedicated to low Company: CBK
Packmoon gravity bodies. MREP PAN 1.2015 4.2017
Company: CBK
PAN
Air bearing table  ajr pearing table dedicated to tests MREP, TRP  In the frame of 52015 12.2016
upgrade orbital maneuvers of space robot as REST, SAMPLER
well lander operations on low gravity and e.Deorbit
bodies. Phase B1 projects
Company: CBK
PAN
Lemru;manlpulator Lemur manipulator tests done at GMV TRP Activity done in 11.2015 11.2016
upgrade facility. Allow to upgrade the control the frame of ORCO
system and build interface with S/C project (Startiger
control system. program)
The mechanism has to assure rigid Company: SENER
Clamping connection between the chaser and GSTP PL (sub); 09/2015 12/2016
Mechanism follower. Clamping mechanism is able

to adapt to the encountered
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Past activities from Poland

Title

Hammering
Mechanism
for the HP3
mole type
penetrator

Lunar Dirill

Developme
nt - Phase
A

Short Description
As part of this project, Astronika developed and delivered

seven model s of the drive unit
instrument whi ch i IeSightamissionotd Maid A

planned for launch in 2018. The Hammering Mechanism
created by Astronika is a drive system of the HP3
penetrator whose purpose is to transport thermal sensors
below the surface of Mars.

The Lunar Drill, developed by the European consortium,
will aid the missionés aim of
subsurface distribution of volatiles across the Moon and of
investigating the feasibility of utilizing lunar regolith in

future human exploration by extracting subsurface

samples from the depth of up to 2m. The Lunar Drill will

be equipped with a torsional drive and a percussion

module which enhance the conventional drilling process,

and As t r o n éexpedigess particularly relevant to the

instrument s hammering functio

Prog

Contract
DLR

GSTP

Remark Start

Company:
Astronika

Company:  01/2014
CBK PAN

(sub) -

manufactu

ring

Company:

Astronika 01/2015

End

03/2017

05/2016



On-going and future activities from

Title

ADRexp : Active debris
removal

demonstration in
laboratory condition

COMRADE: Control
and Management of
Robotics Active Debris
Removal

LAR gripper MGSE

I3DS: Development of
a modular high - level
Inspection Sensor
Suite

Short Description

- Development two
Breadboard Models of
robotic grippers for Launch
Adapter Ring capture

Software Model of the
robotic gripper & Launch
Adapter Ring. Contact
dynamics simulations of
the gripper and Lanch
Adapter Ring

Motorized MGSE to test
LAR capturing by a gripper
under vacuum thermal
conditions

Torque/force sensors
development

Prog

TRP

TRP

TRP

H2020

Poland

Remark
Company: PIAP Space

(prime)

Company: PIAP
Space ( subcontractor )

Company: PIAP
Space (prime)

Company: PIAP
Space (subcontractor)

Start

01/2015

04/2017

04/2017

11/2016

Date

End

05/2017

12/2019

01/2018

12/2018



On-going and future activities from

Title

Elastic joint
development
based on
cycloidal gear
and direct drive
Air bearing
table upgrade
to tests S/C
GNC systems
Mathematical
model of
contact process
while landing
on small
celestial bodies

Clamping
mechanism

Mechanisms
and elements
for
International
Berthing and
Docking

Short Description

Development of elastic joint dedicated for robotic arm which
reduce the arm vibration by using special cycloid gear head,
direct drive and elastic components.

Upgrade of air bearing table by special spherical air bearing
to be able to tests S/IC GNC systems

Mathematical model development of the contact process
based on observations, laboratory testing and numerical
simulation (Project ESA LOOP i Landing Once On Phobos)

The mechanism has to assure rigid connection between the
chaser and follower. Clamping mechanism is able to adapt to
the encountered obstacles, clamping in a different position.

developing standarised berthing and docking system to
International Space Station (ISS)

Poland

Status

On-going

On-going

On-going

Ongoing

On-going

Prog

PIS / Slovak
space program

TRP

PLIIS

TRP

GSTP/PLIIS

Remark

Company: CBK
PAN

Company: CBK
PAN

Company: CBK
PAN

Company:
SENER PL;

under e.Deorbit
Mission Phase
Bl

Company:
SENER PL

Date

Start

6/2018

1/2018

2017

TBD

2015

End

6/2020

10/2019

2019

TBD+12m

2018



On-going and future activities from

Title

PROSPECT
Development for
Lunar Exploration

Series of HDR
actuators based
on thermal
cutting

HDRM for the
EUROSTAR 3000
Deployable
Reflector
Assembly

RadCube boom
system for
RadMag
instrument

S-Heep 1
Planetary
penetrator with
soil collecting
system for Luna

Short Description Status

This project is a continuation of the Lunar Drill
development. A comparison between the two
leading solutions is being performed: one
based on an electromagnetic principle of
operation and another propelled by a DC
motor.

In progres

The main objective s to develop a reliable,
simple, lightweight, compact and cost effective
type of serial Hold Down & Release Actuators
(HDRA), understood as off  -the - Shelf Building
Blocks and suitable for future space mission
needs.

The main objective to develop a reliable and

cost effective non -explosive Hold Down &
Release Mechanism (HDRM) suitable for the
Eurostar 3000 platform Deployable Reflector
Assembly (DRA).

To develop the boom for the RadMag

instrument onboard the hungarian RadCube
satellite. The boom shall position the RadMag
magnetometer, developed by MTA EK, at a

di stance away from the s
order to avoid intereferences from the

RadCube on measurements.

As part of the Luna -Resurs mission. The aim is
to develop, integrate and test a device which

will drive into the ground and make
measurements of the thermal properties and

heat changes.

In progress

In progress

In progress

In progress

Prog

GSTP

PLIIS

PLIIS

GSTP

National funds

Poland

Remark

Company:
Astronika

Company:
Astronika

Company:
Astronika

Company:
Astronika

Company: CBK
PAN -leading

Start

11/2016

04/2014

11/2015

04/2017

01/2017

Date

End

05/2018

06/2019

06/2019

11/2019
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CBKPRANRAvolvment in space ¢
robotics developmenit "

CBK PAN is a Polish research Institute fully focused on space sciences,
technology development and applications

Space Mechatronics and Robotics Lab (LMRS) is focused on technical
sciences and technology development in aerospace field

For ESA we are realizing number of projects related to future space debri
removal and exploratory missions (edeorbit, Phootprint, Lunar missions)

We are cooperating with other worldwide partners like JPL/NASA,
ROSKOSMOS and ChSA

Many projects are done by realization PhD thesis which allows to growth
aerospace engineering community
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Planetany robotics at CBK »_ _»

-

PACKMOON sampling tool
and drill development
(ESA TASK FORCE and
national projects)

Testing sampling toool
interaction with lander (ESA
Landlng gear development Cart — Leg interface (example)

(ESA MREP REST prej

Cart frame




On - orbit robotics at CBK

-
~

Robotic arm LEMUR contro
system development (ESA
ORCO pr.)

New platforms development
(2 national scientfic projects)

Simulating and testing
grippers operations for ESA
edeorbit mission

~ o T
e

New vision system) New platforms

wantlh tlhviietAres
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Future plans A

1. Increase of TRL level of Packmoon device and its application for Lunar
missions

2. Further air bearing facility upgrade qualification process would be
Important to certify results obtained on the system

3. Towards robotic cubesat mission which might be cost effective way to tes
some of robotic technologies

4. Development of low gravity model of regolith based on the tests in low
gravity platforms

5. Extensive gripper testing on air bearing table

References to be added:

[1] Seweryn K., The new concept of sampling device driven by rotary hammering actio
IEEE/ASME Transactions on Mechatronic systems, VOL. 21, NO. 5, 2016



PIAP Space Ltd.

PIAP PIAP GROUP:

INDUSTRIAL RESEARCH SPECIALISATION AREAS: ROBOTICS, AUTOMATION,

INSTITUTE FOR AUTOMATION MECHATRONICS
AND MEASUREMENTS

EXPERIENCE: 50 YEARS OF MARKET ACTIVITIES
STAFF: 320 (60% ENGINEERS)
PIAP PIAP TURNOVER: 15 MLN EURO/YEAR
OBRUSH SCIEN-TECH PRODUCTS: 9 UGVs MODELS
INDUSTRIAL PIAP TECHNOLOGY
AUTOMATION TRANSFER SERVICES: 100+ INDUSTRIAL ROBOTS UNIT INSTALED

SPACE WORLD PRESENCE: 20+ COUNTRIES, 4 CONTINENT

PIAP SPACE:
SPECIALISATION AREAS: ROBOTICS, MGSE, MECHANISMS
AMBITION: BECOME TIER-2 FOR ROBOTICS

ACTIONS: MEMBER OF SRC ROBOTICS, LEADING SPACE
ROBOTICSADVISORY GROUP IN POLAND, MEMBER OF
POLISH SPACE MINING GROUP

ROBOTIC MISSIONS: SPACE TUG, ADR, ON-ORBIT SERVICING,
REFUELLING & ASSEMBLING, ASTEROID MINING

ROBOTIC ELEMENTS: GRASPING & HOLDING, END-
EFFECTOR TOOLS, LIGHT-WEIGHT ARM, MOBILE
PLATFORMS, PERCEPTION, ROBOT - USER INTERFACING

ADDITION ROLE: TRANSFERRING TO TERRESTIAL
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1. LAR GRIPPERS FOR LAUNCH ADAPTER RING CAPTURING

-TRL4
-FORADR & OOSSAPPLICATIONS
-TWO GRIPPERS, 2 LAR MODELS

- VALIDATED ON AIR TEST BENCHES AND
RANDEVOUS TEST BENCH (CLOSE & OPEN
LOOPS)

KEY PERFORMANCE:
-ENCLOSING THE TARGET

- HIGH CAPTURE ENVELOPE
-SHORT CLOSING TIME

- HIGH GRIPPING FORCE
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2.SUPPORTIVE ACTIVITIES FOR GRASPING SUBSYSTEM DEVELOPMENT:

I3DS: INTEGRATED 3D SENSORS

COMRADE: CONTROL AND MANAGEMENT OF
ROBOTICSACTIVE DEBRIS REMOVAL

-TORQUE/FORCE SENSORS DEVELOPMENT

- TACTILE SENSORS DEVELOPMENT -DEVELOPMENT SOFTWARE MODEL OF THE

GRIPPER & LAR (MATLAB)

APPLICABILITY:

APPLICABILITY:
- GRIPPER FINGERS / CLAMPING MECHANISM JAWS - SIMULATIONS OF THE LAR CAPTURING
- DOCKING MECHANISMS

PHASE
-ROBOTIC ARM WRISTS / JOINTS

On and- On end- On end-
eondilion
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Green frame shows which operation sub-phases will be
covered by PIAP model
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