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What is a hexapod?

Platform mounted on 6 independent struts

= Used for realizing motion in 6 degrees of freedom
=  Three linear axes

=  Three rotational axes

Parallel vs. Serial Set-up

Pl

External 15. Tagung 'Feinwerktechnische Konstruktion' 2022 | Dr. Christian Rudolf | P1 2022



What is a hexapod?

Examples
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Properties and Specifications
Standard Hexapod H-811.12

Motion

Active axes

Travel range in X
Travel range in Y
Travel range in Z
Rotation range in BX
Rotation range in BY
Rotation range in 62

Stiffness in X
Stiffness in Y
Stiffness in Z

Unit

mm

mm

mm

N/pm
N/pm
N/pm

H-811.12

X,Y,Z, 06X, 8Y,0zZ

+17
+16
6.5
[+10 |
+10

+21
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Minimum incremental
motion in X

Minimum incremental
motion inY

Minimum incremental
motioninZ

Minimum incremental
motion in BX

Minimum incremental
motion in BY

Minimum incremental
motion in 62

Hm

pm

Hm

prad

prad

prad

H-811 Datasheet

Typ.

Typ.

Typ.

Typ.

Typ.

Typ.



https://www.physikinstrumente.de/fileadmin/user_upload/physik_instrumente/files/datasheets/H-811.I2-Datasheet.pdf

How can we realize a more homogeneous structure?
Cubic structure based on H-811.12
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Comparison of data

-m Comparison of data

_ +/- 6,5 mm +/- 17 mm 100x-Axis

+/- 6,5 mm +/- 16 mm Stiff Y-Axis
_ +/- 6,5 mm +/- 6,5 mm "

A(OX) | +/-4,5° +/-10°

+/-4,5° +/-10° 10XREP ’ Z-Axis
C (02) +/-4,5° +/-21°

Load 2,3 kg 5 kg (upright) /

capacity 2,5 kg (all orientations) T e
MIM (X,Y 0,1 um 0,2 um /0,08 um

/Z)

Rep. (X,Y 0,04 um 0,15 um / 0,06 um Load caps & Adic

/ Z)

Stiffness 3 N/pm 0,7 N/um / 8 N/um C-Auds

(X,Y/2) —o—H-811 Cube —o—H-811.i2



Pl

Conclusion — Cube

= Qverall size comparable (113,4 mm x 113,4 mm x 133,4 mm vs. d136 mm x 114,3 mm)
= Aperture not possible

= All axes have similar behaviour (stroke, precision performance, stiffness)

= Smaller payload

= All struts are of identical design

= Still 3x bipod structure

=  What will happen when all hexapod struts will no longer be of identical design?
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Flat Hexapod Structure
Functional model using standard Pl hexapod struts — 3x H-840.D21 and 3x H-825.D2I
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Comparison of data

T 1 Rether | sesom | hswon
_ +/- 29,5 mm +/- 27,5 mm +/- 50 mm Diagrammtitel
+/-26 mm +/-25 mm +/-50 mm T e
_ +/- 20 mm +/- 14 mm +/- 25 mm o
A(BX) +/-17,5° +/-11,5° +/-15° 20— 40
+/-15° +/-10,5° +/-15° .
16,5/ +14° +/-19° +/-30° o 10
10 kg (upright) 5 kg (upright) 10 kg (upright)

5 kg (all orientations) 2,5 kg (all orientations) 3 kg (all orientations) o/« Ars
0,25 um 0,2 um 0,5 um /0,25 um N -
0,05 /0,15 pm 0,15 um 0,30 um / 0,1 um
ENCOME 200mmx187mm  320mmx195mm 348 mmx 328 mm

=
=
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Conclusion — Flat Hex

= Relations of size dimensions change
= Larger footprint but reduced height
= Potential for higher payload in compact hexapod design
= Three weight bearing short stroke struts with high load capacity
= Three stabilizing slender long stroke struts
= Reduction of internal collision issues despite compact system size

= More components may be more cost intensive
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Challenge — External request

= Payload: 2000 kg @ (x, Yy, zz:0 mm, 0 mm, 1000 mm)
= Height limitation: <= 300 mm

= Platform shape requirement: diameter (<=) 2000 mm
= System eigen frequency > 20 Hz

= Vacuum atmosphere <= 1e-6 hPa

= Center of rotation: x,y, z: 0 mm, 0 mm, 1000 mm
= Travel ranges (combined):

=X,y +/- 30mm,

= 7 +/- 5mm,

= A,B,C: +/- 3 deg
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Design concept based on flat hexapod set-up

Simulation of design structure

Pl

EI Hexapod Simulation Seftware Version 2.2.14.0  H-900K020 V4.0 R&D Beta Version
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Position
UM ZewPivot | ResetPivot | Zero Posiion
R=0.000 X=0.00000 U=0.00000
$=0.000 Y=0.00000 V=0.00000
T-1050.000 | Z=0.00000 W=0.00000
mm mm deg
Jointcoordinates | Forces | Siffness
Jointangles | Redundancy | Kinematics  Workspace
Workspace X2 | warkspooe F\esewel I valie
“wotkspace LVAW
I Linit workspace
Extrema in 71924 <X<  171.930
zero position -154.000 <Y< 154.000
154000 <Z<  154.000
defined 7604  <U< 7482
30.000 30.000 |-8.440 <V< 8440
-30.000 30.000 |[-16.988 <W< 18589
5000  5.000
3000 3.000
3.000  3.000
-3.000  3.000
calculated
A71.924 171.930
-154.000 154.000
-154.000 154.000
7604 T7.482
8440 8.440
16.988 18589
T
¥ Reference Frame Label2 Label 5
¥ Gid
¥ Hesspod Cut Level I~ Def. Space
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EI Hexapod Simulation Software Version 2.2.14.0 H-900K080 SUPPORT STRUT R&D Beta Version
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Y |300 0.0
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R=0.000 X=0.00000 U=0.00000
$=0.000 ¥=0.00000 V=0.00000
T=1050.000  |Z=0.00000 W=0.00000
mm mm deg
Joirt cooidinates | Forces | Siffness

Jointangles | Fedundancy | Kinemaics  Workspace

Workspare 42 | Wulkspaceﬁesewel I vale
I Limit workspace
Extrema in 149195 <X< 165984
zero position -153478 <Y< 153.478
60990 <Z«< 60.607
defined -5.892 <U< 5.892
-30.000 30.000 |[-5.514 <V< 7.103
-30.000 30000 (18685 <W< 18692
-5.000  5.000
-3.000 3.000
-3.000  3.000
-3.000  3.000
calculated
-149.195 165.984
-153.478 153.478
-60.990 60.607
-5.892  5.892
-5.514 7103
-18.685 18.692
T
[ Reference Frame Labelz Label &
v Gid
¥ Hexspod Cut Level [~ Det. Space
¥ Platform disk rxfp 2 @ o
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I~ Hexapod Wie Screen Shot | Bk Color | Close I~ Hexapod'wire Screen Shot | Bk Color | Close
Mouse button: left - rotate, Ctrl + left - move; middle - zoom  [Units: mm, deg, kg, N, Nm, N/um, Nm/mrad | P Mouse button: |eft - rotate, Ctrl + left - move; middle - zoom  [Units: mm, deg, kg, N, Nm, N/um, Nm/mrad | Y
External 15. Tagung 'Feinwerktechnische Konstruktion' 2022 | Dr. Christian Rudolf | P1 2022 13



Strut dimension overview

External

Short stroke: -20/+ 58 mm
Long stroke: +/- 152 mm
Max. strut force 10 kN @ 2t external load
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Hexapod struts
Identical drive train design for both lengths

Vertical Struts

Horizontal Struts
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Compact Flat High-Load Hexapod System

" Height 300 mm Pos.-Nr 16| 15| 7 3| 4 12| 14 13| 8 11 6
= Strut diameter 140 mm X 300 -30, -30] -300 30 30 30 30| 30 30 -30
= Tight space y 30, -30] -30] 30| 30| 30 30 -30] -300 -30] 30
= - Check for internal collision issues 7 5 51 s 5 5| 5 5 si 5| 5 5
u 3 31 3 3 3 3 3 -3 -3 -3 -3
v 3 3 3 3 -3 -3 -3 -3 -3 -3 -3
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Collision analysis of extreme positions
Distance between lower joint structure and cantilevered sensor mount

Pos.-
Nr
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Collision analysis of extreme positions
Distance between motor housing and joint structure
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Collision analysis of extreme positions
Distance between connector and platform

Pl

External 15. Tagung 'Feinwerktechnische Konstruktion' 2022 | Dr. Christian Rudolf | P1 2022

19



Compact Flat High-Load Hexapod System

Impressions
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Compact Flat High-Load Hexapod System

Impressions
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Compact Flat High-Load Hexapod System

Results

External
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Compact Flat High-Load Hexapod System

Results — Eigen frequencies

Payload: 1500 kg = 21,7 Hz
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Payload: 2000 kg = 20,7 Hz
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Conclusion & Outlook
Is 3x2 = 2x3?

= Yes:
= These systems are still hexapods, six degrees of freedom motion systems
= Parallel kinematics set-up with need of transformation calculations

= But — new designs offer options and opportunities such as

o, -
I Or——"3 i..
(s . @

) )
S
a"'-._

= Homogeneous system behavior and performance, or

= Ultra-flat and compact systems

= So, what’s next?

= 3-2-1 manipulator? .i

=  No(tyet)
. Source: Robotica (2003) volume 21, pp. 645-653. © 2003 Cambridge University
= Variants of prese nted systems? Press DOI: 10.1017/50263574703005198 Printed in the United Kingdom
= Yes

= No (mechanical) legs at all?

=  Yes

External 15. Tagung 'Feinwerktechnische Konstruktion' 2022 | Dr. Christian Rudolf | P1 2022 24



Physik Instrumente
Visit us at our booth!

Physik Instrumente (PI) GmbH & Co. KG
Auf der RbmerstralRe 1
76228 Karlsruhe

Germany Thanks to:

Phone +49 721 4846-0 Stephanie Streit
E-mail info@pi.de Dr. Christian Sander
Please visit us at: www.physikinstrumente.de Jens Matitschka

©2022 Physik Instrumente (PI) GmbH & Co. KG
The use of these texts, pictures and drawings is only permitted with
the permission of Pl and only permitted with reference to the source.
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https://www.linkedin.com/showcase/pi-germany/
https://twitter.com/PhysikPi
https://www.youtube.com/user/phyinst
https://www.physikinstrumente.de/de/pi-blog/

