CEfW
\ N 2
NL S Geodetic

Metrology

GROUP

Universal Adjustment Platform (UAP)

Standardization of 6 degrees of freedom adjustment systems design and integration

M. Sosin, M. Noir, P. Biedrawa, A. Herty, W. Jasonek, H. Mainaud Durand, V. Rude, K. Widuch

Special Interest Group Meeting: Precision Motion Systems & Control
15th - 16th November 2022

o _.
+Q.euspen




Position adjustment issues

Crowded neighbourhood of aligned components
« Difficult access to regulation mechanisms/screws — (circus skills needed for
some of components regulation)
* Fragile equipment around workspace — slow an careful manipulation

Ergonomics of adjustment
* Mechanisms not always intuitive
« Simple mechanisms —
* Big backlash —
* Multiple measurement and adjustment
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A bit of history - DBQ Platform for CLIC Project

Requirements

« Adjustment knobs from one (access) side

* 5 DOF adjustment possibility (Y & Z translations and 3
rotations)

 Load 170 kg

« Stroke: £ 1 mminY and Z (X blocked) + 4 mrad in all rotations

* Resolution <5 pum
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A bit of history - DBQ Platform for CLIC Project

Kinematics

e |[sostatic support configuration — modified Stewart platform

* - yertical supports, variable length (lj}, the
main impact on: ¥, Pith, Roll VAW
- horizontal supports, variable length (1j), the o
+ main impact on: X, Yaw ROL

- longitudinal suppaort, constant length (2 —
blocked; X,¥, rotations - permitted)

Ergonomics of use and reduction of adjustment time

e Adjustment knobs located on one side of

platform (access) | )
e |Intuitive platform adjustment
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A bit of history - DBQ Platform for CLIC Project
motorized or plug-in module version

Position
feedback

Motors
L[ Controller
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Universal Adjustment Platform (UAP)

INTUITIVE, UNIFORM AND x | N\ ﬁTANDARDIZED JOINTS

EASY TO INTEGRATE o kit | AND ADJUSTMENT
KINEMATICS o] o FLEXIBILITY
) )
e STANDARDIZED DESIGN A¥

JIGS
AND INTEGRATION
\_ APPROACH

/ EASY ACCESS TO REGULATION
KNOBS FROM ONE SIDE OF
COMPONENT
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Universal Adjustment Platform

TOP PLATE (adjusted

Long. joint +
(optional jig)

Vert. jig knob +
extension

component support)

Spherical joint

BOTTOM PLATE (platform
base, fixed support)
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adjustment jig

Radial

adjustment jig
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radial/vertical/
longitudinal joint

A

- vertical adjustment jig, variable length, the
main impact on: Y, Pith, Roll
- radial adjustment jig, variable length, the main
impacton: X, Yaw
- longitudinal adjustment jig, constant length->5DOF (Z
blocked), variable length->6DOF (impact on Z),
X,Y, Roll, Pitch, Yaw - permitted

b |

Standardized equipment

= Vertical adjustment jig
= Radial adjustment jig
= Joints

,_/_,O

spherical joint
Joints link (length dependant on
platform dimensions)

spherical joint




UAP — operation scenarios

DISTANCE

Universal adjustment platform — manual operation concept

Universal adjustment solution - permanent motors version concept.
Platform equipped with WPS sensors

DISTANCE

Universal adjustment solution — concept of use plug-in motors:
a) Platform measurement from distance using a laser tracker;
b) Installation of plug-in motors in less than one minute;

c) Remote adjustment from distance.
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UAP as a design framework — Design Guidelines

COMPONENT TO BE ALIGNED
DEDICATED ADJUSTMENT PLATFORM

\ DESIGN PROCESS

STANDARDIZED JIGS AND JOINTS y

v

EDMS 2145045

DESIGN GUIDELINES
FOR SMALL UAP

LHCGUPS_0001
LHCGUPS_0007

Use of standardized components (,,LEGO” blocks approach) and design guidelines
We can design dedicated platform for various dimesnions of components

The ,,Guidelines” kinematics scheme shall be kept

Backlash delete
springs (if needed)

Adjusted
component
volume

Step 7: Integrate all user specific features
and vertical jig assembly plates

Step 1: Adapt platform dimensions ‘ initial model and adjust the
to supported component Step 2: Arrange jigs pattern within Bottom Step 4 Prepare the space for the UAP joints length
dimensions plate volume (top); Step 3: Adjust thickness functional sub-components

of the plate and position of radial iias (bottom)

DT S
ORM WIDTH eSO

Step 6: Prepare the Top plate initial
model and adjust the joints length
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UAP study and prototype tests: Small UAP

TOP PLATE (adjusted

Two sizes of UAP chosen component support)

SMALL UAP — for smaller components with max.
weight of 300 kg

BIG UAP - for bigger components, max. weight < 2t

Each platform will need different family of

joints/adjustment jigs

BOTTOM PLATE (platform

Radial Jig Regulation knob Vertical ig ~ base, fixed support)

* Nominal stroke of the jigs: £10 mm (max. £15 mm),

« Platform adjustment accuracy < +/- 20 um (2 iterations)
« Stability of platform after random lateral load: +/- 30 um
« Ergonomics ~15 minutes for manual adjustment time

(including measurements and calculations)

G % BE-GM-HPA
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UAP study and prototype tests: Big UAP

TOP PLATE (adjusted
component support)

Longitudinal

. Regulation knob
Vertical

BOTTOM PLATE (platform
base, fixed support)

*  With typical misalignment — 1 iteration

« With misalignment bigger than £2mm - 2 iterations

« 1 iteration = 9min
measurement + calculation + adjustment + measurement

* Adjustment time less than 3min

Allowable load: 2000 kg

« Nominal stroke of the movable piston:
mm (maximum £15 mm),
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Standardized vertical jigs

Ll

x

S MOVABLE PISTON

= WITH JOINT INTERFACE

FIXING (ASSEMBLY)
THREADS

KNOB INTERFACE

Parameters:
Axial piston backlash <5 um,

Radial piston backlash < 20 um,

Nominal load of the jig: Big UAP > 15 kN; Small UAP > 2.5 kN
Compact dimensions; Easiness of integration

BE-GM-HPA

| Development of Universal Adjustment Platform (UAP)



Standardized radial jigs

MOVABLE PISTON
WITH JOINT INTERFACE

REGULATION KNOB

Parameters:

e Axial piston backlash <5 pum,

e Radial piston backlash < 20 um,

* Nominal load of the jig: Big UAP > 2 kN; Small UAP > 1 kN
* Compact dimensions; Easiness of integration
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Standardized joints

Joint length defined by user

Spherical joint

b | H

"""l‘!‘\‘?‘?"f

Radial/vertical
/longitudinal
joint

Parameters:

« Nominal longitudinal load of spherical joint link > 12 kN,

» With ,zero backlash joints”, the total backlash (in all directions)
of TOP PLATE interface vs. jig piston interface <20 pum,

BE-GM-HPA
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UAP implementation flexibility

Design Guidelines-like
implementation

Collimator support (non motorized / motorized)
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Summary

* The Universal Adjustment Platform tests showed, that homogenization of adjustment
solutions for accelerator components is feasible and can be applied with success to
different types of components

* Tests performed on the prototypes of the Big and Small UAP demonstrated a very
good performance of the platforms prepared according to the UAP Design Guidelines
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