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Presenter Notes
Presentation Notes
Renishaw apply its knowledge of metrology to the robotics world



An industrial problem: Spot Welding with Offline Programming

We calibrated a palette under CMM
• with Target points for welding

• with Reference Points

To execute the program, I need to control the 
tool in the part coordinate system:
• Where is the Electrode from the robot end?

• Where is the Part from the robot base?

• Can we trust the Robot?

• We need to close the metrology loop!
We test by driving a pin into a hole

Presenter Notes
Presentation Notes
We test the metrology performance of a typical industry problem/ dowload an offline program and we assess the positiçonal accuracy 



The standard Pin to Pin Method

We visualy determine the frames with the out of the box 
robot tools
• The Tool Centre Point (TCP)

• The part alignment

• Residual MAX error : 0.31mm

We visit our 4 positions and…
• We witness a max error of 1.9mm

Presenter Notes
Presentation Notes
Dispite a small residual, the measured accuracy is far from what we could expect



Improving Performance
Through progressive interventions

3mm

2mm

1mm

0mm
Repeatability: 0.03mm

Backlash: 0.25mm

Thermal drift: >0.5mm

Target for 80%: 1.0mm

Po
si

tio
ni

ng
 u

nc
er

ta
in

ty

Progressive Interventions

Presenter Notes
Presentation Notes
The accuracy is impacted by several familie of errors, by progressive intervantions we can reduce improve the accuracy, but there is a limit: the non repeatable errors



Using Renishaw Tools for Robots…
Pin to Pin 
Method

Part Frame
Pin to Pin Method

TCP
Pin to Pin Method
Residual « 0.31mm » Error

1.90mm

Frames 
Location

Part Frame
Least Squares 
Registration

TCP
Least Squares Identification Error

0.81mm

Cell
Initialisation

Part Frame
Least Squares 
Registration

TCP
+ Joint Offsets
Least Squares Identification

Error
0.66mm

Full 
Calibration

Part Frame
Least Squares 
Registration

TCP
+ Joint Offsets
+ D.H. (washing)
Least Squares Identification

Error
0.33mm

Presenter Notes
Presentation Notes
We witness the accuracy improvement when we set up each element of the metrology loop



Modeling & 
optimisation

Meas. 
Strategies

Devices

Our Framework for Robots
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Presenter Notes
Presentation Notes
A generic framwork that allows modelling and optimisation, closing the metrology loop with sensorsThe sensors can be baal bar, probe or anything else.



Renishaw RCS P-Series Probe Calibration 
From the model to the identification with a probe on a robot

𝑒𝑒𝑒𝑒𝑒𝑒 = 𝐶𝐶𝐶𝐶 − 𝑅𝑅

𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑇𝑇𝑒𝑒 𝐶𝐶𝑃𝑃 −1. 𝑅𝑅 . 𝑇𝑇𝑃𝑃 − 𝑂𝑂𝐶𝐶 − 𝑅𝑅

𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑇𝑇𝑒𝑒 𝐶𝐶𝑃𝑃 −1. 𝑅𝑅 . 𝑇𝑇𝑃𝑃 . ∆𝑇𝑇𝑃𝑃 − 𝑂𝑂𝐶𝐶 − 𝑅𝑅

𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑇𝑇𝑒𝑒 𝐶𝐶𝑃𝑃 −1. 𝑅𝑅 . 𝑇𝑇𝑃𝑃 . ∆𝑇𝑇𝑃𝑃 − 𝑂𝑂𝐶𝐶 − 𝑅𝑅
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𝐻𝐻 = 𝑅𝑅𝐶𝐶𝑅𝑅𝑎𝑎𝑅𝑅𝑚𝑚𝐶𝐶𝑚𝑚 �
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𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇
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Presenter Notes
Presentation Notes
We dive a bit deeper, The sensor provides an measurement equation, here the touch point are on a surfaceThat we fill with he metrology loop geometryWe can pick and choose what we fit for



Renishaw RCS L-90 for a TCP identification 
From the modelling to the identification with a ball bar

𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖 = 𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑖𝑖 − 𝐶𝐶𝑚𝑚𝐶𝐶𝐶𝐶𝑅𝑅 .𝐷𝐷𝑚𝑚𝑒𝑒 − 𝐿𝐿𝑒𝑒𝑚𝑚𝐿𝐿𝑅𝑅𝐿𝑖𝑖

𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖 = 𝑇𝑇𝑒𝑒 𝐶𝐶𝑃𝑃 −1. 𝑅𝑅 . 𝑇𝑇𝑃𝑃 − 𝐶𝐶𝑚𝑚𝐶𝐶𝐶𝐶𝑅𝑅 .𝐷𝐷𝑚𝑚𝑒𝑒 − 𝐿𝐿𝑒𝑒𝑚𝑚𝐿𝐿𝑅𝑅𝐿𝑖𝑖

𝑚𝑚𝑚𝑚𝑚𝑚 �𝑒𝑒𝑒𝑒𝑒𝑒2
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𝐶𝐶𝑃𝑃

Presenter Notes
Presentation Notes
We dive a bit deeper, The sensor provides an measurement equation, here the sensor is a ball bar projecting the robot motion on its directionThat we fill with he metrology loop geometryWe can pick and choose what we fit for



Renishaw RCS T-90 for joint offset calibration 
From the model to the identification with a tripod of ball bars

𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖 = 𝑇𝑇𝑒𝑒 𝐵𝐵𝑎𝑎𝐵𝐵𝑒𝑒 −1. 𝑅𝑅𝑖𝑖 . 𝑇𝑇𝑃𝑃 − 𝑇𝑇𝑒𝑒𝑚𝑚𝐶𝐶𝐶𝐶𝑇𝑇

𝑅𝑅 = 𝐴𝐴1 . 𝐴𝐴2 . 𝐴𝐴3 . 𝐴𝐴4 . 𝐴𝐴5 . 𝐴𝐴6
𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖 = 𝑇𝑇𝑒𝑒 𝐵𝐵𝑎𝑎𝐵𝐵𝑒𝑒 −1. 𝐴𝐴1 . 𝐴𝐴2 . 𝐴𝐴3 . 𝐴𝐴4 . 𝐴𝐴5 . 𝐴𝐴6 . 𝑇𝑇𝑃𝑃 − 𝑇𝑇𝑒𝑒𝑚𝑚𝐶𝐶𝐶𝐶𝑇𝑇𝑖𝑖

𝑚𝑚𝑚𝑚𝑚𝑚 �𝑒𝑒𝑒𝑒𝑒𝑒2

𝑅𝑅 .
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Presenter Notes
Presentation Notes
We dive a bit deeper, The sensor provides an measurement equation, here the sensor is a tripod of  ball bar projecting the robot motion on its 3D directionThat we fill with he metrology loop geometryWe can pick and choose what we fit for



Closing the Loop

Tool TCP

Part Frame

Probe TCP

Single Joints

Root Datum
Offline Programming

Zero Manual Intervention

Automatic Cell Recovery

Applying sound metrology principles

Presenter Notes
Presentation Notes
Robots are geometrically complex with multiple axes and end-effectors. It is not good enough to understand a tool or a probe  as an offset, it needs to be fully identified in 6 dof through the kinematic chain. By understanding how the tool centre point of the probe truly relates to the TCP of the tool and the part infront of the robots, then a true understanding of the system is gained. This is transformative for robot integrators and users, as by achieving this we can realise offline robot programming which can be tied to the real world and minimise reprogramming and automating cell recovery. This means robots are installed faster and downtime can be minimised without needing to rely on skilled staff in the field.



Manual and visual Pin to pin method

Out of the box method – anything else?

Reproducible ? – Not really

Robot unidirectional repeatability: <10µm

R&R on pin to pin TCP: 700 µm!

Presenter Notes
Presentation Notes
We definitely need something else thant the basic manual and visual pin to pin method to be able dto deal with the enhanced accuracy of the coming robotAnd to make use of the great repeatability of the robots



Introducing the RCS Product Line

• Global launch in May/June 2023

• Bringing Renishaw’s proven technology, plus 50 years 
of metrology know-how, to Industrial Automation

• A Ballbar and Tri-ballbar kit for precise 1D and 3D tests 
- Automating calibration, setup, diagnostics and service 

• A range of probing kits which are calibrated to 6DoF  
for alignment and automated recovery routines

Aiding the commissioning, diagnostics and service 

Presenter Notes
Presentation Notes
Basically introducing our line of products and how we are building on Renishaw’s expertise to aid in the industrial automation sector.



Improving Geometrical Set up of robot cells

Process foundation
• Joint offsets

• Verification / Diagnostics

Process settings
• TCP

• Part Frame

In-Process Control
• Part Frame/ Tool Frame

• Simple and complex alignment

• Measurements

• Best Fit, distance, angle

Presenter Notes
Presentation Notes
The family of product helping at different stage



Any questions?

Using Ball Bar and Probing
3DMC - 28th September 2023 - Bilbao
Mr Jean-Louis Grzesiak - IA Technical Director

Improving Cell Initialisation



RCS Products
Tools in a toolkit

Presenter Notes
Presentation Notes
Videos to see what happens in reality



RCS Products
Permanent in-process 
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