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Intro

• Working with robots for 25+ years
• Director of Robotics when at 

Electroimpact
• Co-Founder of DEVSON 

Engineering
• Mainly aerospace manufacturing

• PTP drill/fasten (majority)
• CONT path trim, mill, etc.

• Nearly 200 systems deployed
• Focus on improving positional 

accuracy



Contents:

• Examples of Robots Delivered

• Methods Utilized in Practice 
for Accuracy Evaluation

• Observations and 
Considerations (Lessons-
Learned)

• Sources of error that may 
warrant more attention
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Typical Methods for Evaluating Robot Accuracy for Production 
Systems

Default metrology 
device:  LASER 

TRACKER

Reflector ideally at nominal 
TCP



Typical Methods for Evaluating Robot Accuracy for Production 
Systems

Concerned with working volume and respective joint 
ranges, not entire robot envelope



Typical Methods for Evaluating Robot Accuracy for Production 
Systems

Off part (no process forces)
• ~100 poses forward and back
• Within working volume
• Random orientation
• Exercise joint ranges
• Alt – customer supplies NC 

programmed poses to simulate 
production application.

Typical Conditions
• Low speed
• Actual payload(s)

• Often << rated payload 
especially for milling 
applications

• Trial duration minimized



Typical Methods for Evaluating Robot Accuracy for Production 
Systems

Statistics
• Assume normal distribution 

(found this is a good assumption)
• Best-fit nominal/actual to wash 

out error in base transform 
(though worth noting error)

• Optional results with best-fit TCP
• Accuracy → Average + 3 * STDEV 

error (99.7% confidence)

• Also reported:
• Omni-directional 

repeatability
• Vector accuracy reported if 

feasible
• Move quill
• Multiple tool lengths

𝑒𝑟𝑟𝑜𝑟𝑖 = √[(𝑥𝑎𝑖 −  𝑥𝑛𝑖)2+ (𝑦𝑎𝑖 −  𝑦𝑛𝑖)2+ (𝑧𝑎𝑖 −  𝑧𝑛𝑖)2]



Typical Methods for Evaluating Robot Accuracy for Production 
Systems

On part
• Includes all error sources

• Robot
• Tool and base/part 

transforms
• Process forces
• Work piece deflection



Typical Methods for Evaluating Robot Accuracy for Production 
Systems

On part Statistics
• Measured via best method (in this 

example, laser tracker)
• 2D deviation from nominal vector 

reported.
• Accuracy → Average + 3 * STDEV

  

  

   

   

   

   

   

   

                                

                

     



Typical Methods for Evaluating Robot Accuracy for Production 
Systems

Path-Related Processes (with external forces)
• Quantify off-part accuracy as noted 

previously (static)
• General tuning and speed optimization can 

be performed using continuous motion tests 
similar to those noted in ISO9283, etc.  
Reflector in TCP, motion “in air”.

• Actual performance evaluated on part by 
producing product and measuring result 
(CMM, laser tracker, etc.)
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Observations and Considerations – Notes from Production Implementations
Joint Space vs. Cartesian Space
• Working volume does not tell the whole story
• Joints range and TCP orientation must be exercised – unless specific application will not utilize
• Great test is to roll/pitch/yaw about TCP-mounted reflector – instant indicator of expected 

accuracy
LARGE Cartesian volume, minimal orientation 

change, minimal joint range, INCREASED accuracy
SMALL Cartesian volume, significant orientation 

change, extreme joint range, DECREASED accuracy



Observations and Considerations – Notes from Production Implementations
Drift of pose as related to mechanical construction
• Common source of drift is heat from motors (time dependent)
• Other sources may exist based on component selection (time AND position dependent)

• Example: Counterbalances seen on joint 2 of various robots

• Hydro-pneumatic counterbalances exhibit 
variable force as the pressurized gas is 
heated/cooled.

• Large actuation results in rapid gas temperature 
change which slowly reaches equilibrium (1-2 
minutes).

• During this time TCP drift is noted, and depending 
upon design, can drift in multiple directions



Observations and Considerations – Notes from Production Implementations
Metrology Device Accuracy is Becoming More Significant
• ISO 9283 (and others) specify the uncertainty of measurement shall not exceed 25% of the 

magnitude of the characteristic under test.
• Including ambient changes, reflector condition/precision, calibration – Laser tracker accuracy 

is good to about 0.03 to 0.05mm. 

In practice, 0.03-0.05mm (0.001-0.002”) Verified accuracies < 0.12-0.15mm (0.005”-0.006”)
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Significant Contributors to Positional Error Warranting More Attention in Standard(s)
Additional Kinematic Axes
• Out of nearly 200 production system implementations, 96% utilize a 7th axis to increase working range

• Horizontal [most common] – robot rides on linear sled parallel to floor
• Vertical – robot on elevator
• Combinations thereof

• Error from linear axes is often amplified by the ratio of ArmReach:WheelBase/Track
• TCP deviations from external axes alone can easily exceed those exhibited solely by the robot
• External axes are servo-controlled and utilized as part of the kinematic chain, not positioned at discrete 

intervals



Significant Contributors to Positional Error Warranting More Attention in Standard(s)
Process Forces and Static Compliance
• One of the most critical characteristics for actual 

performance of the robot system
• Spring rates are pose-dependent, but can be 1mm or 

more per 100kg even for 500kg+ capacity robots.
• There are methods for dealing with the forces 

(predictive, sensed) but having a baseline for 
uncompensated performance would be extremely helpful

• We did extensive deflection evaluation across multiple 
makes to help select most rigid platform for given 
reach/payload capacity
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