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Figure 24: HEPHESTO planning and programming functional architecture.
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Figure 22: Easy-Rob Open Programming Environment Intferfaces
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PLANNING AND PROGRAMMING MODULE (3)

Function DLL
Export fct_01()
Expnrt fet_02()

Window® DLL
’ 7 (64 bit)

W

)
(0

{ SOMAL
AOBOTICS

MATLAB®
SIMULINK®

COMAU ORL

Figure 23: Easy-Rob — Matlab engine communication interface
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WORKFLOW FOR NC-PATH SCENARIO

Step 1. NC-Path Generated by CAD/CAM Software (G-code or APT-CL)
Step 2: Imported and Visualized in Easy-Rob

Step 3: User Frame, Extra DOF, Reachability

Step 4A: 3D Simulation

Step 4B: Target Compensator / Intelligent Module

Step 4C: Export to COMAU PDL Language

4A

4C
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WORKFLOW FOR HUMAN/SENSOR PATH SCENARIO

e Step 3: User Frame, Extra DOF, Reachability
o Step 4A: 3D Simulation
« Step 4B: Target Compensator / Intelligent Module
e Step 4C: Export to COMAU PDL Language AN
2A
1 3 4B
2B

4C
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“INTELLIGENT MOTION PLANNING AND PROGRAMMING FUNCTIONS
Dynamic Robot Reconfiguration

Algorithms for Robot’s 6th DOF + Turntable (7th axis)
Considering Interpolated Robot Motion

Considering Quasi-Static Loads (Force Ellipsoids)
Robot Dynamics and Control System Performance
MATLAB-Interface with Easy-Rob
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e Paper Submitted to AIM 2014 (France)
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actual path

corrected path

Fig. 3. Reflector position used when estimating stiffness of joint 1.

Fig. 1. [lingration of stiffness-based path correction for a machining
operation. Picture courtesy of Fraunhofer IPE

Hephestos Work-Package Meetings March 2014. Page: 8

Goal: Create a DLL in Hephestos which can do this.
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 Combined stiffness: Bearings, Gears, Arms, Controller

Fig. 5. Reflector posuion used when estimarting stiffness of joins 3-6.

Joint
Stiffness
|dentification

Hephestos Work-Package Meetings March 2014. Page: 9

Fig. 4. Relleoor posilion wed wher extimaling giffnesy of joind 2
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Joint # 1 2 3 4 5 6

K.(relative) | 1.00 | 0.918 | 0.858 | 0.049 | 0.021 [ 0.051 d -I: "
TRBLETV ldentification

Identified combined joint stiffnesses.
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Fig. 7. Estimated siffness af joint 2.
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 Document the milling results and measurements performed in
Oulu, Grimstad and Berlin

o Submit a paper on this topic to MESA 2014

« Start working on the Easy-Rob DLL

~ corrected path

Displacerment XY{br, ForceYZ{m®*), TorqueYZ(g®)

¥ s

Fig. 1.  Mustration of stiffness-based path correction for a machining Figure 19: Experimental Setup: FARO Laser Tracker and ABB 6660.
operation. Picture courtesy of Fraunhofer IPE

Hephestos Work-Package Meetings March 2014. Page: 11




