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1. Introduction

2. Agenda

Day
Time
Activity

Tuesday 29/8




10.00 – 12.00
Introduction and Absolute Accuracy presentation. P25.


13.00 – 15.00
Analysis of wrist and foot. K30 and RML.


15.00 – 15.30
Wrap up.

Wednesday 30/8




09.00 – 12.00
Investigation of wrist and foot tolerances.


13.00 – 13.30
Discussion of GM proposal.


14.00 – 16.30
Analysis of wrist and foot. K14 and RML


16.30 – 19.00
Wrap up and documentation.

Thursday 31/8




09.00 – 10.00
Analysis of flange tolerances K3.


10.00 – 12.00
IT Discussion P25.


13.00 – 15.00
Summary of wrist, foot and flange investigation.


15.00 – 18.00
Technical discussion (Slocum). K4 and RML.


19.00
Dinner at Pråmen.

Friday 1/9




09.00 – 09.15
Introduction. Conference room K12.


09.15 – 10.15
MIT concept presentation (Slocum).

General discussion.


10.15 – 10.45
Coffee.


10.45 – 12.00
Wrist and flange mounting (Willoughby).

Foot mounting (Hart).

General discussion and definition of priorities. 

Evaluation and mitigation of technical risks.


12.00 – 13.00
Lunch – guest dining room.


13.00 – 13.45
Experience from Volvo (Axelsson).

Clarification of problems and requirements.


13.45 – 14.30
Continuation of wrist, foot and flange discussion.


14.30 – 15.00
Coffee.


15.00 – 16.00
Definition of total project plan, activities and timeplan.


16.00 – 18.00
SEROP – SECRC – MIT discussion session.

Parallel kinematic robot structures (Brogårdh).

PhD opportunities (Robertson).


18.00
Adjourn.

3. Attendees

MIT


Professor Alexander Slocum


Patrick Willoughby


John Hart

SECRC

Dr Chan–Yuan Gu

Volvo


Stefan Axelsson

SEROP D, R


Dr Torgny Brogårdh


Dan Rylander


Björn Näslund


Per Lindblom (replacement for Christer Lundström)


Sara Lundström


John-Erik Snell


Henrik Jerregård


Alec Robertson

4. Kinematic couplings

Details regarding the kinematic coupling concept can be found in various presentations at the following site: 

site: www.pergatory.mit.edu/abb 

login name: abb

password: BAAABB

Files: 
“Kinematically Coupled Robotics Proposal.doc” 


“MIT Project Presentation.ppt”

In general the kinematic couplings represent a mechanical connection technique with repeatability accuracy in the order of micrometres. This allows highly accurate placement and exchangeability of mechanical components. Specific to robot applications, accurate mechanical placement of the wrist unit, foot and flange are the key priorities, responding to demands from customers such as Volvo (wrist replacement) and Ford (accurate foot). 

4.1 Foot and wrist exchangeability

Projects are to be undertaken, for exchangeability of the wrist and foot, by MIT students Patrick Willoughby and John Hart (refer to section 6 for detailed project plans). The information presented by each student, including key points to be addressed, is inserted as follows.
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In summary, the wrist mounting method could comprise a kinematic wavy spring washer or a quasi-kinematic coupling. Mechanical exchange would then involve exchanging the wrist and downloading new parameters (extra parameters are required for the coupling). This would also require pre-calibration at the SEROP production centre.

The foot mounting method ideally would comprise three canoe balls mounted on a base plate with matching groove insets mounted in the existing robot foot holes. The robot’s static and dynamic loads would be taken by the canoe balls requiring appropriate, dimensioning of the Hertzian contact zone. This produces optimal accuracy which may be far in excess of the level required, hence a cheaper solution could be to use a quasi-kinematic couplings to achieve a more realistic accuracy level. The load bearing capabilities of such a system must also be appropriately dimensioned.

4.1.1 Cell alignment

With regards to measurement techniques, in particular the ability to measure the location of the robot base pins; several solutions to the cell alignment problem were presented. Due to the small separation between the robot mounting pins and the base frame origin, the calculation of the base frame is mathematically poorly defined. Small errors in the measurement system can lead to large errors at the robot TCP. Drawing from the ball bar concept, a semi-sphere can be manufactured into the top of each canoe ball without loss of accuracy. A proprietary tool connects to the sphere and accommodates a measurement system reflector. The tool is rotated as per usual spherical fit techniques and the location of the hole determined. As such the positional error of the hole is reduced to the accuracy of the measurement system. In order to further reduce the error, the Leica system can be mounted on a kinematic coupling plate and placed on the robot base. The cell components can forthwith be measured, eliminating the robot base measurement error. Fixture measurement can be improved through the use of similar semi–spheres that are attached upon construction of the line.

4.1.2 Concerns raised

· To achieve the desired accuracy the robot needs to be mounted such that the canoe balls take the entire load of the robot. Is there a danger of plastic deformation? 

· Will the effect of corrosive substances on the canoe ball foot plate introduce surface cracking, eventually leading to failure? How does dirt and grime affect the mounting accuracy? 

· How does temperature effect the accuracy of the mounting? How does this compare to the expected temperature deviation of the robot structure?

4.2 Other applications

With regards to the use of kinematic couplings elsewhere in the robot structure, several components were identified.

· The Voyager base should be converted to a three point mounting to optimise accuracy. The existing four point mount is not an appropriate solution for accuracy based applications. An alternative is to introduce a fifth mounting point at the front of the Voyager base. According to the Voyager team, this should not be a problem in the future.

· Mounting of axis-2 cover plate. Currently achieved with 10–15 bolts on the IRB6400R machine. It would be possible to use three quasi-kinematic coupling “plugs” to accurately place the cover. Shear stresses would be taken by the three bolts (typically through the plugs) as well as the plugs themselves that are inset into the robot structure. A watertight seal is not guaranteed for a three point mounting requiring a rubber gasket to be inset as per standard engine construction techniques.

· Connection of the wrist unit is currently achieved with 8 bolts. This could also be achieved with three quasi-kinematic coupling plugs, but it must be determined whether three bolts are sufficient to take the bending load. The three plugs would take the shear stresses, together with the bolts. According to the mechanical design engineers, at least six bolts are typically required. 

· Use of kinematic couplings elsewhere in the structure where accurate and repeatable mechanical interfaces are required.

5. Volvo’s Experience
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A summary of Volvo’s experiences indicates that they achieved exchangeability of robot components for the Kuka spot welding and handling robots. Exchangeability of the wrists is made possible through the accurate mounting interface (two control pins) and the same accuracy parameters (Kuka wrists are manufactured to be exchangeable). The foot is also sufficiently accurate to allow the exchange of an entire robot. The accuracy demands following such actions are diminished, with an acceptable positioning error of 2–3mm.

Volvo feels that the optimum future solution for Absolute Accuracy maintenance is to use mechanically exchangeable parts, without the need for re-calibration. Use of a measurement system can result in maintenance time of six to twelve hours, compared with one half hour at best for mechanical exchange. However, if a measurement system were efficiently integrated into the robot cell (i.e. ABB provide an entire cell instead of single robots) then this could also be an effective solution. 

6. Project plan

6.1 Exchangeable robot foot — John Hart
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· Investigate and document existing tolerances in robot base IRB6400 and IRB6400R. Development of CAD models. September 2000.

· Conduct customer (GM) interview(s) to determine correct base frame alignment strategy. Align to axis 1 or align to base mounting pins? Present in conjunction with Absolute Accuracy slides. December 2000.

· Identify first phase alternatives for base mounting system. Define design criterion (cost, ease of use, customer requirements, performance, etc.) for each alternative. November 2000.

· Flexural couplings.

· Standard canoe ball.

· Quasi–kinematic coupling.

· Develop and construct prototype base for chosen kinematic-coupled base (without need for robot) to perform repeatability and other criterion. Integrate simulation information from ADAMS models regarding interface torques and forces, now and future. January 2001.

· Develop retrofit base structure for robot structure (IRB6400 or IRB6400R) and test on site at ABB Robotics, for repeatability and other criterion. Measurement using Leica for static and dynamic exchangeability accuracy. Requires specific Robotics resources. June 2001.

· Implement pilot installation (test cell) at GM Detroit for Absolute Accuracy, CalibWare and kinematic coupling. August 2001. 

· Advance purchase of robot for GM cell, November 2000. 

· Investigate and develop appropriate software administration mechanism for robot error parameters, specifically for the GM customer demands (refer to separate document). Investigate possibility for integration into the ABB Absolute Accuracy CalibWare software product (MITWare?). August 2001.

6.2 Exchangeable wrist unit — Pat Willoughby

· Investigate and document existing tolerances in robot wrist IRB6400R. Development of CAD models. Investigation of Absolute Accuracy wrist and overarm parameters. Integrate simulation forces at interface between wrist and overarm. ABB supplied from ADAMS models. November 2000.

· Identify alternatives for coupling system. Define design criterion (cost, ease of use, customer requirements, performance, etc.) for each alternative. December 2000.

· Flexural couplings.

· Standard canoe ball.

· Quasi–kinematic coupling.

· Spring washer.

· Retrofit wrist adapter. May 2001.

· Develop and construct retrofit robot wrist adapter for chosen alternative. Implement on separate test jig (without need for robot) to perform repeatability tests. 

· Implement and test on detached extension–wrist unit (obtain from USFAC). 

· Implement and test on full robot system at ABB Robotics. Requires specific Robotics resources. 

· Improved design wrist unit. August 2001.

· Investigate potential for reduced number of bolts, considering bending and torsional effects.

· Changes to casting/manufacturing drawings.

· Weak link for predictable failure mode, in wrist or tool?

· Kinematic couplings for extensions.

6.3 WonderWyler unit — Pat Willoughby

As an additional application of kinematic couplings, the WonderWyler unit was presented to Slocum et al. Refer to separate documentation for concept and specification definitions. MIT will design and construct a prototype unit. Refer to WonderWyler project plan for further details.
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		First Attempt - 30 to 60 minutes

		Following Attempts - 20 minutes

		Possibility for Wrist Damage

		Possibility for Worker Injury

		Repeatability to ~ 1mm



Robot Wrist

Robot Wrist Removal Process

Note: Robot is in Wrist Removal Position
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Disassembly Procedure

1. Move Robot Into Removal Position

2. Place Crane Belt (Purple) around Wrist 

3. Tension Belt

4. Loosen Bolts Slightly

5. Separate Wrist from Arm and Lower Wrist Slightly

6. Remove Bolts and Friction Plates

7. Slide Wrist out of Arm Completely
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Reassembly Procedure (1)

1. Raise Wrist to Arm

2. Align Wrist Parallel to Arm and Slide Wrist Motor Casing into Arm

3. Stop with ~1 - 2 cm between Wrist and Arm Interfaces





Pat Willoughby        MIT/ABB



Reassembly Procedure (2)

4. Replace Friction Plates

5. Tighten Bolts with Socket Wrench to Bring Wrist and Arm in Contact

6. Tighten Bolts to Final Value with Torque Wrench (See Below)

7. Remove Belt

Bolt Tightening Pattern

Friction Plate (2)
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Design Concerns and Implementation

		Tolerance Analysis - Effect of Tolerances on Accuracy

		Repeatability

		Currently uses Control Pin and Hole

		Replace with one of Kinematic Coupling Methods 		   (Wavy Spring Washer, Standard Canoe Ball, Quasi Kinematic Coupling)

		Implementation

		Use of a Adapter Plate for Existing Robots

		Addition of Coupling to New Robots and Arm Extensions

		Testing of Adapter Plate on Wrist and Arm without Entire Robot
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Development of a High-Precision, Kinematically-Coupled, Quick-Change Robot Baseplate System



S.M. thesis topic of John Hart

with Prof. Alexander Slocum

MIT Precision Engineering Research Group (PERG)

Cambridge, MA



September 2000
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Project Goal

Errors in Robot Accuracy

Current ABB Robot Calibration Procedure

Current ABB Baseplates

System Design Concepts

KC Design Concepts

New ABB Robot Calibration Procedure

Project Schedule

Robot User Benefits

Conclusion

Overview
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Project Goal

Design, test, and demonstrate production feasibility of a modular robot baseplate with kinematic couplings as locators.  

Kinematic couplings provide a deterministic, repeatable interface, enabling robots to be calibrated at ABB and installed on baseplates at the line site.  Baseplate modularity feature is built for ABB CalibWare, enabling robot to work to high accuracy (0.1 mm) within minutes of installation.

		First implementation on ABB IRB6400R (150 kg payload).

		Future implementation on 500 kg payload robot and beyond.
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(1) Gravitational effects on the gearboxes and structure, causing positional offsets of the robot axes.

(2) Accuracy of the calibration procedure.

(3) Manufacturing tolerances on the components (e.g. base and foot) – especially problematic in replacement procedures – touch-up is required.



Errors in Robot Accuracy

Errors in robot positioning are caused mainly by:

The Absolute Accuracy package attempts to rectify (1) and (2) using inverse kinematic corrections. However, narrower tolerances or a redefined calibration/interface strategy is needed to guarantee TCP accuracy.
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Current ABB Robot Calibration

Currently, the ABB IRB6400R is calibrated as follows:

		At ABB, fix complete robot in location with Leica laser positioning system in place.

		Manipulate robot to a number of points in space (approx 100 joint references), with Leica system measuring each location with respect to its own coordinate system.

		Determine error coefficients based on solution to Jacobian equation system. Determine base frame relationship between Leica and theoretical robot base (axis 1).

		Implement error coefficients and manipulate robot to an additional 50 positions (cartesian references) to verify robot accuracy. Accept if 95% of non singular positions are less than 1mm from desired position.

		The robot is shipped to the customer site. A cell alignment is performed by measuring 10 points (cartesian robot references) and aligning the Leica base coordinate system to the robot base coordinate system. Inherent in the procedure is an error indication for the 10 points.

		Work objects must be similarly aligned.

		TCP must be determined (geometric or SBCU). 
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Current ABB Baseplates

Three-hole (IRB6400) Baseplate:

6400R has 4 holes – will survey potential for symmetric coupling configuration
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Current Baseplate Tolerances
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Feature Tolerance		Worst-Case	RSS



0.1 mm (6400)			0.79		0.66

0.4 mm (6400R)		2.41		1.32

Current Baseplate Tolerances

This variation gives TCP error (mm) of:
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Current ABB Baseplates

Essentially, solve a problem of this magnitude:
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Baseplate System Concepts

Robot with grooves matching standard coupling base.

Design a quick change robot base-baseplate pair using KC’s:

Array of three couplings deterministically constrains motion; bolts through clearance holes in base and baseplate ensure stability.

Raised couplings are on floor-mounted baseplate; grooves are on the bottom of robot.

Designed with minimal modifications to IRB6400R baseplate (perhaps put couplings in existing hole locations)

Existing power connections maintained.
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Baseplate System Concepts

Common interface enables robots to be ‘plugged’ into working positions.

Redefine the robot calibration and installation procedures:

Robots are Leica calibrated to a master baseplate (high-precision machined) at ABB.

Each ‘production’ baseplate is measured – locations of couplings are documented .

Robots are mounted to baseplates at the line site.

Interface is deterministic, so coupling mechanics equations give coordinate transformation between robot base and baseplate.  Coordinate system is known accurately and precisely.

Interface is extremely repeatable for replacement/reinstallation.
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Baseplate System Concepts

Think about an intelligent interface:

Baseplates are coded by serial number, matching an identifier for the calibration data.

Calibration data is on a diskette, or perhaps preferably chip-coded to the baseplate on the factory floor (prevents mixing, loss over several years), or housed on an ABB internet database.

Build a module for ABB CalibWare to automate the line site calibration process – take base coordinates (already know robot coordinates) and synthesize world coordinates.  Software option / add-in routine.
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Triangle geometry of couplings on base and baseplate.

Possible split coupling interface giving symmetric interface (like 6400R base)

Quasi-KC or Canoe Ball

Analysis/experimentation required

Detailed KC Concepts

		Bolts radially outboard of couplings.

		Hemisphere machined into raised coupling for base calibration.

		Validate performance and determine cost/performance tradeoffs:

		Quasi-KC’s – lowest cost, grooves machined into base, modular coupling bolted to baseplate, perhaps hard stainless.  Validate load capacity.

		Canoe Ball KC’s – higher cost, modular grooves and couplings.  Ultimate repeatability.  Material = load capacity determined.
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IRB6400 Load Estimates

Use these load estimates (from IRB6400 product manual) during concept design phase:











ABBQuestions


			Get a baby robot to play with / program?


			Languages of communication - are there standards


			Use of baseplates / common interfaces


			How are robots calibrated, and how is calibration data expressed/translated - fingerprints?


			Does each robot have a calibration 'signature'?, e.g. an advanced package


			Sizes, classes, payloads, weights, specifications = define


			Driveshaft interface components


			Get robot simulation software such as Deneb, ROBCAD


			Work on common software for baseplate and wrist development








GMQuestions


			Data representation and computer/network interface in PAAS?








General Questions


			








Notes


			Lately ABB = big quality problems @GM, especially with wrists


			GM recently retrofitted nearly 3,000 ABB wrists - not warranty repairs


			Bought 2000 ABB's for GMT800 (full-size truck) plants


			Replacing ABB with Kuka at Doraville


			robotics.org - resource sites, listings of suppliers and manufacturers


			Robohand, ATI make quick-disconnect tool changers


			GM moving away from baseplates - add cost without extra functionality


			Quick-change precision germane to dispense applications - paint shop, sealant, etc - where quality is very path-dependent, and each point matters


			Dynalog - solves the calibration problem - gives each robot a signature


			Wampler derived a system of algorithms / inverse kinematics = set of offsets for calibration of modules, in absolute encoder in each module


			Wampler put non-volatile memory storing calibration info in each module


			ABB accuracy package like the Dynalog signature


			RCS = robot control system


			RRS = realistic robot simulation


			Faceplate design conforms to ISO 9409-1-A


			Insulated faceplate as option - see GM RS-1


			All robots must have absolute position measuring system - no need to go home to reset


			Can calibrate one axis at a time without disturbing others


			Machined base allows repeatable positioning of robot to +/- 0.5 mm


			Quick calibrate body shop robots WRT TCP in 5 min to +/- 2 mm


			Use quick-disconnect connectors at major robot interfaces (here drive to standardize dress/positioning)


			Single-piece baseplate as option (modular vs. fixed one-piece to floor)


			Robots must be able to load/unload operatig system, software, and programs via ethernet connection


			Each robot is to have 10 TCP's


			End effector communication for automatic collision detection - programmable sensitivity to impulse payload change


			Controller contains full file management capabilities


			Accurate robot model is key to simulation success


			IRB 6400R is focus of KC research


			IRB 6400R has 150kg payload


			Volvo requests accuracy of +/- 1 mm for 95% of robot positions


			Three main error sources: (1) positional offsets of axes, (2) gearbox flexibility (backlash), (3) factors of calibration


			Compensate for error through inverse kinematics - build a mathematical model of errors/structure/dynamics


			at ABB, calibration is to:


			Calibrate


			Load error parameters


			Verify accurate measurement - know from model how robot will deviate, then correct…


			40 calibration parameters per robot - handled status quo by ABB WebWare


			Calibration is done to theoretical position of axis 1


			Goal is 1/10 of desired variation in baseplate / basesystem manufacturing = 0.1/10 = 0.01


			Exisiting plate design gives worst case of +/- 1 at TCP


			Goal to have a serial memory chip in the baseplate








Data


			IRB 6400R working loads


						Operation (kN, kNm)			E-stop (kn, kNm)


			Force (xy)			+/- 14			+/- 38


			Force (z)			22 +/- 8			22 +/- 19


			Torque (xy)			+/- 34			+/- 61


			Torque (z)			7			+/- 15


			Arm length = 3.5 m








Needs


			IRB 6400R Robot Model - CAD, ADAMS, etc.


			ABB software = calibware, etc..


			SolidWorks


			ADAMS - and/or dynamic loads for robot cycling


			Robot Studio








MakeContacts


			Jim Wells, Marty Linn / Charles Wampler about PAAS specifics, computer representation


			Ford - Chris Magee, referral about project goals, desires


			ABB - Jim Harnden in New Berlin, WI about WebWare
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New Calibration Procedure

Hence, we can detail a new ABB calibration procedure:

At ABB, fix complete robot in location by placing it on a standard, precision-machined baseplate with kinematic couplings.  

Manipulate robot to a number of points in space (approx 100 joint references), with Leica system measuring each location with respect to its own coordinate system.

Determine error coefficients based on solution to Jacobian equation system. Determine base frame relationship between Leica and physical robot base (deterministically known from coupling interface geometry).

Implement error coefficients and manipulate robot to an additional 50 positions (Cartesian references) to verify robot accuracy. Accept if 95% of non-singular positions are less than 1 mm from desired position.

At the customer site, when the robot arrives, a production baseplate has been mounted to the floor and measured with respect to the tooling.  The robot is placed on the baseplate, and an ABB CalibWare software routine synthesizes the transformation of coordinates between the baseplate-to-tooling reference and the base-to-flange reference (from ABB calibration).

The TCP of the end-effector is determined (geometric method or SBCU method) and added to the flange reference (this computed at plant or at system integrator).
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New Calibration Tool - Ball Bar

Cell calibration uses new measurement tools:

As mentioned before, a hemisphere is machined to the top of each coupling on the baseplate for easy measurement.

Use a Leica system with the relflector attached to the end of a ’ball bar’ - an extendable bar with a three-pronged foot that rests on the hemisphere.

Ball bar is pivoted to various points for Leica to determine location of couplings.

Also place hemispheres on tooling to enable ball bar usage.

BASEPLATE

Coupling (Canoe Ball type shown)

with hemisphere

LEICA

UNIT

Telescoping ball bar unit: 3 prongs rest on hemisphere
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Project Schedule











PRIVATE
ID


Task Name


Duration


Start


Finish


% Complete





1


<div STYLE="margin-left:4">Early Project Planning</div> 


63 days


Mon 06/26/00


Wed 09/20/00


94%





2


<div STYLE="margin-left:16">Meetings at MIT w/Prof. Slocum and GM R&D</div> 


2 days


Mon 06/26/00


Tue 06/27/00


100%





3


<div STYLE="margin-left:16">Prepare & present proposal to GM, gather GM robots information</div> 


38 days


Wed 06/28/00


Fri 08/18/00


100%





4


<div STYLE="margin-left:16">Meetings at ABB Robotics in Vasteras, Sweden</div> 


4 days


Tue 08/29/00


Fri 09/01/00


100%





5


<div STYLE="margin-left:16">Define research goals and major deliverables, make preliminary schedule</div> 


3 days


Fri 09/01/00


Tue 09/05/00


100%





6


<div STYLE="margin-left:16">Project discussions w/Prof. Slocum at GM & Ford</div> 


3 days


Mon 09/18/00


Wed 09/20/00


0%





7


<div STYLE="margin-left:4">Order ABB IRB6400R for GM Summer 2001 Test Cell - If Necessary</div> 


1 day


Mon 11/06/00


Mon 11/06/00


0%





8


<div STYLE="margin-left:4">IT Background Study</div> 


107 days


Thu 09/14/00


Fri 01/26/01


0%





9


<div STYLE="margin-left:16">Take MIT course 1.124J – Fundamentals of Software


69 days


Thu 09/14/00


Tue 12/12/00


0%





10


<div STYLE="margin-left:16">Develop web- or Windows-based KC design tool (from spreadsheet)</div> 


28 days


Mon 10/09/00


Sun 11/12/00


0%





11


<div STYLE="margin-left:16">Visit to ABB in New Berlin, WI to study ABB WebWare</div> 


2 days


Mon 11/13/00


Tue 11/14/00


0%





12


<div STYLE="margin-left:16">Background study of ABB CalibWare</div> 


38 days


Wed 12/06/00


Sun 01/21/01


0%





13


<div STYLE="margin-left:16">Hands-on learning of ABB CalibWare & calibration process in Vasteras, Sweden</div> 


5 days


Mon 01/22/01


Fri 01/26/01


0%
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Project Schedule (Continued)











14


<div STYLE="margin-left:4">Early Mechanical Development</div> 


105 days


Mon 09/11/00


Sun 01/21/01


0%





15


<div STYLE="margin-left:16">Outline KC concepts for robot base</div> 


11 days


Mon 09/11/00


Sun 09/24/00


0%





16


<div STYLE="margin-left:16">Design multi-concept KC robot base test fixture</div> 


11 days


Mon 09/25/00


Sun 10/08/00


0%





17


<div STYLE="margin-left:16">Procure parts for test fixture and assemble (potentially outsourced)</div> 


28 days


Mon 10/09/00


Sun 11/12/00


0%





18


<div STYLE="margin-left:16">Conduct KC fixture repeatability & performance tests</div> 


30 days


Wed 11/15/00


Sat 12/23/00


0%





19


<div STYLE="margin-left:16">Aggregate & analyze test results</div> 


15 days


Tue 01/02/01


Sun 01/21/01


0%





20


<div STYLE="margin-left:4">Study GM Robot Replacement Process at GM Doraville, GA Assembly</div> 


7 days


Sun 12/24/00


Sun 12/31/00


0%





21


<div STYLE="margin-left:4">Review of test results & final concept selection at ABB in Vasteras, Sweden</div> 


5 days


Mon 01/22/01


Fri 01/26/01


0%





22


<div STYLE="margin-left:4">Detailed Design & Prototype Construction</div> 


87 days


Tue 01/30/01


Mon 05/28/01


0%





23


<div STYLE="margin-left:16">Detailed prototype mechanical design - run simulations and make drawings</div> 


25 days


Tue 01/30/01


Sun 03/04/01


0%





24


<div STYLE="margin-left:16">Procure parts for prototype base and assemble (potentially outsourced)</div> 


46 days


Mon 03/05/01


Sun 05/06/01


0%





25


<div STYLE="margin-left:16">Detailed prototype software design - module for ABB CalibWare</div> 


46 days


Mon 03/05/01


Sun 05/06/01


0%
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Project Schedule (Continued)











26


<div STYLE="margin-left:16">Stand-alone final preparation & shipment to test cell location</div> 


16 days


Mon 05/07/01


Mon 05/28/01


0%





27


<div STYLE="margin-left:4">Prototype Test Cell Case Study at General Motors / ABB - Specific Tasks TBD</div> 


69 days


Tue 05/29/01


Fri 08/31/01


0%





28


<div STYLE="margin-left:16">Decision on production worthiness</div> 


69 days


Tue 05/29/01


Fri 08/31/01


0%





29


<div STYLE="margin-left:16">Develop production drawings</div> 


69 days


Tue 05/29/01


Fri 08/31/01


0%





30


<div STYLE="margin-left:16">Develop methods to transfer KC design capability to ABB engineers</div> 


69 days


Tue 05/29/01


Fri 08/31/01


0%





31


<div STYLE="margin-left:4">Complete S.M. Thesis</div> 


1 day


Fri 08/10/01


Fri 08/10/01


0%





32


<div STYLE="margin-left:4">Early thinking about PhD Study</div> 


15 days


Mon 08/13/01


Fri 08/31/01


0%
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Robot User Process/Benefits

For an initial robot replacement project:

Robot user purchases a standard, kinematically-coupled base plate and the with each robot. 

Baseplates are installed at the line site and calibrated to tooling in advance of system installation (e.g. while system is being integrated at line builder).

When robots arrive at line site, each is installed to a baseplate, and CalibWare routine is run to synthesize robot coordinate system.

Robots can be run accurately without calibration or program touch-up at user facility.

Essentially eliminates engineering costs for robot installation debug and programming; makes offline/simulation programming much more viable.





September 11, 2000
Slide * of 22



Robot User Process/Benefits

In subsequent replacement efforts:

Assuming new robots are in the same size/payload class as existing robots, the standard baseplates are re-used and kept in the same locations. 

New robots are shipped to the user facility, and ‘plugged in’ as described previously.

In routine maintenance and at catastrophic failures:

Kinematic coupling repeatability enables robots to be removed during scheduled downtime for major maintenance and precisely reinstalled.

If a robot fails catastrophically, it can be replaced and fixed offline instead of fixed online, reducing very costly downtime.

Perhaps robot life can be extended by periodically rotating robots.

(All requires an accomodating line design).
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Conclusions

Seek to improve robot TCP accuracy through a kinematically coupled baseplate system.

Interface is deterministic and highly repeatable (<0.1 mm).

Redefines calibration procedure: robots calibrated to master baseplate, baseplates calibrated individually.  Pairs matched at line site and ‘auto-synthesized’.  New high-precision tools for cell alignment (tooling-to-baseplate measurement) developed.

Potential further IT considerations: internet/intranet robot interfaces, further ‘intelligent’ system integration with ABB WebWare, CalibWare.  Database management of calibration files, preventative maintenance monitoring…
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26


Stand-alone final preparation & shipment to test cell


location


16 days


Mon 05/07/01


Mon 05/28/01


0%


27


Prototype Test Cell Case Study at General Motors /


ABB - Specific Tasks TBD


69 days


Tue 05/29/01


Fri 08/31/01


0%


28


Decision on production worthiness


69 days


Tue 05/29/01


Fri 08/31/01


0%


29


Develop production drawings


69 days


Tue 05/29/01


Fri 08/31/01


0%


30


Develop methods to transfer KC design capability to ABB


engineers


69 days


Tue 05/29/01


Fri 08/31/01


0%


31


Complete S.M. Thesis


1 day


Fri 08/10/01


Fri 08/10/01


0%


32


Early thinking about PhD Study


15 days


Mon 08/13/01


Fri 08/31/01


0%


Operation (kN, kNm) E-stop (kn, kNm)


Force (xy) +/- 14 +/- 38


Force (z) 22 +/- 8 22 +/- 19


Torque (xy) +/- 34 +/- 61


Torque (z) 7 +/- 15


Arm length = 3.5 m






ID


Task Name


Duration


Start


Finish


% Complete


1


Early Project Planning


63 days


Mon 06/26/00


Wed 09/20/00


94%


2


Meetings at MIT w/Prof. Slocum and GM R&D


2 days


Mon 06/26/00


Tue 06/27/00


100%


3


Prepare & present proposal to GM, gather GM robots


information


38 days


Wed 06/28/00


Fri 08/18/00


100%


4


Meetings at ABB Robotics in Vasteras, Sweden


4 days


Tue 08/29/00


Fri 09/01/00


100%


5


Define research goals and major deliverables, make


preliminary schedule


3 days


Fri 09/01/00


Tue 09/05/00


100%


6


Project discussions w/Prof. Slocum at GM & Ford


3 days


Mon 09/18/00


Wed 09/20/00


0%


7


Order ABB IRB6400R for GM Summer 2001 Test Cell -


If Necessary


1 day


Mon 11/06/00


Mon 11/06/00


0%


8


IT Background Study


107 days


Thu 09/14/00


Fri 01/26/01


0%


9


Take MIT course 1.124J – Fundamentals of Software


69 days


Thu 09/14/00


Tue 12/12/00


0%


10


Develop web- or Windows-based KC design tool (from


spreadsheet)


28 days


Mon 10/09/00


Sun 11/12/00


0%


11


Visit to ABB in New Berlin, WI to study ABB WebWare


2 days


Mon 11/13/00


Tue 11/14/00


0%


12


Background study of ABB CalibWare


38 days


Wed 12/06/00


Sun 01/21/01


0%


13


Hands-on learning of ABB CalibWare & calibration


process in Vasteras, Sweden


5 days


Mon 01/22/01


Fri 01/26/01


0%


14


Early Mechanical Development


105 days


Mon 09/11/00


Sun 01/21/01


0%


15


Outline KC concepts for robot base


11 days


Mon 09/11/00


Sun 09/24/00


0%


16


Design multi-concept KC robot base test fixture


11 days


Mon 09/25/00


Sun 10/08/00


0%


17


Procure parts for test fixture and assemble (potentially


outsourced)


28 days


Mon 10/09/00


Sun 11/12/00


0%


18


Conduct KC fixture repeatability & performance tests


30 days


Wed 11/15/00


Sat 12/23/00


0%


19


Aggregate & analyze test results


15 days


Tue 01/02/01


Sun 01/21/01


0%


20


Study GM Robot Replacement Process at GM Doraville,


GA Assembly


7 days


Sun 12/24/00


Sun 12/31/00


0%


21


Review of test results & final concept selection at ABB in


Vasteras, Sweden


5 days


Mon 01/22/01


Fri 01/26/01


0%


22


Detailed Design & Prototype Construction


87 days


Tue 01/30/01


Mon 05/28/01


0%


23


Detailed prototype mechanical design - run simulations


and make drawings


25 days


Tue 01/30/01


Sun 03/04/01


0%


24


Procure parts for prototype base and assemble (potentially


outsourced)


46 days


Mon 03/05/01


Sun 05/06/01


0%


25


Detailed prototype software design - module for ABB


CalibWare


46 days


Mon 03/05/01


Sun 05/06/01


0%
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Volvo experiences

		Replacement of wrist on accurate robots

		Replacement of accurate robots

		Alternatives, e.g. in-line calibration

		Future
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1. Pre-calibrated robot programmed and running in production

2. Drive mechanism break-down (gear-box, sensors, drives)

3. Drive mechanism replacement, not pre-calibrated but:

- similar mechanical characteristics 

- accurate zero-adjustment

- mounting with high repeatability

4. Robot back in production

* Total time for       and      with good preconditions: 1/2 to 2 hrs

 (no touch-up needed) 

* Total time for       and       with bad preconditions: 6 to 12 hrs

(due to re-programming)

Volvo experiences
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1. Pre-calibrated robot programmed and running in production

2. Serious mechanichal break-down (gear-box, sensors, drives)

3. Manipulator replacement, pre-calibrated, maybe even a new type:

- mounting with high repeatability

4. Robot back in production

* Total time for       and      with good preconditions: 2 to 4 hrs

 (no touch-up needed) 

* Total time for       and       with bad preconditions: 6 to 12 hrs

(due to re-programming)

Volvo experiences



1



2



3



4



3



4



3



4
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Alternatives

		Pre-calibrated parts

Requires trained personel. Spare parts logistic problem. 

		Full Calibration

Requires measurement system and trained personel.

Difficult to plan. Adds several hours to the exchange time.

		Part calibration

Requires measurement system and trained personel.

Adds some hours to the exchange time.

		No calibration

Same procedure as for un-calibrated robot.

Preferred, requires no extra training.



Volvo experiences
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Future requirements

		Efficient Cell Alignment (robot placement alignment)

		More simple measurement system, Built-in software, High accuracy

		In-line robot re-calibration (automatic self-calibration?). 

		More simple measurement system, Built-in software, High accuracy

		Tool calibration (spot, gripper, arc, etc.)

		Apropriate measurement system, Built-in software, High accuracy

		Total calibration in automatic mode?

		Preparation during installation to reduce measurements 

		Robot mounting plate is in an accurate position



Volvo experiences
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Preliminary Timing: Robot Baseplate KC/IT Development 



John Hart



Project Start Date: Mon 06/26/00 


Project Finish Date: Fri 08/31/01 



Tasks









		

ID



		

Task Name



		

Duration



		

Start



		

Finish



		

% Complete







		

1



		



Early Project Planning
 

		

63 days



		

Mon 06/26/00



		

Wed 09/20/00



		

94%







		

2



		



Meetings at MIT w/Prof. Slocum and GM R&D
 

		

2 days



		

Mon 06/26/00



		

Tue 06/27/00



		

100%







		

3



		



Prepare & present proposal to GM, gather GM robots information
 

		

38 days



		

Wed 06/28/00



		

Fri 08/18/00



		

100%







		

4



		



Meetings at ABB Robotics in Vasteras, Sweden
 

		

4 days



		

Tue 08/29/00



		

Fri 09/01/00



		

100%







		

5



		



Define research goals and major deliverables, make preliminary schedule
 

		

3 days



		

Fri 09/01/00



		

Tue 09/05/00



		

100%







		

6



		



Project discussions w/Prof. Slocum at GM & Ford
 

		

3 days



		

Mon 09/18/00



		

Wed 09/20/00



		

0%







		

7



		



Order ABB IRB6400R for GM Summer 2001 Test Cell - If Necessary
 

		

1 day



		

Mon 11/06/00



		

Mon 11/06/00



		

0%







		

8



		



IT Background Study
 

		

107 days



		

Thu 09/14/00



		

Fri 01/26/01



		

0%







		

9



		



Take MIT course 1.124J – Fundamentals of Software


		

69 days



		

Thu 09/14/00



		

Tue 12/12/00



		

0%







		

10



		



Develop web- or Windows-based KC design tool (from spreadsheet)
 

		

28 days



		

Mon 10/09/00



		

Sun 11/12/00



		

0%







		

11



		



Visit to ABB in New Berlin, WI to study ABB WebWare
 

		

2 days



		

Mon 11/13/00



		

Tue 11/14/00



		

0%







		

12



		



Background study of ABB CalibWare
 

		

38 days



		

Wed 12/06/00



		

Sun 01/21/01



		

0%







		

13



		



Hands-on learning of ABB CalibWare & calibration process in Vasteras, Sweden
 

		

5 days



		

Mon 01/22/01



		

Fri 01/26/01



		

0%







		

14



		



Early Mechanical Development
 

		

105 days



		

Mon 09/11/00



		

Sun 01/21/01



		

0%







		

15



		



Outline KC concepts for robot base
 

		

11 days



		

Mon 09/11/00



		

Sun 09/24/00



		

0%







		

16



		



Design multi-concept KC robot base test fixture
 

		

11 days



		

Mon 09/25/00



		

Sun 10/08/00



		

0%







		

17



		



Procure parts for test fixture and assemble (potentially outsourced)
 

		

28 days



		

Mon 10/09/00



		

Sun 11/12/00



		

0%







		

18



		



Conduct KC fixture repeatability & performance tests
 

		

30 days



		

Wed 11/15/00



		

Sat 12/23/00



		

0%







		

19



		



Aggregate & analyze test results
 

		

15 days



		

Tue 01/02/01



		

Sun 01/21/01



		

0%







		

20



		



Study GM Robot Replacement Process at GM Doraville, GA Assembly
 

		

7 days



		

Sun 12/24/00



		

Sun 12/31/00



		

0%







		

21



		



Review of test results & final concept selection at ABB in Vasteras, Sweden
 

		

5 days



		

Mon 01/22/01



		

Fri 01/26/01



		

0%







		

22



		



Detailed Design & Prototype Construction
 

		

87 days



		

Tue 01/30/01



		

Mon 05/28/01



		

0%







		

23



		



Detailed prototype mechanical design - run simulations and make drawings
 

		

25 days



		

Tue 01/30/01



		

Sun 03/04/01



		

0%







		

24



		



Procure parts for prototype base and assemble (potentially outsourced)
 

		

46 days



		

Mon 03/05/01



		

Sun 05/06/01



		

0%







		

25



		



Detailed prototype software design - module for ABB CalibWare
 

		

46 days



		

Mon 03/05/01



		

Sun 05/06/01



		

0%







		

26



		



Stand-alone final preparation & shipment to test cell location
 

		

16 days



		

Mon 05/07/01



		

Mon 05/28/01



		

0%







		

27



		



Prototype Test Cell Case Study at General Motors / ABB - Specific Tasks TBD
 

		

69 days



		

Tue 05/29/01



		

Fri 08/31/01



		

0%







		

28



		



Decision on production worthiness
 

		

69 days



		

Tue 05/29/01



		

Fri 08/31/01



		

0%







		

29



		



Develop production drawings
 

		

69 days



		

Tue 05/29/01



		

Fri 08/31/01



		

0%







		

30



		



Develop methods to transfer KC design capability to ABB engineers
 

		

69 days



		

Tue 05/29/01



		

Fri 08/31/01



		

0%







		

31



		



Complete S.M. Thesis
 

		

1 day



		

Fri 08/10/01



		

Fri 08/10/01



		

0%







		

32



		



Early thinking about PhD Study
 

		

15 days



		

Mon 08/13/01



		

Fri 08/31/01



		

0%






















