CARNEGIE MELLON

_____Department of Electrical and Computer Engineering

A Fingerpad Force Sensor
for Manipulating Sheet Metal

Anne M. Murray

1993




A Fingerpad Force Sensor For
Manipulating Sheet Metal

Anne M. Murray

Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science
in
Electrical and Computer Engineering

This research was supported in part by the Amada Corporation.

Department of Electrical and Computer Engineering and
The Robotics Institute
Carnegie Mellon University
Pittsburgh, PA 15213-3890

August 1993



Abstract

Small-batch manufacturing systems must compensate for nominal process
variations (e.g., variations in the thickness of sheet metal) that might cause inferior
products. A force sensor has been developed to detect some of these critical process
variations. Several of these sensors are encapsulated in the rubber gripping pads of a
robotic manipulator; they monitor shear forces acting on the pads, which originate from
forces applied to the part being gripped. Information from the sensors is intended to
correct deviations in the part manipulation process through sensor-based control
schemes. Specifically, the sensors will be used to align the sheet metal part, to detect un-
planned collisions between the part and the metal-bending workstation, and to detect
imminent part slippage in the gripper.

The sensor is described in detail. Its static and dynamic behavior is characterized
through a series of controlled experiments. The sensor-based control strategies are then
described. Finally, suggestions are posed for future research to improve the sensor's

design, fabrication, and use.



Acknowledgments

I would like to thank the many people here at Carnegie Mellon who have helped
to make my work both enjoyable and fulfilling through their support, assistance, and
friendship. My advisor, Pradeep Khosla, and project leader, David Bourne, made this
work possible with their guidance, insights, and enthusiasm. David Bourne and Mel
Siegel envisaged the original concept of the sensor. Ken Hazama followed the
development of this project and provided useful suggestions. Marc Bodson provided
helpful comments on the manuscript.

The members of the Rapid Manufacturing Lab influenced this work in many
ways. Richard Moore provided an invaluable reality check on many aspects of this
project. Brack Hazen, Beth Zimmerman, and Kevin Pogany were the mechanical
wizards of the group who designed the sensor's mounting plate, among other things, for
this project. Beth also painstakingly mastered the art of making the sensor's rubber pads.

Finally, I would like to thank John for his patience, encouragement, and support,

and Buddy and Chaser for helping to keep things in perspective.



1.0
2.0

3.0

4.0

Table of Contents

INETOAUCLION ...ttt ettt es e ses s ens s cnsaes e e ae e s se e esseeeseen 1
Development of the FOTCE SENSOT ........oueueeivieiineeeeeee e eeeeeeeeeeeseeseseesssens 3
2.1 The Force Sensor REQUITEMENLS. ..........cueveeeveveeeremeniereeeeeeeeeseeseessssesasns 4
2.2 The Force Sensor CONCEPL.......uueeueuereerreeereeeeeeeeeseeesessseeesesesenssessssesssens 5
2.3 Fabrication Of the FOICE SENnSOT........c.cueeeeemimeeeeeeeneeeeeseseeeeeeeseresessesesenens 7
2.4  The Force Sensor Signal Conditioning CirCuit ..........veeeeeueevevvererversseenennns 8
Characterization Of the FOrCe SENSOr ........uueemieeeieeeecereieeeeeseeceeeeeeeesesseeesesesens 9

3.1 Static Loading and Unloading Experiments..............cceoeeeeeeeemmeueeeeeeeernnn. 10

311 EXPEriment L.t ercsseseeeeeee e se et eenesesneneas 10

PrOCEAUTE.......eceeececeeceeretre ettt e se e e seeneana 10

Results and DiSCUSSION.......cecoeireereeeereeretreeeeeeeeeeees e eaes e eeecenes 11

3.1.2  EXPErIMENt 2......ueeeeeeeeeereeeeeeeeetieecec e estcaeeesses e aeseeeenesasessnnaeas 14

ProCEAUIE. ...ttt s e e 14

Results and DiSCUSSION.....c.cveueeieeeeeeereeeeee et eeeeene 14

3.1.3  EXPEriment 3.......ououoeiiececeeeeeeeeeesereeeseserescseseasscseses s e e 15

PIOCEAUIC.......vitreeireestne ettt eae e bt s saenene 15

Results and DiSCUSSION.....ceeeurcrreerreerereteeeeeee e e eeeeeeseeneeene 16

3.1.4  EXPEHMENt 4....cucumeeeeeeeceneseeseesesesesesenesesesssssssessasassesnenenes 16

Procedure........uieiieeieeneeeesereeeceeentene et cas e es e 16

Results and DiSCUSSION.......cucrveeuireeveereerereeereeeee s 17

3.1.5 EXPEHMENt S.....euiuieeeeeeeeeeeeceeeeevesseteteseses o caeeee st e e 18

PrOCEAUIE.....ccereeiicertrececeet ettt ee 18

Results and DiSCUSSION.......cuceerevereeerereeeeete et e et 19

3.2  Dynamic Loading and Unloading Experiments...........cccoooecevemeveueueerennnne. 20

3.2.1  EXPErMENt L.....ueoeeereeeereeeereieieneeeeseerescses e sesess e eacsss s snseesmsaeseas 20

PrOCEAUTE. ...ttt ettt eve e e v sreenanes 20

Results and DiSCUSSION......ceeemercerereeieeereeeteceeeeeaee e seevee s neeenens 20

3.2.2  EXPEriMent 2.....cucouvueeeeeeererereeeeeeseeseseesescncnsesesessesemenssasesssessmensanes 23

ProCEAUIE......coueieiiecetctreete ettt e es e eses st saee e sese e 23

Results and DiSCUSSION.......cuvueverrereereeeereereteevecceeae e eeecenene 23

3.3 Impact EXPEriMENnt......c.oieeeceeeeeneeeerereeseeenesesceteseeeeseesen e s ssseseenesnsnsens 24

3.3.1  PrOCEAUIR.....coceentecteeeeeteee et es e eetece e seeseseeees e ssaneas 24

3.3.2 Results and DiSCUSSION....c..ceeereeeneeeererereeeeeretcceessscsteseeeseseseeaena 25

3.4 ASSESSMENL....ueceeecececeeteeceee et tes st e e s s esbe e e eseesae e e e st sees s e s e nene 26

ADDIICALIONS...cecnreeereenceierertstereneeeesesesese s e s esesessasssstsssseesaessssseseesssssssessssssesesensens 27

4.1  Part Alignment at the Loading Station...........ceceeeeveueeeeeeeeeeeeeeeeeeeeneenns 28

4.1.1 Task DESCIIPHON. ...ccuvuiuererreererereeeeeteeeeeeeetseeeeses e seeeese e et sennas 28

4.1.2  Sensing SrateY .......cceceeveurermrrrrreseeresereseseseseesesencsssnesseserssenens 28

4.2 Part Alignment at the Press BraKe..........cveeveveeeeveeenerneeeeeseeeeesesseesnsnens 31

4.2.1 Task DeSCIPLON.......ccoeeeereeeerereerereeereeereseseresescesaeseseassesesnensssssaes 31

4.2.2  SensSing StrAELY .....cccverrererereererererireesesessseeessssesreeeesssessessessssseseas 31






