Contents

List of Figures XI
List of Tables - XV
List of Abbreviations Xvil
1 Introduction 1
L1 Preamble ..ot 1
1.2 Tenor QUESHIONS.......ieeviiiceeieeiieeetieeeetreseireeeeseeeesaeeseeeseraeebesaesseenseeesnnenaseeas 2
1.3 Terms and Definitions ........ccooveveiiiiiiiiiiiii et 2
1301 BIOMICS cuvveiiiieeiiii et sitieeer ettt et e s ran e e e sete e sobae e esvaesreeesmneeeben e 2
1.3.2 BIOMIMEETICS .eeuvirietieiireeieieerte ettt st sine s s 3
1.3.3 Bio-inSPIred .c..ooooviieiiiiiiiniieticit et 3
1.3.4 Biotechnology ......oocooiiiiiiiiiiiiiiciccc e, 4
1.3.5 Classification of This BOOK ......c.ccooiiiiiiiiiiiciii e, 5
REEIENCES ....eiiiiiiiecit e e 6
2 Biological Archetypes and Robotic Pendants 7
2.1 The Huntsman Spider ‘Cebrennus villosus’ ...........cccoceiovieivnnnniancnn. 7
2.1.1 Behavioral LOCOMOUON ...oocoiiiieiieiiii e 7
2.1.2 Convenient BenefifS.......cccoovivriiiiiiieiiiiiniiiiciecitr e 10
2.1.3 Locomotion ANALYSIS.......ccccoiriieiiiiniinienice e 11
2.1.4 Robot Implementation .............c.ceooeriirirniccieioee e 18
2.1.5 A Technical Pendant.........cccc.cccoiinnninniinim e 21
2.2 Further Rolling and Tumbling Locomotion..........c.cccveereiiecncnnnecnnnenne. 22
2.2.1 The Wheel Spider ‘Carparachne aureoflava’ .................c............. 23

2.2.2 Comparison of ‘Cebrennus villosus’ and
‘Carparachne aureoflava’ .............cccoevcvcciniiiiiiiinincinniiiicnees 23
2.2.3 The Mount Lyell Salamander ...........c.ccoevviiiinininininncnns 25
2.2.4 The Pearl Moth Caterpillar ........cccoocoeviiiieie e 25
2.2.5 The Mantis Shrimp «....oocoooiiiieiiiie e 26
2.2.6 AROIINEG Plant .......ocoiniiiiiniiiiiiicecci e 27
2.2.7 Résumé of Nature’s Archetypes .......coooveiroiicinnciiieeiiiiiceen 27
RETEIENCES ...eiriiiiieecii ettt e s 28
3 State of the Art in Robotics and Robotic Actuation 29
3.1 Existing Walking and Rolling Robots ... 29
3.1.1 Jumping and Crawling Robot ............cccovmiiiiiiniiiiil 29
3.1.2 Jumping and Rolling RObOt ........ccooiiiiiiniiiiiiiccied 30
3.1.3 Modular ROBOtS ..o 31
3.1.4 Dynamic Rolling-Walk of a Hexapod ... 31

. | E E
Bibliografische Informationen digitalisiert durch NATI '1_
http://d-nb.info/1026712335 BLIOTHE


http://d-nb.info/1026712335

X Contents

3.1.5 A Walking and (Soon to Be) Rolling Robot................... 32
3.1.6 Future Approaches.........ccocoveivvirenircieiiinienenieeeenceeesreccsie e 34
3.1.7 Remark to Robotic Examples .........cccoocciniiiiiiincniiinieeen 34

3.2 Actuators for a Prototype........ccocoiiiiiiiiiiiininii e 34
3.2.1 SDM ACLUALOLS ..ceeieiieiiaiie ettt eiee e s 35
3.2.2 SMA ACHUALOTS ...voereieieeieiiieneetienerere e sr st st e e s esae s 36
3.2.3 EAP ACIUALOLS .ooovviiriiii e e 37
3.2.4 Fluidics - HydrauliCS........ccooociiniiiriiiiimiiiiecicic e e 37
3.2.5 Fluidics - PReumatiCs . .....cceeiiieiiriieieienieienecieeecnenerecneneseeinens 38
3.2.6 Mechanical SOIUtion .........ccooiiviiiiiiiiiiic e 39
3.2.7 MeEChAIONICS. oviieieieeeiieiie et et 41
3.2.8 RODOUKIE c.oiiiiiiii ettt e 42
REFEIEINCES ....vviivieiieet et e e e 45
4 Biomimetically Inspired Robot Prototype 49
4.1 PATAIMELETS ..eeueeeieieeieieeree ettt st et saa s sans e 49
4.2 Robot Classification Table ..........cccoueroeiiiiieiiii s 50
4.3 Performance Measures.........c.ccccccoviiiiiiiiiiiininiin e e 52
4.3.1 Main Characteristics of the Biological Archetype........c.cccccooceeie 52
4.3.2 Additional Properties...........cccccocociiiiiiniiniinininiieeneene 52

4.4 Creation of the Physical Robot Prototype..........cccoceviiiniiiconiinniniininns 53
4.4.1 Merge and Derive Theory.........cocooiiiiiiniiiicicce 53
442 The Quadruped ......cocoviiiiiinereiieee e 55
4.4.3 A Quadruped That Flips Over........ccccocooiiiiiiiien, 56
4.4.4 A Simple Quadruped to Exemplify Programming............ccc.ccc..... 59
4.4.5 A Quadruped That Walks and Flips Over..............cc.ccooooiinn. 62
4.4.6 BiLBIQ - The Rolling Quadruped ..........ccocovvveeninnccrninincnnnn. 65
4,47 BiLBIQ 2 — Walking and Rolling..........c.cccoooiiiiiiii 69
4.47.1 Leg Optimization with FEM................. 69
4,472 Assembling the Robot Using CAD ... 71
4.4.7.3 Manufacturing the Legs and Assembling the Robot................... 72
4,474 Testing the New Design.........coccooiiiiiiiiiiiiiiiciciieiien 73
RELEIENCES ..eiiimiiiiiiiieiiieiie it 76
5 Results 77
5.1 The Robot’s Performance .................ccccocc i, 77
5.2 Field of ApPIication........ccoooieiiiiiiieiicece e 78
5.3 CONCIUSION ceiiiiiiit et e e e s 80
53,1 SUMMATY ...coiiiiiie ettt see e 80

54 OULLOOK .o e 80
S54.1 Programming ......c...ccoceeiiiiiiiiiiiiciic e 80
5.4.2 Sensor Implementation .............ccccoooioiiiiiiniiiininiic e, 81
543 Leg Design ..ot 81
5.4.4 BILBIQ or Hexapod-Sphere? ..., 81
5.4.5 Further Approaches.............cccocoiiiiii 82

Personal Resume 83



