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Charlie - Motivation )=

* Improve locomotion
= Energy efficiency
= Mobility -> transition from
quadrupedal to bipedal walking
 Biological inspiration from
chimpanzees (Pan Troglodytes)

* First element: Actuated spine-like structure

= Most multi-legged robots used a rigid central
part

= Possible uses: shifting while walking, standing
up, diagonal walking, climbing, shifting CoM, ...
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Charlie - Motivation

* Second element: Actuated feet
= Static and dynamic quadruped and
bipedal walking required

» Single point contact foot (SPCF) is
not sufficient

= Multi-point-contact feet (MPCF)

» Usually, planar MPCF feet are used,
limited to indoor environments

= Charlie‘s design:

» Active and passive elements to adapt to rough terrains
» Partly flexible, partly rigid design

» Foot composed of five rigid bodies connected via passive joints
» 3-DOF ankle joint (two active, one passive)
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Charlie - Specification

* Degrees of Freedom

3 x Hip / Shoulder Xx4=12
1 x Knee / Elbow X4 =4
3 x Ankle (2 active, 1 passive) X2=06
2 X Toes X2=2
6 DoF Spinal column X1=6
6 DoF Head X1=6
36 DoF

* Weight: 22kg e Walking speed:

* Dimensions: = Currently, % body length per second
= Front height: 750mm

= Rear height: 660mm
= Body length: 540mm
= Bipedal posture: 1300mm (48V, 2.4Ah)

* 1 hour of operation
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Charlie - Sensors

* Further sensors
= Acceleration
= Distance
= Temperature
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Absolute Angular Sensors

Force-Torque Sensor
DMS Board
7x7anadaq Board

¢

¥ __—— Support Grid

__——Pressure Sensitive Material




Charlie - Sensors

| Single force " Resulting flow of forces Center of pressure
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Charlie - Sensors )=

* Local (in each rear foot):
= Support polygon calculation
= Center of pressure

* Global:

= Foot sends coordinates of the
sensors forming the local SP
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Charlie - Spine Concept ) =4

Thoracic ~ cevia  * Characteristics of the spine

. ] = Lightweight

= 6drives

= BLDCjoints

= Circular motion possible
(energy efficient)

Force sensor

Gear (i=246)

Position
sensor

BLDC

Magnetic encoder
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Charlie - Range of Motion .m

Top-view Lateral-view Rear-view
Y

Rotation
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Charlie - Local Control Loop

 Active damping of
the foot as a reaction
on external load.

e Angular offset
corridor to desired
values

= -30 to 30°pitch
= -18 to 18°roll

« Damping depends
on walking cycle
progress

Tlnteraction forces 1\
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Charlie - Local Control Loop

The virtual spring is active. Without the virtual spring being active, no
adaption is taking place.
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Charlie - Control
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Humanoid AILA )
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AILA - mechatronic design goals  }

Arms
«Joints based upon previous development
-Payload to weight ratio > 1

» Low weight and moment of inertia

« Stiff structure

Mobile base
*Holonomic
*Indoor and slightly rough terrain
*Synergy to space related project

Torso
*Height-adjustment of the arms

Overall

* Anthropomorphic
*Nice appearance
*One year timeframe
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ILA - Concept

Options and Decision Tree

no open cables

Daisy—Chaiﬁ / Bus-System
and hollow shaft needed.

Axial-Joints

v
SemProm:
no multiturn

Modularity

(Spaceclimber)

v
Interfaces

FRP-ConneEting Structure

More"than
state-of-the-art

accessibility
(Maintenance)

ANANTES
Minimal surfaces
(Membranes)

Universitat

connected to

next Joint

v
Connecting-Structur

Decision-Tree SemProm-Concept

Scaled and enhanced
Spaceclimber-Joint as basis

consists of

v
motor

v
housing v
v gear
= ¥ vendor parts
< rlight-weight
oo Payload are
Weight v
Screws
v Snap-Rings
) light bearings
don’t use, «

take adhesive!

»lightweight material
Aluminium 2,8
(Spaceclimber alloy, 3.4365)
Titan 4,5
(Spaceclimber Grad 5, 3.7165)
Magnesium 1,7
less hardness and strengh. corrosion!

» shell-like parts

» milling
> sheetmetat—
<«
precisione
casting

2in1-Units <
2in1-Units

Bremen

Integral construction
4

beaFings are to big.
thin section bearings just
in discrete sizes available

thin section and normal bearing

arrangement

kinematics
Dfferent
fon bovs

Uaik?

Ehﬂ.

Bilateral-
symmetry

A

7z

with bearing and sealing

4.5.2009

symbology

Requirement / Axiom

Consequence

General Information
Danger / Restriction

DOF / Possibility / Option

also see: Explanation of

Spaceclimber-Elektronics Include Software

and Elektronics

» Elektronics -

light

»Kit-Motor

light

Robodrive

- best specific power

' - proven for robotics
=f - just 4 sizes

Harmonic Drive gears ard best.

"naked" light
light
., ',
"Units"
are too heavy ¥
Kits available:

HFUC = "normal" (Spaceclimber-Joint)
CSD = "narrow"
CSG = tough HFUC

»stays exactly (!) the same

Parker Bayside
L - larger assortment

»Oldham-Kupplung
cut away

\ Option

\ 4. Platine
1| mit Sensor

+ Kabel

\;Velle + Zahnrad + Platine
» "just” build —» palt vermutl. fir Semprom
(Encoder-Mechanik gleich!) -

v

»same footprint and layout + additional memory chip

»adapt =

ircui |
5 dapted format »narrow circuit path!

» additional functions
Memory chip

2. Encoder (Nonius) R

£y . "
optimal design space
‘Re-Routing needed

imi |
(limited human resources!) different-approach?

Encoder drive
4

cabeling -

2.Fkt.

L A
central shaft not light weight

needed for support

‘ A 1.Fkt.
L 2
‘ Tolerance-adjustment -

is done by structure

v
Alu but Titan

thin section bearing




AILA - Principle Design

am TSRS

mobile
base
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AlLA - Features

3,5" Embedded PC

/ Quad-core CPU

Laser Scanner
Hokuyo URG-04LX

2x Prosilica Camera

el
mini ITX PC e
Dual-core CPU

+ Graphics card (GPU)

3D TOF Camera
Mesa SR4000

6 DOF
Force/Torque Sensor

cooling air

Laser Scanner

Hokuyo UTM30 3,5" Embedded PC

Dual-core CPU » ease of maintenance by

modular disassembly

» thermo-formed scratch-
resistant rip-off shell

debug cabling
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AlILA - Degrees of Freedom

% Axis | Torque | Speed Range Axis | Torque | Speed [ Range
No| Nml | [s] | [ No. | v | o1 | ]
.3 ‘ S 1 75 150 1360 '
& <2 e \ 2 75 150 | -10/+100 8 129 | 200 | =+I80
g g 3 55 110 360 o | 420" | 25 +55
s o ? 1 | 55 110 | -10/+125 i | of
% =% [ ] 30 | 180 | 360 a —
o 3 /%’0 * * 11 129 200 +90
. 6 13 25 +15
o 7 5 60" 445 12 27 12(2* £50
*) At the center of the range. 13 2,7 210 -45/+37
./.'

*) At the center of the range.
*#) Eyes horizontal,

Arm X 5,5kg

Laser Scanner 12V Power supply
[ Power cut-off

Motor
Controler

Navigation
CPU Battery
Network Axis | Torque | Speed | Range
supply No. | Nm] | [ | [7]
Ay 37 420 0o
a, 7 360 | +180
Ay - - +10
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AlILA — Joint Electronics

Power Supply

uSD card

Absolute angular
encoder

. LVDS
Programming Transceivers
Connectors
PROM
FPGA
Microphone
H-Bridges Temperature sensor
—— Shunt resistor + ADC
for current measurement
Capacitor for
voltage stabilisation
Fuse
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AlILA - Arm Structure

Aluminium + Carbon-Fiber-Reinforced Plastic (CFRP)
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AILA - Body Structure )=

Sheet metal — S <
= —4 —

principle solution

Machining

< >

=== <z

Jﬁlbodimen\_) u

@6 ﬁ addll’lg dCSign by remonng ‘ 7>
;j thickness material t fti,

tolerances!

$ -2 top-down

working surface pairs &
channel and support structures

sheet metal machining material
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