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ROBOTS ARE...









INSENSITIVE



OVERWEIGHT







GLUTTONOUS



INCOMMUNICATIVE



UNYIELDING




UNCOORDINATED
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MAMMALIAN
EQUIVALENCE




Figqure 1: Of the popularized science fiction visions of exoskeletons, which ones are reasonable and or
possible?.






Tfuel to foot — 7lplant X 7lconversion X TJtransmission X Tlactuator X T]controls < 7lexo (13)



Figure 1: The challenge : Existing fuel to electro-mechanical systems fall far short of mammalian



SYSTEM Qe Tlplant | Tlconversion | Tltransmission | Tlactuator | 7Jcontrols TINett Yo (0 (M] )/ (kg)
(M) /kg)

MAMMAL 28 0.4 1 1 0.65 1 0.26 26 7.28

ICE to Electro- | 40 0.2 0.8 0.85 0.25 0.25 0.009 | 09 0.36

Mechanical

Fuel Cell to | 30 0.35 0.75 0.90 0.50 0.25 0.0295 | 2.95 0.89

pneumatic

Battery to elec- | 1.8 1 1 0.95 0.25 0.25 0.0594 | 5.94 0.11

tro mechanical

H?2 Fuel Cell to | 123 0.25 95 0.95 0.25 0.25 0.0208 | 2.08 2

Electro










ROBOT v HUMAN




1 0kW KUKA...

= 80kWh / day (union robot)
=807"s0.12

=59.60 / day

2bN people < $2.00 / day




THE
SCORECARD




Blind 3/10
Deaf 5/10

Insensitive 1/10
Overweight 2/10

Weak 2/10
Gluttonous 2/10
Incommunicative 2/10

Unyielding 3/10
Uncoordinated 3/10

Fast, vision

Fast, voice rec.
Slow, ideas

Slow, some ideas
Medium

Slow
Medium
Medium
Fast




WORKAROUNDS ?



VERY LIGHTWEIGHT




Pneubotics Features

Unparalleled performance and flexibility

Large workspace: 9DOF arm, 4

. .. . . . Model PN15 PN30
universal joints, 1 rotational joint
at wrist Extended Lifting Capacity 15kg @ 1Tm 30kg @ Tm
Retracted Lifting Capacity 45kg 45kg
@E Reach 1.4m 1.6m
Bl System mass 18.6kg 26.1kg
fw Degrees of Freedom 9 9
:_._/ *Design Specs
~——
':":‘  High Strength: 1:1 payload

to arm weight ratio.

AP « Flexible: Stiffness directly
controlled with air pressure
 Robust: Entirely sealed,

non-corrosive components
for harsh environments

Manipulator Workspace
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Soft and strong

Specific Strength of Materials

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
1IN
Steel Carbon Fiber Braid Kevlar 49 Braid Spectra Braid
[UHMWPE]

W Rigid Materials ™ Flexible Materials
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Uncharted territory

Metals:
Steel, Aluminum, etc.
Expensive/Heavy

Material Load Under Deformation
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Strain [%]

Traditional engineering design is restricted heavy rigid materials
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Uncharted territory

Metals: Polymers:
Steel, Aluminum, etc. PET, E-Glass, Nylon, etc.
Expensive/Heavy Inexpensive/Light

- / Material Load Under Deformation

0.15

]

MPa

kg/m?

0.10

Specific Stress |

0.05

Strain [%]

We can now trade off material weigh, cost, and complexity for

inexpensive computation and sensing
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Competitive landscape

Economy vs. Mobile Lifting Capacity

S

Limit of traditional

IIIIIII
~

Helsg desigp . Pneubotics

.0

Indust
Robot

ollaborative
Robots

Economy
Payload/Cost (kg/$1000)

Military
Robots

1.0
| I I Lo | I

Payload/Arm Weight (kg/kg)

Mobile Lifting
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Cascading weight effect

Rigid design relies on weight and material cost for performance

Weight (1x)
Payload

- -y
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Robot Weight

Infrastructure
Weight




The price of weight

Existing technologies are heavy, expensive, and dangerous

Cost Weight (1)
| Payload
|  Robot Cost [
Part Count i -
Precision Machining " @
' Robot Weight

| Integration Cost

Infrastructure
Maintenance
Calibration

Error Stack-up

Light Curtain/Safety
Lost Workspace
Energy

Infrastructure
Weight
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STRUCTURED
ENVIRONMENT



RESEARCH
QUALITY
PROBLEMS:







ACTUATORS

beyond
electromechanical




SKIN

touch
proprioception




COMPLIANCE
human

safe




BATTERIES



CONTROLS

closed loop at end
effector
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