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Impedance in robots

Active Compliance
— Compliant behaviour by means of software control

Constant Passive Compliance
— Passive element (eg spring is introduced)
— One motor

Adaptable Passive Compliance
— Stiffness can be changed
— Two motors




Categorization of adaptable
compliant actuators

[1 Antagonistically Controlled Stiffness
[1 Structure Controlled Stiffness
[1 Mechanically Controlled Stiffness
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Antagonistically Controlled Stiffness

Xoq4—

Linear spring:

dF
k=-—=2K
dx

*Quadratic spring:
F = —K(X — 'xOA)2 + K(xOB - x)2 = 2’“(3%,4 — x03)+ K(XOBZ - x0A2)

dF
k=-—= ZK(XOB _xOA)
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Antagonistic setup of two
pneumatic muscles

torque = pit, () — p,t,(p)
P = Ap
P, =\P,"\Ap

~ stifftness

p,, high: stiff p,, low: compliant




Structure Controlled Stiffness

Bending of a leaf spring:

E.l
M = (_

L ) EI/L =the bending stiffness
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Mechanical Compliance Adjster Jack Spring Actuator
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Mechanically Controlled Stiffness

1 motors controls position 1 motor controls stiffness
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Speed of robots

Asimo: .
6km/h Usain Bolt

Walking men WR 100m:
+/- Skm/h 36,8km/h

WL-5  (°87-91):

(1970): 1 2km/h
45s/step

Partner robot:
7km/h 1."5’




Copy nature?




Walking: inverted pendulum

[1 No aerial phase
L] Straight supporting leg

L1 Potential energy and

kinetic energy out of
phase

L1 Energy storage by
interchange of
gravitational potential
energy and kinetic energy
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Active walkers

Passive walkers

powered
passive walkers

Active walkers
with explotation of
natural dynamics

Controlled
passive walking
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From walking to running

o |:centt‘ifugal=rnv2/|- <F gravitational=mg -

[0 v<sgrt(gL) (g=10m/s?, L=0.9m: v=3m/s)

[1 Race walker: 4m/s

(] Froude number=v?/gL has to stay below 1 for walking
- normally transition at Froude=0.4-0.5
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Running: bouncing ball

[1 Aerial phase

L1 Bent legs store energy in
springs

L1 Potential energy and kinetic
energy in phase

L1 Energy storage by elastic
properties of the joints
(Achilles tendon)
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= Hurst



Use of springs

L] these basic mechanisms of energy conservation have
been demonstrated in a wide variety of animals that
differ in leg number, posture, body shape, body mass,
or skeleton type
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Spring-mass model for walking
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Ankle prostheses

Ankle torque (Nm/kg body mass)

Ankle angle (°)
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Traditional prosthesis:
walk with closed ski boots
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Active prostheses

A1 = negative work
31 A2 =positive work
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Passive prostheses
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Knee model
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Gait rehabilitation




KNEXO: Unimpaired, Assisted

DIFFERENT DIFFERENT
CONTROLLER ASSISTIVE
SETTINGS MODES
GUIDELINES

ENSURE “"NORMAL” TRACKING RANGE

LIMIT RESTORING TORQUE
AVOID HIGH SPEEDS AND
OVERSHOOTS

APPROPRIATELY SLOW
ENSURE GAIT CONTINUITY

0.1s

TORQUE LIMITATION AROUND
WEIGHT BEARING SUPPORT
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KNEXO: MS Patient, Assisted

STANCE: KNEE HYPEREXTENSION
SWING: UNSMOOTH KNEE FLEX/EXT

L/R ASYMMETRY

DIFFERENT TARGET TRAJECTORIES

DIFFERENT CONTROLLER SETTINGS
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Conclusions

1 Compliance important from biological evidence

L1 Influence of compliance in human locomotion is not yet
fully understood

L1 Current robots, prostheses and ortheses do not yet fully
exploit the possibilities of variable compliance

L1 Synergy between biology-engineering
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