Anthropomorphic robotics
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Notation
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Moment of Inertia
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Parallel axis theorem
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Experimental estimation of J
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Experimental estimation of J
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Work and power
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Rotational case
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Single joint model
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Mechanical transmission
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Furthermore...
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Combining...
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Equivalent J
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1
(% =T1ﬁ77

Where 7 1s the efficiency of the mechanism (from O
to 1)

n Is related to power, speed ratio doesn’t change

n 1s also the ratio of input power vs. power at the
output



For example
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output torque

reduction ratio weight | length length with motor continuous |intermittent | direction | efficiency
{nominal) without | without operation | operation |of rotation
motor | metor | 1319T | 13317 | 1336 U (reversible)
L2 L1 L1 L1 M max. M masx.
g mm mm mm mm mhim mMNm %
3.71:1 17 20,9 341 45,9 50,9 200 300 = a0
14 20 25,0 38,2 50,0 55,0 300 450 = 80
43 1 24 29,2 42,4 54,2 59,2 300 450 = 70
66 1 24 29,2 42,4 54,2 59,2 300 450 = 70
134 1 27 33,3 46,5 58,3 63,3 300 450 = 60
159 1 27 33,3 46,5 58,3 63,3 300 450 = 60
246 1 27 33,3 46,5 58,3 63,3 300 450 = 60
415 1 30 374 50,6 62,4 674 300 450 = 55
592 1 30 374 50,6 62,4 67,4 300 450 = 55
989 1 30 374 50,6 62,4 674 300 450 = 55
1526 1 30 374 50,6 62,4 674 300 450 = 55



Motion conversion
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Viscous friction
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Rotary to linear motion conversion
(P=pitch in #of turns/mm or inches)

9 = 27PX

mass/load

) o



Harmonic drives

_ Circular spline

Circular Spline
Flexible Spline

T

Wave Generator

From the harmonic drive website
http://www.harmonicdrive.de

Flexspline Innenseite
Flexspline Bore

Flexspline und Circular Spline Verzahnung
Flexspline and Circular Spline Teeth

Wave Generator Kugellager

Wave Generator Bearing

RA 2009-10




Gearhead (for real)
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Standard (serial)
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Designing the single joint
Given:

. 5 . 5 . )

‘gmax — T = ‘]eq‘9 — Tmax - ‘Jeq‘9max o ‘Jload-l-R 19max

* Then taking into account some more realistic
components:

2
T =J TRQ

max load max



Example (continued)
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More on real world components
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Control of a single joint
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Components
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Actuators
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DC with brushes
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Modeling the DC motor
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In particular
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Real numbers!

Series 1331 ... SR

1 MNeminal voltage
2 Terminal resislance
3 Output power
4 Efficiency

5 Mo load speed

6 Mo-load current fwith shaft 2 1,5 mm)
7 Stall torque

8 Friction torque
9
10

Speed constant

Back-EMF constant
11 Torque constant
12 Current constant

13 Slope of n-M curve

14 Rotor inductance

15 Mechanical time constant
16 Rotor inertia

17 Angular acceleration

18 Thermal resistance

19 Thermal time constant

20 Operating temperature range:
— motor
—rotor, max. permissible
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http://www.minimotor.ch
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Electrical diagram
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Armature resistance (including brushes)

Armature voltage
L osses due to magnetic field

Back EMF produced by the rotation of the
armature in the field

Colil inductance



We can write...
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On torque and current

F .. =qVxB

lorentz
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Thus for many coills...

‘v\

’ 7K
=
I \f\x

18
related to the
total current




Back to motor modeling...
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Furthermore...
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) | Ra KE ] _Varm ]
Ia La La Ia La
° +
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A linear system of two equations (differential)

Q: can you write a transfer function from these
equations?

Q: can you transform the equations into a block
diagram?




By Laplace-transforming
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and finally
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Block diagram
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Analysis tools
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First block diagram
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Changing K
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Let’s add something, second diagram

O

RA 2009-10




Analysis
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Root locus (case 1)
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Root locus (case 2)
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Overall...
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Error and performance
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limsH (s) = lim h(t)

| e
31&(0(5)
- ‘9d - S S ‘9d
:>I|rrgs—9(s):llng 7 —
0 S TSk,
S

For zero error K must be 1 or the control structure
must be different



Same line of reasoning
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PID controller
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PID controller
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Interpreting the PI1D
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Global view
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About the amplifiers
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The motor doesn’t have a reference to ground
(floating)

It’s difficult to get feedback signals (e.g. to measure
the current flowing through the motor)
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On the T-type
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Things not shown
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PWM amplifiers
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PWM signal
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Comparison
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C()(S) _ KT/La‘JT

V. (s) s?+[(RJ; +L,B)/LJ. Js+ (K K. +R,B)/LJ,

In practice the motor transfer function is a low-
pass filter

T. with f.>> f. (f.>100f,)

» Switching frequency must be high
enough (s=switching, e=electric pole)



PWM signal
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Feedback in servo amplifiers
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We’ve already seen this
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Current feedback
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Current feedback
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Motor driven by a current amplifier
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Back to the global view
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Sensors
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Potentiometer
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TR turns Encoder Motor Gearbox —

(" N, 9 7 ("

TR =L =22 _ 1 turn
N, & 7,
7, z%q = (most of the time)N, > N,
1
l92 :%91
2

The resolution of the sensor multiplied by TR



Encoder
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Absolute encoder

phototransistors

0000 ™

LEDs

—-O
—-O
—-O

—-O

motor

transparent

motor shaft

13 bits required for 0.044 degrees
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Incremental encoder
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Incremental encoder
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Two-channel encoder
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Moreover
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Increasing resolution
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A potentiometer and incremental encoder can be
used simultaneously: the pot for the “absolute”
reference, and the encoder because of good
resolution and robustness to noise



Analog locking
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Tachometer
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AS already seen...
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ripple




Measuring speed with digital encoders
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Inertial sensors
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Gyroscopes
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Strain gauges
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Reading fro strain gauge
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Hall-effect sensors
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Measuring angles (magnetic encoders)

N
FIGURE 1--Basic Configuration #;/p‘//

of rnagnet and hall effect sensor.

Edge views are shown.
Q= r(D




Back to the global view
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Microprocessors
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DSP 16 bit ALU and instruction set

PWM generator (simply attach this to either T or H
amplifier)

A/D conversion

CAN Dbus, Serial ports, digital 1/0

Encoder counters

Flash memory and RAM on-board

Enough of all these to control two motors (either
brush- or brushless)



