Where we are:

Chap 2 Configuration Space
Chap 3 Rigid-Body Motions

Chap 4 Forward Kinematics

Chap 5 Velocity Kinematics and Statics
Chap 6 Inverse Kinematics

Chap 8 Dynamics of Open Chains
Chap 9 Trajectory Generation

Chap 11 Robot Control

11.1 Control System Overview
11.2 Error Dynamics



Important concepts, symbols, and equations

First-order error dynamics

k Oc
e b
e
o
- _lb standard first-order form
o : time constant
™. + bl + kb =0 £= bk

k
Oc(t) + 3 0c(t) =0 0. (t) + %Oe(t) =0
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Important concepts, symbols, and equations (cont.)

First-order error dynamics

t decreasing _
0. 0,(0)=1

31 i Oc ()
time 0.(0)

0.(t) = e~ t/*0,(0) n0.02 = —t/t — t=3.91t

= 0.02 = e~ ¥/t
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Important concepts, symbols, and equations (cont.)

Second-order error dynamics
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natural frequency damping ratio
" . : wn = \/k/m ¢ =b/(2Vkm)
Oc(t) + —0c(t) + —06.(t) =0 : : )
m m Oc(t) + 2Cwnbe(t) + wib.(t) =0

standard second-order form
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Important concepts, symbols, and equations (cont.)

Second-order error dynamics

0 (t) + 2¢wnba(t) + w20,(t) =0
s2 + 2wnps+w2 =0
S92 = —Cwn S wn\/CQ —1

¢ > 1: Overdamped

( = 1: Critically damped

¢ < 1: Underdamped
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Important concepts, symbols,

and equations (cont.)

¢ > 1: Overdamped

0. (t) = cre®** + e’

= —Cwn +wn V(2 — 1
99— _Cwn . wn\/CQ =

VA
ol
|

solve for ¢, and ¢, using
6.(0) =1,6,(0) =0

Im(s)‘ 96‘
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S92 S1
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L L b 26 0
“slow”
root
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Important concepts, symbols, and equations (cont.)

( = 1: Critically damped

0. (t) = (c1 + cat)e 9 SHbpl e )
Im(s)} 9(3‘
1_
- . 2% settling: ~ 4/w,
- [ _
—Wh, 0 t’
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Important concepts, symbols, and equations (cont.)

( < 1: Underdamped damped natural frequency
. L Wg = Wnp\/ 1 — 2
O (t) = (c1 coswgt + cosinwgt) e Cwnt ¢ |
$1.2 = —(Cwp, = Jwy
Oc X
1 1

2% settling: ~4/Cw,,
overshoot: e ™¢/V1=¢* « 100%

0 /\ LN >

g t
x \/
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Important concepts, symbols, and equation

Im(s)
U <
K -~ .
O C O RG(S) | A SRS t>
U X .

second-order systems /

s (cont.)

/ : Im(s)} \
increasing

overshoot,
oscillation
Re(;)
faster unstable
settling
time

time response relative

to root locations for

\ general systems /
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wy, = Vk/m  (=0b/(2Vkm) 2% settling: ~4/(w,

O (t) + 2Cwnbe(t) + w20.(t) =0 overshoot: e~ ™¢/V1=¢" % 100%

When controlling a robot joint, what do b, k£, and m usually correspond to?

How do you change m to decrease settling time? %, b?

How do you change m to decrease overshoot? k, b?
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Shown are one of the roots of five different C><
second-order systems, A, B, C, D, and E. By O\

List them in the following orders: D X

1. Natural frequency, highest to lowest. A X E
2. Damped natural frequency, highest to lowest. //
3. Damping ratio, highest to lowest. | '

4. Overshoot in unit step error response, highest to lowest.

5. Settling time, longest to shortest.

Which has the “best” transient response?

Re(s)



