Proportional-Derivative Control (PD)
mX =T ==Kk (X=X4) — KX

m><4/-K,X+ kpéx—xd) =0
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Gains
K, = Mmec?

K, = M(2¢w)

Gain Selection
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Control Partitioning
MX=1 —> m(@AX)=m f’

f=—kX=K,(X=Xy)
f=m{—Kx- Ko(x X)) =mf’

mx=mf’

LX=1" unit mass system
LX+KX+K (X=%;) =0
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Non Linearities
mX + b(x, X) = f

Control Partitioning
f=af'"+ [
with @ =M
B =Db(X, X)

mX + b(x, X) = Mf ' + b(x, X)
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Motion Control

mX+b(x,>’<):ff = %x: f'
=mf'+

Goal Position (X):

Control: ' =KX=k (X=X,)

Closed-loop System: LX+kX+k (x—X;)=0
Trajectory Tracking

Xy (1); %, (1); and %, (t)
Control; T' =X, =k, (X=X;) = ké(x — X4)
Closed-loop System:

(X=X4) +K (X —%y) + ké(X— Xg) =0

with e = X — X,
e+ke+ke=0



Disturbance Rejection
mX + b(Xx, X) = f
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Disturbance Rejection
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Closed loop

mX +b(x,X) = f + f,_

f=mf' +Db(x, X)
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Steady-State Error
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Steady-State Error - Example
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PID (adding Integral action)
System mxX+b(x, %)= + f;q

Control f =mf’ +b(X, X)

=Xy — K (X=X3) =Ky (X=X;) ~ K'j(x_ X4 )0t
Closed-loop System
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Gear Reduction ¢
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Z-m = Imém +%(IL9L)+bm9m +%bL9L
oL,
| .. 7 h .
Tm=(|m+,7—2)6’m+(|0m ,7—2)6’,n

TL = (IL +,72|m)éL +(bL +,72bm)9L

Effective Inertia Effective Damping
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Gear ratio 7= n



Effective Inertia

_ 2
lg =1 +17°1,

pd AN

for a manipulator n=1
| = |L(q) Direct Drive

Gain Selection
Ko = (I +77°1)K;
kv - (IL +,72|m)k\’/

Time Optimal Selection
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