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5.2
(Explicit
Force Control) (Implicit Force Control)
CRS
Robotics Inc
(
)
Encoder ETT 8255
Power Amplifier Advantech 726
ETT 8255 Advantech 726
PC Pentium Pro 200 MHz
1 =10 g=0.4
(Square wave)
(Triangular wave) (Sine wave)
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5.3

. PC Pentium Pro 200 MHz, 64 MB Ram:
JR3 DSP based Force Sensor
ETT 8255
Advantech 726
. Articulated CRS Robotic Inc  A255:
. 67M25A-140 JR3 Inc:
6 Piezoelectric
. ETT 8255:
12
. Advantech 726:
folie v 8 12
. 3
M Control Inc 3
ETT 8255
. Visual Studio 5.0 Microsoft Corporation:
SA_ | Force Receiers
PCI Advantech 726
rinage (1] | Force Sensor
T -‘ il CRS Robot

Personal 6omputer
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5.4

54.1

542

(Explicit Force Control)

(Feedforward)

(Proportional Control with Feedforward)

+= JT[fe+ Klp(f. - fin)-K vxJ +g

(Backlash)



543

0 (Type 0 system)

(Step)
(Ramp)

T=1"f.+0
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5.2 5.8

(Integral Control)

=JT[K, [(r, =0 =K x, ]+¢

5.14
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54.4

53

1 (Type 1 System)

59 5.15

(Integral Control with Feedforward)

x=JT[fc+ KLJ(fc-fm)dt-KvxJ +g
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Kv
Xxm
g

54 510 5.16
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545 (Implicit Force Control)
(Impedance)
(Stiffness)
:.>' +K11(f| Hl)]
| = KP(XC- X1)+ K, J(XC- XJdt + Kv(xc-X 1 + g

X
J
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fm

Kv

Kp

K]

XC

Xm

g

Kp=1 Kj=0
Kj=0
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5.4.6 (Integral Impedance Control)

xe =J" [Ka(f, = €, )t



Kfi

fm
Kv

Kp

XC
Xm

5.1

X=KPXC-Xm)+K J(xc-Xjdt +Kvy(xc-X W+

KL= | K, =0
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Force Tracking Performance using Integral Feedforward Control
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Force Tracking Performance using Impedance Control
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Force Tracking Performance using Integral Impedance Control
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Force Tracking Performance using Various Approach
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Fores Tracking Performance, using Proportional Feedforward Control
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Force Tracking Performance using Integral Control
(Sine Trajectory)

[ R, Ao

Proportional Control with Feedforward / Integral Control
\

a—

NS R T

e
e

Reference Command > Control Voltage

-+

10 15 20 %
Time (Sec)

|
5

a

- a a e ar > I (3
31N 5.9 MINUAUUIUVUBUNNIA lasfigygrmddaduuuument



Force Tracking Performance using Inte

?ral Feedforward Control
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Force Tracking Performance using Various Approach
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Force Tracking Performance using Integral Feedforward Control
(Triangular Trajectory)
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Force Tracking Performance using Integral Impedance Control
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Force Tracking Performance using Various Approach
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5.20
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CRS Robotics Inc
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Force Tracking on CRS Robotics System
using Integral Impedance Control
(Step Trajectory)
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