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Two Dimensionnal Hybrid Control using the Relative Motion between

the Robot Manipulator and a Workpiece
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Abstract A hybrid control method based on using the relative motion between a manipulator and a workpiece

is described for a two-dimensional manipulator, in which it is assumed that there are no collisions between the

robot manipulator and the workpiece, and that we use a computed force law which is similar to the computed
torque law in the trajectory tracking problem of a robot manipulator. The effectiveness of the proposed hybrid

control method is illustrated by some simulations.

Key Word hybrid control, robot manipulator, position control, force control, computed torque law

1. 48

H2 22 ouEdolg g wgel chekslel ot HHAY,
AntA £ B YAy 23 AP Y2AY T
9] &R (HWAE A(workpiece)) 2] HEAYE surste 4
e go] B F Ut} olg} g A 2X siyFeHolEHe 9
A o] wak ohigt A= o] BE(end-effector)9t & A 2o
Z1AHQ AR L P FEHY Aoixm Tl slek & Hda
7} A eH1-6).

o)l gt E Aol thste] AXE Aojsta A& WIFH & A
ojdt: A& Wwae Zzt A4F F AAY AX & FA3)
a o]Re ¥ E(feedback)AA FEE URATIE A
2z 9 o] FTxE 717 FolH ] E(hybrid) Aol 7t ALE o
24 eH7-10].

B Age 28 dquEadolegt qidEA Atole] AiH
Lo #&Asd(11] E2 A28 (computed torque law)S] i
ol Rate] 2at¢t YoM $X e} Yol FolBElm Hoi7)
AE Atttk Aok A7 FEAS HFE AEdo)AL
34 QlF nEgrt

~

X o o

e

i

2. iy Edelg e 247

A7NME BEELS THY 71EH Yoz 2R oY
Fdolge) e ojAEE nAY TAR) WFAA ARE Y
oz nk e ZAR @ik HE FROEA olshel Az
o Wyow PRAN 2dye drHI2)

A1 AARIHA) - DE o]HEF EA YR Aol
o] wAlelAlE 2R uEdolEE SAX Ao Al s Alof
st

A2 BAEE AT wA) A

N3 o) oAl WS E FEAQ Aol o] WAL A=
olMES} BAY WEY W LY Asde] BA%HoR A
A wsletez Aojuiel tegol Woei

5 o]

W ojME, A AFEY F A

LAz olmEst 2A HED
Ul

Holr}, g Az UHH, G AAM Mz £
3 HEEL Qe HAEAHRY AUAAR o
Qlo] gt}
H 3 HUYAS Joz v dA) - A 2 A AFY g
24 s ojHES ZalE HEAHH sty FAHEA FFH
A}, Aojthde =W ojol o3t} dFo] AujETh

a9 19 2% vy EdHelee HEF FRoF A 3 @A13]
Aete)l g Ueldo 18n 2Ee A8 ge e g2
Mg dA g
b8 10 2% vy Edoly @ Ax o]HEd RIFolglye: ¥
2x8 dAwWz 2d3 o
7HR 2 A EAE AEE] Ay 22y AHE g
714 3 FEHLE A4SA ¥ETh
ol4ke] FtAM A 3 Fde FEHZ A AS o|RES} iy
ZA7E 3 BAT o FaslE: Aoz AzEW #AAL o
&8 gol e F Ut}

my (D= u D= fal?) (M
m, v (D =u, () —f (D) (2)
M x(D= F o kot (D) = € ux 2oL D) (3)
(me+m) YD =F 5=kl ) — €y yLD) @)
fa=kolx, (D—x DI+ cl x(H— x(D] (3)
Fo=ko[y.(D =D+ cyl y(D~ yAD] (6)

Q714 m, 2R dUFedolHe A, mi A= o|WEQ
A%, m, AATAY AW, x, e 22 AUFdeHy
N-YE wake) ztztel 913, ge w@om
B9l 7o) 9, u, we AU, Fo for @ A4 23,
Bk Con Cops NAEAL X-YE WEe) 223 45 3
HAAS g by Co eyt @ AN X-VE WY 223
o

% 2 WA Aol



Force End-
sensor effector

23 1 2% vy FdelHy 24
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Fig. 2 Two-dimensionnal hybrid control system of position
and force by using the relative motion between the
manipulator and an end-effector
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Table 1 Parameters for simulation

Reference point of manipulator : x§ 0.01 [m]
REference force of manipulator @ f 4 0.2 [N]
Initial point of manipulator @ ¥,y Xuo 0 [m]
Initial point of end-effector : x.p). ¥eto) 0 [m]
Sampling interval 10 [ms]
Step width of integration 0.4 {ms]

E2 2% AuEdelgs sevly

Table 2 Parameters for a manipulator

Manipulator mass © m, 1 [kel
End-effector mass @ m, 0.1 [kgl
Workpiece mass @ m, 3 [kel
Workpice stiffness of X axis © & 0.002 [N/m]
Workpice stiffness of Y axis @ A&, 2000 [N/m]
Workpice damping of X axis @ €y, 0.000001 [Ns/m]
Workpice damping of Y axis @ ¢y, 1 [Ns/m]
Sensor stiffness of X-Y axis : kg k, | 5000 N/m]
Sensor damping of X-Y axis © ¢y ¢, | 20 [Ns/m]
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Fig. 3 Position response of hybrid control
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Fig. 4 Force response of hybrid control @ case 1
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Table 3 Feedback gains of position
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Table 4 Feedback gains of force:Case 1
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Fig. 5 Force response of hybrid control:icase 2
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Table 5 Feedback gains of force:Case 2

Kﬁm Klm K/m Kﬁ>
645.2 3.226 4.0 20
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