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Force-Sensorless Control Technology Based on Dynamic Model for Industrial Robot Arms
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Automated production lines have been increasingly introduced to reduce production costs, accompanying the globalization of manufacturing

industries in recent years.

Particularly in high-mix, low-volume production, there is a need for cell manufacturing systems using robots that can
precisely estimate and control external forces and moments to accomplish assembly tasks, including parts mounting and insertion.

However, the

introduction of force-controlled robots into manufacturing systems is hindered by the fact that force sensors are costly and fragile.
Toshiba has developed a force-sensorless control technology that can estimate external forces from differences between joint-driven torques

calculated based on a robot dynamic model and commanded values of motor-driven torques.

The control algorithm of this technology has been

implemented in six degrees of freedom (6DOF) vertical articulated robots produced and commercialized by Toshiba Machine Co., Ltd.
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Block diagram of force-sensorless control architecture based on dynamic model for industrial robot arms

b7 =20, BEPOEREONE DA EI T 5720
WCETA Y ONERBEL—T %22 T05, €2°T, ZOME
I —7F 2 20T THENLT, SRICHEIEIL—7 %2809
%o LT TIE, IEMELBIBET VAR OB T T IV
DWERE) MV Dl T—AFRTONTIOHEE T
B, RO CRREN$ 2 IR AN 722 54 F I 7 R HeD W ATE
T AR—=Z PN O WTIRR S,

21 BHREFIICEDWVEERBINLI#TE

) o ORI R TE, TRy M —208)
FEFNERN)DINEHKT Ho

1=M(0)0+h(0)+c(0.0)+g(0) (1)

CIT TR ML RZ MY, 0B N2 MY, M
EVEATH, RIZBEEE MV X7 B, eldaVF) My o7 MY
REAMVIRZ M, gl 3B IJ VIR MV TH B, F£IHE
IEREICHEE T &AL, B SR 2 VCERE) ML 2 A3
BHTEL, T2 TAE) 7 OBEEE—2AV ME
OB 3IRICCAD THEINEN D, —T, &FOEEE MY
Z1Z2WTIE, TRy MR ICEHI L7 BRE by 27 2 5 RS
EFNVEPEL, FOEFTINDOINTA—F ZHEET S,

2.2 FHEEFIICHIIZEBETI

FEHE MV 2 S BRI & IS L, v sk T AR Al
THIENTMERP S DI otze TNEBAMIZEKLD
D%, R21R7, BETT VI, BT L BN 7
DI L EREEZHLDTHY, RNIRT L) 7 F B
BEE W2 ET VLo, EHFERZ RIFIOEPTE 7,

t=a-arctan (b0)+c (2)

ZTTNTA=Fqa, b, clZHEDOILAICES>TRZY, X2
OEIFIIIV D 14, 1R, HHEREOBEEE IV 100, 10, RFEMP

EERORY NP—LOEHZETIVICED W2 Y LA

- trEn="C

o0 0=051=1p

2. EBRETIV — i EBREEEHCZBEIBEET IV Th L, B E
FEASHIIN T B L, BERIZBAIL 2D SN 5. B4 E AT D
IR TUE, SRR B AR ), AK 25,

Friction model using arc-tangent function
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TVB00 6DOF vertical articulated robot produced by Toshiba Machine Co., Ltd.
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Block diagram of force-accommodative control
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Results of pushing operation test
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Position of endpoint depending on force-accommodative control gain
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