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Modeling of a Flexible Arm used in a Hammering Robot and its Application

Teruyuki IzuMI* and Yasunori EKIMOTO**

Abstract

When a robot hits an object by a hammer, the robot manipulator has to absorb an impulsive reaction
with the motor of a joint or a link of the arm, in oder to protect the robot and the object from the
breakdowns.

This paper proposes a hammer system which is composed of a weight for the head and a flexible arm
for the handle of a hammer, in order to realize a hammering robot. The use of a flexible arm has the
advantage that the flexibility can absorb the reaction at a hitting easily. After the hitting, however, the
hammer system vibrates complicatedly due to the moment of inertia of the head of a hammer. Therefore
the modes of vibrations are analyzed by taking it into consideration. And the mathematical model of the
hammer system, which is forced by not only a driving torque at a hub fixing one end of the flexible arm

but also the reaction at the head of the hammer, is formulated by the Hamilton’s principle. Last it is

shown that the intensity and direction of the reaction are measured by using the model.
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Fig. 1 A hammering robot using a flexible arm
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Fig. 2 Motion of a hammer system in a horizontal
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Table 1 Specification of a hammer used in experi-

ment

i) 30 {cm]

flexible PA 1.784 [g/cm]

arm El 1.42x10* [dyne-cm®]
8 2x107% [sec]

head of M 226.2 [g]

hammer 4231.5 [g-cm?]
h 7 [cm]
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Table 2 Some parameters of i-th mode of a vibration

2 acceleration

d eigen values and functions

e ampulitude freq. spectra
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Fig. 4 Impulse responses of acceleration
(a) input is P, (b) input is Q

NRZFDHNPFRETEBHEME IR,
AH%kOBEIT, SRR IRIMEL LIRS
WAZow TR L, sike 3 A0 E TIDA S ¢
L52ETH5B,

2EXB

1) &Y oKy b7 —A0MEE F o EAAL,
FFH & I, Vol, 25, No. 1, 15/22 (1986)

2) SAARWIR, Hl—Z @& LA HORE D
Ry M, HARv KRy b2EaiE Vol.4, No.s,
544/547(1986)

3) M M2, HEBM REE—7vX2 70
T—oEBFHLFERZE Ry b, R
e rh [ S SR U 4, 126/127 (1991)

4) Wil B ALoFoRE7 L 3 X AR S
BRIEIEIE — F, NfF A A=A 3, 172/181,
JgsRAE RS (1975)

Vol.46 No.2 (1996)

Fig.

5)

6)

8)

9)

5 Frequency spectra of acceleration signals
at £,/ 2 =0.97 when T=5 [sec]
(a) ¥,(Lg, t), §o( Ly, t)

R T & AR, R A, Vol 29,
No. 3, 213/219 (1990)

EWNSEY b et (V] —ESETY 7D
Fidi—, GE & R, Vol 26, No.11, 968/
976 (1987)7) f&IHEEE, Wil & 7vXi 7
oKy b7 —2DRE, DARME SR (C
#) . Vol.53, No. 488, 954/961(1987)
IKFIES, MR 7V XL 7N - T—LANDE
T > 7 L, SR & R, Vol.25, No.l,
64/70(1986)

O, AT D 7L X TTAT =0T
ta b IR EN O B ER, R
CHe, Vol.27, No.4, 422/428(1991)



o Ry FPHZ7VELTAT =0T > 7L 201 (355) 51

10) K.H.Low and M.Vidyasagar: A Lagrangian
Formulation of the Dynamic Model for
Flexible Manipulator Systems, Trans. of
ASME, ]J. of Dynamic Systems, Measure-
ment, and Control, Vol.110, JUNE, 175/
181(1988)

11) S.Choura, S.Jayasuriya and M.A . Medick:
On the Modeling, and Open-Loop Control
of a Rotating Thin Flexible Beam, Trans.
of ASME, J. of Dynamic Systems, Mea-
surement, and Control, Vol.113, MARCH,
26/33(1991)

12) WA, Ll hesE Ll L7 —24
DEFY ¥ 7L AN, HAR K Fop
DU, 223/224(1990)

13) Mz 7vXReT7n-T—o2F L=
) ¥ 7Ry b OMEEN R, SICE90, 437/
438(1990)

<t #®>

RGNt 2B 27V XL 7N T — 0% % y
(x,t) &3, Zodiodastdas (X, Y) (3,
X(x,t) = (R+x)cosf(t) —y(x,t)sind(t) (A.1)
Y (x,t) = (R+x)sinf(t) +v(x,t)cosd(t) (A.2)
LB, INHEANGD EHEAIT AL X—-T D215,
2T, =pA [ L (X2(x,t) + Y2 (x.t)) dx
=pA | ¢ {(R+x)26%(t) + 62(t) y2 (x,t)

+2(R+x) 00y (x,0) +v2(x,0) }dx  (A.3)
EREND, CoOREENT D LA LN,

ST, =pA [{ ((R+x)26(t) s 8(t)

+6() Y2 (x,1) 6 6(D) + 62 (D) y(x,0) oy (x,
t)
+(R+x) {J(x,)0 6 +8(D) 6V (x,1))
+y(x,t)ey(x, 1)) dx (A.4)
M TH 5 t, LicBWT
88 (t,) = 06 (t,) =0 (A.5)
Sy (x,t,) =dy(x,t,) =0 (A.6)
THHIexHELT, oT, 2T DL,
[heTidt=— [ pA | ({(R+x)26(t)
+9 M) yv2(x,t) + (R+x)§(x,t) }88(t)

H{R+x)B()-82(Dy(x,1)

+¥(x,t) 1oy (x,t) ) dxdt (A.7)
b, inye—WiEDOMEIZ AL X —T,D 2 1%
i1,
2T, =M{X2(¢ .0+ Y2(€ .0} + {8+ (x,0) }2
=M{(R+ £)28°(t) + 82 () y2 (L ,t)
+2(R+2)8(Dy (L, 0)+y2(¢ b))

FIH2 W +20(0F (2.0 +372(0 .0}
(A.8)
THD, oy (x,t) =0y (x,t,) =0%#ELT, T, &
BRIC, 0% L DR e T2, A%,
[toTwdt=— ["MU(R+)26(t) +8(t) y2(¢,t)
+(R+2)y(L . t) oo (t)

+{R+ )8 —62(D)y(e 1)
+9(2 ., t) 1oy (€ ,t))dt

— JEJOLBM +y7 (e t) oo (t)
+{Ot) +y (2 )} oy (L ,t))dt
(A.9)
NTDOMENE AN X =T 3 Jn62(1) /2TH D00, 20

BoarldoEN LS I12h D,

8Ts=—]n0(t) 66(t) (A.10)
CPIX 7 410H 13 1 2 74)

IR Lo S o sy



