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End-Effector Acceleration Manipulability of Flexible Manipulators

Katsuya Kanaoka*' and Tsuneo Yoshikawa*

2

In this paper, we discuss end-effector acceleration manipulability of flexible manipulators. We propose a non-

stretch flexible beam model which is better to express real flexible beams than Euler-Bernoulli or Timoshenko beam.

Based on this model, we have shown that a flexible beam has only one direction to transfer acceleration from driving

force/torque on its proximal end. This is an intermediate characteristic between rigid body and elastic body. We

have also found that conventional flexible manipulators (with point joints) have no direct relation between proximal

driving force/torque and distal acceleration. Then we have discussed a new construction with rigid flanges and found

that the flexible manipulators with rigid flanges have a direct relation between proximal driving torque and distal

acceleration in only one direction. We verified above numerical results by some experiments.

Key Words: Flexible Manipulator, Non-Stretch Flexible Beam, Virtual Joint Model, Rigid Flange, Dynamic Ma-

nipulability
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Table 1 Natural frequency [Hz] of the Euler-Bernoulli beam
(up to 5th mode)
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Fig. 7 Changes of singular values (point joints)

—45° 0000000000000 0°, —10°0000OODO
gbooobooooboooooboooao
doooooooboobobooboboooooooooooooo
ODMEOOOOOCOOOODOOOOCOOOOCOOOOOO
gbooooooboobobooobooobobobouoboooo
goooooocoooooooo

5. O a

ooooooooooobobobobobooo 200000000
gooooooooooooooboOooOooboOoOooobooOoa
gboooboooobooboobooboooobooboobOooboooo
goooooooooooooobocooooo

000000 Fig.1l00OOO0OODOODOOOOOOOoOOO
o0o0o2000000000000C0O0O0000O0O0O0O0O0O

00 %, 0000000 %,,%,00000000000000

5.1 0O0OO0OCOO
gooooooooboobooboboooboobooboboooboaon
goooooocooooooo

0000000000000 6, = 29.9[deg], 62 =

—49.7|deg) D0 OOPDOOODOOOOOOOOOODOOODOO

0000000000000000000000000000
000000000000 7, =09[],r,=00[]00000
00000000 t=000000000 71 =0, 72 = T2ma
000000D0000000000000000000000
00000 Fig.11 0000

Fig.11(a)0(b) 00000000000000000000
00000000000000000000000000000
0000000D000D000000000000000000
oooooo

ooooooOooo 210 30

—107—

Fig.

10* 10° T T T
N{ N{ . : : : 0]

. 10 e .
£ : £ R
~ Lo ~ Lol
: 2 w04t R
5] . . ) o
% Iy g S
® &P : 8 10 Qi
® S & :
0 -8

10
0.0 0.20.40.60.81.0 0.0 0.2 0.40.60.81.0

1/n4 [-] 1/my [-]

Fig.9 Changes of singular values (with rigid flanges)

0000000000000 0O0O000oOooOOooO(d o
ooooooO0oooOoUooOooboO(eggoooOoooOOo
gooooooooooooboooboooooooooboobooboooo
0000000000 00000D 200[Hz DoOooooo
000000 [ms)] 0DO0D0ODOOODOODOOOODOODOOO
Fig.11(c) 0000000 D0ODOODODOODODOOOODOO

(b) flexible manipulator with rigid flanges

Fig.10 Experimental systems
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