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Development of Motion Planning Scheme for Compensating
Elastic Deformation of Flexible Link Systems
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In recent years, robot mechanisms are made lighter than before to improve the safety of robots in human society and
to decrease the running cost. Elastic deformation in the structural members normally occurs when high-speed operations or
heavy-load operations are performed. The deformation may interfere with the operation. In this study, we developed a motion
planning scheme to predict and compensate the elastic deformation of flexible link systems and the effect is estimated.
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Fig.1 Compensation angle for one-joint flexible link system

Elemental coordinate

Fig.2 Compensation angles for multi-joint flexible link system

Table 1 Parameters of a link

Material Aluminum
Size[m] of each link (Case 1) 0.0060x%0.060x0.60
Link Size[m] of each link (Case 2) 0.0060%0.060%0.30
Density [kg/n?'] 2.70x10°
Poisson’s ratio 0.345
Young’s modulus [GPa] 70.3
Mass Tip mass [kg] 0.50, 1.0, 3.0,5.0

3. EMfEEtEOH
RETIE, MHRFRY 7 RIS L, MR OMIEZEA
L7z BhER Hl 2 52 L 725 ORI OV TIRGIERAT O

3.1 #EWEH

fEfTetg e L2V v 7 OfdRE R 1IR3, Uo7z, B
E—HXOEEE LT058 [kglZ ML TW5., FrlURd, i
% 2 DD FTOX AT TR, BEEIEASE L8t
B OMGEEEZ T o7,

Case1: 1 BEfiZHRY > 7 R TIT 9. AT OFELE HoT 0K
AN, Uo7 ZEE R ORRED B /KR & A TIZ/2 5 £ T30
T2 [radiE Y _EiF 5.

Case2 : Lit& A CEhMES 2 BAfiZHRY v 7 R TIT 9.

3.2 BhHR

Case 1 CHenE B4 50 [kg] & L7=HAOFREZK 3 1RT. 72
B, X3 @QIHHTERELOLAOEERLE, X3 O)ITHEA D D%
HOENIE, K3 OITENENELNIZHE DR Lz ML
7 AR AR Y 7 Rosl EICZAR Y 7 RO SRR D
BRELTOIUE, TORT v TR BT b ORIEN T &

TWALHEWTE S, X3 @ TIIKFECARBITON, TmhHEn
KEL 725728, HUEY 7 Z20dh E2>bOZEIFNTNS. 2
FUTHRE LUK 3 (0) ThE, #ICifPE7= oA %S 8 U CRIET A 7o i A
FEAEZBIML TN D720, Jeii B HIE S D, X 4(a)
VIAFIESE L OFER Y > 7 RO E & MIALE D2, 4(b)i%
HHIEAT © OZFHRY > 7 SADSesriE & MAELE DFEZ R L 5.

I

N
T
1

I

[N}
T

1

Z-coordinate [m]
*

Z-coordinate [m]
L,

o
b
T
>
*
Ceo
Ce
e
\:
)
o
e
T
\l
)

b —o— rigid ‘ —o— rigid

06k booe o flexible 4 -0.6f ’ o flexible
0 07 07 05 0 07 07 0%
_X-coordinate [m] R . X-coordinate [m]
(a)Without compensation (b)With compensation
o —— Without compensation

——— With compensation

Torque [N*m]

20+

230+ -

Time [s]
(c)Toraue curves
Fig.3 Motion trajectories and torque curves

(Case 1, Tip mass: 5.0 [kg])
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Fig.4 Difference from the rigid body trajectory

Table 2 Difference from the final position of rigid body (Case 1)

cor\rIl\;l)i(terrll(s):ttion With compensation
Wy [m] w’; [m]
0.50 [kg] -3.37x10° 1.10x10°
Tip 1.0 [kg] -5.44x10° 1.60x10°
mass | 3.0 [kg] -1.38x107 3.00x10°
5.0 [kg] -2.22x107 4.30x10°

Table 3 Compensation rates (Case 1)

End position [%] Average [%]
0.50 [kg] 99.98 95.87
Tip | 1.0[kg] 99.75 96.03
mass | 3.0 [kq] 98.84 96.26
5.0 [kg] 97.97 95.16
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Fig.5 Motion trajectories and torque curves

(Case 2, Tip mass: 5.0 [kg])
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Table 4 Difference from the final position of rigid body (Case 2)

c on\gigr]]g:;i on With compensation

wy [m] W [m] w’ [m] w[m]
0.50 [kg] | -1.04x10° | -3.18x10° | 1.80x10° | 1.10x10°
Tip | 1.0[kg] | -1.69x10° | -5.26x10? | 5.70x10° | -4.30x10°
mass | 3.0[kg] | -4.36x10° | -1.36x10? | -1.55x10 | -9.84x10*
5.0 [kg] | -7.09x10° | -2.20x10? | 1.13x10* | -8.18x10*

Table 5 Compensation rates (Case 2)
End position [%]

Average [%)]

Jointl Joint2 Jointl Joint2
0.50 [kg] 99.75 99.97 97.42 93.85
Tip 1.0 [kq] 99.44 98.66 97.50 94.98
mass | 3.0 [kg] 97.50 9141 98.13 96.20
5.0 [kg] 98.31 94.08 97.35 95.30
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