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Optimization of Elbow-bracing Position for Manipulator with

Constraint Motion
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Abstract

Considering that human can do accurate task with small powers by contacting elbow

or wrist on a table, we thought that manipulators can save energy and do a task more precisely
like human by bracing itself. Therefore this paper discusses the motion equation of robot under
bracing condition, based on the robot’s dynamics with constraint condition including the motor’s
dynamics. Then, the best elbow-bracing position that minimize the energy consumption is found
by simulation on condition that the manipulator was attached a load on the hand of 4 links

manipulator.
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Fig. 1: Human’s writing motion
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Fig. 2: Dual system of manipulator under constraint

condition
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Fig. 5: Elbow-bracing position in simulation
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Fig. 6: Evaluation of energy consumption(M=0.0)

14000

o
S
8
S

Energy consumption [W]

0 02 04 0.6 08 1 12
Elbow y position [m]

Fig. 71;000Evaluation of energy consumption(M=0.4)
16000
14000
12000
10000
8000
6000
4000

2000

Energy consumption [W

0

Fig. 8: Evaluation of energy consumption(M=0.6)

25000

)
20000
15000

10000

5000

Energy consumption [W

]

04 06 08
Elbow y position [ml]

Fig. 9: Evaluation of energy consumption(M=0.8)

5 BnYIc

AFMSCCTIEHT X BEARRE L, WAGESHOET Y &~
TEATV, a3 br—J0OFGF%, vIalb—a i
KV B 7 i & LE OB AT o7, W TR F—
B/ NHEIO N ROHFSHRY) O EEITIKFE L TRE D

30000

25000

20000

15000

10000

5000

Energy consumption [W]

0.4 0.6 08
Elbow y position [m]

Fig. 10: Evaluation of energy consumption(M=1.0)

40000

35000

30000

25000

20000

15000

10000

Energy consumption [W

5000

0

1] Y. Washino, M. Minami, H. Kataoka, T. Matsuno,

A. Yanou, M. Itoshima, Y. Kobayashi: “Hand- Tra-
jectory Tracking Control with Bracing Utilization
of Mobile Redundant Manipulator ” SICE Annual
Conference pp.219-224 (2012).

SR G, IR CHRE, BT AT, RAR GE, R B
IR SRR 2RI Ui~ > RELEIBSRE & ) R0E
BOIFUMLHIE, B2ma s Ca—T—a ).
ATV V= ANYER, pp.5T7-64(2012).

A B ZadoEaRy ho#BYET L LT
SEHLE B IERIEIRE D> %, W RFRFPE L
TRV ARE > A T A TR, AR 20 FEEE L
3L (2009).

B R RS DWW AL E /il o
=B TR AEE S AT D TR, PRk 19 4F
JE AR R SC (2008)

Ridl 3% BEInR Y MRS &R
¥ =t a L—ZOWE, LR RFBE B RE A
R o A 7 D TR, SRR 23 SR AE 15
(2012)



