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Skeleto-Muscular type Upper-arm Manipulator using Actuator with Non-Linear Elastic
System
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o _ The purpose of the study was to develpe a 7 DOF redundant manipulator of which
joints are controlled in an antagonistic manner similar to human slkeleto-muscular system.We used the
muscle-like actuator called ANLES that has a non-linear elasticity similar to a voluntar

muscle. The
research was proceeded in parallel with three research items; the developement of 2DOF sKoulder joint,
the development of 2DOF elbow joint and the development of 3DOF wrist joint. Design, assembly and the

. i -/ y
developement of the control system were completed in all of the items and their performance in tems of
the stiffness and angle control were confirmed by experiments.
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System: ANLES
ANLES

ANLES 1

ANLES

Elasticity

universal

- joint

ANLES

(1) ANLES
2 ANLES
(3) ANLES

ANLES

(4) ANLES

0 upper Board

ANLES




(5) ANLES

(6)

(1) ANLES

ANLES
os  —HGR{E
o XER(E

ANLES

ANLES

BE & M B [deg]

45
0 —Theroritical Curve I
35 * ])i.lx[an.sim l é
extion N
30
B External Rotation I & /T

Stiffness of Shoulder [Nm / rad]

Torsion Angle of NLEM [rad]

L0 10 i A

HE: 75KS  _pi
ki

[mm]

U

34

ANLES

60

w
=]

# Experimental Result

S
(=]

—Theoritical Curve

Stiffness of Elbow [Nm/rad]
(=] w
[=] [=]

-
[=]

¢ o0 & 6 00
0
0 1 2 3 4 5 6 7

Torsion Angle of ANLES [rad]

(2) ANLES
ANLES
ANLES

(3) ANLES
ANLES
ANLES



ANLES

ANLES

ANLES

16

[1] Multi-Joint Gripper with Differentia Gear
System, Takumi Tamamoto_, Kazuhiro Sayama
and Koichi Koganezawa, Proceedings of 2014
IEEE International Conference on Intelligent
Robots and Systems(IROS), ,15-20,2014.
[2] Artificial Hand with Stiffness Adjuster,
Koichi Koganezawa and Akira Ito, Proceedings
of 2014 I|EEE International Conference on
Intelligent Robots and Systems(IROS),
,21-27,2014.
[3] Artificial Hand with Stiffness Adjuster,
Koichi Koganezawa and Akira Ito, Proceedings
of the International Conference on Intelligent
Autonomous Systems (IAS) , ,2014.
[4] Multi-Jdoint Gripper with Differentia Gear
Chain, Takumi Tamamoto, Kazuhiro Sayama
and Koichi Koganezawa, Proceedings of the 3
Joint Conference on Multibody System
Dynamics, ,2014.
[5] Development of a Shoulder Joint with a
Variable Stiffness Mechanism, Yoshikatsu Naito
and Koichi Koganezawa, Proceedings of the 3
Joint Conference on Multibody System
Dynamics, ,2014.
[6] A Mechanical Musculo-Skeletal System for a
Human-Shaped Robot Arm, Koichi Koganezawa,
Actuators, 3, Multidisciplinary Digital Publishing
Institute ,124-141, 2014
[7] ,

) ,Vol.50, No.1, 44-50,

2014.
[8] Multi-Joint Gripper with Stiffness Adjuster,
Koichi Koganezawa and Takumi Tamamoto,
Proceedings of the 13th International Conference
on Mobile Robots and Competitions,
,20-25,2013.
[9] Multi-Joint Gripper with Stiffness Adjuster,
Takumi Tamamoto and Koichi Koganezawa,
Proceedings of 2013 IEEE International
Conference  on Intelligent Robots and
Systems(IROS), ,5481-5486,2013.
[10] Artificial Hand Based on the Planetary Gear
System, Akiralto and Koichi Koganezawa,
Proceedings of 2013 IEEE International
Conference on Mechatronics and
Automation(IROS), ,645-650,2013.
[11] Multi-Joint Gripper with Differential Gear
Chain, Takumi Tamamoto and Koichi
Koganezawa, Proceedings of 2013 IEEE
International Conference on Mechatronics and
Automation(ICMA), ,30-35,2013.
[12] Quantitative Evauation of Dexterity by
Modeling of Joint Torque, Hideyuki Nagao and




Koichi Koganezawa, Proceedings of 31st
Conference of the International Society of
Biomechanics in Sports, , P40-3 1D80,
2013.

[13] ,

Voal.49, No.1, 11-17, 2013.

[14] Antagonistic Control of Multi-DOF Joint,
Koichi Koganezawa Gaku Takami and Masakaki
Watanabe, 2012 IEEE/RSJ International
Conference on Intelligent Robots and Systems
(IROS), ,2895-2900,2012.

[15] A Mechanical Realization of
Musculo-Skeletal System, Koichi Koganezawa
Gaku Takami and Masakaki Watanabe,
Proceedings of 10th International IFAC
Symposium on Robot Control, ,2012.

[16] Antagonistic Control of Multi-DOF Joint,
Koichi Koganezawa, Proceedings of 13th
International  Symposium on  Experimental
Robotics, ,2012.

9
(1] ; b,
’ 32 ’
,2014 09
(2] b
2013 09
(3] b
,2013 09
(4] b
2013 09
) [ : :
2013 07
[6] , Artificial Hand Based on

the Planetary Gear System,

,  The institute of electronics,
information and communication engineers,
2013 03

[7] b

, 2012 12

(8]

(]

¢y

, 2012 12

, 2012 09
0
0

Koganezawa Koichi
10178246



