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Movement Analysis of Micro-Robot with Five-Joints

Masateru NagaTa* *, Toshio Furucur* *,
Yoshiichi Oxapa ™ *
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Today, Japanese agricultural production is required to become at hight technology for
getting at low cost and hight porductivity. A method for solving this problem is to develop
an agricultural robot instaed of a farmer. Recently, several papers concerned with robotic
studies as a solution to the above problem were presented in Japan.

This report discusses a vomement analysis on the robotics operation in minute agricul-
tural works. The tested robot was a multi-joints type. The length of the robotic manipula-
tor is 400mm and the weight is 7. 3kg with a lifting load of 500g. The movement of robot
was analyzed by a video camera and an analyzer.

On the space between a free point of A and that of B, a moving route takes place
when a robot arm goes to a place from A to B and when it goes back from B to A was not
the same. This is because the rotation of each servomotor of a robot arm was different
respectively. The route of a pointed end of robot arm moved in a circle. With the moving
time of a robot arm on the same route, a downward move was a little fast than that to
the upward. This is due to the weight of the robot arm. In order to get an ideal moving
route for making the pointed end of the robot arm to move smoothly in a straight line,
the rotation of servo motor of each joint must be made to be changeable or by putting
several supportable points between one place to another. Bull. Fac Agr., Miyazaki Univ.,
38(1), 55-61, 1991.

Key words: Robotic for agricultural works, Micro-Robot, Movement analysis, Minute
agricultural works
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Fig.l. Structure of the tested micro robot with five-joints (88-5 Type) .
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Table 1. Specifications of the Tested Micro-
robot with Five-Joints

Item Quantity
Freedam of moving Five axis
Drive system DC Servo motor
Length of arm 400mm
(150+120+130)
Moving area(deg.)
Waist 280°
Shoulder 90°
Elbow 180°
Wrist pitch 220°
Wrist roll 200°
Max. moving speed 1200mm,'s
Mazx. lifing weigh 200 g
Repeatability +0.1mm
Weight 7.3kg
C/LAN £—F, 127 v 7&{EH® STEP £~ F,

1494 7 VEH{ER® CYCLE £— F, #A#E— 1E

®Micro robot

@ Teaching box (Instruction
board) ® Digital servo amplifier

Fig.2. Micro robot system.
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Table 2. First stage condition.

Item M1 M2 M3 M4 Mb

Moving area (deg.) 280° 90° 180° 220° 200°
Moving angle per

a rotation (deg.) 3.2724 1.1975 1.4938 3.6 7.2
RATIO value 24444 66807 53555 22222 11111
Max. Movement 2833 926 1823 22178 2084
OFSET value 16 14 11 0 42
Standard angle (deg.) 140 48 90 150 20

Remarks:M1;West motor, M2;shoulder motor, M3;Elbow motor
M4; Wrist motor, Mo; Wrist roll motor
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Table 3. The combination of point A, A’,
B and B’ for the test.

First stage point of A and A’

As A A A%
5 15 10 5

BB ,AA" | Ai Ay Ay A4
(em) [25 20 15 10

B. 0
B, -5
Bs, -10
B 0
B: -5
B’ -10

O OO0 O0O0
OO O0O0O0
OO0 O0OO0O0

Target point of
B and B’

o O O
o O O
o O O

Remark: Marks of O are test fields.
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Fig.3. First stage point of A, A’ and target
point of B, B’. '
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Fig.4. Join‘ps measurement on the robotic
manipulator (robotarm ) by
video analysis.
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Fig.5. Example on the movement of the tested micro robot.
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Time: 7721 L
Moving : 25 — 5cm Time : 8707

Moving : =5 —25¢cm

(Downward) (Upward)
(1) Test No. 1-2A (2) Test No. 1-2B

Time : 7710 Time : 7794
Moving : 20 »—-10cm Moving : =10 =20 cm

(Downward)

(3) Test No. 2—-3A (4) Test No. 2—-3B

Fig.6. Example on the movement of robotic manipulator by video analysis.
TEST No.l TEST No.3
(cm) (cm)

25

22

Hight

(a) Moving route:25<-10(cm)

(b) Moving route: 1545 —10(cm)
Fig.7. Example on the moving route of the tested micro robot.
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