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In this paper, we designed and manufactured a new manipulator (less than 15 kg) to make the total weight of SCOBOT-
200 (EOD robot: its platform weight is 35 kg) commercialized by FIRSTEC Co., Ltd. Link1 and Link2 of the manipulator
were designed and fabricated using CFRP (Carbon Fiber Reinforced Plastics) material, and the other components were
made of AL6061 material. The fabricated manipulator has 5-DOF, and the opening width of the gripper is more than
1620 mm. As a result of the characteristic test, the weight of manipulator is 14.5 kg, the length of the manipulator is 1500
mm, the payload when the manipulator extended is 8 kg, when folded is 20 kg. Thus, the manipulator manufactured can
be used as a manipulator for a small EOD (Explosive Ordnance Disposal) robot.
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L = Length of link (mm)
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Fig. 2 5-DOF manipulator for small EOD robot
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Fig. 3 Conceptual diagram of the manipulator link structure
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Fig. 4 Parts name and dimensions of gripper
Table 1 Dimension table of gripper
Division Length (mm)
Max. opening width 150
Displacement 45
Maximum extension length 240
Gripper base width 110
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Fig. 5 Structure analysis result of gripper
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(@) Link 1
Fig. 7 Structure analysis result of Link1 and Link2

Table 2 Necessary torque of each joint and design conditions

(b) Link 2

Table 3 Output torque and gear ratio of each joint

Division Link1 Link2 Link3 Division (Joint) 1 2 3 4
Link length (mm) 700 600 200 Motor type EC 4pole ECMax
Weight (kg) 6 4 2 Motor voltage (V) 48
Efficiency 0.5 Motor power (W) 200 200 200 60
Safety factor 2 Gearhead ratio 246:1 246:1 159:1 86:1
Friction factor 0.5 Worm-wheel 301
T,=3234 gear ration :
Requirement T,=646.8 Output torque Nm) 885 885 572 162
torque (Nm) T5=250.9
T,=50.9
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Link2 Gripper Joint5 Link3 Joint4d Joint2

Mounting part Joint1

Joint3 Link1

Fig. 8 Designed manipulator modeling

Table 4 Designed manipulator specification

Max. length (mm) 1500
Mounting part 2.73
Link1 5.61
Weight (kg) Link2 3.95
Link3 (with gripper) 1.92
Total 14.21
Lifting capacity (kg) Closed 20
Extended 5
DOF 5 DOF (w/o Gripper)
Grip width (mm) 150
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Fig. 9 Manufactured manipulator
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Fig. 11 Measurement of manipulator length
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(a) 8 kg lifting capacity test graph
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(d) 22 kg lifting capacity test graph

Fig. 12 Test of lifting capacity (closed & extended)
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Fig. 14 Test of movement characteristic

Table 5 Test result of manipulator

Division D:csign_ Measurement
specification result
Reach (mm) 1500 1500
Weight (kg) 142 14.5
Lifting capacity 20 (Closed) 22 (Closed)
(kg) 5 (Extended) 8 (Extended)
DOF 5 DOF (W/O Gripper)
Grip width (mm) 150 150
e

AARFY SRR, AA Dol (el E3h) 1500 mm, Y
o] 7hikeHE 20 kg o4k, WAL Wo] 7hikelE Skg o4k, £
¥R 2 2] 2EL(SCOBOT 200)9] F7] 50 kgo|a1E HEF vh=3}
ek

5. 48
2 =M HAEA gEoket Y FdE AR

SCOBOT 200(35 kg)e] HAlo] Hztslo] 4% Zupe w2z
o] aubEel aTARS wEsly] i@ sy B olE (15 ke
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olshyg AA 9 Aetdict. 7ol A 47 = A
258 vjyEeolEet wluwste] FHLSE fIske] Linklat
Link2o| CFRP &A1& #-g35to] fAlst 71Rksl-g 714 i
UEdold din] AF3E shlaL, 9-2 7]o]9 w47t JFF
< = 93 AXE Has) sb7] fiste] Joint L2ES Y
7hestol Ao A9 =g AAtsigict.

S48 43, Azet siyEdlolge] £A7F 14.5 ke, Wiy
EYoleE mAEo]A 83t SCOBOT 2009 4| (FA
35 kg)oll F2Rgt A, & 4 FUE A 25e] FAVE 49.5kg,
tUEGolHE HAS o] 7Hkslso] 20 kg, miyE o|HE
He o] 7Hslso] 8kgolflon® 4 FihE AP =i
URHARl R AKFS HF THESIGITE Le|al A FdE A
22 TUE A7 HEa o] AAsks gubEl HE9)
AR 10 kg 7MY FdE 7P-E 531 A4 o5kt
whebs] 2 Aol A St vy & olEl = BUEA S $Iet

&y Fie AR5 B ohuRt £gH AFEA 23, 44
e}
=
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