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Abstract : The multi-manipulation system was developed that can precisely install a girder on a pier with
four manipulators. By analyzing the working scenario and environment, the target specifications for each
manipulator were derived. Based on the target specifications, link joint and structure were designed. The
manipulator with a shape similar to the crane outrigger was designed and the working area of the
manipulator was analyzed. The hydraulic system was designed for operation of the manipulator. Output
force in the working area was analyzed and the output specifications of the hydraulic system were
simulated. As a result, a multi-manipulation system that satisfies all the target specifications required for

girder mounting work was developed.
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Fig. 1 Girder installation work using manipulators
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Fig. 2 The required specifications analysis of

manipulators for girder installation work
(a) Overall composition,

(b) Specifications analysis
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Table 1 The results of working specification

Parameter Value Unit
Weight of girder (W) 150 ton
Boom - pier vertical Min. 5
distance (Min. dy;) m
Horizontal workspace (d,) + 0.1 m
Max. degree of cable - girder
at Max. position in horizontal 1.146 deg
workspace (Max. 0)
Friction coefficient of concrete
- rubber 1/03
([)ry: Hq / Wet: l%r)
Tangential force about crane
cable at 0 (F) 29430.2 N
Required horizontal force of
each manipulator (F7) 7356.08 N
Required vertical force of each
manipulator (F7) 2452027 N
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Manipulator horizontal 2 DOFs (x, y) actuating motion x 4 ea
‘ Girder: 3 DOE;
4 z
roll [, & I
I ¥ ‘f pitch

= Girder 3 DOFs (x, y, yaw) motion
I.

(@
Manlpulator vertical 1 DOF (z) actuating motion x 4 ea
= Girder motion 3 DOFs (z, roll, pitch) motion
(b)
Fig. 3 The required degrees of freedom(DOF) of
manipulators for girder motion
(a) Manipulator horizontal motion,

(b) Manipulator vertical motion
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Fig. 4 The structure of multiple manipulator
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Table 1 The parameters about design result of
manipulator
Parameter Value Unit
lo o 370 mm
los—los 70 mm
U 802 ~ 1082(Displacement: 280) | mm
L, 336 ~ 436(Displacement: 100) | mm
Iy 5 614 ~ 1114(Displacement: 500) | mm
Iy 630 mm
Table 2 The parameters about design result of
manipulator
Parameter Value Unit
lo o 370 mm
los—lo4 70 mm
I 802 ~ 1082(Displacement: 280) | mm
U 336 ~ 436(Displacement: 100) | mm
L 5 614 ~ 1114(Displacement: 500) [ mm
Iy 630 mm
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Fig. 6 The graph of manipulator workspace about

X, y plane
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Table 4 The simulation result about hydraulic
system

Part Title Result | Unit
Peak pressure 218.2 bar
HPU Maximum pressure 200 bar
Maximum flow 31 LPM
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