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Hydraulic Manipulator to Assist Rescue Personnel
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In this study, we developed a hydraulic manipulator to assist firefighters and rescue personnel at disaster sites. In the
design procedure, we analyzed the manipulator considering the hydraulic actuators as well as the manipulator kinematics
and dynamics. For the user interface, a macro/manual operation concept was proposed to provide an effective response in
emergency and disaster situations. To cope with abnormalities of the disaster site operator, a protocol for switching local/
remote operations was developed. The effectiveness of the hydraulic manipulator and operating system was verified
through task implementation experiment.
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Fig. 2 Task examples of the hydraulic manipulators
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Fig. 3 Axis concept of the hydraulic manipulator
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Fig. 5 DH coordinates for developed manipulator

Table 1 DH parameters for developed manipulator

i a; [mm)] o; [deg] di [mm] 0; [deg]
1 200 90 201 0

2 765 0 0 0

3 582 0 0 0

4 340 -90 0 0

5 0 -90 0 -90
6 0 0 399 -90

Fig. 6 Cylinder kinematics
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Table 2 Cylinder spec. for the worst condition (Static)

Table 3 Max cylinder forces in the dynamic lifting simulation

Req. force  Available force [ton] Cylinder area [cm?] Axis 1 2 3 4 5
[ton] Forward  Backward Forward Backward Force [ton] 0 4.5 1.8 0.5 0
1 0 8.08 4.74 38.47 22.57
2 9.59 10.55 6.43 50.24 30.62
3 9.69 10.55 6.43 50.24 30.62
4 35 8.08 4.74 38.47 22.57
5 0 6.54 3.91 31.16 18.60

300kg
300mm

Fig. 9 Dynamic analysis for cylinder force
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Fig. 10 Developed hydraulic manipulator
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Fig. 11 Manipulator interface with macro operation button
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Fig. 13 The combinations of input device signals

Table 4 The judgement of boarding/remote operation authority

Authority request

Mode

Local request Remote request

Local (0) Local (0) Complete local
Local (0) Remote (1) Forced local
Remote (1) Local (0) Forced remote
Remote (1) Remote (1) Complete remote
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