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B 1980F X : H|StHo 2 EX AIE

E 1980 ¥ ~ 1990 X : A SiHA| 22 HE AF Ill 5| robotics Technol ﬁ
E 3 : Teleman project?| £ 222 +3 ‘—1/ OPONES 16CNNOI00Y
E 1996'd : O|= DOEZ2| Robotics Crosscutting Program

TELEMAN Project Robotics Crosscutting Program

B 7|ZF:1989 ~ 1993 B =X : cleaning up the legacy of radioactive and
B =X : develop remote ‘handling’ system for chemically hazardous waste at contaminated
hazardous or disordered nuclear environments sites and facilities
(main focus : Telerobotics) E Technical application area
[ subject area 1. Tank Waste Retrieval(TWR)
1. Teleoperators 2.  Chemical Analysis Automation(CAA)
2.  Intervention systems 3. Decontamination and Dismantlement(D&D)
3. Radiation exposure reduction 4. Crosscutting and Advanced Technology(CC&AT)
4. Radiation tolerant systems
5. Applications to fusion plants, fission, reprocessing,
emergency response
6. Autonomous mobile robots
7. Multi-sensor integration
8. Robot vision
9. Control

Karee iterri Lengy Fesasrch inithate

( —f— -
(;"uzm



OHR XA

Karea izeic Lrengy Fesasrch inathate




off Ml 23X AZR(0)

PIADE carrier (ELAN IIB) ATENA carrier (AT1)

Remote Dismantling Machine U storage carrier (CEA Marcoule)
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System with chain
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Nuclear Energy Agency, A&D and Innovation Needs for Decommissioning Nuclear Facilities, NEA No. 7191, 2014

Suggested technology for standardizing robotic modules, articulated arms, hydraulic or electric

power packs

» Description — Each robotic arm technology developed for a specific purpose appears to have
been designed from scratch, with little or no standardization. This is wasteful, time consuming and
expensive. While it surely provides jobs for creative designers, it causes delays to a project when the
robot must pass mock-up and verification trials before use.

» Objective — Develop a series of modular robotic modules on a basic design frame, each with
varying capacities for lifting, reach and articulation. Some companies have developed and
successfully marketed standardized units, such as the various models of the Brokk machine.

» Desired deliverables — A family of robotic modules that can be assembled from a “toolbox” of
options for several capacity sizes and range of motion applications. Hydraulic or electric power
packs can similarly be developed with varying pressures, hydraulic flow rates and electricity

~Tequirements.
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Understanding Real Application

Target Setting : Group, Task, Environment

Task Analysis : Workspace \
Design of Kinematic Structure /

Dynamic Analysis
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Field Evaluation
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Hydraulic Actuator Module(Rotary)

Hydraviic Motor limit sensor

> resolver(output)

=G | reducer

.....

1 Resolver{inpul)

1 Reducer
= =0 \ -
=7 " resolver(input)
e
“_Resolver{output) * hvdraulic motor
Small hydraulic actuator module
resolver(input)
resolver(output)

* limit sensor
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Medium hydraulic actuator module
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Hydraulic Actuator Module

== 15 3 d&H 3,4 = 3|dAH 5% 3d&H
SauerDanfossAt SauerDanfossAt SauerDanfossAt
OMP 80 OMP 80 OMM 40
Y 2H -E3:150Nm - &3 :150 Nm - E3 :45Nm
- =% 1770 rpm - =5 1770 rpm - =% : 630 rpm
-2 10 kW -8 10 kW -8 :12.2kW
& 2AHDSAF CSF-100 & 2AHDSAF CSF-80 &2AHDSAF CSF-65
- &=H| : 160:1 - &=Hl : 160:1 - &=Hl : 160:1
e | o 25tE3 - H7 2OtE3 -7 263
5,720 Nm : 3,130 Nm 1,570 Nm
- =058 XU ED - =ol8 U &EQ - =08 XU &E3Q
15,500 Nm 7,910 Nm 24,750 Nm
fIXl MM | Tamagawa Resolver(S-21) Tamagawa Resolver(S—21) Tamagawa Resolver(S-21)
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Hydraulic Actuator Module(linear)

moving braket resolver

SCTeW

Fm\ Hydraulic motor
-%@E limit sensor

limit sensor

onide roller

The draft of prismatic hydraulic actuator module
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Module(end-effector)

Hydraulic Actuator

gripper module

output link
|
| |
limit sensor /i ! _
| thydraulic motor
resolver(output)/ sesolverinnng

The draft of small revolute hydraulic module connecting gripper module

5t =
S D H SauerDanfoss OMM 40
2| 2H2IHDS CSF-65

HA (Y ZEH) Tamagawa Resolver(S—21)
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Hydraulic Actuator Module HjX|

. Prismatic hydraulic actuator module
Large hydraulic actuator module

Small hydraulic actuator module

Medium hydraulic actuator module

Small revolute hydraulic module connecting gripper module
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Hydraulic Manipulator(1t version)
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Hydraulic Manipulator(2n9 version)

e SE - 2 (rad) £ D=2 (rev/sec)
15 -95 ~ 95 0.25

25 0 ~ 400 mm 250 mm/sec
3= -105 ~ 105° 0.25

45 -105 ~ 105° 0.3

55 -105 ~ 105° 0.3

6= -170 ~ 170° 0.3

(""n
i O
CFann) rJEﬂItE—iS?@ 07

aree iark nengy Fesasrch inathute



RDC Board 3 g
RDC Board 3 g

<
<
<
<

(«;"um 3’?;’.’,&32?.3‘ A A|AE o8

ARM
Processor
with RTOS &
A HAL driver




M il AN

.....

Y MR / 0
£

400 -,
300 -

200

100

Z[mm]
/

Gy :
e DR RIX PRI
CTRAER oo

aree iark nengy Fesasrch inathute

m 250kg payload, control performance £1mm
m Time Delay Control

3D workspace

start

rms = 0.68mm
rmsy =0.11mm

rms_ = 0.67mm

400

Y[mm] 3209  -400 X[mm]
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Displacement of X and Z[mm)]

(‘ pad
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r PIDRIO 21 0l SMC(sliding mode control) Switching action € F=JH(PIDSA)

= PIDSAS| Windup 2l o Z (0= Le(O) -0+ [e(e)dr +& [Je(c)drde
e Friction 24 212|& Hg u(®) =k,e(t)+k | e(T;de é(t)+dk sgn(s(t))

Desired End-Effector Trajectory

End- Effector Pos1t10n Error(m) End- Eﬁ"ector P051t10n Error (y)
1.5 T 0.5 T
——PID(rms = 0. 17509) —PID( ms = 0. 073171)
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200 E i 0.2
El Z o1
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£ 3 - £ 0 i
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A A -0.1 ,
-200 r ]
0.2 1
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-400 200 3400 2 | ‘ ‘ ‘ ! 04 | ‘ | ‘ |
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200 3300 _— Time[sec] Time[sec]
X [mm] 400 Y{mm . . . -,
. . < X axis Position Error > <Y axis Position Error >
< Desired Trajectory >
Desired End-Effector Trajectory
300 T T T T T 3420
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Trajectory
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