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Development of Remote Maintenance Technology

Trial Fabrication of Sodium Handling Robot

T. TAKAGI#, K. ARA*, H, RINDQU#*%*
H. YASUDA*, and K. NARAMOTOQ##%

Abstract

Sodium Handling Robot was trially fabricated, in order to develop the
manipulation technology which was one of the key technologies for Remote
Maintenance in FBR Plant.

The robot was fabricated by the following three steps.

o 1st step (1984)
Trial fabrication of Handling manipulater
o 2nd step (1985) |
Trial fabrication of Control unit
°© 3rd step

Trial fabrication of Uiecle

This report describes the outline and specification of sodium handling
robot.

The robot has 7 freedom as same functions as a human arm, to be used
for sodium cleaning of components by steam.

The manipulater of the robot was controlled by master—arm.

The test was carried out to confirm and investigate the functions for

actual use.

* FBR Components Development Section, System and Components Division,
Qarai Engineering Center
%% Presently with PNC Washington Office
#%% Presently with JAPCO
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Table 4.1.1 Specification of Slave Arm's Servo Motor

i B 5 I i o v v VI

E % H Al ’
(W) 60 300 110 40 40 23

E B O+ ¥

Ckefocm) 1.9 12.0 3.5 1.35 1.35 0.75
HE R P~ by

(ko f+cm) 2.4 14.6 4.3 1. 45 1.45 0.8
[ ol - S V)

(ke~fecn) 0.22 0.6 0.26 0.15 0.15 0.12
oo O

Chgep wcnl &3 1.79 2.82 1.93 0.5 0.5 0.41
L 0.21 2.45 0.38 0.074 0.074 0.043

( gf~cme sec® )
e s Pl 0.13 0.13+0.33 | 0.12+0.02 0.011 0.011 0.011

( gf *cme sec® )
= Cia) & 0.65 (+0.25) | 2.6+(0.25+08) [0.9(+0.24+022)] 0.35 (+0.09) | 0.35(+0.09) | 0.25(+0.09)
E B E E(V) 75 75 75 24 24 24
E B B ik (A) 1.3 4.8 2.1 3.0 3.0 1.9
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Table 4.1.2 Specification of Slave Arm's Reduction Gear
wm B = I il m v v VI
moBR W OB W 3. 46 3,75 3.75 3.7 3.7 3.7
W b, 260 242 160 88 100 100
EHR B O v
(kgef-cm) 18 71 18 0.8 0.8 0.4
HE E %h 3
(%) 60 60 48 60 50 55
7 85 + 7
ko £ -cns 0.8 3.0 2.0 0.2 0.3 0.12
T 5 RIER vy 0.23 0.8 0.53 0.05 0.05 0.05
(ka*fe-cm)
5 v =V Ny '
Crostcmy 3.0 8.0 6.0 0.55 0.8 -
® — 5 QHRASHES) b7 0.87 2.1 1.6 0.19 0.22 -
(ka+fecm)
4 F = Zo Y| 0.000778 0.00606 0.000655 0.0000132 0.0000132 | 4.69%10°
(kg' f . uf: GD2 ) . - . . . -
By WS S - Yy | jesi0 | 110x10° | L19x10™ | 1.50x10°° | 842x10° | 7.48x107
(gf vcm+sec® ) ,
E H 1.3 46 1.1 0.1 0.1 0.058

(kg)
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F4.2.1 1A —#% F 35 4~ |
Table 4.2.1 Specification of First Axis's Motor Driver
- - 74 B 23| — AC 100V £10%, 50/60 Hz, Biff
| i A — AC 100V +10%, 50/60 Hz, BiAH
% i G2t i A 2.3
B # % # = A . 0~50°C, #BBL . 35~85%
*x e i — FFrURyPWMALE
=} E ¥ R % 95 Ll k-
E  E R & = gavziv—5 (7 E 2V /1000 cpm )
A - & 4 & FE|V/1000 rpm| DC 3V/1000 rpm
4 ¥ E—-& 2 kQ 110
g A 8 4 B KE v DC+ 130
E OB W O Nh B W A DCict 1, 8
& b3 %3 A DCE27
B A ER | —
= i By A DCx+2.7
' 1000 rpm kg * cm 1.8
P S S VI
max. speed kg * cm 1.8
0~1000 rpm kg * cm 4
BEEA LY
.| 1000 rpm~max. kg = cm 4
EOE W O f1 ®m @& rpm 3000 ~ 1
BRZEE 0~ 100 % rpm 0.01
# OE £ B BESELEHLI0B rpm 0.01
BEEZH 0~50C rpm 0.5
0 — 1000 rpm ms 7
B E OB M
0 — max. speed ms 17
mo B E B #® = BHERE—E
4 W OB K O M@ bz EERI BREERAHEAIERX 5~ 100 %
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%422 2HMRAE—% F3 48K
Table 4.2;2 Specification of Second Axis's Motor Driver
- = B @ A — AC100V £10%, 50/60 Hz, Bi#H, 0.2A
® @ A - DC130V £10%
A B & #: - BE: 0~50C, BE: 35~8%
* & B4 - b3vo24% PWMBEH
i E B ® % 95 _
&5 B R B = gavzii—g (TVIEZV/1000 rpm)
A 4 £ 4 & K |V/1000rpm | DCt3
14 YE-5YZR kQ %910
B R B A E K \ DC+ 130
E OB O A & O A DCt 45
B R B (R ) A DC% 10
” ( = ) A ‘DCt10
= b o s 1000 rpm kg * cin 11
: B = # K| ke 11
B A b7 0~1000 rpm kg * cm 25
1000 ~max. kg * cm 25
O OE O @ & B rpm 2400 ~ 1
BRZEH 0~ 100 % rpm 0.01
B OB F 5 BREEXH10% rpm 0.01
BEZH 0~50TC rpm 0.5
0 1000 rpm(90%) ms 20
B & K H
0 max.speed(90%) ms 45
m ®m O B - Eis— B
A # & W # B - IESE R B R AR AER X 5~ 100 B
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#4.2.3

Table 4.2.3

SEIBAE—% F 74~

Specification of Third Axis's Motor Driver

. . ER B A — | AC 100V +10%, 50/60 Hz, Biff
| # @ m| - | AC100v+i0%, 50/60 Hz, Bif
CEl S 1 ol A 3.5 - . '
A B % : — BB 1 0~50C, MEF: 35~85% .
* [a] iz - FI Uy PWMOIHE
® O & 2 % 95 %Ll L ‘
- A R - savziv—5(1v1EY /1000 rpm )
N ' 5 8 & & [ |v/1000rpm| DC 3V/1000 rpm
4 v E—-%vz kQ #10
B A O H B OE ' DC+ 130
E OB OB O B W A DC+2.1
‘ Iz prd 1= A DCt4
B R KNSR . :
: = pr: i3 A DCt4
e : 1000 rpm kg * cm 3.3 .
E B b v ¥
_ max- speed kg = cm 3.3
o ' 0~ 1000 rpm kg * cm 6.8
BEREA LY
, 1000 rpm~max. kg * cm 6.8
g B O ® & M rpm 3000~ 1
BZEE 0~ 100 % Ipm 0.01
#E OE £ % SEEEEHL10%| rpm 0.01
* BEL® 0~50C| rpm 0.5
| 0 — 1000 rpm ms 10
& B :
0 — max. speed ms 27
mooE. B - Eg—B
AW OB W H B - IERSER I B E A HEH X 5~ 100 %

— 18~
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%424 A, SHET—5 K54 R
Table 4.2.4  Specification of Fourth Axis and Fifth Axis's Motor Driver
- - X # H - AC 35V +10%,. 50/60 Hz, B#H
#l i H - AC100V +10%. 50/60 Hz , Biff
-1 IR & i A 4.5
Fl £33 % # - HEE: 0~50C, @R 35~85%
x =] B - b5 Y25 PWMAH
4 E % # % 95 %Lk
P i3 o b - #aV2%l—4% (3V110%/1000 rpm )
X Y 8 € ® & |V/1000rpm{ DC 3V /1000 rpm
4 v E—%v=z kQ #10
K A H A 8 K A DC* 45
E OB W Oh 8B i A DC+3
{5 L 5 A DC+£5.5
BRI A IER —
= & B A DC*5.5
i '}l, Y 1000 rpm kg « cm 1.3
max. speed kg «cm 1.3
BB B A b Ly 0~1000 rpm kg * cm 2.5
.| 1000 rpm~max. kg * cm 2.5
HOE Of @ @ M rpm 3000 ~ 1
BRZEHH 0~ 100 % Ipm 0.01
® E F @ EEEEEHII% rpm 0.01
BEZEH 0~50C rpm 0.5
0 — 1000 rpm ms T
B & KM
¢ — max. speed ms 18
mo " # B #® - B — B
A B OEE m &l R - ES AR B AL /T8 H X 5~ 100 %
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%425_
Table 4.2.5

B E—% F 745k

Specification of Sixth Axis's Motor Driver

- ﬁ'% & H - AC 35V £10%, 50/60 Hz , Bijf
| # il =] = AC100V £10%. 50/60 Hz, B4
& " & pi A 3
= H & 1 — BE . 0~50C. B 35~85%
* ] i3 - b7 YRH PWMALY
% E % = % 95 B E
2 B Ig Py — FaVx3b—4 ( 3V+£10%/1000 rpm )
o 5 % 4 @& F|V/1000rpm D Gid
4 v E—-%rzx kQ #110
K K B A 8 HE Vv DC+ 45
€ B W O AH B @ A DC+1.9
159 P i3 A DC+4.5
RERAHAER
= i i3 A DC+ 4.5
' ' 1000 rpm kg + co 0.7 -
E B b A 7
max. speed kg * cm 0.7
0~1000 rpm kg * cm 1.7
BEEAX LY
.| 1000 rpm~max. kg + cm 1.7
® OE f# # # H rpm 3000 ~ 1.
| | BHZEHO0~10% | rpm L 0.01
B E X 9 | EFEEFL#H+10% rpm 0.01
BEFHE 0~507T rpm . 0.5
0 — 1000 rpm ms B
i F B M
0 — max.speed ms 15
M BR & B B - B iR— B
s W OE W OB R = AR I B R A TR X 5~ 100 %
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Table 4.2.6 Protective Function of Each Axes's Motor Driver

OB B8

1 4l

2 &

3

4 Hl

5 &

6 fil

MR TR
(B — s EHRLHIREREEEL /2 & BB

O

e =0 ivi i
(& — % Eif - BRI L OEE (200%BAFE 1.5~ 20sec))

O

O
O

BT RE
(BHREBESBIEM - 15 L PITET Lol 2TE)

1R L R H
(£~ % OREGEEERE L THE L fo & S3E .

aYaib—5 (TG) RIXHH
(TG B OTC A 3 g L 7 & 8B
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Table 5.5.1 Working Range and.Wbrking Speed is to Each Axes

B O B OF & K
WES | W 8 fF & B | BK(ER) | & | &K CEAD
1 B & = t45° £+ 65 ° 20 %/ sec 25 %/ sec
2 H LE T |+45°~—30°|+65°~—30° 20 °/ sec 23.52 %/ sec
3 B E F 0°~—90° 0°~—120° 30 °/ sec 31.3% sec
4 B B E +90° =+90° 45 °/ sec 58.18 °/ sec
5 FH ET +90° +92°~115°|  45%sec 56.4°/ sec
6 FEHE + 60° R78°~170° 45°/ sec 46.25°/ sec

7 & & B M 0, 60 ma 0, 60.6 mm 60 m /sec —=
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Table 5.5.2

SHERICBT 220 B FERA
Working Range of Each Axes is to Each Load

& B # K # F @B (°).

$H]E%ﬁﬁ§% 500 (g) 1000Cg) | 1500(g) | 2000(g) | 2500(g) | 3000(g)

1 £60° EERAMk | ECRE | ELBR | ELRMk| £& R

2 +65°~—30° ” #” p o ”

3 0°~—120° ” » ” ” ”

4 =+90° p ” » ” p

5 +92°~115° ” ” ” o ”

6 R7g3o~L7p° ” ” ” ” #
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Table 5.5.3

BEWECE T 32 SHOBERE
Working Speed of Each Axes is to Each Load

& B B # O #E B (°/se)

S

ERMER 500 (g) | 1000(g) | 1500(g) | 2000 (g) | 2500 (g) | 3000(g>
1 21.11 21.76 21.05 21.58 21.90 21.05
2 23.16 24.74 23.53 20.45 22.11 22.22
3 30.00 29.57 30.00 28.95 29.41 27.14
4 56.36 56.00 54.17 57.00 56.00 56.25
5 50.00 50.00 52.94 51.07 51.18 48.64
6 46.00 45.00 47.50 46.32 46.15 45.83
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