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Tip-over prevention control for teleoperated excavator based on CoG and ZMP prediction
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Abstract

This paper describes tip-over prevention control of a teleoperated excavator based on center of gravity (CoG) and zero
moment point (ZMP) prediction. This method predicts a future CoG and ZMP when an operation input is given. This
allows the determination of the risk of tip-over by the operation input before an excavator moves. When the risk is detected,
the operation input to the actuator is modified or stopped automatically to prevent from tip-over. Future CoG and ZMP is
predicted by computing the movement of a teleoperated excavator based on an approximate excavator movement model.

The proposed method successfully demonstrates tip-over prevention via scaled model experiments of the hydraulic drive.

Key words : Excavator, Tip-over prevention, Teleoperation, ZMP, Center of gravity

1. & L & |IC

WSEFD ZIRFEEOBNDH 5 K ELGOMENRISICBWTIE, ZEEEROHEY a UBREAINE Z
t#%“%ﬁimu}~@&j&hﬁ?i &M%b%ﬁbf@&ﬁﬁ@bfﬁ@t@5%@ﬂ%?@V@%W
EDRKDOSNBZFHE L AONE (K1), ULELENS, TOLIHIGARTI, EFEEY 7T —LF0O/EELE
ORABBEMFEIZELD, BOMIEOZLPEEN X2 ETRFAORNAEES. AT QMb@&@ﬁ
WD &b B ENED 5 b (E LG E B ERE O fiR B IR DWW THL D #lEs.

H UHIE Y 3 XOVITEMEE BB L T, BEROMD LB E 02 %E, BROIEMOZPIEE & U T
Mt DRMERREIZ K R TE, FFHOHEDBIFIZERRTE 5720, WMEO[RIED X 5 2EfE% AT 5
ZeWTESL. —F, BEREERTIE, B A TEGED SEEROEERCEHOME 2 ERICERTE T, ¥ aNLoF)

DEALZ ME DA B THE T2 TERVWDT, ZHIZ & 0 ERE O GRYE 2 H 3 25 0IXREETH
5. FTz, A THEECEMEEICIE, BERIENE U B (B, 2009) 72, HREIOfERRE S A T iR S KT
X LTH, hMEﬁ@W#%Em&&%T%%# W HTR U 7z s BRI & B IETR O R U E HiE S B HTk
EUT, N=F ¥V T YT« BTG U TRt (CBROREBCE ORI 2R T 5 2T LHHHFE
INTWS (Zhaoetal.,, 2002). LU, BHHDEHER T 1 A 7L 1 FEOMEM I KBEIZR Y, REOHEIRIE TR
B 5N 5 HH KM BN IZREEA LS. £/, BEEBEOMBEIXES. 2T, Hixld, EEEECES T,

No.17-00040 [DOIL: 10.1299/transjsme.17-00040]

IER, BT KEBE VAT LR TR (T 305-8573 KRS CIEHREA 1-1-1)
2 ER, 7xzu—, FEKY VAT LIEHRR

3R RE VAT LEHA

E-mail of corresponding author: shigematsu-k @roboken.iit.tsukuba.ac.jp



Fig. 1 The teleoperated excavator removes the debris on steep slopes (The photograph is reproduced by courtesy of

Kurihara city government).
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Fig. 2 Top view of a teleoperated excavator.
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Fig. 8 Flowchart of ZMP prediction.
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Table 1 Parameters of scale model

Mass[g] | Center of gravity[mm] | Link length[mm]
m X y l

Traveling body (Body) 7,054 -10.5 45.1 168
Turning body (Crawler) | 7,915 -115.3 -33.1 12
Boom 1,562 228.0 51.8 480

Arm 672 107.3 17.0 260

Bucket 671 29.6 45.5 125

ZMP(ZMP,, ZMP,)
PuPacbs) o F
y
PP Py), @ /m(mx, Piy)

.

\
. - o
\\‘\ /'_’_‘__—

Load cell

Fig. 11 Floor reaction force measuring device.
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Fig. 12 Fitting result of the boom cylinder.
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Fig. 13 Fitting result of the turning motor.

Table 2 Parameters of velocity response (Boom cylinder)

Parameters Vinax[mm/s] 0} ¢
Accelerate(stretching) 24.7 68.1 | 0.36
Decelerate(stretching) 24.7 37.7 | 0.68
Accelerate(shrinking) -30.3 65.2 | 0.36
Decelerate(shrinking) -30.3 46.4 | 0.71

Table 3 Parameters of velocity response (Turning motor)

Parameters | Vjuc[rad/s] 0] ¢
Accelerate 0.55 0.80 | 12.87
Decelerate 0.55 0.84 | 15.99
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Fig. 14 Arrangement of experimental devices.

180 . . . . T , 180 180 . . . . . . 180
Predicted ZMP ——= Predicted ZMP ——=
Measured ZMP Measured ZMP
160 | Input 4 160 160 - Modified input 1 160
140 1 140 140 - 1 140
LA 4 120 120 | 4 120
\ f\/\/\/\Jv\M ! 3
N [ e ks
T |y 1100 T 100} (IR 1100
£ | £ £ | 3
g | 18 2 £ st 180 &
N = N =
4 60
4 40
420
0
05 0 05 1 15 2 25 3 05 0 05 1 15 2 25 3
Time[s] Time[s]
(a) Without automatic adjustment of operation input (b) With automatic adjustment of operation input (safety area:+124
mm)
Fig. 15 Experimental result of boom lifting.
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Fig. 16 Experimental result of boom lowering.
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Fig. 17 Experimental result of turning.

(b) With automatic adjustment of operation input (safety area:4-124 mm)

Fig. 18 Experimental appearance of boom lifting.

(b) With automatic adjustment of operation input (safety area:4-124 mm)

Fig. 19 Experimental appearance of boom lowering.
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(b) With automatic adjustment of operation input (safety area:4124 mm)

Fig. 20 Experimental appearance of turning.
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(c) With proposed automatic stop (ZMP safety area : +124mm, CoG
safety area : 120 mm)

Fig. 21 Experimental result of automatic stop.
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(c) With proposed automatic stop (ZMP safety area: 4124 mm, CoG safety area:
+120 mm)

Fig. 22 Experimental appearance of automatic stop.
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