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Development of Displayer on Tipping-over rate for Hydraulic Excavator

R

TaeHyeong Lim*, JongHwan Choi’, YongSeok Kim"', HongSeon Lee’"’, SoonYong Yang

} Abstract }

This paper deals with tipping over of hydraulic excavator's crane work. If excavator lift too heavy weight, excavator
tipped up. This is 38% of whole excavator accidents. In this paper, tipping over load which is maximum load of excavator
can lift with displacement of excavator links, real load and tipping over rate are calculated with Zero Moment Point. We
designed the tipping-over stability criterion algorithm considering the dynamic characteristics to which ZMP theory is applied
and discussed the usefulness of the proposed algorithm compared with the moment equilibium equation through the simulation
and the actual test.
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Fig. 1 Coordinates of Excavator
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Fig. 2 Schematic of center of each mass
2.2.1 Frame '
4, 3 Zhde FAFAL Aol
T = C ., y,=C, 39y= C, yp,= C @
2.2.2 Boom
Ty, = lysin(6y~ &) , ys, = lycos(6,— &) (3)
2.2.3 Arm
Ty = Tyt sin(6,+6,—4,)

Yy = Yyt Ly cos (6,40, 6,) 4
2.2.4 Bucket
x5, = x,+ l5sin(6,+6,+ 0,— &;)
Ysy = Y+ 5 cos (6,+6,+6,— &) (5)

2.2.5 Boom Cylinder

Tog = Kigis T z;}g' Yoo = Vit y;ig

wgg = lssin(ﬂl— 0g— a)

y;;g = lgcos (0, ~ &— o)

o1+ g5+ 16y

25, U5

leg?=lgy 2 +1g"— 2, lgpcos (2m— A+ 6,—6,)  (6)
2.2.6 Arm Cylinder

T, = l;sin(0,— &) yp,= lcos(6,~6;) (7
2.2.7 Bucket Cylinder

o= Tyt lgsin(6,+ 6,— &)

Yg, = Yyt lg cos (8, + 0,— &) (8)
2.2.8 Bucket Link

Tg, = zy+ lysin(0;+ 6,— &)

Yo, = Yyt lg cos (6, + 6,— &) 9
2.2.9 Control Rod

Ty = Tyt Ly sin(0,+ 0,— 6,y)

)

a=cos ™ }(

Tg



Yiog = Wt lyg cos (6;+ 6,— &) (10)
2.2.10 Weight

Tpy = zb+l”sin(91+02+ 51)

Ymg = Y+ Iy cos (8, + 6, + 6,;) (11)
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Fig. 3 Rigid body system
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Fig. 10 Displacement of Attachment End-1{ton]
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