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Fig. 1 Hydraulic schematic diagram of buffer
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Fig.2 Simplified model of variable damping hydraulic buffer

system
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Fig. 3 Dynamic model of the buffer

K3, g oh )y Fi e X R
F=ks+ppnA.+ ma (10)
Ao NG R W EE  m R UG FEAT R A .
K DRARK(10), WA -
F=k+pA. +plv)A +pla)A .+ ma(11)
XOADERY, Zoh h FE5EZ AR s, HE o, i
ML a MG, B, G2 ol Jy F ol IR R
F=/f(s)+f(v)+ fi(a) (12)
K fi(s)= ks BIPET) BT 52 AT R &
MG
fo(v)=fo+ cv" NBHJE S, % B JE 1 W 43
HEL, K fi=p ARG B /N geh ), 5
2 il 1) 1 FF I R 1B 5% 5 cot R 3R T 4 I A I O R
A R AS % 1 R X 8 b ) R AR Ze R e, 2R W
Z RS 715 2% vh i i AR R A OC .
fila)=p(a) A + ma JBAETT ZANE T 5 W
FE TG FERT RO BT S AR OG0 R Tl A By BT A N TS
FEFF i g /N, 8 n] Z0m A B 1B g PR
Z S FAlE .
F=Fks+ f,+ cv'+ ma (13)
K (L) iR T A H AL 50 & i 22 o ) 5 22
MW R IR EF R EZ AR, 5§
BB P AR T PR AR RS R R R/ PR
[ G R V= 3 R D (B S e R L s 2
WK o B (004 B R BEAE — R g ok AR et BH

Je W AT b R 4 R 0 R B RE DAL B S 1 Y
BELJE e P 0 7 2 i R U iR M Ay T 2

T BELJE 7 52 FE A0 45 v T T L i 6 A

.?EI R, A Y SO0 D3 o BRI vE R 4 S, 0

b IR I A, ST A R BEJE T B A A

folv)=/f,+ cv" (14)

PR I A A A O A T AR R T R A

Jry BB R 7 45 % 1o Sk AR O A pR AR, SR (1) iR T

PIE LA, TR (1) P BRI S8, R

FHARES B VE Bl , W ah U5 78 SCA 3 B i BR pR A

vy, t>0
v= v, €[ 100, 1000 ] mm/s
0, t=0

TE 2% i S A RO 25T VR 30 77 B el g

N IR 7 f (a ) R 220 W, R A0 o A 33l R o s 22

MO F L4y 80 5 B A G R LR D) s (o), IR AR 4

ZOIBAJE T £, (o) BER I S, c Flne X FREGK

THAE RN o AR A SRV R ST Y 2 vh A%, LR JE T

AL 5 R A DG Y 22 1 PRk, 20 3 i
FH T3 28 2% v 25 19 B JE SRRk A

(15)

2.2 Wikig&E

AT AR & 38 I RE AR sh s RY T s B
AT A X I 2% b 2 1R 28 wpo b o 28 whRe ik IR O B2
WA 4 Bk .

B 5
&%ﬁé@%&’/m

[ 4 et r &

Fig.4 Scheme of buffer characteristics test
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Fig.5 Buffer characteristic test device
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Fig. 6 Actuation motion and force response of actuator
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Fig.7 Series actuation motion and force response
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Fig. 11 Prototype of tower crane
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Fig. 12 Virtual prototype model of the crane
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Characteristic modeling of hydraulic anti-backward tilting device and
research on anti-backward tilting of crane

LIU Yang
(College of Engineering and Design, Hunan Normal University, Changsha 410081, China)

Abstract: To address the dynamic response problem of the hydraulic anti-backward tilting device (HATD) for sudden unloading of
a crane, a characteristic modeling method of the HATD is proposed. The HATD is simplified into a model composed of a fixed
damping pipeline and a variable damping valve. The characteristics of the pipeline and the cartridge valve are respectively analyzed
theoretically, and a general method for describing the buffering characteristics of the HATD is established. Through a series of
characteristic tests, the damping force components in the buffer force are separated, and the parameters describing the damping
characteristics of the HATD are identified. The HATD model is integrated into the rigid-flexible coupling model of the crane as a
virtual force varying with speed to form a virtual prototype of the crane. Through a series of unloading impact simulations, a simula-
tion curve describing the relationship between unloading load and damping force is obtained, and the accuracy of the simulation
model is verified through crane anti-backward tilting tests. This experimental modeling method can provide a reference for accurate-

ly solving the complex dynamic response between a type of elastic structure and a hydraulic buffer system.
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