201444 A

A

5545 % 5 4 )

doi:10.6041/j. issn. 1000-1298.2014. 04. 005

TR ORES BN TERBDSMEAGT

ERE

# Aot

FAEE!

(LWL AR IR TR 2 AR, BUIN 3100275 2. 7 TR Be HLAR TR~ e, 73 315016)

W @S T WURZ LA B A S BT R, il
I AR 25 30 TG 25 R, 90 R 2 T 9 72 90 ML T A 25 8 5
92 B kAT RO AT, LU E AR A S A e ot

T XZA IROCEE R AT B B S AT AR B AR B A

f
PERE Y OGBS AU, I LA ot Ak B AR, X 32 B 45
o ATARSEE T2 50 PE A 29 A5 9 RAC A, R

=X
28

T JE ks B H SR Tk AT s S LA BT o SEBI AT R Z S S ik R T AR B A AR AR T

LA lE T TR E S TARPRRE S 4 MR E 1 .

KGR WEIZEH BSOS LAERE ZMshA e salt  RRBIg BH R Tk

FESEE. TU621; 0327; TP391

51

W AZ IR B T A I 25 AL 5 585 2l | Jul %
B S0 B THEEE S HE AT R R R s gl 1l
TR A2 SR AILAS F R 32 0 20 o o R 30 o B T
AL R R R R, TR A
Fy e Bl 2 A A1 T 1 4% 3l 1) AR 45 H 4 % i o
e, X AR B AT S S AL BT o a2
PERE , /MR B, B AR AR, R B2

P25 FY A o R 45 4 52 A IR 50 14 i A 114
PRBNIE S, 38 1 2 20 A 1T A B 45 0 B 1] A5 050 R
TEAR A, i 45 H Bl A5 1k BE A A AR AR B i 3
Rl AV £ T RS B R X LA 4G A
PEAT T A H AL T A B A T o S AR A o o
B A VERE LA S SR U B Wi 5C R ST AR A
XA I T kA TR — 4R .

A SC LA A2 4 AL T AR 2 O TR 4, R
BT AT ARG B AR B 10 45 O B SR AL 2S
Febk , B0 5 52 2 AL TR 2 B A R AR Y 0%
BB o RS AR AR O A4k B AR 3
X B E LS R AT R M, 73 81 T AR B 5)
SR BT B . Bl E TARSEE LA 20 e
Py S LA R R I ARG 1 B AR Tk
Xt AR B A M AT S A e e it o

1 THERENGEHERTIHAFER
X F AU AR G, Sr AT BRITBER, R 3 1 45

il

IR H W 2013 -10 -21 & H Y 2013 12 -21
# WA R UE R ¥ B 5 H (2007 C01006 )

MEARIREG: A

X E4HS: 1000-1298 (2014 )04-0028-09

ARG LSS M Bl )2 A A R IE T R
Mx +Cx +Kx =f(t) (1)

M, M, ¢, €. [x
A Al:[Mﬁ ﬂLJ “le, e, xz{xj
K. K, ¥ 7
:[K K, x:|:x:| f:[R\.]
A M ) 4 S5 0
K Fa) 44 S N B8
C Fa 4 BHL e 22 K00 [
X, 5 18 12 B R
X, 5% 38 32 Bl in
X, LS I BE Y5 X, 1oL 25 R
f—F3h R—AfEH T

ISR A (1), T A5 2 45 48 Ik 3 R 500 1 A
AR Ak 2 S5 A AT AL L R A R RS R
IS 3 IO A S5 2y g W R o

O TSR S R 2R G I AT AR B R L B A
PCBETF A N7 o i HLBRAS F A BROT A Y 114 A6
A AT A 45 R T A 4 A AR i A 2, 2 — AP
JE B0 45 1 Bl 25 1 RE Y O SRR 2SR I LB AE
B AU B H Ay ek K

2 TEREBESFWEESS T RSIER ST

1 UG NXrp i 7 1 4725 i L T 5 T = 4 52
PR, L BRIRECAL |5 A {5 A 55 0 0 i 4 2R B2 T

EE/- AN BRE LA, T TR 2%, EEMNFHAR CAD/CAE 25 LT 5% , E-mail : fpacli@ 126. com
BIESE . BEAOL, B8 LA S, FEMNFEYLM CAD/CAE FI45#58 B L W4T , E-mail : cetongsg@ zju. edu. cn



%4

FRoE A BT RSN BOBUEAZ I AL AR R B Sl S e BT 29

BNRAAE o 3073 R A%, AR R AT A iy A% K
307 35 R Y T A SR BT HEAT RS R, 3G
I 119584 50,57 126 A5 s o A3 B LM
T o 5 P IR RS R B i B R SR T AN R b B
D7 - R Rh 7 B b B ST AR A, 1 A
PR R A AL P9 R T DR RBE2 #5057 W)
PR, 2 Az m A b PR B UTR A f R X TR
P S A Y0P T 4 YT R N R R — S0
W ot 10 A A, 00 ) R B R B R S
BEiE A RN LE R VE ) A S R A . W
PRSP AR BN AT 20 SRR 25 0 B, X T LR T
DU, W GG B4 4 AL TE] AN A AR L [ e 65
) B UL LA — A [ 2 A, A B R R s R
L3 01 55 [ 5 S 15 B R A 1 B A AR AT A 2R

PEATARHEIZ I T OSSR S oo e 1 N TAR
LELRGUAT 8 By [ R XL AT 8 B B A
FRBE N LR, Hrba ¢ OhshiE 55 & Bk
G e ) AT B 5 B D SRR IR A S R B
S e ) AT 0 5 R F N B S AT B A A
[Fa) T (B3] 5 a5 KO 2 FFBILA 5 57 2 B 7 il v )
TRTAT 9 0 5 i Q Dy S A5 457 31 B4 4 Al v 1) 78 T [
Lo

®1 HEZEIRTHESH S MEHMZE

Tab.1 The first eight order mode natural frequency

in the cases of standard mining condition
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Fig.1 The first eight order modal vibration mode of working

device under standard mining condition
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Fig.2 Displacement — frequency response curve in vertical

40 50

direction at the top of node in moving-arm
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Fig.3 Displacement — frequency response curve in vertical

direction at the top of node in bucket rod

i1 o 7l 2R AT A R AN (R SOHR A R Bl
VERITR | A2 B A0 3 0 17 f KA L 240t BRAE 56 2 [ A
SR (f, =8.626 Hz ) B 2 Br iR 5y 51 K
SR AL AR B SR,y IR RS S A mT R, 5 2
B P 70 T 22k AUARE A9 25 i AR 3h S kS DN L, B e AL
BRCEF I Sl I R VR 92 R L AR B S A
B EE H AR

3 THEREZGHRYESN

FARE I3 BT JE 5 A5 K B A R R AR R X B
R M SRR I o FRaR N

9z, dg. og.
S ) IS

IV TR

& ox, ox, o«

P g B xy w000, B RR R RD H B R 4R

S LA AT IR B A Ak Y SR 3 ok 45
¥4 RAGE 43 AT, T L 7 {5 0 S %o 445 A8 2 2 R 5
Wi S5 R 45 A BTt 2 K, DTG 38 Ao 18 T A 1Y
O3 M B 2K gt o3 A 48 4 sl S AL B BT T %

H AL 28 20 A AT R, 2 B [ A AR, 0 R A A
BIL AR 2 R (A 25 g 1) 2y 25 M BB 52 i O, i ) AR
R R B R 2 L A R AT 3 A
18 R ABRE S AT

TR A7 A AL 3l P RE 2 B0 45 4 2 580 R R
MRSk Oy

af/ _ 1 T LKA 2 T LM
5_417001-(‘0" piqa/-—quo/- 8pi¢f) (3)
oM, M (p,+Ap;) -M (p;)
N A, )
oK, K (p,+Ap,) -K (p,)
E,'_ Ap, (5)
K f LEFEE B I A R
K, 25 k) Jo o o
M, 25 FR W B
w; S 7 B FR R
©; LERYES PR A
P EERRE S PIREE 20

AJ R B ik R A5 B R A R G 1 iR
SR 25 R N (E N T A BT AR A S R A
NASTRAN R i 4b B OL 5 S ANSYS fig 55 4% DI 6E
T NASTRAN rf F 17 i Ak B8 A= 5% A f 55 SC 4. inp,
FIFH ANSYS X4 (14 “ read input from” fiy 2> A, F
F ANSYS # BEVPAl T H R 4T R 2 M5

K 4 N2 0L TARR B S B A . AR & 4
X TAF R BB R T S50 34 MBS Bt T T
FRAPPE T, AR IR 2 PR BUEIZ AL TAE %
EAS BT SO0 2 B [E A AR L R U

RAYBE Ry TEAH, W 7R 2 B [ A % £, B« 1
R4 5 7 W38 S T (L, 7 2 [ 61 A A8, B
o SRR /I o R BHRE K, R TT AR /X 2 By
A7 438 f, ORE, RO N IEME, Rn T 2%
FALRRREE MR, RIS 28 5 X A7 1Y & Aw 0,2 Bir
] A AR f, TRBE 23 O 0 X 28 2 80 R X
P R A A IV AR v B SRR 4 A 45 AR 3l B A ]
AR o AR S U S Al R R ORI R A
KRR RAE AL BT A2 5, S8 5] 24 4> |/
X=(X ,X,, X, X, , X, X, X, X0, X0, Xia s X6 s X1 s

0,,0,,0,,7,,7,,D,,D,,D,,B,,B,,H ,H,) (6)



5 43 FRoE A BT RSN BOBUEAZ I AL AR R B Sl S e BT 31

[ 4 SZmIL AR B SR A

Fig.4 Distribution diagram of excavator working

device parameters
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Tab.2 Sensitivity of second order natural frequency f,

on excavator working device structure design parameters
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Fig.5 Basic flow of structure dynamic optimization for

working device based on Lagrange multiplier method
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Tab.3 Comparison of design parameters, 2 order natural frequency f,, the maximum dynamic stress §, comparison

and maximum dynamic displacement before and after Lagrange multiplier method dynamic optimization
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Fig.7 Dynamic response cloud of working device before and after augmented Lagrange dynamic optimization
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Dynamic Optimization Design for Working Device of Hydraulic
Excavator Based on Modal Analysis
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Abstract; The structure finite element model for the working device of hydraulic excavator was
established, and each order modal frequency and modal characteristics of working device were gotten by
analyzing the free mode of the finite element model. The key modal frequency was determined, which
influenced the dynamic performance of the working device, and taking the key modal frequency as the
optimization goal the sensitivity analysis was conducted for the main structural parameters to set up the
dynamic optimum design variables of working device. Taking the geometric constraints and performance
constraints of work device as constraint conditions, the dynamic optimization design was conducted by
using augmented Lagrangian method. The instance analysis showed that the structure stiffness was
improved, and the structure deformation was reduced. And the dynamic working performance and the
structure stability reliability for the working device were improved.

Key words: Hydraulic excavator Modal analysis Working device  Structure dynamic optimization

design  Augmented Lagrangian method
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Nonlinear Control of Quarter Vehicle Model with Semi-active
Suspension Based on Solenoid Valve Damper

Yang Liuging'®> Chen Wuwei' Gao Zhengang' Chen Yikai'
(1. School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei 230009, China
2. Department of Automotive and Mechanical Engineering, Anhui Communications Vocational and

Technical College, Hefei 230051, China)

Abstract; On the basis of experiments on force-speed characteristics of solenoid valve damper, a slide
model control strategy based on saturated input was put forward for a quarter vehicle semi-active
suspension with solenoid valve damper, which considered the nonlinear properties of vehicle semi-active
suspension and output saturation properties of solenoid valve damper with adjustable damping force. A
quarter vehicle nonlinear model with semi-active suspension and a suspension reference model with
simplified input were built. A slide model controller was designed for a quarter vehicle nonlinear model.
Meanwhile, considering the damping force output saturation property of solenoid valve damper, an
assistant analysis system was designed to generate control compensation signal in order to compensate the
saturation of the slide model controller. The results of simulation under Matlab/Simulink and experiments
showed that the slide model controller based on saturated input could effectively eliminate the influence of
output saturation of solenoid valve damper, and make the performance indexes, such as vehicle body
vertical acceleration and suspension working space, close to the corresponding ideal output of a
suspension reference model. It could also optimize the semi-active suspension design and control so as to
improve vehicle ride comfort.

Key words: Vehicle Semi-active suspension  Solenoid valve damper Nonlinear Saturated SMC

Experiment Simulation



