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A (), ¥J1E Hamilton B %L

H[x,u,}.]:%[xTQ(t)x+ uTR(Dul+2T[A()x+B()u] 2)
B u AZMRE, X Hamilton BER S, S HMH 0, BI0H/3u =R (¢)u+ BT(:)A =0, KB L BHLE
S
U'(t)=-R Y &)BY(t)a(2)
AEBETHR A()=P()x(e)RE, TREREHBHRXE X

U'(t)=-R Y OBT()P(t)x(2) (3)
B, P() N n X n EHEXFRIEEERE, 7] B Riccati FRKE
P(t)=-P(:)A(t)-AT()P(t)+ P(:)B(¢)R ' (¢)BT(:)P(1) - Q(2) (4)

Riccati H R — MK ERFYMS 7B, B AHEEBREGENE, SEAHEHTERTE. &
REMBRT, MR o MRLT, POBBTESEER, 8 P(1)=0, AL R BN T EEH > %
R EE RS, WR(4) LR

“P()A()-AT()P()+P()B)R ' (t)BT(1)P(£) - Q(t)=0 (5)
K (5)HRY Riccati HE, R REGEH, RIBHE R,
2P WIAT 4% LQR iR B — MR
AN AR , 5 HR 5 o N TR (L0 45 4 ) 7 7K B SR R
ERERERBER K I8, EWMEREREE
TR LB RIATIR T, ST R B8 2 4 4y vy 57 A
AR MAVERE Q FIR, BRIXR TRERM, O —
ZHE_RABRER RAEFREWE 1 R, o " .

Fig.1 Schematic diagram of linear quadratic
2 RSEGASH

2.1 H¥ERE

X —AERH RS, BLEBARE, SR HBR A ENRRES TR, B

x=Ax(¢)+ Bu(z)+ Hw(t)
y=Cx(t)+ Du(t)+v(z)
K, w(e) HEEVURE THEBA ;v ) NHELEURS . w()M v RE I RYFRAEARHEX, BF
Elw(t)1 =0,t>=1¢,
Elv(t)}=0,1=1¢,
Elw()w () =Q¢8(t, )
K, EF ¢, c=10;Q0 NEEEG(IRBREN T EZERE), UE
Efv(t)vT(z)t =Ro6 (2, 1)
A, Ry MHEBUERE (BN R RA M 7 25 ), UF
Elw(t)vT ()1 =0

2.2 EIRGEIRT

ZEZFTHRAMER, RESERMAEETRELNHEZNRSD, FEOHRES WM SR HETH
TS T HE RS B RS ) SR R G, 0 AUET I M S, TR SR R X RS TR
i, i REHCRA L AWM. EREZTETUHRST, REMEIH x () 78T Kalman I8
B3, mE

x(1) - y(O

optimal control system

(6)

£(1)=Ax(e) +Bu(t)+ G(y(¢) - C£(T))=(A - GC)(¢) + Bu(t) + Gy(z) (7)
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A, G HEIHREWNE, G=P,CTQ!. EF P, HL

APy + PoAT+ HQoHT — PoC™Ry 'CP(=0 (8)
R¥ES B EH, VLR ER RN

u(t)- R 'BTPx(t)= - Kx(z) (9)
A, K ABRMRERBER; EEEEP 2

~-PA-ATP+PBR'B'P-Q=0 (10)

18 x ()M K J, 50V LA BRI A4 1 R0 B 0 55 ) Y 3B B TR XA A S AR [l BE E TR, B B
iolFE:
#%E QR IAFRSHME, Ed KEHE LR, B3
K=[-30.8817 4.1519 —31.6047 0.0320]
G=[9.4209 0.1088 -5.6230 1.0767]T

2.3 WiIRRGEMEERHE

A Simulink A BRAGHT TREHEMIH. B2 AEH MATLAB F#J Simulink 5k
B ERRET A ESELREBEH AL AR Y, HHES 2T REREBBLEEINS, B
Zoat K REFBR B AE ST A ¥ 48 B IR 3h R G0 FE 15 S IR T o 98 5 ey [ A

| 2538 I BRRAE [~ BRrrEss [ MR [~ RIRAG: [ (GBS [~ BURIEE [~ HoHH |

B2 MATLAB {f H#{A
Fig.2 Simulation model of MATLAB

2.3.1 BBRAES Simulink 4§ EHR

P EBER G E5 & E AR (signal generator) P A AE S, 8 K H Scope #, T BRIR3HE
JE FE B (] 6 AR fh T 4%

2.3.2 {HEARSF

HEERF T F R REE 2 #. — e

FRAETRI bR A B RRE BAAT b E 1
BAVHESHRN. HEMFERTRES ERME &
e BUMRBEHE SIS M, HRABAGES 5 AL
AT H 8, LI RSB RALIRIT. £ MATLAB 3 i
B IESHEVES (WLE 3)#f7 T KEMNITEN W3 EAHALEE
HE, ERmME 4~5 iR, AERRMGHERE, 5R Fig.3 Random signal
FMBESH. E3.Q =diag([100 1 100 1]),
R=0.1,K=[-30.8817 4.1519 -31.6047 0.0320]; B 4(a):Q =diag([10 1 10 1]), R=
0.1, K=[-9.2781 13.8996 -9.9856 0.2143]; B 4(b):Q =diag([1 1 1 1]), R=0.1,
K=[-2.5 33.069 —3.1544 0.8044]; H 4(c):Q@=4diag([100 1 100 1]), R=10,K=
[-2.5 0.0108 -3.1376 -0.0328]; B 4(d): Q=diag([100 1 100 1]), R =100, K=
[-0.5 0.1115 -0.9687 =—0.0272].

MOTEA T E B ER, B @ =diag([100 1 100 1]),R=0.1 BREHKRERE, REK M1
mAEB K=[-30.8817 4.1519 -31.6047 0.0320], (FEZRME 4(a) Fm. MTEBAEHTH
B g, ATLUE A @ SRS MR A I % 9 B A9 W, h K R Ge 4R 3 1 B #0 3% 3 3B Ay AU T
FAEH AR RS, ARG EE RS R, mERERD, REHMCERN TR, B/ R £
RAEEFEINDR, AR FREEHER, B R HB/NEEEHESu()HEBHEA, B2 REHERY
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Fig.4 Simulation diagram of random signal
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Fig.5 Bode diagram of pre-control and
W BRI AR, TR EA A AR controlled random signal
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Simulation of Active Vibration Control System on MATLAB/Simulink

ZENG Wei!, LIU Ya-ping?, HOU Suo-xia’, YE Hong-ling*

(1.Beijing Feb. 7th Locomotive Works China Northern Locomotive, Beijing 100072, China;
2.Hebei Chengde Steel Limited Company, Chengde 067002, Hebei, China; 3.College of Mechanical
Engineering, Hebei Polytechnic University, Tangshan 063009, Hebei, China; 4.College of Mechanical
Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100022, China)

Abstract: Aiming at the isolation system under interference actions, during the vibration control process, ac-
cording to the examined vibration signals, the software package of Simulink was used to establish a mathemat-
ics model to the isolation system and to carry out simulation to the functions of the system, and to analyze the
simulation result in both time area and frequency area. Then, by applying a certain control strategy and real-
time calculation, driving the displacement actuator to apply certain influence to the control target, to attain
the objective of restraining or eliminating vibration. Through analysis and comparison, the accuracy and effec-
tiveness of the optimum control was verified. With the help of the MATLAB of the control cabinet and its in-

structions, the design and imitation process became very simple.

Key words: optimal control; linear quadratic regulator; computer simulation
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Numerical Simulation on Metal Structure Damage
Under Explosion Load

YANG Zhi-guang"?, ZHANG Yue-bing', SUI Yun-kang', CHEN Min!
(1. College of Mechanical Engineering and Applying Electronic Technique, Beijing University of Technology,
Beijing 100022, China; 2.China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: The metal structure damage under explosion of detonator is simulated by LS-DYNA. The material
model applied is analyzed in detail. The difference between Euler and Lagrange algorithm is described. The
influences of different meshing density on the precision of results are compared. In the plain strain problems,
both two-dimensional and three-dimensional models are applicable, and their calculation results are compared.

The comparison with the experimental results shows that the LS-DYNA can simulate the impact reaction of
metal structure under explosion load effectively.

Key words: metal structure; explosion load; numerical simulation



