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Fig.1 Cross - section of box girder
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Fig.2 Shear deformation of cross — section of box girder

2 HERMBETRERIHEE

2.1 HRONTEE

FE TR I IO 28 BB B ADFE A R R0 60 2 ol R R
BEERMERYI N AGRUKRERETRMRH
BY 3 #8072 B AR B

HAp R R/ 2 i N RE A

1 90\’
U, = 7fz«:lw(é’_x) dx (8)
#X(6) AKX (8) B4, 115

n*wEl 6}
L= Tsm ot + ) (9)

A 1, S 58 R A AR X A T T O B
G AR IR )

R
LS
APk AT BE BT U R %L

#A(5) . K(6) RAK(10) Bararig
GA(l8, -

nww, )’
o] sin®(wt + ) (11)

R TERABW AW AENRAGE N
U, = ” Egdgdm” GydydV (12)
REELABREG) , RENE e,,r, A X0, H

U, =



#15

kAkEE —MIHAWHIHEFIEERENERERALTES & 53

3

ou i
& == =—hi[wo—l2 sm(m)+(l —-y—)

l b
2anl 2T 1
X U, ; sm( ; ) ]sm(wt + o) (13)
2
re = gl;- =h, %uocos( %) sin(wt + @)

A (12) Rorardg

22 2
n"w El 6,
U, = ( Y, 2y é:—;l;nsfrrzEI,wouo

+ %nzwzlzl,u; + 2—(??01#;1 ) sin® (wt

+ ) (14)
AL, A R TR AR X 8 TR O P B
FARBRIAEREEN N LA E 3 HaZ 0, B
U=U +U, +U,

_ n’w El8;, 30w Elwyu,
- ( a 812
+9n2'n-2El,u: +9(;1,143,1 n’w’GAw, nmwGAw,6,
561 2087 4kl 2%
GAlG:
4:0) - sin’ (@t + ¢) ‘ (15)

KT AFBRBENEHEMEE, =1, + 1.

2.2 FHEHMThEE
ZERBARPRBERIINER AL, LHH

BEhge TWRRN

_ —1— 1 w 2
T = 2L”L(’a?) dAdx (16)

#K(5) AL (1) B4raTig
T = %pAwnglcosz(wt + @) (17)

3 HPREMTHIRIIEE
ERE/NTEWET, BREWE bkt
T FVER, Br L4 S 868, Bl A Hamilton JR
BHESER
SF(U—T)dt=O (18)
AU, T 4331 AR 3051 R 69 1 35 §E #l 3h BE.
33t (13) 760 EIJ%“ B R4 T 45

H_
aj“(U-T)dt=aH=o (19)
o
K.
go L n*w’Elo, 3n’w’Elwu, 9n*w’ELu}
- ka)( a " 3L T 56l

9GILull N n’ 7’ GAw), nmGAw,8, GAlG:
+ - +
205 4kl 2k 4k
AI 2 2
i ) (20)
K (15) MR w,,u, HATES,T1F
oH oH oH
H = 2= = 6, =0 (21
S 0w06w0 + auoauo + 600600 (21)
BRAE
H
w,
M _y (22)
du,
H _
98,
B
Miw, u, 6,}" =0 (23)
vl ol
4pho’Pk - t’76Al -3’2 Elk 4amGAP
M= BB 0n’n Bl + 8461 0
- Ghngl 0 ' °Elk + GAP

R(23) BET wo 0,6, H—A = Te— K7
B, B A IO, T R RATHIR K0, BT
7t

T3
w=(-0-a) [~TE (24)
I'm
A m = pA;
35n,
a, = (25)
40 (448)2n2§
nw
1
a = N (26)
1 +( 71)2n2 "
I G l Al
iﬁ‘?:m = T;nz = f;nz = Ein‘z = H =

(LYo = L s e

X HSCRRI8T A0 o, B 0% 109 1 2
IR SRR, B0 % IRDTHL B Rt
IRSHRREARA TCHR (8] B0 SR 16 3

WRW (a, = 1) HBRZIBK 0 = 1 B4
4 Bl

MF—-RXBEBRER, KL SH LM H
¥ H:t, =0.4m,0, =0.25m,s, =0.25 m,b =
2.75 m,E = 3.5 x 10* MPa,h = 3 m,A =



54 BMKZEER(LER)

2007 &

6.525 m’,p = 2 500 kg/m’ ,G/E = 0.43. — g3
Bt (B REWITE) R %k (BRI
W) RAMTIHHESRAMLILR L, HPHR
TR RERRR 8 W S SRR ITHAT AR
or B RARTEF P ETITE, B TRASE
BATTHEAT Z4E 5 47, BB AR AT B S A B E R
METHHEERTLUEL  REAERSAK
HEMERENARARSHBB(ERTSE
R) AR, HAEE BT O B E A
EE B TARESIBRPRANEZ B THREHN
By h M SAE R BT VIR, AR XS T R %
BB THNEREARANER, BRY k3
MERERS  EERIRAHEM EEZRLT
M. S ph 5 46 B0 0 8 1L U AR W BE B/, R L
F B R s B OCAR A, R R AR B 1) 2 R 4R
/A H B
£1 BHEHEREEHR
Tab.1 Natural vibration characteristics of

simply supported box girder

2K BRE g RFR o/ (rad +s7*)

vm 1/2b — B B =B
— R 48,110 192.439 432,987
AXHEE 42.003 111.163 119.511
HIREH, 41.225 91111 —

—RPE 35,346 141.384 318.113
AXHE 32.028  94.473 127.104
HWTE 31.731  80.110 —

30 5.455

35 6.364

— R 27.062 108,247 243.555
AXHHE 25123 79.496 121.416
HRILE 25.013 70.301 —

— R 21.382  85.528 192.439
ASCHE  20.185  67.030 111.163
AHMTHE 20.150 61.577 101.731

40 7.273

45 8.182

VLT B - A R IE I R R T A
UK I B 1 3R 3

5 &r

(1) #E5 T [ it 58 S By oy 3 B e B9 1 2 7%
B AR B IR BRI R AN, B3
THGH, BT ERI AR RS

(2) X F AL B S8 (— R HEL) RF
RERNAEY AXHBEEREEATEER
R, R ARAU T E IR S350, 17 DUOT BT
BEEREIEER.

(3) X T %5 1R By 3 i 3 B, % 18 BY 1

WML JE RE BRI H R FESRR AR, BFR1K o, 5. F I8
YT G R H IR E PR E RME o, 15,
HERETTEARG KNI, % 80 W R
ARE BB IR T R B R R RBEE R,
EIE TR R O R R R R B B H AN R
BY 1) 28 T S B R

(4) W3 (25) a, R AT LUK 48 52 B9 TR
WG RLE (1/1) A B R FEEZ; TR
BEFEEL (1/20) /N R BRI B B £ K (26)
a, RIEAT LA S0 80 69 55 90 RBGR K, R
WG 22 ; B 15 Hh (1/r) BRI, 0 2R IR A A 1
%.

) XFHEIHAXBRTLUHAESIIRS
PR (B R B U o s R, AR R R
RIFXARBRIN S, B HEET R
HA—E I, X TFHRRHWIRSOTEE R
T —F .

SEXM:

[1] REISSNER E. Analysis of shear lag in box beams by
principle of minimum. potential energy[J]. Quarterly
of Applied Mathematics, 1946, 5 (3): 268 -278.

(2] WLK, BOUEH, FEE. FE RN L HAS
FlI]. EARTEBEH, 1983, 16 (1) : 1 -13.

[3] RER, A BEHHOWAHFLSFII]. ¢
EAR I, 1989, 2 (2) : 28 -38.

[4] CHANG ST. Prestress influence on shear lag effect in
continuous box girder bridge[ J]. Journal of Structural
Engineering, ASCE, 1992, 118 (11) . 3113 -
3121.

[5] SINGH Y, NAGPAL A K. Negative shear lag in
framed ~ tube buildings [J]. Journal of Structural En-
gineering, ASCE, 1994, 120 (11); 3105 -3121.

(6] g e BHBIMBAIAH(T ]. Sl
#, 1999 21(5) ; 88 - 93.

[7] HEF, RE¥, ERE. 8B RAXE L5
RARTHENBEWRARII]. ZHEKEEZRER,
2002, (3) :23-25.

[8] ki, RFPH. ZEWIHBUMMNRIBERER
1] BRRE S THEEE, 2005, 22 (2): 40
-42.

[9] HABZE, 8/ E, BE. & THEBRHFNIN
SHEESRB[I]. M KEER(TEHR),
2005, 26 (4): 20 -24.



B8 KAKEE  —F AR S RS T O AR R B R R T S5

A New Method to Calculate the Natural Frequencies of Simply Supported Box Girder
Including the Effect of Shear Lag and Shear Deformation

ZHANG Yong - jian, HUANG Ping ~ ming

(Key Laboratory for Bridge and Tunnel of Shaanxi Province, Changan University. Xi’ an 710064, China)

Abstract; The vibration frequency of box gird is usually calculated by the elementary beam theory, but it will
lead to a large error because of the existence of shear lag effect and shear deformation. Based on energy varia-
tional principle, this paper proposes a new method to calculate the vibration of simply supported box gird,
which includes the effect of shear lag and shear deformation, and the closed - form solutions to the natural fre-
quencies are derived. It extends the usage of the methods of the past. Numerical examples show the analysis is
feasible and the precision is improved greatly compared with the elementary beam theory. Finally, the effect of
shear lag and shear deformation to the vibration of box girder is discussed. It is found that the natural frequen-
cies of simply supported box girder decreases when the effects of shear lag or shear deformation is taken into
account, especially in the high order frequencies’calculation, and the decrease is closely related to the width
span ratio of the box gird.

Key words: shear lag; shear deformation; simply supported box gird ; natural frequencies; variational principle
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Study on Nonlinear PID Controller for TCSC in Multi-Machine System

WANG Ke —wen', ZHU Yong - sheng' , DONG Yan®

(1. School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Electric and Information
Engineering, Zhongyuan Institute of Technology, Zhengzhou 450007, China}

Abstract; TCSC impedance control is the foundation of other control functions of the TCSC, and the system
layer controller can show exactly the change of the objective parameters based on the given control schemes.
This paper takes the advantage of both nonlinear and PID controller and designs a compositive controller using
the nonlinear controller in the system layer and the PID controller in the middle layer. It uses the local infor-
mation and is not dependent on the system’ s accurate model and parameters. The Matlab/Simulink software is
used to build the detailed model of the TCSC and the two-area four-machine TCSC system. The simulation re-
sults indicate the good performance of the TCSC controller on power systems.

Key words: multi-machine system; TCSC; nonlinear; PID



