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Abstract :

Aiming at ill-posed problems of solving moving force identification system matrix, a truncated

generalized singular value decomposition( TGSVD) algorithm for moving force identification was developed by introducing

regularization matrix. The numerical simulation of two-axle moving force loads showed that the proposed method TGSVD

has many good properties compared with the time domain method( TDM) , such as, higher identification accuracy, robust

noise immunity and less effect of response type and response combination on its recognition results, it is beneficial to the

application of TGSVD in field identification of dynamic axle loads on a bridge.
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Fig. 1 Simply supported beam model
for moving force identification
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1% s 10% W
) g A i Je il T4 Je 4l
TDM  TSVD TGSVD TDM  TSVD TGSVD TDM TSVD TGSVD TDM  TSVD TGSVD
1/4m&1/2m&3/4m 50.8 30.0 3.5 118.0 31.4 3.8 509.2 32.5 28.7 1186.1 33.1 28.7
1/4a&1/2a 19.2  13.6 10.6 29.7 11.5 8.8 192.1 22.3 10.7 297.0 22.2  10.4
1/2m&1/2a 8.3 23.8 9.5 947 209 6.8 862.5 31.6 18.8 947.0 30.3  12.3
1/4m&1/2m&1/2a 54.6 17.2 8.2  48.5 16.0. 4.0 5459 22.3 17.7 484.3 18.6  10.7
1/4m&1/4a&1/2m&1/2a  11.7 10.5 8.0 15.0 10.3 7.1 117.0 12.3 8.5 149.5 12.0 7.8
1/4m&1/4a 683.2 25.1 11.4 552.3 21.3 7.6 6824.3 33.2 15.5 5514.4 32.8 11.4
1/4a&1/2m&1/2a 11.9 109 10.0 149 9.8 80 1189 16.8 11.1 149.0 14.2 9.9
1/4m&1/4a&1/2m 443 153 12.9 71.0 12.1 8.3 4427 26.6 19.4 708.6 25.3 13.7

TE : RPE FR U 45 -5 USRS 2l iy 28] RO XS 7030 22 s IRBIER 22K T 100% , J 5 Sy TCIE RS Slifr 28 “ m” F1“ a” 73 Bl 3RR

PR R BEIR 5 1/4,1/2,3/4 AR BT LA i (0 5

[ — TURETDM-- TGSVD

—TURE - TDM---TGSVD |

TDM-

| —TURE SVD |

30
25
E 20 ,
15 e
20 02 04 06 08 I 0 02 04 06 08 1
t/s t/s
(a) Hir§i (a) Hifh (a) Hifh
350 [ —TURE TDM--- TG_SVD 4 —TURE----TDM - fTGS:VD | 35. [ —TURE § TDM ---TGSVD
30 s B i
250k Z
=15 ~
10 WELOE d N ;
% 0.2 0.4 0.6 0.8 1 ) 0.2 0.4 0.6 0.8 1
t/s t/s t/s
(b) 5k (b) JEHh (b) JEHh
B2 AL TDM 5 B3 s EE N TDM 5 B4 S i 4L A i
TGSVD P25 5 b 4 TGSVD P25 51 He 45 TDM 5 TGSVD 1 51255 Heis

Fig.2 Comparison on identified results Fig. 3 Comparison
from three bending moment

responses by TDM and TGSVD responses by TDM

results from two acceleration

on identified Fig. 4 Comparison on identified results
from bending moment and acceleration

and TGSVD response by TDM and TGSVD



100 & s 5 &

2014 4E45 33 %

ToME RS ), =P 7 3 AT ER R B B sl 2k,
SMONEMIEWR AR AR A, SR R 2
Y ENE S TG 0 g K. SR TDM U510 %% 3 fif 25
TR R 22 Bl 75 7K 23 i , W s 7KK 10% B
P A 1450 59 RE A B80T R 0l B8 B fr 28 (IR 18 22 KT
100% BPIA R Toik R A FE sl fif 28 ) o >R H TGSVD 31 5]
Rl far g it P 25 o) 0 3 530 4l sk JE g 7 ) %
MWRFS 2 R o 00 1 oA R FH =125 R g Jog 3000 s 4L 531 45
R MR KN 1% 38 in %) 10% , TGSVD Fip A 51 15 2
3. 5% HaANF] 28. 7% 5 T4 2 9% F AN 0 J32 g o
T A GG S R KN 1% 34 %] 10% , TGSVD i
EhiRAR 22 N 10. 6% HEHNE] 10. 7% 5 24 % F T AL #L
W77 5 (8 4 i (TSVD) P50 3l for 28, S 5K B A T
TDM 5 TGSVD Z [dl. #i%fF TDM 15 TSVD, TGSVD
PR 22 2 M s TP a5/, & B PE 34 . TDM B
I3 R 0 7 R 550 B 5 ey 26 R O R e v S )
PR FEE A5G, T T3 4% SR It i 7 2 A ) 22 S A K o
T 1 ASCR S A R 50 T 7 KSRy 1% B, TDM
HFHTR 15 25 4 50. 8% , J5 iR il % 25 4 118. 0% ;
TGSVD i %l 17 3 3% 25 2 3. 5% , J5 il 5% 2%
3.8% ., M2 ~ &4 FH, TGSVD 151 45 B 57 i v 2
P NG AR

R R T A i v 7 50 B 1 R,
SR oo S PR i R Y BRG JE H vR SE W . TDM 3R
SRS EE R 2 A T oA R 22 Ak, Tl 6 R A 1/4
M i b A5 R R s i 107 U1 S B g 28K | MR RS KA
1% B}, TDM Fif il 251 32 22 5y 35 683. 2%, J5 il il iR
70 552.3% , 8 B LLOLF TGSVD HIREA SR A #5 5))
o3, R KR 10% B R 220H 28.7%

TR R 5 5 B AR 2, h R REA
108 FEORET Z R 2E 3, B 2 ~ & 4 W] TDM
FEILES ZTR AR 22 8K TGSVD | F 5| A LE I A6 46 B
BE At WA AT 2R 0 00 5 1) Ao s 1, 76 22 T A T 7
e il R B 20 R A B A 5 A R v (EL A X 2 4 A R
T 1E 47 B X BER A FEAT R 1K o

3 & it

X Bl i 28 TR 2R 0 A U A [ AL, 4R o AR T
GSVD A7k , BB AR5, 4518 0T -

(1) TDM P50 15 2 I M 75 7K SF- & M 3 i, TSVD
5 TGSVD 55K B e v, HLBIACIE WAL B I RS
TGSVD U i3 22 52 M s TP /N et 4y

(2) AR R A ) 1o U3 B 3 faf 2K s, TGSVD 31
FIRE BE# TDM 42 = B 58, TGSVD 37 i 218 754 K i iy 21
BTN

(3) TGSVD H.A& WHrheae Jyom ks B ey il

S8 R A2 W 07 2 Y K i 07 2H 5 5 /NS DG R, R R

TGSVD HIT 5% i 804 HE 2 Lo
(4) TGSVD 7E A4 iy fh T B b Jm il B A7 if 2031

BN BE A TDM A7 BRHRE 7 , (EARDX 440 A7 T 1E 47

9 X BFUIPR BEATY D I , B TR AT ST

& £ X o

[ 1] 3KEE, BUAR, Lukasz Jankowski, %. 5 T I AU i

PR US4 3 A A i I Sk [ ] ik 3h 5 vhoids,
2011,30(9) .98 - 102.
ZHANG Qing-xia, DUAN Zhong-dong, Lukasz Jankowski,
et al. Experimental validation of a fast dynamic load
identification method based on load shape function [ J].
Journal of Vibration and Shock, 2011, 30(9): 98 - 102.

(2] JuBe, AT HeT X[ B HEZ/NEA BT RS S i 480
BILI]. TR, 2011, 28(5) : 35 -40.

YOU Qiong, SHI Zhi-yu. Moving force identification based
on b-spline wavelet on the interval [ J]. Engineering
Mechanics, 2011, 28(5) ; 35 —-40.

(3] T3, GRE, M. 25T 2808 s B RS AR R 251

sl 2R [T]. TH5 Ji2# 244, 2012,29(2) : 153
- 158.

WANG Lei, HOU Ji-lin, OU Jin-ping. Moving force
identification based on load shape function for a long-span
bridge structure [ J ]. Chinese Journal of Computational
Mechanics, 2012,29(2) . 153 - 158.

(4] BJtufe, R, Faade, 55, JETAERE I RS n R is

JBEZELE NI A% 3l fr R0 [T ] b 2 g4l 2012,
25(5): 95 -103.
XIA Zhang-hua, ZONG Zhou-hong, LI Jia-wei,et al. Moving
load identification of long span continuous rigid frame bridges
based on health monitoring system [ J ]. China Journal of
Highway and Transport, 2012, 25(5): 95 —103.

(5] REARRE, AL AR BRI b 21 40 ) AR e R
BIOFELT]. WS SRahfEl, 2010, 30(1) : 86 - 103.
QU Wei-lian, WANG Yi. Fuzzy pattern recognition technique
for moving train loads identification according to bridge
responses| J]. Journal of Noise and Vibration Control, 2010,
30(1): 86 —103.

[ 6] R, BRiE. Hratfssl 8RN aY AT & P S HIR BT
[J]. #esh5npids, 2007, 26(12) : 6 -9.

YU Ling, CHEN Zhen. Experimental study on ill-conditioning
problem in identification of moving vehicle loads on bridges
[J]. Journal of Vibration and Shock, 2007, 26(12): 6 -9.

(7] RV, RZEA, BRih, 55, T RIE R R 3
PRI ], fkah5 i, 2007, 26(1) : 16 -20.
YU Ling, ZHU Jun-hua, CHEN Min-zhong, et al. Moving
force identification based on method of moments[ J]. Journal
of Vibration and Shock, 2007, 26(1): 16 —20.

[ 8] Zibmk, BREE, Fd HET BP #h M Ay B4
B BaR ANk 1]. TR, 2008, 25(9) ¢ 85 -92.
LI Zhong-xian, CHEN Feng, WANG Bo. A BP neural
network based stage identification method for moving loads on
bridges [ J]. Engineering Mechanics, 2008, 25 (9): 85
-92.

(T 130 ;7)



130 & 3 5 b 2014 4E45 33 45

R2 BYEEANETEERNERY (4] BRFE, bk, R, S5 0 rhd o5 AL Rl e
Tab. 2 Similarity result and weight MEE BT D] HRKE S ehid, 2012, 32(3) : 323 - 327.

DI Chang-chun, LIU Lin, ZHENG Jian, et al. Numerical

simulation on dynamic recoil test with gun muzzle subjected to

coefficient of each physical quantity

LA Jo A e e J A i high-velocity impact[ J]. Explosive and Shock Waves, 2012,
FRBLEE 0.8702 0.8512 0.8719 32(3): 323 -327.
o 0.9 03 05 (5] bk, Dok, B, A R A B3 42 by

BT, a5k, 2009, 28(7) . 179 - 182.

4 zél: .L/e LI Wei, MA Ji-sheng, LI Zhi-qiang, et al. Dynamic
simulation analysis for emergent braking of a tracked vehicle
(1) F:T ADAMS/ATV % 4, @7 5 A 47 kM g [J]. Journal of Vibration and Shock, 2009, 28 (7): 179
N 751 o % 4T I —-182.
wﬁz’a‘ PRI TGS Wﬂ’a‘A LT S, I, WAL I ADANS 19 15
s/Fl (5] (Eiﬁ/iiifc%% @_L}(}:@ijjjjizl:lity/\ f"é’f/u‘i S T[T, SRS, 2005, 24(5) 39 —41.
PURBIRY ARG F1 3 b o 2514 T 5 AR L AS L3 88 S i i WU Da-lin, MA Ji-sheng, DONG Zi-wei. Vibration analysis
B E L, of suspension system of self-propelled gun based on adams
(2) SE T PR T 5 2R 5 R B 5 T R A Ui] Journal of Vibration and Shock, 2005, 24 (5). 39
FERS DM BEVF A IR AR R L, JIRBITIR ) e, ASQ700 2k mie 3o B0 1 1F 32 2k 5 v b A0
AR 5 RERCHE R AU SO S s i i sh A AR . JF BERIZTL DL 5 AR K2, 2007.
PAFJIEIE AL B Ty 5 A B X S B (8 ] S RSB RS ARG D] L
AU b JRez, 2010.
B0y 0. 865 4. PRI MTIIRERBI o s, T, s R s R
Bt FE[1]. ARG A S, 2006, 30(4) : 6 -10.
2 % X GAO Song, HE Ren-mu, MA Jin. Error criteria on power
[ 1] kM= S s b iy Bhg 5k (M), dbas: @B system dynamic simulation validation [ J ]. Automation of
Tk pAL:, 2000. Electric Power Systems, 2006, 30(4) : 6 - 10.
(2] BkFRTE. OS5 A0y B R 48 S He 8l Jy 2 (e i 1 [10] JEIB, BURE, FEF, . B RGO BR) HER
[J]. T2, 2001, 22(2) : 152 - 155. BEEALE D], A, 2009, 33(14) . 12 —15.
YAO Yang-wu. Simulation test system of gun recoil and ZHOU Cheng, HE Ren-mu, WANG Ji-li, et al. Assessment
numerical calculations [ J ]. Acta Armamentarii, 2001, on simulation accuracy of power system component model
22(2):152 - 155. [J]. Power System Technology, 2009, 33(14) . 12 -15.

[ 3] Cast M. Army test move to ‘virtual proving ground’ [J].
National defence,2001,11:62 —64.

C@00S00SCOSO0S00S00S00SC0SO0S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SO0SO0S00S00SC

(L4258 100 IT)

(9] o, bElE, welm, 55 Bl 2R i ok B0 i vk BHARRBIT]. 7 55 R, 2009, 31(5): 1095
[J]. ¥Esh5updy, 2000, 19(1) ; 58 -60. -1098.
YUAN Xiang-rong, BU Jian-qing, MAN Hong-gao, et al. LIU Hua-lin, YANG Wan-lin. Radar target recognition based
Function approcation in moving force identification [ J ]. on kernel uncorrelated discriminant subspace of GSVD[ J].
Journal of Vibration and Shock, 2000, 19(1) : 58 - 60. Journal of Electronics & Information Technology, 2009,
[10] 404, Chan T H T. #F3Ent728 R8s ZE 2k i Ml 421 a0 [ T ]. 31(5) ;1095 - 1098.
PRah A4, 2005, 18(1): 99 - 102. CIST R, XUhn. B SO S0 7 fifk #4936 1 55 0 0 Bk Ak
YU Ling, Chan T H T. Indirect identification of time-varying [J]. BRESAF, 2011, 26(3) ; 241 —246.
moving vehicle loads on bridges [ J]. Journal of Vibration SONG Hui, LIU Jia. GSVD-based generalized sidelobe
Engineering, 2005, 18(1): 99 —102. canceller [ J]. Journal of Data Acquisition and Processing,
[11] Law S S, Chan T H T, Zeng Q H. Moving force 2011,26(3) : 241 —246.
identification: a time domain method[J]. Journal of Sound [16] ®i/NRy, Zefld, Z5ipk. TSVD 1F M4k 77 BE i 2 5000k BL
and Vibration, 1997, 201(1) . 1 -22. FBAEITFLT]. B IiE REHFR(HRBZFM),
[12] Law S S, Chan T H T, Zeng Q H. Moving force 2006, 40(2) : 154 - 157.
identification; a frequency-time domain method [ J]. Journal HUANG Xiao-wei, WU Chuan-sheng, LI Zhuo-qiu. The
of Dynamic System, Measure Control, ASME, 1999, 121. choice of the TSVD regularization parameter and numerical
394 -401. computation for ill-posed problems [ J]. Journal of Central
[13] Hansen P C. Regularization, GSVD and truncated GSVD[ J]. China Normal University ( Natural Sciences ) ,2006,40(2) .
BIT, 1989, 29(3): 491 -504. 154 —157.

[14] XWHedk, 4 0B 26T GSVD RIS 725 6] 5 75





