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Abstract: Based on the theory of quadratic chirplet, a method of the quadratic chirplet transform with function integral operation is

proposed, by which, the acceleration response signal of the time-varying structure is merely used to reconstruct the speed and

displacement response signal and to transform vibration differential equation into linear one. To solve the problem of parameter

identification under random excitation, by further combining with the fractional ambiguity, the autocorrelation theory of the quadratic

frequency modulation signal is derived to abtain the linear expression of correlation coefficient and time-varying physical parameters,

so as to identify the physical parameters of each time. With a 4-iDOF time-varying structure as a simulation example, four different

types of time-varying physical parameters such as linear change, periodic change, quadratic function change and rapid mutation are

identified, which verifies the correctness of the identification method.

Keywords : time-varying system; random excitation; quadratic chirplet transform; fractional ambiguity; parameter identification.

0 35l

R ILAE T X RGBT AN RGN B 12 SR
SITERIRE BRI T — RV BB R %
PR 2o R v 2 5 SR P SRRl 530 T I AN AR SR T
0 R S 43 T (experimental modal analysis, EMA)
N BFTHEZS 43 BT (operational modal analysis, OMA ) I K
U SRR PR 14 98 TG I FURB 2 4505 1 TR
W, SERBR T AR H s BT ke b 22 1) Bof A ] 83T, 2 4
AL IR A8 T K BH e H b LA R ATLAURE %) e I ) A 5 ok 35 TR
Bl T RAT Il AR i 2 O et AN Tl /N5 B 1 B s
B A5 Ak B [0 5 B ZE s i B, B ) 0 B RS B, R -
FR Y N R BEL i Bl s T 42 Ak % [ 5 B[R] A5 £L E ) 3
PEATEE R SR RE AR B T AR R T P
S AR LSRG (W By 1 2 R, TR i AR S5 48 i S 50U O ik
MR EE,

H i N A3 5% B A5 3R 58 S 550U ) B 0F 5%

T — RNk, FE A LI 5ROk R
ST I I AR, N EAT R SR AR BT RE ) B9 5
RESE T LT (R L o R e (STFT) | 4k 94 43 A
(WVD) /INJZB# (WT) ) B T 25 [ B L 47 S 400
9, T2 T3 VR AT R ARG B2 L LS, TR 53 2%
HRILBAR, oA 28 N i e e 2 (R RS LT 2 A3/ i
ST R AR TR TR DR AR (L
ATHRE LT R I AR AR SE W TR AR AL B A TR I A
A SR TR R S S R MR R, 1 R A
{55 22 A A TEASE 285 BRI B, 108 1> i A 2 0N
5], e R i e A RO R B S (HHT) 1 %20y
TR ERIET 2R, B2 5 i BE AR, BLAFTE RS
RS AR, HeT LU E U5 2 AT 5 N 45, 45
AR ZRGE AR MR R ARF I , R I I S DX T8] A e — I 2 30
ARG TR X FPAELAE RS D7 A T
JELIS PSS RN 678, A — 2B MR S0 A ) 7 11 B
AR AT A U RER M RCR . RN AR
— T SCH /N R RCRE S AR 4 3t 5 LA 5 A9 AR Lk At

FE—EB R/ BRI (1997—) B INARTFEN WAL DFFE 5 1) B8 R GE I 280U

<49 .



- HUHIE -

REFF - AT ZRER A TR E R LI A SRR

E TR T 2R SEI S LA X TS5 15 X ]
PPRAE  SRAZ A1 LA BE ARG B 20 10 38 B AR R
ARICHE AT U /INE AR e (QCT) 4 45 I I g
WT7 s 2 AR T AT 0 Al AU IERE EE—APHES T
TURIRIAB NI K R RSO BR s B e e N 2 A s )
O {55 TR R R (S R ) O 555, K A8 R e T
REREAL R T7 B, 45 2 BB BRI pR K i A O
PEUCEAR N T TRV S AR D RS TR
XA A 1A SCAS 3 ZR G AR S ORI 13 AR G AR
B2 IRIOCFR BRI SEIRES AL B A BB B IR, )i
T 7 GRS YIE T AU R IE B TE A S I

1 QCT REEHMRHIZE

RV NSRS S s (1) B B — M5 R
IRINBIERRE b, o (0 1300 0 (1) FTE SR
()= w(t=ty)expljl a,(t=t,) +a,(t=ty) *+as(t=t,)" 1}

(1)
Hrfow (¢) —BBET T o MR B RE, w () =
(2v/m0) exp(~12/40) sa, a, cay NS EL WK
VR IN I AR 5 AT RO
Qcry(to,a,,a,,a;) = (2(2) ’b(10,4:1,:t2,4z3)(t) Y o=

b(t”,:zl,rlz,u3

fmz(t)w*(t —ty) »expl —jla,(t —t,) +ay(t —1,)° +

alt = 1)°] | di (2)
Horrj= /=1 BAn + RIS ;2(0) = s (¢) +jH [s(2) ]
0 5(1) BORRBTE

YT NI R SN B
)RR PE T — YR/ 0 BB AT — B
BIZ [ 00y (D d0=0,i=0,1 3F FIERECRIE
BIPRS00 AEHCE O % T BREL A1) , Ho— B
SUSTTAIR A [ (1) de=F, () 4, BREBUSM0—0M
BN

Ouri [Jroae] = [ 1R + 715

(Lo,ul,uz,a})

(t)dt

(3)

TN s S S ey S N TATE LAt
fernTi

Ocri [Jr0ae] == [T A0 (D (@)

T LA RE B A1) — B R S B
USSR T £ ) 1 PR BB — B I 3R B
SRR — I N e, B

Qurt [[F(0)dt] == Quri (D] (5)

R B/ 1) — B SE BA —  NE Br
) PR BRI — B R A B B 77— W
WIS B

Qcr [Hf( t) dtdt] =

[T UR) 4 S £ By (D = Qe DT (6)

- 50 -

2 MERZESHIRA

ST —A K [ R A 5 12 R %, oz a
JR ST AT I AR .
M(1) x () +C()x(D)+K(Dx(D)=u(t)  (7)

A M(1) (C(1) K(1) 5331 KxK 178 ik B
JE S TR RE SR B s (1) e (0) 40 50K Kx 1 RS [ 42k il
S8l A7 16

it LTRSS S ZR Ry P AT A A 2k
I,

x (1)
x(1)
x(t)

3 5L A AT A P S S R 5 AT A B
SRR X T WAL A7) 7 A O A — 25 B
G5 AV LA R Ay O R T SO
X H

[M(1) C(:) K(1)] =u(1) (8)

F(u) = J_mKP(u,L)f(t)dt (9)
K, (u,t)=
VT=jeotaexp 21 (u” cota—2uicsca+i’cota) ] a#nm
S(u-t) a=2nw
S(u+t) a=(2n+1)m
(10)

Ho F,(w) AAES £C0) B9 p B 20 BB 8 5L 28 4
K, (u o) AAZRREL p 9 73 B i B A B B4 o= pre/ 2,
S5 HAS) R B AR DGR PTAE 5- 1 F ARG R

V2mAL, 720
R (T)Z : 3 2
A J . a7 (a,T)
A2 . = _ #0
Oa/ 6a,T eXp|:j(017+ 4 3ayr j:" T
(11)

R BRSE 7= 0 ARSI R (0)= /2 A2, T
ST 25 B T R, 1 MG SR T 9 43K
I M BRSP4 5
BRI AT R, (70) =0,

FEA b YT VA AR P B 0 SR 1
AT A LI B T B A8 2 51 8 2 s
ik,

3 (FEEH

4 [ i BE R 5 B JE IR SR 1 BT, RGERY
WA RS R LG T 1k O, 4544 2 BB I I) A5 1k =2 RiT 1)
WEMT

m,=m;=10,m,=m, =20 (kg)
k, =80 000, k, =60 000

(N/m)

(12)
ky =40 000, k, =20 000

(Ns/m)

¢, =¢,=3,¢,=¢,=5



- W HIIE - RFEIE AT ZRIAR AR B E R R ARARA)

X4 A [ p BE Rt v R Rl B {E 0, 77
2270 100, Wi {555 B Newmark -8 T4, & 19 SR AR I ]
1=20 s SRFESR 1200 Hz, 58505 ZEPUNT7 5 B9 AT 8%
PEFTRT AR | BEE AR SR B o 28 SR I 2 2% B (]
I AR AL, HLIRAS AR DL 2 Az AL A IS Al — ek i
b DU AR H A RS S B B T

Am,=-0.5¢
Am,=0.5¢

1 (kg),
Amy= IOSin(ZTrt) &

Am,=-0.20"+4¢
1
Ak, =30 0005in(7m)
Ak, =3 000t
Ak, =200 -4 000¢
Ak,=40000,(7 s); —40000,(14 s)
I FTIAR SCHRE S 1 B0k X 254 1 I AR S G AT IR B, I
i NI RIEE RN A 2 8 3 Fis, WSS SR AT LUE A
SCEAEXS TR G N 0 T DR B 1 R 25N, A S50k
B T SEUE BRI EE— Tl R0 i o FO) R 22 AR K B 1%
1, FRIAAS SO B B TR N PR s A S L

(N/m),

— B
oo 12
%‘)20 //vf‘ m./\,‘vm

g N

10 ~ 10l ™~
% 5 10 15 20 % 5 10 15 20
t/s t/s
==
B2 REIRINER
5 5
20710 20710

~ L 2 H B ~ L. 2315
g 1. . E A
z 1.0{ ¥ L /,,-«---;Tl z 1.0 5
<05 R A X

0

0 5 10 15 20

| t/s
1op0
[T
_ 22—l _
£ o E
2 =

Z s 2l Z
< M i <
- St A G =

0, 0

5 10 15 20
tls t/s

B3 RERINER

4 4hiE

1) AR SRS T RS/ N B B | XoF 5 45 ) ) 7 £
SIARAE BT R AR RLA | S5 A RN AR
okt 22 534 (5 5 S0kl B i ) TR AL

2) $2 T R I2 B0 R PR AR N A B R
T, G A I e A5 ) ) R A8 295 A 1S W 7 o R AR AR G
OY T A N T B 5 AT 45 45 23 BB ASRYY e K504 AH G
Rtk S T ZUORIE S R A A OGRS R T B
Jih T B AR R GBS B PN T

3) PrEAGIT 4 [ iy BEI AR S5 ST IR S
AR AL R fE | R R AR AL PR 287 4 Ff
M2 GG 0L, B BRI T A SCRT S5 B IE R PE
S
(1] JafGse, A, RS2 80 R M. st &
iR, 1989.

RGNS 3630, FET Ot EMD 4 (0 A8 45 7 2 SRS 14

Wik 2 MR B0 [ ], HLBRRE 2 5 R, 2015, 34 (8)

1161-1165.

[3] LIU K. Identification of linear time—varying systems[ J |. Journal
of Sound and Vibration, 1997 ,206(4) :487-505.

[4] XU X, SHI Z Y, YOU Q. Identification of linear time—varying
systems using a wavelet — based state — space method [ J ].
Mechanical Systems and Signal Processing, 2012,26:91-103.

[5] KA, LIAT, AR, IR R 3T chirplet 254 1Y 4K 4
WA RGESHGN[T]. iz 3 J12#4),2020,35(1) :9-17.

[6] B, KIL, BT, 5. RFBLIE 75 2 508 2 A i X
AT 1] $R3h5 whidi,2009,28(5) :13-16,201.

[7] SHIZ Y, LAW S S, XU X. Identification of linear time—varying

2

[

mdof dynamic systems from forced excitation using Hilbert
transform and EMD method[ J]. Journal of Sound and Vibration,
2009,321(3/4/5) :572-589.

[8] BAO C X, HAO H, LI Z X, et al. Time - varying system
identification using a newly improved HHT algorithm [ J ].
Computers and Structures, 2009,87(23/24) :1611-1623.

[9] IRGIE, iHE , TE4k 30, 45, Chirplet 288 S HAE " [1]. AIET
W22 ( A ARRLAAR) ,2007,30(12) £ 1575-1579.

[10] OZAKTAS H M, ARIKAN O, KUTAY M A, et al. Digital
computation of the fractional fourier transform [ J]. IEEE
Transactions on Signal Processing,1996,44(9) ;2141-2150.

(11] BREE, TR E MR FET 0 K (il B2 46 0 OB o 44
MBFFE[ )], {55 4b3H,2003,19(6) :499-502.

[12] LI L, QIU T S. A novel phase parameter estimation method of
quadratic FM signal based on Sigmoid fractional ambiguity
function in impulsive noise environment [ J ]. AEU -

International Journal of Electronics and Communications, 2018,

93,268-276.
[ 13] XU, MIMO TR IECHEIE BT KAF S A BAFFE [ D] Wb
L FRHE R ,2008.

[14] BAZEEE XN, RIE . 3T AL MR B9 MIMO 75
IRIERRPIE R [J]. RE TS B FHA,2011,33(1)
64-68.

i B HE:2020-10 - 15

- 51 -



