5512 45552 12014 4E 6 A o FEE B E E R Vol. 12 No. 2
1672-6553/2014/12(2)/097-8 JOURNAL OF DYNAMICS AND CONTROL Jun 2014
—_— L :,—l—. LY .;l;. e AT AR

B T R 2 i B AR SR 4R iR
EEAT Mol xEE HKOUR
(LMl CATE U A5, LIFFARSE TR, Ll 201108)
WE N T ShEeT SR MR TR 5, 2508 7 32 S o M BER 9F 7S 19 5 2E JE. A Sl

J8E 43 B | AR P A8 T [ Bt 8l 28 S 38 BT R R 9 R D R SR T Bl A S 3 3 M S R A
TE R R BER2 L, X Sl A S T B AR R T 52 b AR, Ja S Bk — P JT RIS 5 1) R4 1 e 2.

R ShEkeT R, Aitsh e, I,
DoI: 10.6052/1672-6553-2014-006

51

i3

S S T M BRSPS R 07
SR BA K R ) — 1 THAR & T 25130 71
SRl e St S 1 SRS S I M R A
FH SN 2 ) B O S8 M (B 2B AR P, HEH
T G5 A0 2852 1 Sh S BT, X250 R Gl v it
PR I AR Bl ] B2 W L RO 5 7 i A
S5 77 TR A T S AR U, HE R A s 2
ATERESZ B A AT, ] LUA SO T TR
(BT R 3 20 AT , 4t T A Ay el 2 T B G
WL 12 3R, O TR A ke iz 2 TR 4
BT AR B R B P S A e 5 A 2
i AT AR R B2, Al LA Rt R AT de 2l
W AT 57 7 e A T s TP 5 B A, VA
FETHHEEET 5 2252 I RGR BT | L IEA 3R 91K
R AT, T LA SE NG A RO B T B 2
Ha) FEREATIE 05 A5 am WAl s ZEMF R B, 0
TR IR EE I 2232 9 A A R 28T, R R 2 1 1) 73
Ak B AR A AT

B RE SR B A AT T i A LA ]
Hk PR 5 2 B EARA WU 2 T AR e
ik 25 Fag i A S AS T, W TS g b — e fi]
25K X SEPR TR IR R RGE, HAR IR AL AEMELL
BHL A F TR S R G, T8 i 1 5
MEELE ST RGUIE R BT, 72 R IR i)

2012-10-14 Y %55 1 75 ,2013-06-25 Y 2 & ks

A EITE

IEMAEH A

VAR MRS R G A R 5300, Sty gh s
B {1 LB ICIE R E I, Bz 1 BRI A
MELLSZER, AT 65 I 52 B XR AT , AF SR 254
[ RS Eh A . J3 80, AL T 00 %4 1 AR
REEARA A SR VF I AL I 0 2225, ey il is 2
b CMLAE K S )Xok i S B 1) b e /R D, A
JEHEXT e it A5, A s 4 LSS 44 v ik L v
Je A e 258 1) o e VR 25 AR AT 25 AR G, T
e et I L] 5 2 B 1) 2 e e B IR A R GE R 1
LIV A. e, TR R U1 Bk e fa) 4%
LA S5 AL Zh A5 B AT, RISl 2 S s 0 BT B
R 3ok 0 2t RS M ) Bl A O S S A 2 M2
KBl 7 2 SRR T K 2R 48 i 2 1) 2l 2

B SE AT EAR IR T _E A 70 44
gL s 4, i (L 7 0 3l 25 I B AR 119
J&, 45 T AR 3L AR SO B8 S e A BRR T
T WETEXS G TR AT T, X 3 AF R % Sk )
P REA TR 5 L AT B 22 1 3t S e sl 28k ey S 35 70 A
BRBIBE IR , FART S A7 B A B AR TE
HRAFAE 10 S BB 2 TR AL, g fi sl o S 38 3 M B AR
TESE PR TR AR 2 SE 00 BT, 48 R S 2 155 71
7 Ia).

1 ZhPERERSTIEIETR

20 {22 70 ARACLIK, R A2 3 1 Bl 2y S
IR BRI BT T R 1O A8 T A B

# [E 5 FARPH PR VTN T B (11102115, [E ZCERFBHEBTE 973 BT H BT 1) (613133)

T WiR/E#H E-mail ; vibmym@ gmail. com



98 5|

2014 445 12 %

M T AHE ,Stevensm Dobson #1 Rider?’ \Hirotsugu In-
noue 2% Nordstron FI Nordberg*'  F4 260", %t
BT S T BT HORAN R R SR B Bt AT 1 845, 3l
AT S 3 BT e, T S B AT LA S ARk
2, WIFFE L0 B AT DL 43Ry =28 — 2 2 A A
VB AT D R Y AR 0 5 2y 67 L I ]
D s s VR FH AL 8 © 0, 1 5 Bl 8 1 A B
[F) I FE BSOS AT 2 5 i J Je B 3 8T ST, 4 2 A
B EC A, RS T ERER AL E S B, AT L
VAR5 28, T T PRA P 34 sl s R e A e Y
KIETE.
1.1 SEfRER

B AT ST 23 T AU o SR A | U
) ST A 7 V. Ak 0 B ) B A SR, 5 3
FRGUEM N A ARG R e o A
el oAy i A\ 5 R SREPFOC R TR N 1T R BT Y
AR N 7 bR RSO AY P ok AR G R A T R S
A TSR B R 08 v 1 i A O | B0 B S i
AR H S N, S0 e 25 H A Ny, DU A
W, S S A Sh BT F () 55 00 5 0 4 S e 1
X(w) Z [8]H 2

X(w) =H(w)F(w) (1)
Hor H(w) Ny x N, 2GR0 eR BOH B 24 450
RS B, B rank (H (w) ) = N; I, Zh#80 4
S 53 M s B R 92 7) LS

Flw)=(HH) "H'X(w) (2)
A BAR T R S H (w) TiE N He 3T
RNE AN ZR G032 B BB B A2 AT, 1 28 G e i
R BEAL 5, T 2 8385 A0 e i JE X3 7 Al L T
(2) AR R A

Si(w) =H" Sy (w)H" (3)
AR+ T FORHE IR E L S, () S A BT 2
FIGHIE, Sy (w) 2 50w 1 2h 3255 5 B LA SR
fiff %, BRI S LB H N, R T B TR
S A ) ECH N

TIAI AR E) S EmE NL B R RS RS AL R i
WL R B B A S AR S o e
PSR B S Ry AR AR S M S S U
T BT 188 o R 285 A s 2 48 45 ) AR T 1Y i A 2
. TEATIN , W0 B X () TEAR 2 A B 14 B AL A
TR R

X(w) =PQ(w) (4)

O LRGSR, Q(w) =1, (0) ,¢: (),
gy (@) 1T SRS AR AR I B, VR RS A By
BOAEIUSN , 2580 30 ) 22 B S e AR JE Xl
H
(-’ [M]+jolC]+[K])Q(w) =P(w)

(5)
M, .C, K, ZZERIE r B B E AR
A, P(w) @B 7. 2oy RO 43 Hrad 7
R A R G ER R Y X () FIEE R RS A
M @, i (4) ARG G N RS AR Q(w) ,
SR T AT A N LS AR AR T 1 Bl ) BT
P(w) , B# A i ) 50

Flw) =@ "P(w) (6)
XA N Bl far B 37 2, R LA sk G i pR A5
PR SR, (H SRS S E 0 I B0 K T 1o S T8 2%
far %K H.

AR, Barlett A Flannelly FH
AR AR e o U T AL 3 ) B A R
fat°1. 1982 4, Giansante %5 i b3 07 B PLHIH T
AH - 1G AL RATH F5l0F 2 T 52 1) A28y
i pk 7 % RS TE S BR N eP A IR R v )
1984 4 Ewins %38 12 I 5 45 ¥4 20 N A% , 763538 9
T TR T2 28 R4l i B hzdfar , % i )i
TR RIS FE s i A T 1 e, ey 1R
B St R R E ). AL Fabunmi 3518 T 454430
i n7 S H AR TR 249 B () 46 DR 2R % e il 48 AR 1) R
it N Okubo 25 A% W) & K0 B 125k 906 1 058 1
SRR FESEBREEA (IR R R SILRZS ) (1
ShaR A A1 1984 4F | 227 5 AR AR P4 X
B B WU i 2807 75 B 3R A 7 ST, FFAE 454
R AR T T 25 B IE )7 2. 1987 4, Stevens
TEANERIT T Sl 2 oy S5 38 0] A0 1 2 8 T B T I 74
PRINGE , Fi 00 et s 7 7 (] A7 0 25 66 30 40 i) i 5 11
33 A5 TR R 25 14D N 8 15 25 S B 28 A 5 T 49 BT
AR SEANPR T2 B PR 5 [R] B, 41 H 0 S wieg 7 1) 2
H 3 A 5 7 28 ey 250 H 7 — 2 P B L 8 ik 2 4 e
PRSI A N M 7 7 A R R 25, A R 50K o Y
SRR A HER A B AR o3 R A B PR AN
S S B IR —Fh RO

Bifi 5 1 X6 3l 3 ny SIS BT ik 5 1V 2
ST R T R RS R T R, e BRAE SRR



%2 1

TEWIGE ST R T BRI 2k 99

23 o 3T 45 ) R B P A 1 RS R, BRI (2) B
(3) XA B B Aar S oK i, 15 B0 2 A e oE
AU B R B G, — SR ) B ) AR
FR RIS 0 B T Sl 2 R A M, H (2)
AR ARIE A& 1E R BHLJE B /)y 3 1 1 D) 6 3K At

Flw)=(HH+AL) 'HX(w) (7)
A SEIEWZEL L2 o 81, — s 00T B
FERE. Liu Yi G551 Rr iR 8 40 45 e R 508 B oK 3
(R ANERSE P, LA S I 2 M 7 AR i) o 50 REL I 25 A
SRR AR )R, T TR T (7) 2 B B e S A
BRI, FF2 ) T 5T Morozov | S 22 it 3
9 IE A S B Oy 2 sk E S0 X bl
BLBAS AT I S, o 1T (3) 2 A B far i B =X
HEAT SR s AR, AR AR K0 B4 4R 1 1Y 4 A8 B
72 1 )RR A B R 0L Rl P MR
T AT REE NUR R T R ML N A i ny S A AU 40
R T SR bR S A R DL s T R T
WP AR T B X 1 AU Rl 1 A Bh 2
i S5z i SR A 2% B0 3 i R SO B R T B4R
PR T SR S R BRSO NMRE M RES
Higrye X507 (7) L.

2, ShAT RO AUEE A ST, © 2 IR B
TR T A IR AR 4 B A A5 ) o B P A S B3
ff S 25 RANEEE 1 [l S >R U, 3l 28 A S T8
RIS O3 AT s, Bh A R B TSR B RS
TR B ER fay S 5 % — e SRR AR 1 ph i 2 Y By
B far S A AE — 22 1Y Ry BRI 32 T AU o BT v
BLRUEATIE N A R 08 A3 B SR R A
BA R R, X 2 a8m 2 fh o R B 118
A PR 5 5380 18 SRS FE 5 T AU S e 1 R A
B e 2 A R RS S O AR T S R R T R
255 30 BN R 25 SR AN EDUL , ME DA SR R
T, R ST AR R 2227 3 Hh AR 0t 5 % 1) I
1.2 BHEHARHE

SR B 807 S A AT BRI S L, B ik
AHFFEAFT 5, LIR30 S i 45 2R 0L e 1 i T, %oF
AP RR s RS v R B S s B — 2 n L
TN M, 52 B TR H IR, kKR 2458
BT L Duhamel F5 4355 1R 0 Fehit 1 sh 28407 [
Yy B0 N S ) 7N 1| AW Ok E= W R

TR i R ¥ I NTE e 1) 51 B By
FEACE R L 7 70 S 76 Sh T S 38 ) A v Al
AVZ R, R TR X S R T PR,
St B IE A B S0, K 22 LA Du-
hamel B3 B 1R TF o0 LAtk 7 sl 3 a7 S T8 S0 Hr
B, B ST TR f# Volterra 25— 843 Iy FE Y
PG HERE 2 b, 1 A A B RS B B A i AR
T TR . 2R NS RS S5 1 Bl 1 T 7
5N
Mi(t) +Cx(t) +Kx(t) =F(t) (8)
M (C F 53 5|2 S5 46 72 G 1) Jo St 0 B L BHELJE 46 [
I B I, ZERE S AR bR, (8% W] 5 S RS 3 i
B x(1) = 21 D,q, (1), 45 D, s r BB —
AR, R (8) ATt —2 5 Ry
G,(1) +20,£,q,(1) +wq,(1) =Q,(1) (9)
Hep Q,(1) =®/F (1) BEBamEEN A=t -
b AERRIPIXE] t e (1,0, 1 Q, (0) S BTBREAT , X
J5#2(9) f#i ] Duhamel £ 1] 15
q,(t) = e [g,(1) cos(w,/T = £ (1 -
4.(4) +0dq.(1;) . —,,

1)) + i (w/1 = (1

&
1 -

fef“”{’(m)sin(a)ﬂ/l -0 -
2
m))dr = q,(4)c,(j,1) +
qr(tj> +wr§rqr(tj)')
0 1-0
Q.(1;) /1 -4 =e,(j,0) = 45,(yt)
-2 o;

)]+

wr

(J,0) +

]

(10)
s,(j,0) =e " sin(w, /1 =2 (1 -t)),¢.(j,1)
= e D cos(w T2t =1)) IR 5, (b))
=As, ¢, (j,1,,,) =Ac, 1] SUALFE g, (1)) FISRAG)™
ij Qr(t]) ’é\t:tj+l ’it(lo)ﬁ‘l‘aigj‘j
Qr(tj) = (qr(tj+]) _Br/)/')’r
1 -2(1-Ac,) - As
Y =l [«/ ¢ ( 2 D=4 T (11b)
N %

er = qr<t])Acr +

(11a)

qr(tj) +wr§rqr(tj)AS
o1-00

B (10) XIS 1] S A5 20 SGEIE ¢, (1) , 2 5E W)

(11¢)



100 B %5

O = 2014 455 12 4

WA . (1) 4, (1) FFRIFH(10) 2 (11e) X LA
KARST ST Q, () AW R X — I AT LIS F] Q,
(o) PBF ]340, ()3, R SCRRBE ) SO B,
o = TR A TE AR AT A5 28R 43 (8] B P9 B BR 28 A
SR AT K. B X RRL A3 Bsf 1] [ o P 28 iy 2 M2 AL T
KX, ikiz REEHES 73T Duhamel JE X 1 8l 2804 Ji
HRAR AT B Sh AR S I R AT A
PR ATIGE , VT 222 8 R, 3 ol 4 a2 A0 A =X 1)
Bl S AT 5 %, XSGR S U, B B4
RN AEAE R 25 B Sk 36 - 38 14450 )
SR AR TTRE 5 Ok Rk v [ pR RS A S A T 1
GRUE A, 7 s Hms i SO R o #E, F 51 AE
D)4 SRR A8 A 5 00 M 7 5 [ ) 4

B RGEPHREOR AT IS 1 A& R, 45 5l
1257 R RS 25 R A il % Jre ke ok , 72 RS
25 () N7 B R AT RO TR g S TR
(2688, 5 e (8) FR ME5 3l 12 07 #, T 5 2
W Fs AR A2 [ E X

v(t) =Hv(t) +f(t) (12a)
yo [T pT]T’H:[Hl Hz],f:[OT FrT
H, H,

(12b)
p:M)'c+%Cx,H1 = —%M'IC
H-‘cm'c-kH =--Ltem,

4 2
H,=M"' (12¢)

JiRE(12) L RIS e L exp( - He) , Al i— AR
H
e (1) —e ™Hv (1) =e "f(1)
[v()e ™) = "f(1) (13)
fBE f (1) g Wi BR AR, W5 78 (4) s TE L ey, 0] B
HEATRRT , AT I S g B fk mT A4S 3]

v(1) = v(t)exp(H( = 1,)) + [ exp(H( -

) f(r)dr (14)
v(k+1) =Tv(k) + (T-DH 'f(k),
(k=0,1,2,---,N,) (15)

WWA=T,B=(T-)H ', T=exp(Hr) ,7 J&
BUMBK A 2R A 25 ) 05 R (0 B O 5K, S AR
7 1) X 5 ] 5

v(k+1) =Av(k) +Bf(k) (16)

y(k+1) =Cv(k) +Df(k) (17)
C D J2 5 WL 57 B A 5C 1§12 U B, AR (16)
(17) XA 3l Jy 27 IR 35 23 18] 8 BOE 3K, Steltzner il
Kammer @57 1 F 20528 () sh 2 i iy e >
v(k+1) =Av(k) +Bf(k)

f(k) =Cv(k) +Dy(k) (18a)
A=A-BD'C B=BD"
C=-D'C D=D* (18b)

() " SRy R DRy, 3590 A ik T 300 495 4 D i
(Inverse Structural Filter, ISF) #Z%fai iR 51 52, MIE
2 b AT e 75 A 2B AT = T Y A R S
i, (R A TR PR R AR 19, Steltzner 1
Kammer J 35 A B4 (18a) ARk b i iy A h &
A7, TS ] (18a) FES7 T Markov 801114
2, T S T A SIS BRI A (%K
HEAKEE , Allen Z8X} ISF #4720, 42 4 7 DMISF
(Delayed Multi — step ISF) """ ; Law 2542 4 TR 2
23 (AP A% s 00 7 s, F AT sh A A vk
iR SR T 4 R Bl 3 KA D) R B O Ak
AR R I A DL AR A O vk, o TR
23 (A A Bl S B AT S o0 B, E— 2 ik Tk S i 45
L)y N O] 217 A

FE T R BSOE T Y S A B SE A, RIS
AT RN R — RN BB S EIE 2, i@ i
SE X R RS B, TR i A sh s s
o UL R S R iy A ShAS 38T, o S b AR A S
23 [A] & TT 2 [A] daf b 7R A 25 2 ] B T, i 5 ) 7 .
ST GRS AR S A ] Y B, T A E i A Bl A
A SR, A IS ) B T A A A AR T
RS A5 (] A2 4 Jy 11025 [] BRI, 2 Bl ) e
R R BRI, A B AR AL T 454 1Y JR A
DL I HASEAS S (8] R AT E S5 A0 A Ay
T XA S R TER S 25 [ I A —E 1Y
FRAE. Jiang S5EFF 0 ASE 25 o BUAE S5 M) 20 oS0 o %
HIBLR R 23 ) 3 A1 2 A 75 Legendre 2230 502 1] Ji
TF, B BT Euler 2 b 23 [0 43 A sh s 4o
FIFE A F JEM_E 9725 40 A e Lin S5 X6
A ] J T 43 A1 Sl 248 1) Jry B, B4 1 — ik
R A3 18] 34 S A5 B SO 7 vk, 4 25 1) JR i B
Y% A BT 7R S — F A 23 (A IE A KR iR A T =X
108 3o T R BB O R 2 () A s A A, I
T U A 5 AR SR firk ok Bl 28k iy s T ) 83 ) i S



%2 1

B EWIAF  Bh AT R BB AR B e 2 ik 101

HE K A 2 1A A3 A B A A R N X
AT X, B Y 2 [R) oy A sh A B . 5
B, AT 2 A I B3 L o B A 3l 25 B s
R T 2 30 e T A i R AP 2 0 v e i
ABHAHA S AR B AR R, — 2
BREAE AR L5k R R 45 WO T L S 2 i
SRR R 2 Sh By S A, FE T A
SIS S IR 8

2 HPERESIHRARTIEN ARFRYER

Sl S8 B TR A, (R T T 2 A V2T
TR LB TR Ay — ek o
(ELENAR A Bl 28 S5 38 20 A PR AR R 3k AN 58
oy, B AT B A T AR S5 H 2l ) 2 1E [ dr— A
B2 B 73 T DA S8 s o A Bk
TESE PR TR A3 20 5870 BT, 75 — L6 A5 ) AL
EAIB5 1.

(1) 5 57 7% FEASE 1R 25 1) B 28 Ay S 188 70 A 3L
8. ShET RO M US4k R AHRR Z )5, K
AL A5 AR Bl g 2 25— 2 B TR AL 2 i ) 3 g
B MBS , R 2R AE R AR A £
UPAR L RTS8 00 Wy 7 R 22 , X 3 8y i
I T AE RIS AERET A, X 52
AT RASE 2, ELEE N T T 2P AR, Al bk o
S B R G 5 S BR T ARAEAE 22 57 1 )L, e 1)
SR LA IR R G, X ]2 AR B O
(2) KR4 1 5 384 B AN A AR R R S 8l 2
A7 SO T BOR. 2 RiT ) Sh 80 S e i B, R
ZRACLNE R G HEA] b R 1, 7R S P AR
V2L R GURARRYE N, B 20 S5 A S
PG (3) KRAELR L R B B 8
TEIIHTEA B T M A R Es k52 57 77 i
DA PR R ARG S, 3R] B G 3t O e 55
A RGN HE IR S el B N 2l g 24 o
S5 AR S Bl ey S 38 0 BB AR s R A5 0
B (4) LA RO Bl B B 23 B 4 SR A
D0 5 AR ARSI AR L, 7S B TR v e Rz ) 5,
AR A BRI 7 SR R 3 s AN 15 5 [ A2
DR GRS A B 1 i A 2
F AT IE A Al 2 3l 28 B o i i A v 1
(EESEIE A EaS

3 NG

B S BT BRI TR , 32 B 4540
GEHEREOR A5 T PR SIS AR
T AT PSS S5 BLIE BRI K AN B 2. RS0 Exid
T BB S T BRI A [ A MBI 5 R
FX e Sl 2 S s TR AR B T S PR TR,
FTTRERIWTFE T 0 AT TR BR. A BEAS SCRE N 33
AN AR Bl A S o BB AR R (.

£z £ X W

1 Stevens Karl K. Force identification problems: an overview.
In: Proceeding of the SEM Spring Conference on Experi-
mental Mechanics, Houston, 1987 ,838 ~ 844

2 Dobson B J, Rider E. A review of the indirect calculations
of excitation forces from measured structural response data.
In: Proceeding of the Institution of Mechanical Engineering
Science €2, 1990,204 :69 ~75

3 Hirotsugu I, John J H, Stephen R R. Review of inverse a-
nalysis for indirect measurement of impact force. Applied
Mechanics Review, 2001,54(6) ; 503 ~524

4 Nordstron L J L, Nordberg T P. A critical comparison of
time domain load identification methods. In: Proceeding of
the Sixth International Conference on Motion and Vibration
Control , 2002,2; 1151 ~1156

5 VRER, RN, B IUARIR B B AT IR RIS 1 BR 5 ok
. th EAU TR ,2002,13(6) ; 526 ~530 (Xu F, Chen
H H, Bao M. Force identification for mechanical vibration ;
state-of-the-art and prospect. China Mechanical Engineer-
ing,2002,13(6) : 526 ~530 (in Chinese) )

6 AFEDT AR BN ENS SN . R HIESSE
Fo2 W BikE, 2000 (Fu Z F, Hua H X. Modal analysis
theory and application. Shanghai; Shanghai Jiaotong Uni-
versity Press, 2000 (in Chinese))

T LR BB I BEAS A A SO . e AR
Bi#t,2001 (Li D B, Lu Q H. Experimental modal analy-
sis and its applications. Beijing: Science Press , 2001 (in
Chinese) )

8 BRHE, TREF. tHE DI, 0o W AR A= U , 2007
(Zhang X, Wang T S. Computational dynamics. Beijing:
Qinghua University Press, 2007 (in Chinese) )

9 Craig Roy R, Kurdila A. Fundamentals of structural dy-



102

B oo 5o

w2 2014 455 12 %

10

11

12

13

14

15

16

17

18

19

20

21

22

23

namics. Hoboken, NJ: John Wiley, 2006

Barlett Jr F D, Flannelly W G. Model verification of force
determination for measuring vibration loads. Journal of the
American Helicopter Society 1979, 19(4): 10 ~18

Giansante N, Jones R, Galapodas N J. Determination of
in-flight helicopter loads. Journal of the American Helicopter
Society 1982, 27(3) : 58 ~64

Hillary B, Ewins D J. The use of strain gauges in force
determination and frequency response function measure-
ments. In: Proceeding of the 2th IMACA 1984, 630 ~ 641

Fabunmi J A. Modal constraints on structural dynamic
force determination. Journal of the American Helicopter So-
ciety, 1985, 30(4): 48 ~54

Okubo N, Tanabe S, T Tatsuno, Identification of forces
generated by a machine under operation condition. In: Pro-
ceeding of the 3th IMACA 1985, 920 ~927

EITHT, SR BT E T S ETT R T RN
Il s ol B AT I W 5 b L B 4, 1984 (L
W X, Zhang J H. Load determination method and six
forces estimation for helicopters. Ministry of Aviation In-
dustry Flight Test Center research resport, 1984 (in Chi-
nese) )

Fabunmi J A. Effects of structural modes on vibratory
force determination by the pseudoinverse technique. AIAA
Journal, 1986, 24(3) : 504 ~509

Tikhonov N. On solving incorrectly posed problems and
method of regularization. Doklady Akademii Nauk USSR,
1963

Hansen P C. Rank-deficient and discrete ill-posed prob-
lems : numerical aspects of linear version SIAM, Philadel-
phia, 1998

Morozov V A. Regularization methods for ill-posed prob-
Florida; CRC Press, 1993
Gloub G H, Heath M, Wahba G. Generalized cross-vali-

lems .

dation as a method for choosing a good ridge parameter.
Technometrics, 1979, 21 215 ~222

Liu Y, W Shepard S Jr. Dynamic force identification
based on enhanced least squares and total least-squares
schemes in the frequency domain. Journal of Sound and Vi-
bration, 2005, 282; 37 ~60

Lin J H, Zhang W S, Williams F W. Pseudo-excitation
algorithm for non-stationary random seismic response. En-
gineering Structures, 1994, 16(4) ;270 ~276

Lin J H,Shen W P, Williams F W. Accurate high-speed

computation of non-stationary random structure response.

24

25

26

27

28

29

30

31

32

33

Engineering Structures, 1997, 19(7) :586 ~593

MR, K. BEALIR 30 Y R S0l % b at: Blas
R4k, 2004 (Lin J H, Zhang Y H. Pseudo excitation
method for random vibration. Beijing: Science Press, 2004
(in Chinese) )

MRG0 FRA . P AR Bl B AR 3 8 R 4 396 e
L (—) . R 12274, 1998, 15(2) 1 127 ~ 136
(Lin J H, Zhi H, Guo X L. Inverse pseudo excitation
method for loading identification of stationary random vibra-
tion (1).
1998,15(2) : 127 ~136 (in Chinese) )

MRG0 TR . AR B LI 3 28 R0 4 396
PRI E (=) THR 125254, 1998, 15 (4) 395 ~ 428
(Lin J H, Zhi H, Guo X L. Inverse pseudo excitation

Chinese Journal Computational Mechanics,

method for loading identification of stationary random vibra-
tion (2).
1998,15(4) : 395 ~428 (in Chinese) )

Zhi H, Lin J H. Random loading identification of multi-

Chinese Journal Computational Mechanics,

input-multi-output structure. Structural Engineering and
Mechanics, 2000, 10(4) :359 ~369

B PR BEHLIR S 280 D AR R BT [ e s
1. R RIEPL TR, 1998 (Zhi Hao, Identification
of load power spectrum in stationary random vibration[ PhD
Thesis]. Dalian: Dalian University of Technology, 1998
(in Chinese) )

Lin J H, Guo X L, Zhi H, Howson W P, Williams F W.
Computer simulation of structural random loading identifica-
tion. Computer and Structure, 2001, 79(4) : 375 ~387

FRAVAR, A BE AL 2 U3 B BIE AN SIS [
P30 ] . K% K3 P T K% ,2003 (Guo Xinglin, The-
oretical and experimental studies of random load identifica-
tion[ PhD Thesis]. Dalian: Dalian University of Technolo-
gy, 2003 (in Chinese) )

Guo X L, Li D S. Experiment study of structural random
loading identification by the inverse pseudo excitation meth-
od. Journal of Structural Engineering and Mechanics,
2004, 18(6) : 791 ~ 806

BRI, FR T AT N R A B R 5
g . JESh 5 ahdy,2004,23(3) ;52 ~54 (Li D S,
Li H N, Guo X L. Application of generalized epsilon de-
composition method in load identification. Journal of Vibra-
tion and Shock , 2004 ,23(3) :52 ~54 (in Chinese) )

Chang C, Sun C T. Determining transverse impact force
on a composite laminate by signal deconvolution. Experi-

mental Mechanics, 1989, 29(4) . 414 ~419



%2 1

TEWIGE ST R T BRI 2k

103

34

35

36

37

38

39

40

41

42

43

44

JEF5 AT I SRR 3l 25 A8 FARG JE [lE. JR 3% H T
2F48,1990,30 (1) : 31 ~37 (Tang X J. The accuracy of
Dynamic load identification in time domain. Journal of
Dalian University of Technology, 1990,30(1) :414 ~ 419
(in Chinese) )

) BB, TS0 B8 . 2l 285 Ay PR ) A R S 9
W 14,1994 ,11(2) : 9~18 (Chu L C, Qu N
S, Wu R F. On the dynamic load identification by using of
forward analysis in time domain. Chinese Journal of Applied
Mechanics, 1994,11(2) : 9 ~18 (in Chinese) )

Wu E B, Yeh J C. Identification of impact forces at multi-
ple locations on laminated plates. AIAA Journal, 1994, 32
(12): 2433 ~2439

Yen C S, Wu E. On the inverse problem of rectangular
Part 1. method develop-

Journal of Applied Me-

plates subjected to elastic impact.
ment and numerical verification.
chanics, 1995, 62 (3): 692 ~698

Yen C S, Wu E. On the inverse problem of rectangular
plates subjected to elastic impact. Part 1I. Experimental
verification and further applications. Journal of Applied Me-
chanics, 1995, 62 (3): 699 ~705

Jacquelin E, Bennani A, Hamelin P. Force reconstruc-
tion: analysis and regularization of a deconvolution prob-
lem. Journal of Sound and Vibration, 2003 ,265. 81 ~ 107

gKiE R MRA , KRS — it Y 20 25 T R
B TR 5 4,2004,21(2) : 209 ~ 215 ( Zhang
YL, Lin A, Wang Y X, et. al. An improved method of dy-
namic load identification in time domain. Chinese Journal
of Computational Mechanics, 2004, 21(2) : 209 ~215 (in
Chinese) )

BRE , K18 R, T . 2l B0 ) ISR Oy ik SR
M. K HLBE TR R 2% ,2005,23 (1) : 8 ~11 (Zhao F Y,
Zhang Y L, Ma Z Y. Method and application of dynamic
load identification in time domain. Water Resources and
Power, 2005,23 (1): 8 ~11 (in Chinese) )

Law S S, Chan T H T, Zeng Q H. Moving force identifi-
cation: a time domain method. Journal of Sound and Vibra-
tion, 1997,201. 1 ~22

Carne T G, Bateman V I, Mayes R L. Force reconstruc-
tion using a sum of weighted accelerations technique. In:
10th International Modal Analysis Conference.
Ca. ; SEM, 1992

Genaro G, Rade D A.

San Diego,

Input force identification in the
time domain. In:16th International Modal Analysis Confer-

ence (IMACXVI) . Santa Barbara, California, 1998. 124

45

46

47

48

49

50

51

52

53

54

55

56

~129

BEHT , R A% shA AR SWAT J7 i 0P 58, Pk3h
5 it ,1999,18(4) . 78 ~82 (Lu DY, Wu M. Study on
identification of dynamic force using SWAT method. Jour-
nal of Vibration and Shock, 1999, 18 (4): 78 ~82 (in
Chinese) )

Keeyoung Choi and Fu — Kuo Chang. Identification of im-
pact force and location using distributed sensors. AIAA
Journal , 1996, 34(1) : 136 ~ 142

Steltzner A D, Kammer D C. Input force estimation using
an inverse structural filter, 17th International Modal Analy-
sis Conference ( IMAC XXVII ), Florida,
1999:954 ~ 960

Kissimmee,

Kammer D C. Input force reconstruction using a time do-
main technique. In: AIAA Dynamics Specialists Confer-
ence, Salt Lake City, UT, 199621 ~30

Kammer D C, Steltzner A D. Structural identification of
Mir using inverse system dynamics and Mir/shuttle docking
data. Journal of Vibration and Acoustics, 2001,123:230 ~
237

Steltzner A D, Kammer D C, Milenkovic P. A time do-
main method for estimating forces applied to an unrestrained
structure. Journal of Vibration and Acoustics, 2001, 123
524 ~532

Allen M S, Carne T G. Delayed, multi-step inverse struc-
tural filter for robust force identification. Mechanical Sys-
tems and Signal Processing, 2008 ,22 . 1036 ~ 1054

Law S S, Fang Y L. Moving force identification: optimal
state estimation approach. Journal of Sound and Vibration,
2001,239. 233 ~254

Nordberg T P, Gustafsson I. Dynamic regularization of in-
put estimation problems by explicit block inversion. Com-
puter Methods in Applied Mechanics and Engineering,
2006,195 :5877 ~5890

Nordstrom Lars J L. A dynamic programming algorithm for
input estimation on linear time-variant systems. Computer
Method in Applied Mechanics and Engineering, 2006, 195 .
6407 ~ 6427

Mao Y M, Guo X L, Zhao Y. A state space force identifi-
cation method based on Markov parameters precise compu-
Journal of Sound and

tation and regularization technique.

Vibration, 2010,329; 3008 ~3019

B W Sl AT 5 T 7] R AR S8 73 B B 5 12 A S 6 T
FEL 22 A3 Rk - KRB T R%%,2010 (Mao Y

M. The theoretical approach and experimental study on the



104

B oo 5o #H o W

2014 445 12 %

57

58

59

60

61

Abstract

inverse problem of dynamic force identification in time do-
main[ PhD Thesis ]. Dalian; Dalian University of Technolo-
gy, 2010 (in Chinese) )

Granger S, Perotin L. An inverse method for the identifi-
cation of a distributed random excitation acting on a vibra-
ting structure part 1 theory. Mechanical Systems and Sig-
nal Processing, 1999,13(1) : 53 ~65

Granger S, Perotin L. An inverse method for the identifica-
tion of a distributed random excitation acting on a vibrating
structure part 2; flow-induced vibration application. Mechani-
cal Systems and Signal Processing, 1999,13(1) :67 ~81

Wang B T. Prediction of impact and harmonic forces acting
on arbitrary structures; theoretical formulation. Mechanical
Systems and Signal Processing, 2002, 16(6) :935 ~953

Jiang X Q, Hu H Y. Reconstruction of distributed dynam-
ic loads on an Euler beam via mode-selection and consistent
spatial expression. Journal of Sound and Vibration, 2008,
316:122 ~ 136

Jiang X Q, Hu H Y. Reconstruction of distributed dynam-
ic loads on a thin plate via mode-selection and consistent
spatial expression. Journal of Sound and Vibration, 2009,
323.626 ~644

62

63

64

65

66

67

Yi Liu, W. Steve Shepard Jr. An improved method for
the reconstruction of a distributed force acting on a vibrating
structure. Journal of Sound and Vibration, 2006,291 ;369
~387

KI5 FR T XS 8 SR 03 A1 2l 25 2 PR BRI
8. PEsh TREF4R ,2006, 19(1) :81 ~85 (Zhang F, Qin
Y T, Deng J] H. Research of identification technology of
dynamic load distributed on the structure. Journal of Vibra-
tion Engineering , 2006, 19(1) .81 ~85 (in Chinese) )

Lu Z R, Law S S. Force identification based on sensitivity
in time domain. ASME Journal of Engineering and Mechan-
ics, 2006, 132:1050 ~ 1056

Mao Y M, Guo X L, Zhao Y. Experimental study of
hammer impact identification on a steel cantilever beam.
Experimental Techniques, 2010, 34(2) . 82 ~85

Yang Y W, Wang C, Soh C K. Force identification of dy-
namic systems using genetic programming. International
Journal for Numerical Methods in Engineering, 2005, 63 .
1288 ~ 1312

Zhu X Q, Law S S. Practical aspects in moving load iden-
tification. Journal of Sound and Vibration, 2002, 258 (1) .
123 ~ 146
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System and Engineering , Shanghai
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The application background of dynamic force estimation technique in engineering was presented. Re-

cent advances in the inverse problem of dynamic force estimation techniques were systematically reviewed in terms

of analytical theory and application in real engineering, and the key scientific issues in the study of dynamic force

estimation problems were explored. Finally, the key topics for further study of the application of dynamic force

estimation techniques were pointed out.
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