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Operational modal analysis technology based on PolyMAX method and
its applications for flying vehicles

Zhang Jiaxiong, He Yongmei, Zhang Huashan, Zhang Hui, Li Fei
(R&D Center, China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: A flying vehicle is in serious physical and thermal environment when passing through aerosphere, which
might be treated as a structural elastic problem, where the modal characteristics are very important inputs of the
problem. Traditionally, it is difficult to simulate the environment in the modal testing, however, the realistic modal
parameters of a hypersonic flying vehicle could be obtained easily by the operational modal analysis (OMA) technology.
The background and the development of the operational modal analysis are reviewed in the paper, and the PolyMAX
algorithm is specially addressed. The load measurement data from a flight test of a flying vehicle is processed, the
modal parameters are identified successfully based on the PolyMAX method, and the modal parameters are validated.

Key words: flying vehicle; operational modal analysis; PolyMAX method; modal validation

0 35 73 BRSO3 AT I S o M A AR & o

VAR, KATSL AT R b A5 I AN T 4 i Wro FET BBt 7 SREREE MR, SR I B4y
LT ATHEB T A KA, IS x-37p TR (FEA) JRATHUERUN, RSG5k
PURAT G788 . REBK WATH, ghbuspng) AHOIBESSHL QRN SRIMILEILS, #
WS, T T RER G [ 2h e ) N B ES 73 HT o AE VRIS 2R AT A FE 3k
RN AT 3 A SR R maﬂmgg%ﬁ‘x FEMR i, TEACHR R K O A RO, X i
TR R M SHIE SN 2R TN Fah, TR ™ i LI RERA 5
T LA, S TR EE SN, SF SRR B S BRI )
SR A7 BT . RIE, W90 AT 2L B M1 (Experiment Modal Analysis, EMA). 7E HSRI
AP B A B X 5ok TAEFRBEROMIRN R, BSR4 Pk, S

BRI RIS S BT BRI T AR i TARRES T U A SRS sk B i vz, 3R

s HEA: 2014-08-15; 1&EI HHR: 2015-01-15
EEUH: Br st xAeme (%5 JCKY2013601B)



1M

REAF: FET PolyMAX L) AT 8 CAEBEES iR 5 W] 29

P RS S, O TAERS 0T (Operational
Modal Analysis, OMA), XFR THUEA T, L4
K, TAEBLZS M A GRS AT 7 V2 i A A
P, W JEIF N T AT b A .
1 TAEBS iR
1.1 BRI

R TRE i, BT =4 FEpl, diar
AT AT BT, TFREERES /T A
Joi s EERTECSER) RATER 0, TFRRIGEES T, I
RIS IR 25 R NG IERES A BT, 7E24 ¢
TR R GG P DR NS, [t 258450 )
FRE AT I B AR

P B GE o3 Mr JTiAAAAE— e i AT A
FE RS BLSE CAT L0005 M R0 == T30 AR AN
[, W YATHASZ BN ) AN, R s
A, XS TR TR T AR ME e A AL, 1
HEARBMARMBIRE DT RN, —2 AT
AR AR DA S5 R R BT,
TR QAT 245 25 7 W FEE AN BH e SRR 1 L
VERLAS 31 5 ik o] LLYRAME S o A T A 2
FEG ARG T AL, TAEBS AT
THFIRIZE 9, LU 45 FEA B R S AT AR I BT
SETARRES, B4 RAT # B YR 0 R0 512 W
CHnBigR) $248 T —Fgr it gzl
1.2 TERESERIRK

Clarkson %5 N HL7E 20 40 60 4FARHEH T 1A%
PRSI BT B AT FH AN [0 A5 TR] v N2 P HAH O bR £
KA T M U S5 A R R R, 2R A
IS, AT F AN RIS AE PR Pl A5 5 PR EAH G R B8R ALK
-5 N T h R R A 70 SEARHTH L T
BN BOAE TAERLS AT BEe, FZ R T NAF
GRS B AR T, JFRESER R .
2 80 AR, ML T LB IR AT, W
Ibrahim 375145, 90 4E4X, 3€[H Sandia [H552
B0 3 45 A N SRS, T R N — e
SR80 (LSCE) KFBIAMAR, KM H/D
Byl (LSFD) SRR, X7 LSCE-LSFD
RETTERIET AR A (Natural Excitation
Technique, NExT) PV, Fil I & ¥ 75 ER 55 B T i

VAR 5 A AH % B BT RS IR, TR 5 i
I TR IR e B TR SE R 1) AR 4T o B
Jii» Peeters £l Hermans 55 N7 H AR H AR
fER G SEI AR AERL b, 3R TR BEL 14 A
P32 (Stochastic Subspace Identification, SSD7),
ZEEAE AR AR S PN T T, HATH R
P

FEE A, AE R R T A5 32 B AR DGR
HOR Y 2 R 2 MR SRS i T AR S OFOT
JE T RBERUR T mR A A A S B, T
TCAFAE FAT SO A M 16 I R ) AR RS 23 M 7
EIRHULBERAEE SR Ak, SR TR
WITTEAEME . A2, RENERATILA R T =
7 0121

LMS 2w #ES % i/ I G Hiki% (LSCF)
RIZEAL 1T 2004 SEJT A T PolyMAX §ii%, Eikt
LT R B RS T 7, R LD R i AR
B e BOR T TARRS UM . PolyMAX J7i4d
M T59BH )8, RIS TmpH e SRS R AT mT
ROGRIE MRS &, S LIRS E By, JF
B L M VR AR A5 21 70 o Ba (R AT o T A
BTl A3 BB B e LRI AR Y, H
1 TR YR AN R F A A B EAT IR WA AR B, e
DAANBESRAASL A B L RS EE L BB 5524
EATSANSE W 5 T 3R B Z 50T R AT A8 103 ) 5
FPEa b

H i PolyMAX V2 j¢ Dy I J TAEASE S 23 A 4
1, ZETF SR PolyMAX J5 it ZE AR G I,
(I RAEAT T BRI, B S VSR AT
SRR, R PolyMAX J7 7256 AR 15 21 v
AR 5 BEAT AR B, SRR A S I R A A A ik
AU, Gh R WA T U R

2 PolyMAX % FEA R B
2.1 gy
PolyMAX £ H] 2 222 H D) 2838 A S0 R
K, HAR R B H (o) PR E 2 R L5221
H(a)):{iz’ﬂ,}{iz’q} , (1

e z=e, NZWAERE: B a 72



30 AN

78

N

%3205

HorT P B Z IR G p WAL X
At B IAE 5 R HORE AT R o

S F ARG EINE 0, » 3 F0 0 B IR
WHEE (o) RJF IR RS, 512
AR TR i R RN LSRG o)
B Z AR g v o -
2.2 KRh=. RESTIEFIRE

KGRI Z X R B g o, AR
KFBEHEATRAEAE 2%, nT AR BIRZE I AL p;
FIBLES Z 0 7 ) £ 0

PolyMAX 14K I — AR 187 518 7 V——
/NS SR B AS PR

A N T
H(a)):Z{—. vl
= JO=D;

Aefe H () BB ILFERMERE (xm)s y,

5
_W’Jfgum,m
jo-p

NRERIEE RS IRTS & (Ix1); I R
SN FAT R Clxm ); 1M 8L LR E
(1xm); LR~ UR 3545 By AN 52
R BRI LA AR IUERE (Ixm ).

FE BiR O RAGM L py RIS ZHUA 1 )
(1) (ROt 1, TR I PR T ) 2 A

B fr(w) . R R B SR 50 J7(2), R

Gt D RE SRR MM B SR v, (i=
1,2,--, N)LLE R, FERATUERE LR 1 UR.

3 PolyMAX VA7E ®ATE LAERS TR
I8 F

ARFEEE T RAT AR 2SR AT IR0 S R A7 F IR
PRSI EHIE, K PolyMAX vEIR I L TAE
BASH, T TSR, 85, Ko ss R
5 1 TR AR 45 REAT ELx, B0 AE AT A% T AR
EVARIIEs ¥ N IR é
31 HiRAES

SKH LMS A (1 Test.lab 7 F &2 047 I
ARG, EEUARRATIN B AT R B
(1) 26 BARAR SN (5 5 34T B oo 4, gl
AT IS5k R L T R g 26 A il P 1, T 2 B

5o ISR BRAEHI% ) 320 Hz, LK
WEST 100 Hz LA R IRBTHLA . ASCRAKIE KA
BT ML, B OO IR y 1 4R e e
HEFFA3 5 ALTE.

1.0

-2)

S/ (s

-1.0
95

T00 105
/s
B 1 TR R 1 o b 3 2k

Fig. 1 Acceleration time-domain curve at a typical
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Fig. 2 Cross power spectrum at a typical measuring point
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