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Identification of Aircraft Skin Distributed Dynamic L oad
Based on Strain Modal Method

ZHANG Cong, FU Yi-zhan, LI Yuan-dong, LI Jia-xu
(Hanzhong Branch of AVIC Aircraft Co., Ltd, Hanzhong 723213, China)

ABSTRACT: To solve the practical engineering problem of distributed dynamic load identification on aircraft skin, this paper
combined the strain modal theory and the complex distributed dynamic load identification technology based on the generalized
orthogonal polynomials, established a distributed dynamic load identification model of aircraft skin with the structural strain re-
sponse of limited measuring points and strain transfer function as the known parameters. Taking the outer skin of a certain air-
craft fuselage as an example, the distributed dynamic load identification of skin was carried out at 70, 80, 90 and 100 Hz by both
displacement mode method and strain mode method with NASTRAN software, and a comparative analysis was carried out. The
example showed that the method of dynamic load identification of aircraft skin distribution using strain mode method had good
accuracy of load identification and the maximum identification error was 8.9%, which can meet the needs of engineering appli-
cation. The condition number of integral matrix based on strain modal method was lower than those based on displacement me-
thod at each frequency. The maximum identification error of displacement method reached 19.4% when 3% random noise was

applied, while the identification error of the maximum strain method was 9.8%. Compared with the traditional method of load
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load identification using displacement mode, the strain modal load identification method with strain response as a known pa-

rameter has better numerical stability, which has a good application value for solving the singularity problem of frequency re-

sponse function matrix near the resonance frequency of structure.

KEY WORDS: strain modal; load identification; structural dynamics; orthogonal polynomial
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Fig.1 FEM model and measuring point layout
of aircraft skin
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Tab.1 Polynomial coefficients of strain load identification method
Wi Hz ap ap aps az an a; asy asy ass
70 2867.9 3.6 -91.9 0.7 -0.1 0.1 -133.3 -2.6 0.8
80 2874.8 0.3 -88.4 0.9 -2.1 1.6 —144.5 -14.1 8
90 2864.8 2.3 -89.4 0.4 -1.1 2.6 —-138.5 -10.1 7.8
100 2858.4 4.8 -87.4 0.6 -33 2.1 —-139.5 -19.1 11.6
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Tab.2 Polynomial coefficients of displacement load identification method

A [Hz ap an as ax a3 as as ass
70 2917.9 -1 -81.9 —11.6 1.3 —0.1 -172.6 9.7 -3.8
80 2889.8 2.7 -86.7 —0.4 2.1 0.1 —155.7 6.2 2.4
90 2918.6 -2.6 -80.4 -12.6 -0.3 0.6 -169.2 3.1 -1.7
100 2996.1 10.3 —65.4 13.5 —-4.2 1.1 -192.5 0.2 -5.7
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Fig.3 Load identification results at 70 Hz:
a) strain mode method; b) displacement mode method
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Fig.4 Load identification error at 70 Hz:
a) strain mode method; b) displacement mode method

BT B ARSI LB ERE (T'T) 190
BORMEL, AR ILE 4.

x4 BERETHEIRMNRDEEREH (10°)
Tab.4 The condition number of integral matrix
at each frequency (10°)

B9 2% Hz 70 80 90 100
I AR TR 5 8.31 8.40 8.57 9.65
At 11.3 11.5 11.6 14.9

M 4 FTA, MR, RN AR Ty kit 17
AR AT UM I B B S B N AL RS vk, RIASR A
o7 AR B85 Ty % 1) 2 ey TR BOMEL AR R M i T RS AR
Tk o AR UE AR RS ik AV RS AR AS T vk 3 e iR
SRR E 22 5, W05 BB 100 Hz T BN
705 W) 7 548 A % i) 157 BSCHE Y A0 3% B B AL TR,
FraR i R o R AR B AS e A B MRS T vk 3 A iR
TR B KA IR ZZ 08 9.8% . 19.4%. it 45
AT, mARSHL TS, SRR ik i 8 A i
PR K, o R TR, 1 R R AR LA
T35 8 2R Anr UMY LA B0 i R RS B, R BHSR A
O AR A2 T 9 B 4 A 8 s 1R O v B AR BT
PRETT -

4 %ip

Xof T AR A A T 1 B B0 25 A A PR B



F178% H£oW

TN T NS ZS U5 R RIS B 20 A 3l i U <117 -

PEAT THEIE, A RO B, 2R AL Al
(LR Z5 5 1 0 HE UL 55¢ B It 32 93 A sh 38 fer £ 4T 1
Wl LRI, T ARSI I RBLSE B A
Sl U 7 vk B B R IR BE L R R
o RPRSAAT BUSHE R ) 25 P F RO T3 R, R
JHSE A2 e 157 S A7 80T TR B9 7 12 e AR 8 7 S B R
FHASE A Wi 157 3 47 28 PR 114 05 i BA B 4 O A (EL AR
SEVE . RIS, TRAILSE B o A v 1o K5l ml o ok A AL B ¢
B A AR P AT BRI A, A2 R T 00 4 BR
B, HARG R HIHE

SE -

(1]

(2]

(3]

Ty, RRE. B SN M Bl b
TSI KA T i, 2000.

FU Zhi-fang, HUA Hong-xing. Theory and Application of
Modal Analysis[M]. Shanghai: Shanghai Jiaotong Uni-
versity Press, 2000.

BALRETT J F D, FLANNELLY W G. Model Verification
of Focre Determination for Measuring Vibration Loads[J].
Journal of the American Helicopter Society, 1979, 19(4):
10-18.

KI7, FILH, R E. K2R A B AT R I H R
T[], PRBh T AR, 2006, 19(1): 81-85

ZHANG Fang, QIN Yuan-tian, DENG Ji-hong. Research
on Identification of Complex Distribution Dynamic
Load[J]. Journal of Vibration Engineering, 2006, 19(1):
81-85.

STARKEY J M. On the Ill-conditioned Nature of Indirect
Force Measurement Techniques[J]. International Journal
of Analytic and Experimental Modal Analysis, 1989, 4(3):

(1]

103-108

XIMEF, ARTERE, FNAJR. PRShBAT I A (6 20 i
JEND]. PR TRE2EHR, 1990, 3(1): 24-33.

LIU Heng-chun, ZHU De-mao, SUN Jiu-hou. Singular
Value Decomposition Method for Vibration Load Identi-
fication[J]. Journal of Vibration Engineering, 1990, 3(1):
24-33.

LI De-bao, XIA Su, et al. On the Theory of Vibration
Strain Mode Analysis and Its Experimental Approach[C]/
Proc of Inter Conf on Machine Dynamics and Engineer-
ing Applications. Xi'an, 1988.

LI D B, ZHU-GE H C, WANG B. The Principle and
Techniques of Experimental Strain Modal Analysis[C]//
Proc of 7th IMAC. Las Vagas, 1989.

LI De-bao. On the Dynamic Strain/Stress Modal Analysis
of Structures[C]// Proc of 7th Inter Congress on Experi-
mental Mechanics, Las Vagas, 1992.

ELERE. SRR/ IS T SR PRA ], R3S
i, 1996, 15(1): 13-17.

LI De-bao. Review of Experimental Strain/Stress Modal
Analysis[J]. Journal of Vibration and Shock, 1996, 15(1):
13-17.

AL, AN T 5 B B B AE B YE (], HUAGR BE,
1990, 12(3): 56-61.

LI De-bao. Strain Modal Method for Structural Dynamic
Analysis[J]. Mechanical Strength, 1990, 12(3): 56-61.
WK, RS0 B3 UM AU 7 2 (D). MRt
FATEE TR KA, 2006.

GENG Miao. Frequency Domain Method for Identifica-
tion of Continuously Distributed Dynamic Loads[D].
Nanjing: Nanjing University of Aeronautics and Astro-
nautics, 2006.



