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ABSTRACT: Objective To solve the problem that the environmental measurement of non-stationary random vibration data
can’t deal with power spectral density. Methods Two methods of maximum spectral analysis were summed up, namely FFT and
digital filter which were based on minimum mean-square error criterion. The advantages, disadvantages and error of two me-
thods with different bandwidth were discussed, and then examples were given to testify the better method. Results The theoretic
analysis and simulation results showed that: the error was minimum with conventional FFT computations (proportional resolu-
tion bandwidth). The conventional FFT computations were applied to 9 sorties of non-stationary vibration data processing and
environmental condition determination for a certain missile, and the result was reasonable and effective. Conclusion The con-
ventional FFT is the best method to deal with non-stationary random vibration data, which provides guidance for formulating
environmental condition based on maximum spectral.
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Fig.1 The analysis process of maximum spectral fornonsta-
tionary random data
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Fig.2 Procedure for estimating time-varying autospectral
density function (FFT)
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Fig.3 The drawing of conventional FFT computation
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Fig.4 The drawing of single FFT computation
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density function (digital filter)
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Fig.6 The drawing of time-domain filter
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Fig.7 The drawing of frequency-domain filter
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Table 2 The comparison of random error for FFT and digital
filter maximum spectral
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Fig.9 Non-stationary random data of a certain missile
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Table 3  The results of maximum spectrals computation
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Table 4 The value of normalized spectral of rear section in y

P45 S0 il SR Mz SRS (M) B ig

1 15 0.01
2 G 400 0.01
3 My 500 0.13 14
4 B 1320 0.13
5 2000 0.06

4 #ig

AL H FFT AU 0 P R R % 23 7

ERPL B G I i R 2s, TR LU 4hE .

1) S5ECFE IR RIE M A, ¥ER FFT

(LEB B 58 ) SRk T ik iR 2= R

2) X HCPIRP I A AEAN [ 23 B R SE Y

IR, BUA AT RO ISR B, Wi T A 4
HiIT R AT R

3) K¢ FFT He RIS b7k i TR AR 9

AU R B AR BRI IR 26 A E
PATHY A i RIR S A S B

RS

(1]

(2]

SR, SRR, 23 58 R SRR SR A AT (D). B A ER
BT HE, 2012, 9(3): 99—103

GUO Xun, GUO Qiang-ling. Analysis of Vibration Test
Condition of Air-to-Air Missile[J]. Equipment Environ-
mental Engineering, 2012, 9(3): 99—103.

FRGRIS, ZESr R A S RS A R ).
Wizs 2%, 2003(6): 21—23.

GUO Qiang-ling, LI Li-min. Discussion of Vibration Test
Condition for Air-to-Air Missile[J].
2003(6): 21—23.

TR, 2528 ARSI AR R E TR [T]. USRI
1k 5 Fidk, 2006(3): 34—37

GUO Qiang-ling. Determination of Vibration Test Condi-
tion for Air-to-Air Missile[J]. Aeronautic Standardization
& Quality, 2006(3): 34—37.

Aero Weaponry,

[4]

[10]

[12]

GJB/Z 222—2005, 2l J1°# IR AL A48 1 [S].
GJB/Z 222—2005, Guidelines for Dynamic Environmental
Data Acquisition and Analysis[S].

oW, LSS MRS B Sk M) dest: i Tl
kL, 2014: 110—111.

SHI Rong-ming. Aircraft Structure Design and Vibration
Test[M]. Beijing: Aviation Industry Press, 2014: 110—111.
BENDAT J S, PIERSOL A G. Random Data: Analysis and
Measurement Procedures[M]. 2nd Ed. New York: Wiley,
1986.

BENDAT J S, PIERSOL A G. Engineering Applications of
Correlation and Spectral Analysis[M]. 2nd Ed. New York:
Wiley, 1993.

FORLIFER W R. The Effects of Filter Bandwidth in the
Spectrum Analysis of Random Vibration[R]. Washington
D C: Department of Defense,1964.

SCHMIDT R. Resolution Bias Errors in Spectral Density,
Frequency Response and Coherence Function Measure-
ments, III: Application to Second-order Systems[J]. Journal
of Sound and Vibration, 1985, 101: 377—404.

A, B, AR T S5 BEALIR Sh I oA 0],
TREJI2%, 2010, 27(12): 77—383.

SU Cheng, XU Rui. Random Vibration Analysis of Structures
Subjected to Non-stationary Excitations by Time Domain
Method[J]. Engineering Mechanics, 2010, 27(12): 77—83.
sk, e ARG ST SALBEIM]. JEat: [HB
Tolk Hi AL, 1998.

ZHANG Xian-da, BAO Zheng. Analysis Procedures for
Non-stationary Signal[M]. Beijing: National Defence In-
dustry Press, 1998.

ki, . ARFRRRENLE S RS ERR M ().
ARG T RS HETHA, 2003, 25(3): 386—390.

ZHANG Hai-yong, LI Kan. Analytical Methods for the
Non-Stationary Random Signals Based on Parametric
Models[J]. Systems Engineering and Electronics, 2003,
25(3): 386—390.

ALLAN G P. Optimum Data Analysis Procedures for Titan
IV and Space Shuttle Payload[M]. California: Jet Propul-
sion Laboratory, California Institute of Technology, 1991.
HARRY H, ALLAN G P, JAMES H W, et al. Handbook of
Dynamic Data Acquisition and Analysis[M]. USA: Insti-
tute of Environmental Sciences, 1994.

TR . BT RIEIOE AR FRRBEILE S b A T
ST D], KiE: REH TR, 2001

ZHANG Hai-yong. Research on the Problems of NonSta-
tionary Random Signal Analysis and Processing Based on
Local Wave Method[D].
Technology, 2001.

Dalian: Dalian University of



