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Application Research of Bootstrap Method in Small Sample Measured Data
Reduction of Random Vibration Environment
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Abstract: Traditional normal upper tolerance limit method is not suitable for statistical reduction of measured small sample
data in determination of vibration environmental condition of platform. A calculation method to statistically reduce vibration
environmental condition by using Bootstrap method resampling on measured specimen. Upper tolerance limit of test data with
normal distribution was estimated using Bootstrap method. The applicability of confidence interval estimation methods was verified
through comparison with true values. Bias—corrected bootstrap method and bootstrap—t method were put forward for statistical
reduction of measured small sample data. The upper tolerance limits of vibration were estimated and compared by the above method
and the traditional computation methods using flight measurements of some aircraft.
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Table 1 Estimation results of mean value, standard deviation, and upper limit

i 1 2 3 5 6 7 8 9 10

¥IE 2156  -2.148 -2.099 -2015 -2269 -2.087 -2.083 -1.885 -2.070 -2.050

FrifE2% 0467 0450 0471 0445 0459 0552 0401 0508 0434 0423

NTL B -0.508 -0.558 -0436 -0443 -0.649 -0.138 -0.669 -0.090 -0.538 -0.554
TRz 0329 0279 0401 039 0187  0.698  0.168 0747 0299  0.282

GJIB/Z 126 (g -0357 -0412 -0283 -0298 -0.501 0.040 -0.539 0.074 -0397 -0.417
iz 0.48 0425 0554 0538 0336  0.877 0298 0911 0.44 0.42

EAR AW 0712 -0.625 -0.670 -0.572 -0.730 -0.169 -0.718 -0.296 -0.626 -0.739

ik W 0.125 0211 0167 0265 0107 0668 0.119 054 0211  0.098

Ty AN -0.874 0807 -0.828 -0.734 -0.899 -0403 -0.885 -0484 -0.890 —0.882

i Mz -0.037 003 0009 0103 -0062 0434 -0.048 0353 -0.053 -0.045

Boot {4y fHEME -0.846 -0.796 -0.852 -0.708 -0.862 -0376 -0.831 -0494 -0.862 -0.871
stap Uik W2E -0.009 004 -0.015 0128 -0025 0461  0.006 0343 -0.025 -0.035
AR 8 -0767  -0.674  -0.701 -0.614 -0.765 -0227 -0.825 -0326 -0.821 -0.785

(VA7 (1 P 0.07 0.163  0.136 0223  0.072  0.609  0.011 0.51 0.015  0.051
Ak GEE -0754  -0.615 -0.661 -0578 -0.698 -0.183 -0.788 -0275 -0.784 -0.754
B Wz 0.083 0222 0176 0259 0.139  0.654  0.049 0.562  0.053  0.082




- 74 . ¥ & B B I B

20134F10 H

1.2r o NTLJ7 s
-o- GJB/Z 126771
~= IEAEL F Bk
= A B E Sk
gl -~ H Bt 71

~ EH B e © ik /
06k A Bh 2 i 43

) [VAZS

—_

=]
oo

A=

BT ARG v b R 22 He 4%
Fig. 1 Comparison of upper limit estimation error by different

reduction method

% PR ITEERITH LSS R, GIB/Z 126 TR fli ] T %
b 126 et Bl HLAR Sl o 45 25 B IR R B0 R
E"Jéﬁ% . Bootstrap ﬁ/fﬁ\ﬁlﬁﬁﬁﬁ T 5 *':Fﬁ{g[z IEﬂ’ﬁl‘ﬁ‘
Ik 2 IR, BN RS R G555 BAE
i 26 46 6 HE AT AT A 11, 525 25 F IR EL{H-0.8368
FHEG, B AR = E o vk 45 22 FRRA A R S
L AR, AR A 35 1 5 ELAE AR G AR B DA /N 5]
KARYU A A 5 53032 Al N B o B2
BI¥E:  NTL 1 GIB/Z 126-99 J7 1 . T2 A NTL
FIGIB/Z 126 J Al A R T LA, B A A
KT BER FLAE , F 35 0w 22 53 0 &5 T B0 {H 35% Fil
52% . W] WLAE/NFEAR AT B IS8 BRAG 5
D700 78 1 P99/90 75 2= 1 PR ™ H i 25 S B o,
ANIE FH T REHLIR S PR A 9 44

MR 1 AR EAE S LA Y I 22 1 AT LU
2 B A3 e N A 60 1 L IE AT L
NTL % F1 GIB/Z 126 J5 LXK T HAA, 0 A 53 (i
= H R 2% FIRE A E IR TRHMA R,
TR E kA = A o0 2 PR TR B B Al
AL PR 2, P RE OV PR IE & i A 1 5
(Y7 i BB 8 5 42 T 52 A I HR 2 FR B3 1 77, DLt S
teseik A B4 & 001k T/ INEAS T BEALAR 3
I EAR A28 . A T e TR A FH fe e B
(B 1= 1 A3 E 32 VA G000 s B0 ds | 2800 2 R AR AR 4L
A, K& BUK Bootstrap 7 A B BAG R A )G, - H
O3 SEVE WA B 45 SN GE SRR LA, I H 44y
TR TEHABE R EN

ST 1 Bl AT AR IR, B 2522 R A A

Tk T —Hsb Rz 8] T T ARG B R 152
RIFREGETHRRAE RE 75 F 4y L S e B AR R A B 520
NS 6 LHREATNER 8 LHAEAS  FEAS Ty 25 XA 53301l 7™
FR B TR 22 FEE AR A RS B RS
()25 22 1 FRAB X4 25 B, 0 HU® NTL 72 M GIB/
7126 J7 X FRHE B R o fURR . ik,
SZ AR A R NFEA SRR R BRI &N A9 vk
R B Al 25 -5 AR i 22 18 4 56 2R 7 S 2 I FH S 3 v
HEAFWFE

ZEA UL, SCh e A B e B o ik Al
= R T /INEEAS T B ML 20 0 58 0 2 5 0
99,

5 Rz

PR RS RALAR B B RATIRAS X ] 14 90 2% 4%
FEABE , M6 R A AR 2 5 45 .10 45 .20 45 .50 45 Fll
90 £ REA 3 54 F NTL . GIB/Z 126 3% . A Bh 24w 11
G312 F Bootstrap—t 1 430 154k 55 520 3% 1B, L
H BT T 90 SIS FEA AL B 25 25 HBR N SEPR
o R T X oA RIS 58 vk A S DR U 498 v e
FHRIR VTR S Y 35 AR B 5 LA e 25 DL 36 2

FUNE 2 s .
0.12;
—o— NTLJ7
0.1 -o- GIB/Z 126 73
0.08f —— H 8- FAM ik
G5 —= H B2 & 5k

TSR 2

0.04

0.02}

0_ / @

-0.02=595720 50 90
FEARAN L

P12 ARG )5 VR A T S 1 24 5 AR Al 22 He 4%
Fig. 2 Comparison of spectrum RMS error of 4 reduction meth—

ods with measured value

T Bootstrap J7 % H RE S50 6w ELINE , Sy JBE
G I B A R A S5 1 1) BT 1A
JERRZE IR, B T A B E A AL S AT IR A,
20 E 1 AN R RS FEAR IR POO S0 i fH

BEGE A LS 17351 5 A190 I, 257 ¥5 A
ARSI N E] 3 P 4 TR

X 2 AR 2 FpAS A R AT LR ) TEREA L



£10% £5H RAEZEST : Bootstrap 5 7E/IMEABEHLAR S BRI I K00 A 40 (4 157 TS <75 -

R2 ARIEHAEE &M EGERSSNES TR

Table 2 Measured spectrum RMS with estimation by different methods for different sample number
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