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A Method and Its Application for Improving the Validity of Ground Testing of Me-
chanical Environment's Effects on Aircraft Structure
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(State Key Laboratory for Strength and Vibration, Xi'an Jiaotong University, Xi'an 710049, China)

ABSTRACT: Objective To study the way of improving the validity of the aircraft structure ground test. Methods The finite element
models of the specimen structure in flight and ground test conditions were calculated. Then the test model of the specimen structure in
ground testing was measured to verify the validity of the finite element model. The vibration response of feature points in flight and
ground testing was calculated. The mapping relation model of the feature points was calculated by machine learning methods. Then the
response of each point in ground testing was determined by flight point response (or telemetry data) and their equivalent load was ob-
tained by load reverse method. Finally, the load imposed on the test system was determined. Results With a slender body structure as an
example, the maximum relative error between the finite element model and the measured model of the test system was 6.76%. The vi-

bration response of the feature points in flight state could be predicted via mapping relation model. The vibration response of the cor-

INFSBHEA: 2016-08-12; BITEHHE: 2016-08-29

Received: 2016-08-12; Revised: 2016-08-29

BEE0E: BxREXRNZERINE (10276032)

fund program: National Natural Science Foundation of China (10276032)

BB : BER (1942—), &, MEBARZA, R, TE2HRRHOOANESHNZMEHESES. Kozt MNDZVERESRASE.

Biography: YAN Gui-rong (1942—), Female, from Xi'an, Shanxi, Professor, Research focus: environmentdynamic simulation & control,theory
andtechnology of vibration measure & control.



FI13E Es

RS . —FhEE AT AR A AL K b g 2 B b T a6 A A0 14 5 7 B HC N Y 11 -

responding ground testing points could be determined. The load to be applied was set at 60 N by reverse deliberation according to re-

sponse points of ground test system. Conclusion By the unified method of the flight-ground numerical calculation and the ground test-

ing, the load to be applied in the ground test can be determined without deliberately simulating the boundary conditions in flight state,

which improves the validity of the aircraft ground testing.

KEY WORDS: vibration test; mapping relation model; finite element analysis; test validity

o i IR BB AT Fe A 4o AR P E R
AT, s IR SR8 A A A R R B R AT
i B AR AT REE B PERE , 1 B AT A% ARG AR AL i
AT S H B RS S, (RN £ e i A ) AT 2K
P Je — A EAS DR S B0 TR fi vy 3 T 3 9 A 2K
P, 5 SRR P S B IR . 4 5 TE A Y e ik
TR s SERE U MER L S B RV, R4S
HAKER Tk o X T Hu iR LS R E R Y
PRI BB Z KL . A8k
Lz SMIEESE, BEREUETT R R A SR, A
BROCIEAL 2 BIF Bk 5 75— 28 B i 2 [ PN Sl 8
IR S I AR HE , I AR i FUEUE T il 2%
P, AR R SR 0 A5 A A fer 45 20 1y o I A 3t 512
30 WAV A 2 e BT A A U MLV 4
FMIFLIE . H—DEBOTsEsUn , JEEA 4
PR E 1, A RO PR SR e 5 10 AR | 3
A K o BMRSME , E I I S5 Y A R
Wil IR B B o A — B E , R R RS
A R o SRS RO S W SO LAY,
BRI & L ZAA T L 0 R GE, ARMERID
AR R AT a R s i b . o T BT
W o ARG ML TR GG B R, R DL 4
ey 4 S i 5 25 A8 UK < P TR AR G AR B 1) B
1o L A A R G ) A SRR IR,
235 K Jey S iy o 26 A8k 22 R MK R U AR A R A B 17
PO S B o B AR T LA ML EOR, (HOR$E
AT B2 Y B e AR R DL, R it e R T
G5H , H 2 25 B g e AT AR A B o 56
Sy SRt

AR R GE A KT AR R A5, SO
K LUH X A 2 — P AT 2 45 1 K B 155
Mo ARSI UE R 5k, LA S e TR A9 A A

1 i E

1.1 MSEXRER
ol B S 2R A TR 2 N7 FH R b 50 {1E 3R - s T 3k 6

B UEIR G I Al Il OC 2R A o A 3 (] ) A%
ot WS 3 e A YRR A5 (), TR e A s R SR E AT
Y ICF , I FH IS OC R AR ABE RUFR Ay IS G FR A8
Fi LN

SCHR[4] PR BIAT — BRI R sR L wi(D),
M w(0) A B R (IS, wOFid T
A2 M T RS0 1 ARG 2 45 %65 Dy i B S e 7 22 1] 7
KFR

Z(/)iik Ly
()= —0 )
kz;(oéik Ly
A RS, W T LR
MA@, e, MINRS 1. B% 2 H ARG
MBS, @ =000, =00 GHFRG ]
FISEATR L OREASAE BE s @, WOLES i SIS K
B 0.0 MIINERS 1. RE2IFARRE
LR (IS . Z MB35 5 0y, W FREE 2
BRI kRS, B (1) RS, AR
S5 1 FIZR G 2 0 R[4 (2, s 506 5 850 o)
NSRS 1 MRS 2 43 B AT X, Sk [4]
U )ik TARRZAT F R% 1| MRS 2 &0t
R AR 2 e R, Hb By (0) . by, (o)
TR RS 1 MRS 2 WA pRER

S (@) £, (@)
v, () =2 @)
2 (@) 1, (@)

AR SR (4] F BH AR X 2 B8 5 — e
SRR METLAIEE T 5 — M G R E X, K
JEE T R Tl T S R R 5 05 (AT AR IR
BIE e FHE<R R dR AT A Ol B (BUEIR )
ZER I RATARAS , NI < 2 AR AT AR A
(B SR IR R AP RS, 5 245 Y
S T 45 K 16 2 48 TP B 0 5 2R A 4 A
RATREHIESR




2. %K B TR

2016 4F 10

1.2 SLESE

DL G 22 o B LR, DAPLAS 4 ) M EEAR
P, SEEE R B A - b 8 G R I A T Y
BRI .

1) GO EROEE AR ITRET (FRR
1) WA RRoTEA, AR N % BRI AT S
X Z PR TR R 52

2) ST AR AR A A KRS T ()
FRERGE 2) BIA BROGIIRL, LRty % R 06 R 4t
A 35 A R AR R A A R TR A () 5

3) RN RS 1 RS 2 P A 4 s
FA e O] AT SRS, LA A I O3 L) B AR A5 A o7
B

4) ST AR R A 4t A A K b i 7 A A 6 AR
R BRSO R A R G 1 MRS 2 BYA BROCHE A
it AR TRl 2 er , o0 T B8 S B R R R, AR
(2RI A, HSmALEs 2% 2 I ZrE AR 2 o
1) 25 3 L2 8 98

5) WKIE, HHMWHRIESHERS 2
JIT AT BROCH Y A IR 5 R GE 2 S 45 #) ) 4R
Sy oy T 25 A AR R SR 1 R

6) HEMIINTE RS 2 2T . HARME R
AT 3) #2450 | BEMFESFEEE 4)
PRI S RE SRR R GE 2 25 1 e o A A A
B, ROR H— A B (ur, was
) O S R AR R G 1 DA A 1
55, BAE AL AT ws R R BRAT wy 552
RN 268 i 22 ) 7 A 38 R ESR H S B o 280 a5 P 2 Ao

7) MBRE m SRR, AT AR 8] — 2B Qs
Unds ooes Upm ), VEBUZLH M i KA B 24 N
SRR AT, 56 B B AL IR

2 REEREEZHR

PA— AR ARG R 5201, R R B
o AT 6 6 MR 32 ) BRI

2.1 REWESFEIZIT

il 278 52 R K b (355 - v a6 6 BB 5 9%
B EAR, Boit T — AR LR, I
M BRSSOl R SR, e
SRR | [BAE S AT TS A O

T 7€ 4 2 42 7 SRR 2 WA MRSUR L& o A4
TR A5 B T P SRR 22 TR AR L, T M T X
ARG, WK 1R,

B RS
Fig.1 Test system
IR T —MRSh B A SN . &
G ik 45 AL S - A R S8, T 58 U
AT AL C VAT

22 ZRGEEE

FIF TS50 2 O R 25 AR, SE LR 58
fE28 N e T NI D i prirt ===~ S il U VIR
RE f1% W 1 Sl s 7 36 A0 B P T A B A SR A R AE
e A B TR PR DX 1), AR DU P 435 ) S #0814
S AR R MR L, I AT R B T A% B PR AT
BRI o AR LA BRI, FEIREE AT S bk T 138
AR, R IEAS R B A, e[ AR 5T ik
B 7 A, R SO A A
TS5 385 il A T U R R e,y bz O TR
5, IR A A AR [ R AL FRF. ] LSCF
BTSN, BESR IR E W 2 Fras, adT
Wy Bl 10~512 Hz,

0.06

0.05

0.04

0.03

1E/(gNY)

Wi

0.02

0.01 |

0 100 200 300 400 500
% /Hz
K2 SE& R RS E

Fig.2 The steady-state frequency response diagram of the
system
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Fig.9 The spectrum of the vibration excition force
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Fig.10 The response of the flight state is indicated by the
test condition
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Fig.11 The vibration response telemetry data in flight state
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mined by mapping relation
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