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Study on Static Test Technology for High-Aspect Ratio Wing
of Full Scale Aircraft

Liu Xingke, Liu Bing, Zhang Jianfeng
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Abstract:In the bearing capability static test of wing structure, because of the high-aspect ratio,
the large deformation will arouse load direction changed. Taking the full scale aircraft structure
as research object, a test loading technology is proposed, which can realize the extractive wing

loading. The static test of a certain type aircraft structure solves the problems of large deforma-

tion loading, which has great realistic significance and application value.

Keywords: static test; full scale; large deformation; loading technology

1 5]

i

PLRAEN CHLEZERREHG, KBEEERY
WHRHLR R ITRE. Bk, BRI RE, xR
BB ST RIE. PLREBRREEE N HREBE
ZHBRERROHRELZ —, B R HRE LR
ABRE SRR, IR KB RAREA R R
IHRIECHEEHZREROTERN Y, Hig,
B PR RRE S IABI T, M RAVE LR
HHESREHUREHRBARBAAEEEXY.

AMEB KN ES AL ETEFEME
R .

(DX FRBEX L CHL, Ef R B . LR
BREFER, RBRBREEENEBTER —EME,

[¥mBEW] 2014—03—05

BRER . MEBERE. BdVRSNRAEFRA
REIVNRELSBMBREN FBFERRE
EIBONB T mREERL™ . BT RISEESIEK
KR, 8 A RN 7 3 1w 55 AT K/
BRI E#TBIE. R, ERBIE.BEESD, HA
HEEEDTEZHBESNR. 46 . HE WE
HILHE KBRS EHNXBREEEMRL .

(DY R AL 8K A7 R 2D ILE N
CHLEF TR BEERTRITHRA EH#T MR
R, ZMITERRORBEERRIE D, IR
SEARANEZELEALEUNE SIS EEN
W BE , AT (5 88 1 i e 5 RAT S P LIRS A —
BLEMEEEBNKBIRE.

AL EREVEE R FT R R, 3T 2R TR
MRS AR, B — R AR MBE AR, X%

[fERMA] XA B BRETEA L, EENF WA WBRERE B ARTR  E-mail:]_xk08@163. com,

-170



THR5E®

Mar, 2014

LB 36 HL A B K 0 5 2 B SO A £
2 NMEmMBRESH

PLE 3 — A MLk A A AR AL B, W0 46 807
MG HE R EE, KRR EWE 1 iR, BH
LB SR NV ETT 9, MR B AR TE S5 o 2R
J7 1 . FEN 3R B B 4, AR 7 1B M SE R A B AR
B BENE, MBI RE T HBREL.,

4

™

b J

_[}PR._ -

o]

P T

AY

t] Y
N
e300

B1 HNELEAEREER

q

ML RSB .
M=Fcosf+« AY—FsinB« AZ @y
6:M_Fsin(§+a) 2)
w A
M’ =Fcosq * AY+Fsing + AZ (3
M
o= (4

AP MAEREORBBEE, F HMER
L.AAMBH MERE KA, AY HREEHSE
EYLEARMER . AZ IMBALNREERE. N
TRERMBERASIEN ST, A RERABER .« H
Y Je MBI 10 SYLE L P EER T ERAW A
PR HRR

B 1 XTIk, MR RS R A IRE X TF
RERRE ERAASHIE LT EREEEX
WE. EXNERBEEMERGHE., R
NG LR TRER S, W& o740, XH
HZ I A RBR IN BIR 2 46 A AFTE T E g
.

3 HEmMFB AR

YL T B A EE THLERE.
e 18

PR » 8 T AR 24 3 3 - T R P LA B S A
BEHLLERRBER . DR ILE I8
AR TE 7 A R 22 W (0] AL, 55 o T 4 T 9 R T AR T 1 B
FNRBE M, A RFEETHIRZ VL@,
SR BE AP0 T B ¥ B B R S B ALAG , n de E
Z, SCEUEME, FEA R M FRBREL KA. BT %
PILERE K EENRBE MR EmR Y RRES
SIRMERETHRARELEFME., RETRE
B O 30 BT 56 E ) R AR AE AT BN R B AR
FREwRERERE, NERLMBREWE 2 HiR,
FEFFAE BT B 0BTy 1o 3 B FOLEE 2t 5% R

B2 HRETREREMBERE

MEBEER - FESZMA, B8N ENEBL
i RA TR, T E B EIER, T A
KAEERAL R R E NS S B AT RN K8
m#. TEREINEELTE, VR EERMS>X.
MFEBASENT AR MBS mAER, S X AR
HERITNRTEIT HRALE, BP0 X &M 5
FHIF] SRR AN 3 BiR .

= .

B3 mBFARREE

*1ANRLIE G &ML LB BT &b
MNE ESRUEUSBANESEREEML T RN
KOVFR, RO AHRNG BB EER,
(DAVNREREAE,

y=10"8" =107 B 43X 107 —
3X 1072”0, 05462+ 3522. 5 (5)
Y =5X10" Bt —4X10 B3+



No. 1 2014 FXNFLE ERTRIKBREKUNESH HABEARAR

9X107° 2> —6X 107>z +0. 0546 (6) A REML., TULEN, ILEERERMRE R
¥ =2X10""—1.2X10" 22+ el R 7 S AR L Y L B DA e I 3R A B o XS B
1.8X107 % xz—6X1075 ) —E R .
FammAiREREHERMEML. B SN

£1 BRHEMERLRF

E Y A pRE
Y(mm) 3529 3530 3534 3539 eeeees 3648 3709 3765
X{(mm) 0 660 1320 1940  eeenes 22960 23638 24264
—— TSI A A heE T, BE <1,

B8 B 5 X, X 440 X 9 AT AL AT AF I
G WRILHEH S X MEA. REIEEL
B RBE R T ERIE XSmRS B A E
1B, BR4% 4% 43 X B 1R 22 BB IE I8 BT, R 18
IEJG BT, R 2L B BF I 8 86 RIE2L

B 2900] e e MBRFE. ITEH/MENBEIBRPERAEELT
27100} o e et VEZFE AN EE, NMENREAREMNERT
2500 . . . . ] BB ERENME, IRFAZERMB RN

0 5000 10000 15000 20000 25000
REf 4R (mm) .

Ha4 NRTHHG
4 X 1§

4.1 HMRRABIFEHAIR

MNFXIE AR, RABEIREHTIR
ZHRE, TUELEB IR LRRZEF . K
MEZNESLSSAN 2/ . X TFTE2RT
g, EREP M LARBER - I HREE
MEE., EdRKEREHES, X MERR T F
AR HHBEBHE, HREFEERE, EilRE

o0 1000 15000 20000 HERAFTEERMAETEAEBRREMARL

SRR (mm ) BRECNBZXHF TR L T2ILES

S NRERE RE., EIMHEHFRETFT, K FEEREDEAH

—EHE., BIMARSTREM GRS, ANl

SR EEYRE R . ¥R A1, WL 1 2 B A FR L BB o Y 2R 1

(OBREHEMBEEFAHEEREANH TR FBHEXF CHIHBEHRTRE., XFREMAERS
L. WEME 6 fix,

A . = .
BR—AK By, T

BB RHH T EZHE, By =3 0 B
y”min'

DO EGERXFHSH— KB :x€ [1n 91n+1];
OHEBEAKNBEM=1F, « z) M Fy

=EF1§%2§ CEEWR Y <eo %, MAWENE M6 REUNEHTREE

0190



Mar. 2014

4.2 RBRHF.EHSUR

WL 67 % BT 8 M iR B B A, B U
SN —HMBE 65%, B 2 I —EMBE
670, RE30s REHBFBELBRE. MBS5HK
BEEZENE., KBAHEERRKLSHERN MTS £
HANMBRE ST R RBERES ., KR
Y % i iE FlexTest200 i =5 17 Bt ¥ % & 4.
VXI1629 RIZi@E R BEERTFRERR MTS B
HREMBE RS MTS W R4 BE 2% B W E i B
5 MTS W R IRVE SN DL R &Y 5 N F R4
H, MEHMR AcroPro M (HTF ABREH L
BEERBRMM SRR XBEREERLKP . W
BEHAZAEAFENZL2EP R A MR G
HUT BRI MR EHEE . BERER
Gl @R ERNE SOHMEEE, KR T %
EMAEHABHUELER.

REPREAREMMN 0 FF G, BEMB E it
B, MBMER 1%, FEMBTRP . BRI E
NAE AL . 43 B3R FH I 28 H RO B A% IR AR 4T Rg
A F R BAR A B, A ERE 1%, BN
WEO0.5%,

§ RBEERESH

IR 58 3% BUHLBE 3 4 0 B AR Y B AN N AR B |
T() TR RHLE 17 A .31 Ah.38 BB AL 4 .
JUER L VIEEMBEIRP . SHNBERELER
W, R, B 70K 67 %IRRT IR AR
BHMESHERHTETEEMEX W, EREERL
AR RN, BIRIERERRS BB R R, BR L
MK 2. 2m, 5SBRITEMEE 1.3%. Y&
RERELITEER,

—-38AEE -3

—a— 1 7RhAETE

B (mm)

0 5 10 15 20 2530 35 40 45 50 55 60 65 67
IR (%)

(a)

. 20 o

A (nm)
s 8 ¢

g

=)

0 5000

10000 15000
R AR (mm )

20000 25000
(b)
B7 7% it RENRER &

B THLE [ L AT, BT L R AR R,
TEEAR L AT , b BE AR b L AE 7 O B, T BEAR AL B
ARRLAIE . BARAL @RI KT H E# 4 X EE AR
RAFZSHERTHEIS. B AVNRM 4N
LI, SRR AT B, NETTLUFL,
BRMAEBEA MR, RRMBOEREE, KB M
BREEBUABOR .

40007 o gLz FaERO- 18, 26/KH-30012616

LB ZETFREMO~1R), 11KH7-30021116

3000 LA FEART-80, 17KHi-30721714
e SR R 2324 R 20 B P 1 -32330042

2000

1000
15,20 ,25 30 35 40, 45, 50,55 60 .65 67

-1000

-2000

-30001
PIIE- 225

8 MBEMEET

A ORI KK L LR i LR KR
FaLRE T —MHARKB T B RKRERIET
G A HERR RN A M, DI R AL HLER /1R
B AR, BAE T MK ik, MBS RE
B LR E N, R AR XTI R EED
AMBEER BTG R, 2R WL iRk
BHHREEARAEEBHEEN.

(TH#E 28 W)



IRS5E®

Mar. 2014

GIEEK = A" +k BRIELHWER T8/
JRCHE/NEL T HARXBELE R, AR
SEXMNEBRARBA S kNERMEA BRI ERKN
Grtr. 3t FRBAELEPNA, HFE— 2 KR
REBVEDHERBE .

A0 B E M A 2 EDHLRE BE JRCTY T L
BB ERMEA o X B— o« (A A — BEH M) R
BRENEW FEEBEESUREHHKN RSB
R ER BB JRC.o 53— (A A —iEH
FORPXANERXR , FECHEREE %
BEIRCUKKIEA o MIFRT, #H HKERK
B— o (914} F — TE#% F1 ) DR K R Bt BRF-#5 R 25
2, R BB AR S P SRR .

$ % Uk

{1] Wu Faquan. Constitutive model and strength of Joint-
ed masses[C]. In:Yan Tongzhenetal. (eds). Proc. of
the International Symposiumon Landslide, Geoteeti-
nies, May 21— 23 1991. wuhan: Huazhonguniv Of Sei
TeehPress, 1991.

[2] Xu Guangli, Pan Bietong, Yan Tongzhen. Determination
of deformable Parameters for Jointed roek mass, With an-
alytieal deeomposium method[C]. In: Yan Tongzhen et
al. (eds.). Proe. of the International Sympo-siumon
Landslide oeoteehnies, May 21 —23, 1991,. wuhan: Hua-
zhong univ of Sci & TeehPress ,1991,

[3] Patton F D. MultiPle models of shearfailure in rock
[C]. Pro Ist International Congress of Rock Mechan-
ics. ISRM, 1966, 509—513.

[4] ZBE £ASHEERE IRCHARHRI EH
FHEM,1991,10(2).

[5] Landanyi B, Arehambault G. Simulation of shear be-
havior of a jointed roek mass{ C]. Proc lith SymPosium
on Rock Meehanics + New York ; AIME,1970,105—
125.

[6] Clerier A. Some remarks on shear strength measure-
ment along joints in roeks with a rigidbehavior[ JJ.
Bul-letin of the Internatfonal Association of Engineer-
ing Geology,1990,(41):57—62,

[7] Turk N, et al. Charaeterization of roek joint surfaces
by fraceta Idimension[C]. In: Former I W et al. eds. .
28" US Symposium on Roek Meehanics, Tueson: 29
June-1 July, 1987, Netherlands: Balkema Publish-ers,
1987,1223—1236.

[8) Wang, SH; Lee, Cl; Ranjith, PG; Tang, CA, Mod-
eling the Effects of Heterogeneity and Anisotropy on
the Excavation Damaged/Disturbed Zone (EDZ)[J].
Rock Mechanics and Rock Engineering, 2009, 42(2).
229—258.

[9] Shuhong Wang, Pengpeng Ni, Mudan Guo. Spatial
characterization of joint planes and stability analysis of
tunnel blocks[J]. Tunnelling and Underground Space
Technology, 38 (2013): 357—367.

[10] Wang, Shuhong, Ni, Pengpeng. Application of Blo-
ck Theory Modeling On Spatial Block Topological I-
dentification To Rock Slope Stability Analysis[]]. In-
ternational Journal Of Computational Methods, 2014,
11(1): 903—914,

f11] Wang, SH (Wang, Shuhong); Ni, PP (Ni, Peng-
peng); Yang, H (Yang, Hao); Xu, Y (Xu, Yuan).
Modeling on spatial block topological identification
and their progressive failure analysis of slope and cav-
ern rock mass [C]. 11™ International Conference On
The Mechanical Behavior Of Materials (ICM11),
Procedia Engineering, 2011,10.: 1509—1514.

(L& 20 7)
&% 3k

0] A% 288 RTFOFEENERKEES ABREEs
BEBMNI] LT, 2008,28(1):20—22.

2] FR. KR BRERBREAEEIMI. hE W
BEBF3E R, 2007,

(3] GIB67.4-85 Z JH &4 BE F0 Wi B A9 M WG B A (S,

4] CCHBHFMIERZS. CHETFHGE M
[M]. fizs Tk it , 2001,

(5] EME.FHE BTE.Z. WEHRWH BERE
HRHA(R]L. MEMR LW B2 ARTRER, TR
BB . 1990.

[6] Xy#XpL, P, H¥g. CMEHNBRERRIFIERY
Bl ] s B EREAR,2012,5.32-35.

[7] Jegley D C, Bush H G, Lovejoy A E. EVALUATION

L] 28 .

OF THE STRUCTURAL RESPONSE AND FAIL-
URE OF A FULLSCALE STITCHED GRAPHITE—
EPOXY WING [ C]. AHS Structures Specialists ’
Meeting, Williamsburg, VA, 2001,

[8] MTS System Corporation. AeroPro Software Refer-

ence [ M]. Eden; Prairie,2008.

[9] MTS Data Display Software Reference [DB /CDJ.

MTS Systems Corporation, 2008.

[10] Z4, %%, SHE. 5 MRS AR ENEE
HEARBFFRLI]. MEHAR,2006,25(8) 30— 36.

(111 FHZE. 28R %MK P A sh i &
FklI]). EFAHL,1999,(3):36—40,

(12] #&EK.ZB. EANEAHBABGRBRESEER
FARBMAC]L KB XN XBEREERZE FELHR
BEL200T FESBXE AR . FEMASE S,
2007,



