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[ Abstract] The modulus and poisson’s ratio of material is bound up with problems of buckling in curved panels.
The material named 2060-T8E30 is applied in skins of fuselage panels. Applicability of critical shear-stress coeffi-
cients curves of curved panels with the material 2060-T8E30 needs research. Based on Abaqus Buckle method in
linear statics analysis, dozens types of curved panels with the material 2060-T8E30 were modeled. A comparison
between numerical value of finite element analysis and critical shear-stress coefficients curves was conducted. By
analyzing errors, the results were attained that for the material 2060-T8E30, k_( critical shear-stress coefficients of
curved panels) curve of d/h =1.5 is relatively higher than £™*( k_ of finite element analysis) and the error is be-
low 15% . k_ curve of d/h =2 is relatively higher than k'™ and the error is below 20% . k_ curve of d/h =3.5 is
FeA

relatively higher than and the error is below 35% . In case of normal parameters of fuselage structures of air-

planes, as d/h =3.5 and Z<20, k_ curve has a good applicability when Z <10 but is relatively higher than £™*
with the error below 20% , when 10 < Z <20.

[ Keywords] curved panel; critical shear-stress coefficients curve; finite element; applicability

A, AR AR 52 B AR, 3¢ 52 52 9 i il =2 JE 2 7 2R A

0 515

LR E PEAE WHLAS M LT B EE U
JEXTTHLE, BEAR, R Dy BE 255 40 PR 5 B2 i IR AR
R—uBor R A R R TR I . SR TR A FE A
TRRSEER A B, X T LU T 4544, I il O A 2
TRIGHIR , HEAnhn i BEAR . AL EY BE AR & T s it

74

RHIEEC ISR Ty R A 8 K Ty R
Sl BB IR IR

pH A 1 s 5 5 U0 ) 5 bR TRl )
PRI BE AR AR S SRR A Wi 5 BT D) 1L )
FEAFANSC . T3 0 R ) E A IR 2 R %
AN TR T3 Ok A e ke o ) SRR BE AN T] DA T



2017 455 2 ) R IS BT YN ) AR 2l FYETE

45 A i 2

J T ¥aF NACA TN 2661 [ 5 85 41 v f1 &
O 20T FHL B 52 K RE 2060-TSE30 1138 1,
EHCT B FH 0 #h A k4 8, HyperMesh 57 T A FR
JCRER, F ] Abaqus 1Y Buckle 2% ¥ 11 23 B 15 5|
AR 19 Wik S B AR AE AR, DA I35 s i SR 8 100z g
FBBRJE X NACA TN 2661 (#1ifs 555 V1R 1 250
IR, A HT A BG4 SR AR 4R iR 22 .

1 i 5 B D) i CRE S I Tk

K NACA TN 13480 iy A 14 11 55 57 1) 32 )
Ha (1) 4
D
0, (1)
Ak, I ST IR ) 2R, BEAR L AR #
RN ST 5 D g B K 18 BE B4 i T R
(N - mm) s SFPIARSEE 36 g AR Sl 1) SR 1] K B2 1Y
B/ME (mm) 5¢ g AR EE (mm)

TL‘!‘ =

b
B1 miREEa b
BERR B BN D 8
Ef 2)

RTINS
A4 NACA TN 26617 ikt =250 2 FoR 8
_

Z = R 1 - (3)
A E s (MPa) s R Oy il A 14 it 252

i (mm)
SRR b Dy AR 1] BE (mm ), BIATIE 5 d DAy it
At i < B (mm) | BPRERT, H A <d
2 /RIS i 32 AR 1 1 S 5 DDV ) AR A
MR SH k-7 ko
s B0 Iy 7, AT A R
7T2Eh2

-
To = 5 R

(4)

= ZE:
<5
d 3!
O E=" 22
— 10 o Za
— 152 ]
ke || 20 Bt
< 35 | AT
o NI —T 2211
10 = == H
= e o= b
] a [
|| agil
" L 111
0 | 10 10 ~w 10®
Z‘-‘R‘—f\ll-p,z

B2 s B AR A I 57 BT VD R ) R 2k

[
kw'E 2
"= ) ©

2 iR E R AT

H T, R LIS 5 Rz s 254 b il Al i )L
(R Ay R R =1 980 mm, JEF ¢ =1. 3mm; ¥k
B—ZR AR IR EE b AR E d, W 1,

®1 HR/LMHE

d/mm h/mm d/h VA
110.77 73.85 2
175.50 117.00 5
247.50 165.00 10
350.29 233.53 1.5 20
655.33 436.89 70
783.27 522.18 100
1 356.67 904. 45 300
147.70 73.85 2 2
234.00 117.00 5
330.00 165.00 10
467.05 233.53 20
873.78 436. 89 70
1044.37 522.18 100
1 808. 89 904. 45 300
258.47 73.85 2
409.50 117.00 5
577.50 165.00 10
817.35 233.53 3.5 20
1529.11 436.89 70
1 827.64 522.18 100
3165.57 904. 45 300

75



gy M 4l B

B 125 3

2060-T8E30 4 44y 3k 4 B E =72 400MPa,
IR n =0.33,

d/h BEHCT 1.5.2 3.5, %R 2 4 i i =
AR A B2 T 285 Z 26 IR T 2.,5,10,20,70 100,
300 JXAERYHEEL B 2 HPRTAs AR Z XL, Z B
RER, 5y T A FCE A 0L 5 5 DA A b [R] R S % %)
JE RN AL bR 5 T8 A 1 R, BN WL 5 |k
R 2 o

3 AW br

3.1 ATPRCEERL vy

AR SR IE i Al 87 46 SR 58 B 0 21 BB - ZE AR
B, BIT R AL SAR, A% R /N2 10mm, Fi] H
HyperMesh -5 %% 1 i) 11 Fof ity A 44 52 53 50
A FROTHETY AT 53 A [ 4 284y A 4 1l 53 5 170 iz
H1o D =175. 5mm  h =117mm . d/h =1.5.Z =5
F) A A ], AT BRI AR ] 3 Fr7s o

B3 A RITERRE)

3.2 ARIRARINE T X

b AR 32 5 25 DU 3L 1T 52, 75 Abaqus HH]
MBS 2R, YR E D Ui UL =0, 9F H—# U2,
U3=0,5%—f1 U3 =0, FRMLmiemiissho,
I H— AR ER 1 MU 1 A28 S 0, 5 — ff Ay 170 52
B 0, 4nE 4 Fs o

B4 @RBFREH

76

AR NS T 2 P A BT AT g = IN/mm,
Uk s R,

BS stmmEaX

i B 5 BT 2 S5 7 J2 “ Buckle” | R AIE (R K A 47
e A J2& “ Lanczos™ , AT DLHRH K gt i 1 28 47 47 AE
{8, e
3.3 APROCTHRES R B R 2 br
3.3.1 i FR ]

Phd =175.5.h =117 .d/h =1.5.Z =5 il
R, Fe— B 25 =i Jee il R AE AL 1 7 ) 2 T an ]
6 ~ & 8 iR,

B 6 4HE{E =78.341

7 451E{E =89.152



2017 4E55 2 i B,

e 5D g 2% K £ 3 I PERT 7T

B8 4%{F{f =162.05

VI 6 BYRFAL(E 78. 341 4y —ir J il 23y
FRAEAE . THARG S BT )1 1 A BROC A AT 7
= 2 (6)
A A R M 2R AT RRAEAE , ¢ S 34 5 YD 2k £
kN/mm, ¢ Sy i AR BE (mm)
R EAAS B s 48] il Al P I S BT U0 8 T A RR
JCOTHTE :
= 60. 26MPa,
TR (5) S G A B VI 0y 1 R k™ 2ei
AR
EfY = 7,31,
MR A LT d/h =1.5 . Z =576/ 2
TR RE UG S AU ) Rk, =7. 8,

IR ZEITTE AR
_ (R
A= (T_l)x 100% (7)

THHEREN: -6.3%,
3.3.2d/h =1.5 (At

B T AR R ], A Abaqus A BRITER
it E d/h =1.5 AR R Z 1 ih Al
SPGBk PR I 2 SR B
N REC R, TRIREA I SRR 2,

®2 HRGFRETVINDRETEER

Z k (HBRIC)  k (TRRIE) R

2 7.2 7.1 1.8%

5 7.3 7.8 -6.3%
10 7.8 8.9 -12.0%
20 9.5 11.0 -13.8%
70 20.5 21.0 -2.4%
100 24.6 27.0 -9.0%
300 54.9 55.0 -0.2%

S B IIHT, R ZE A XHME Z B 5% , th
K9 alLUIE AL Z =20 BT, k, B9A FRIC0 B i
TR T 3k o 2 35 ML O 88 e B2 0K, A U7 3k
fHh £ 12 BRfEL 35 5l i T BROC 0 M fEL. % T 2060-
TE30 4k, AT LA d/h = 1.5 (il Al 5 5 1)
V7. 3 252850 i 2 AR EC A BR OG0 B (D e, 1R 25 A K
T 15% .

d/h=1.5

60.0

50.0 ’
40.0 /
/

k300
200
100 +

0.0 + T
1 10 100

—— BRIt
—a-TEFE

VA

B9 HRIGF VI N RETEER

3.3.3d/h =2 BItR

FIH Abaqus A BROCEPF AR d/h =2, A
T i 3 2R 4K 22 o A SR 5 D000 ) R A FEAR
P 2 BRI B By VIS g ARk, TR ZE Y
AR IR 3,

3 HRERIYIE N RZEITEREXTLE

z k(CHRROT) kb (TRT5) wRE

2 6.7 6.7 0.1%

5 7.0 7.0 -0.6%
10 7.2 8.0 -10.1%
20 8.4 10.0 -16.4%
70 16.5 20.0 -17.3%
100 22.3 24.5 -8.9%
300 43.9 50.0 -12.1%

S G T IR EL A 2 B 5% , &
10 ATRAE HAE Z > 10 Bk, 947 BROGOM T (ELAD T A2
7% A UL i 2 e B 5K, T T ik vl B B
(B30 = AT BRITM T (EL. %) T 2060-TSE30 #1Kt,
AT RLA d/7h =2 114 sl AR 5 5 U0 0 0 28 50l 4 A
AT FROCo BT (i = , BR2EAN KT 20% o
3.3.4d/h =3.5 yilid

HIH Abaqus A BROCEAF 73 535 d/h =3.5,
NGBS QAN DGR R I E e

77



gy M 4l B

B 125 3

d/h=2

60.0

50.0 =
40.0

k 300
’ —— ARt

200 .
= TEHE

10.0

0.0

1 10 100

z
B 10 piRiEST eI ) REGTEEX b

MR 2 BERCH G S BT U0 H R Bk, PR EE

IrELEER LR 4,
x4 HREFREVINDRETEER

Z k (CHBRIE)  k CLRJL) R

2 5.9 6.0 -2.1%
5 6.5 6.4 2.0%

10 6.5 7.0 -7.3%
20 7.7 9.1 -15.1%
70 12.6 18.0 -29.8%
100 15.5 22.5 -31.1%
300 38.8 45.0 -13.8%

L MO IR ZE L X 2 B i 5% , d 1A
11 AfDIE AR Z >20 i,k 1A RO P e A1 A
7 1% i 2 UL i 2 R BE KR, T T 0k 2 1 B
{E 3 5 T RO T {E . XHT 2060-T8E30 #4444,
ARy d/7h =35 1y AR G 5 5T D10 77 2 Rt 46
A ECA BROCM T (B 7, BRZEA KT 35% o

d/h=3.5

60.0

50.0

)II

40,0
k 300 1
’ ——FRT
20.0
= TEFE
10.0

0.0

1 10 100
Z

B 11 gl RN A REGTEEX
4 NACA TN 1348, 78 HOR I I UE = 17 1, i
I E LA MY T A A AE Z > 100 5956 BBl N, 56 1 15

78

A1 S B 10 1 7 22 003K 38 A0 16 25 55 DD 07 ) R 4L
Ak X150 HA A SO A BR 78 40 BT 1 38 3t 41K T 11 2
BYYIN 7 20 2 i) B 5 0 A 18 S e, it Al
RBGYI N 1 R B A FRIC A HE kY
USE(ENS
3.3.5 KHLHE AR 7Y

o T LIS S50 5 F 0 d/h {5k 3.5, iR
SELAE20 LI, 0 THFE d/h =3.5,Z<20 I
I S B9 D) 0. F7 22 B30l 4 1 38 M, 6B d/h = 3.5,
Z =5 ~20 By—FRAHH, T R AR 4 1 B
I3 Z 58k, , 5501 559 U1 0 1 2 B0l 48 R Uk,
XFEL, AT 2E . AP AL NS 5 I TFRAE R K 6,

R5 d/h =3.5,Z = 5~20 iy iRt E

d/mm h/mm d/h VA
409.5 117.0 3.5 5
448.0 128.0 6
483.4 138. 1 7
517.0 147.7 8
548.5 156.7 9
577.5 165.0 10
633.1 180.9 12
683.8 195.4 14
731.1 208.9 16
775.4 221.5 18
817.3 233.5 20

RO Z =5~20 HERIGSREIYIN /1 REGTEER

Z k(CHMOT) b (CTRITL) RE
5 6.5 6.4 2.0%
6 6.4 6.4 0.5%
7 6.5 6.5 0.1%
8 6.5 6.7 -2.9%
9 6.6 7.0 -5.7%
10 6.5 7.0 -7.3%
12 6.9 7.6 -8.9%
14 7.1 8.0 -11.7%
16 7.4 8.4 -12.4%
18 7.6 8.9 -14.7%
20 7.9 9.3 -15.1%
WG HT, 2 <20 B, Ch, - k™) b4, 15822

A X HETEE 0. 1% ~15.1%

210 < Z<20 B, IRZELEIMEZHOT 10% Lk,
R ki o X 2060-T8E30 #4 4}, 7T LAy
d/h = 3.5 WG S8 VIR ) R B0 2 A0 LA R



2017 4E55 2 i B,

e 5D g 2% K £ 3 I PERT 7T

T ATE AR &, R ZEA KT 20%

M Z <10 B, BRELXHEAN T 10% . X F
2060-TSE30 FHEH, AT AN d/h = 3.5 [t ARl 7t
BN T REM &l H R, R EA KR
F10%

4 ik

ARICHET Abaqus ILAERE S 20 Hr Y Buckle
Bk, X 52 B R RE 2060-T8E30 fd 57 1 25 Ff kg 70 iy
M, #EAT T A BRIT 20 A A0 AR J7 3 0 A O X L, 36
7 b A BB T AR R 2 aE

Xtd/h = 1.5 .d/h = 2.d/h = 3.5 ) =%
SR d/h 1) AR, BE RPN EEAZ = 25,10,
20,70 ,100,300 LA il R 2 ik 47 B T Al i, B
HE T 21 oy YA b Al il S5 U000 ) 2R R0 £k
g

LERFW] 3T 2060-T8E30 A48}, a] LIIAY d/
h = 1.5 By sl 5 85 DIV ) 2 B0l A HoA FROG
SIHTE G =, R ZEA KT 15% 5d/h = 2 11 il Al
GO 2R L AR LA BRIC A7 (6 D s , 1R 22
AKTF 20% ;d/h =3.5 1 iy Al 5759 U1 0z g 28 %K
il ZEAH FUA BROC T (L 5, IR ZE A KT 35% .

T2 B AR TCALHL B S5 R B =
B, B d/h = 3.5, Z2<20 i)l e il 5 55 D1 &
B 2y aE e, I Y d/h = 3.5.Z =5 ~20
(9 11 Fbotly B A il AR, FEAT T O SRR 22
ST

S5 R %) 2060-TSE30 #4 %}, 76 CHLHL &
GERE RSB B d/h = 3.5,Z2<20 WIS,
M Z <10 [mf,d/h = 3.5 Byl ARl 58T 08 ) R
R PR T IR 2EA KT 10% 52410 < 2<20
W, d/h = 3.5 By flrAm 585 00 ) & Foth 208
A FRICoFrE i, R 22 A KT 20%

%25 3Ok -

(1] BN g5ie thdot T M]. dext: Avas Tl
At ,1996.

[2] Batdorf S B, Stein M, Schildcrout M. Critical shear stress
of curved rectangular panels[ R]. NACA TN 1348, 1947.

[3] Khun P, Peterson J P, Levin L R A. A summary of diago-
nal tension part I; methods of analysis[J]. NACA TN 2661,
1952.

(4] 5], B IRT R/, 5. SERT KL N g 3B %
RGP IM]. dbat s ol i ki, 2009.

[S] ILNZ,fLFEZE, B otot. ABAQUS TRESL il iffg[ M].
Jemt ARME S Hh ittt 2014,

fEEE N
R OB, Mz, ERHFI I & AR SR LT E-mail -
sunhao2 @ comac. cc

BARE %.#¥+, L. XA H @ LR E-
mail ; zhouliangdao@ comac. cc

BEE 5 A, ST, ZRATRT @ AR R LT E-
mail; guoweiyi@ comac. cc

FE=ZF FHEHRAR, AT @ ARAEKE-

mail; lisanpingcomac. cc

79





