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Residual Strength Predictions Based on Two Parameter Fracture Criterion

Jia Qi
(Technical Center, Chengdu Aircraft Industry(Group) Co. » Ltd. . Chengdu 610092, China)

Abstract: Two parameter fracture criterion is a simple method to predict residual strength. However, some as-

sumptions were taken by the initial derivation process. To provide a more rigorous deduction, two parameter

fracture criterion is derived strictly based on Neuber equation. Besides, two parameter {racture criterion is sim-

plified by replacing specimens’ critical crack lengths with initial crack sizes. The residual strengths of M(T) and

C(T) are predicted by this simplified method, and the estimated errors are less than 7%. In order to verify the

capability of this simplified method to predict the residual strength of complex structures, the residual strengths

of three-hole crack tension specimens are predicted, and all of these discrepancies are less than 5%, It shows

that two parameter {racture criterion could predict residual strength of stiffened panels.

Key words: two parameter fracture criterion; residual strength; stress intensity factors; elastic plastic crack

growth; stiffened panels

i

0 5l

TR RE 25 A B G 4 Ja i Aty BE AR D ML By (L3RS
JU 2 Al ke o A R R R 2 RE 45 4 Y B AR AL
I, WA Z5UXT 322 45 F 1447 4 THD 4 980 4% 50 B2 20 A L ORIE
TRAHLLE IR AN 18] ) 22 4Pk . LAR 7 58 B2 IR0 AR

T L AL 2T 2 K R de o 5E ¥ L [ N Ah e R T
G 1 UL A G5 R 0 1O g 08 RE DR T T 5
JE 1 RE A% B SN Al S 3SR PR S5 R O I SR 1,
F14 7 7 56 J5E DR K BT A 235 4 o 3% 5 52 1) DF A
V. T WERESS R B AR BN R BUR N Y
PANE ROST I T 2 s W 228 )~ O PP A O 1%

Wi EHHE:2018-05-07; f&[E HH#H:2018-05-15
EE1EE . TTHE,987035941@qq. com

Sl A& BB, BT 003 B 2 o 00 1% 7 S e B 0 [T ], Aizs TREERE, 2019, 10(2) . 179-186.

Jia Qi. Residual strength predictions based on two parameter fracture criterion[ J]. Advances in Aeronautical Science and Engi-

neering, 2019, 10(2) . 179-186. (in Chinese)



180 s TR

5510 &

ANFRAE Y

Jr J. C. Newman T 20 ft42 70 4FfRHEH T X
SRWT R AEN ) K AE L Neuber 24 3 Sk 3
filh , I AR 4l Inglis 8% TG BR K W A 1) 24 450 2 i [V )
B R RS, EHES R I ] C. Newman
B s HIN g o B R A T A bR fE . X
— BT X S E W RN LB — &

AR

HAES, Jr J. C. Newman B A AT & B .
X2 B0 2 M U T L3R 5 0 0 b Al B30 5 90 1k 5 4
R T 5 B L AT S e I a0 B | A PR
JUA TR 73X — &5 5 . RIS H0 7 24 o ) m] DA
BRI )5 B R - 7 5 A K 2 g 2 v B )

2017 4, K. S. Ravi Chandran™ %5 1} T A K&
T AR 1 7 5 B PR i BB TE R B W R S, R R
N FHEE R B E & B0 I N ) . X
—KME JrJ. C. Newman XS 7 24 1 AN 15
M G s Rl A X2 0 24 o D) 174 4 Joi gk I e 7 3R 2
A B 0 g 5 BE PR 5 R e T R ) 2 T Y
K&,

HF Jr J. C. Newman W 5 & FH — %,
AR S S X RS F M 2 0 AT R I S R AR
S A AE I 2 3 ARG 6 HE N R AT Ak, I
MOT) Bz CCT) 1RE X 1 £ Y A0S K507 28 o 0 2 £ 7
B AE s 5 I FH 32 o DAy B =Lz i iR 1 0
SRR T B 2 A0 O] I A 2 5 ) R A 0 RE Y
fig

1 WNSHHRENES

AR SRR L6 . 58 S i i 3 vk BEIE R g 4R
ABKr A

K: =K,K. @)
_0
K”—U”
(2)
K =5

AP K, FK 43l Sy 88 1 192 ) 4 v R
ARV B2 AR B R EG o Ml e 230l S RBUR
Ui . ) 5 B4R s, File,, 4300 Ry e IR I T 5 AR
R N 7/ T IR BE B L0, = Ee, (E IR
i),

X ¥ J6 BR K i Al

Kr=1+2 [& (3)
{0

Kfria HRGKE CPLREKEN 20050 HH
ﬂklﬁﬁh%#ﬂlo

B O L OHRAR D5

a)(1+2 /aj«/Eas (4)
p

XFF T PR R e MR T T H 0 24 800 v 48 T N )
AW, B 6, =0, (0., 4 370 Vit i 0 2R A
R, 2 () R DU T

a 1
GaPP/\/[Oj:?(’\/EO'€ *O‘,,) (5)
Ta B R B A W T 5 S R F- R
K=o,+/ma (6)
K= /o (/B —o,) )
(7 AT LA Ve W7 240 0

X 25 R BOMORE AR AE MBS T LR
BRI IS - D RELCR i 1 Jra 3 187 A7 26 2R
B 0, 5 @ B0 Vi 1Y Jey ¥ 10 28 A AR B0 2R
ers © R BUR Ui O B I Y iR R AR O bR R
o
PRI 0 » 204 T i 4 e P O At

K= /w0, (VB e, —a,) (8
AP K iR S 5 9 7 g 5 B 1] 5
ENEILIRYE 326
Ll e g =K Sk

2 o o
1— - —
( VEo, €, 63’”}
Ko, PR T AR R B .

é\

1
?VWEU/ erpr =K,

Oy
i bl Qo L K, 5 om A5 MR
SR BB S A KT OISR A G PR AT DA
BAEM R W 2B M2 8. X2 B 24 E U 1
AN AD L EK 6, <0, o

K= Ko (1D

1 — mo, /U

A YEHE ) 22 A BR S84l , WA 20T E e g

(10

N TR Bk



TR B T LS BT 24 0 U 1% ) 4% SR R T 181

%2 ™
o IR R FREARAZE XL, ST TAHR
Fo AR . HN S BRI T Ky, 0] Rk

K=K * P(‘%) (12)

P W B () 0 A 05 R

K. S. Ravi Chandran"'"" & T %4 tH T 4 FR 56 A
NFEE R Y L, i & i T IE R
550 SLEURE I v BT I T AF DG, B2 0 g 5 R A
T B R/NMREFFAAS W] L 31 FHE E R B AT A
B 5 Al 11 24 488 T 7 T 45 T G IR B A 1% e AT ;)
AR L3R ie W, 2 (D AT LA R

1
Kfm:?@(«/EGE —6,,) (13

RHE L 13) , WS Eb 24 ) v] DL 422 T
B8R E B LE AL . P e B S 804 s 1 AR A Ak B A A
A AD A B IE N
K.

1— mo, /o,
Ko, FORHRY SR
R S RIS TR A A e 7 R AR
i 0 25 1 80 20 % 5 B FE T 0 BB T .
C. Newman""' 45 T W F & IE .

:7K[
1— mo,/S.,

Kb .S, HEVESN J1 . YA b T L i 2 A 1
B, S, =0, s 5340 T 4625 i 27 7F T B
S.=1. 50, ; i FEAL T 52 G 2 far /E R i (224
X C(DAE,S,=1. 630,

2 ERRAEESG

ST RS B R e AR e B K,
5 m SR 3 T A 2 800G SR [ JRE JBE T 54 Y
FIgamE . TR BX PSS AT RIS — 418k
PEATIE JF i K. —o,/S, k. K.—0,/S,
LT — SR LA AR a2 it 2k 1) AR R A T A4S B
K.r‘ Hm,

AT B P TR R

(1 FEAA AR BE (B2 50 KA RET o i — 413
PRI K, 5 m E A5 AT NE 3 A [8) £ 2% 1
Ty ?

(2) X2 K Wy 2 o DU 75 8 A il 445 ) o0 % o 88
{ELBONS RO B I S 20 RS DRt 2 A5 T LU 22 5K

K, (15)

Hh I B S SR K R S5 R ) IR B 2

AR —4 M5 CCTIRFET . Kk
MIERE B 2.3 mm HA B L-T J5a i 2024-
T3 G4, ZMEHNERRMNER 1 Fis,

£ 1 BE4 2024-T3 WA R RE

Table 1 Material properties of 2024-T3

o,./MPa 345 E/GPa 71.4
6./ MPa 490 B/mm 2.3

AR LA BN 3% 2 FoR . S W35l kE

BE. WIHAH LT T MO IREEN 2a, /W T

CCDYIREEN ao/W . F. B Aa, 53 31 A RHE 19 5 K

B Aar S BT X B ) By R, O T A5 R — B

F. W B A7 0 T4 (KN, X F M (T) iR #E F.
=g, » WB,

F2 MDD K& CCD) Uiy %
Table 2 Geometry dimensions of M(T) and C(T)

K W/mm  #IGRLL F./kN Aa./mm
M(T) 76. 2 1/3 41.76 —
M(T) 304. 8 1/3 151. 35 14.5
M(T) 304. 8 5/12 130. 88 12.1
M(T) 304. 8 0.5 112.72 11.0
M(T) 609. 6 1/3 275. 22 —
C(D 50. 8 0.4 4.23 —
C(T) 101. 6 0.4 7.83 —
CCD 152. 4 0.4 10. 36 9.1

2.1 jE&(1)

AR FH 98 B R 304, 8 mm A M(T) iR ke
REEIEA A K, —o0,/S, MEIHHRB K, 5m.
HXMH EREEH K, m 535 E R 152, 4
mmCCT) A A0 T A3 58 7

M5 CCTD) BN 158 B 3R F ASTM
E561-7, Hodr MCT) i FE 9 07 7 38 B I 7 A

Ky :%% sec(%j (16)
CCT) i By 1 ) 5 B R A

F 24+a/W a
JWB (1—a/W)3~’2f(Wj an

A, f(2)=0.886+4. 64xr—13. 322> +14. 72 X

x*—5.6x2",

K(‘(’l‘) -



182 iz TR

Lt R 10 %

M CT) A i v a8 1w g g

F
M(T) __
o T (W—20B (18)
CCT) IR B 88w 1y F1 R

o F 1+a/W

o _(W—a>B(1+3X1—a/W) (19

MR (15) ~ K (16) XX (18), HTF I E R
304. 8 mmM(D) X E 1 K, —o,/S, HZkin A
1,

3700

3600

mm

> 3400

Pa

= 3300
M 3200

3100

3000 L L L
0.740 0.750 0.760 0.770 0.780
0,/8,

K1 HETilm A REK N K. —o,/S, Mk

Fig.1 K,—o0,/S, curve based on critical crack lengths

WE 1R, K. = — 8 232, 357 ;—+
9722.423, K, = 9 722. 423 MPa v/mm . m =
0.847, It K,.m 53 (17) .5 (19) KAk 5
CODY IR R AR L. o T 95 E e F R 8RA],
VEHUZE BE My 152, 4 mmC (T) i, HoAh 0 45 51
K2 Fros, AT LLAE the i B O & & K #k far
10. 36 kN, A48 A0 B 10, 48 kN IRFEMIIR 2 N
1.12% , RUIEA R EE XM E T K, 5 m B{E
RREARAE,

OI 1 1 1 1 1 1 1 1 1
0 S5 10 15 20 25 30 35 40 45 50

a/mm

B2 981524 mm C (TIRFERIMG 4R
Fig. 2 Estimated results of C (T) with a

width of 152. 4 mm

2.2 @& (2)

S T RS B v U 7 e 1 A SO i
K, flo, oy 2o K e B RE 10 00 1A R K
aoe L MCTIRKE RG], Gk & A 2 2l

KM Z“%«/n'ao sec(%) (20)
M(T) F,
o T (W —24,)B 2D

#ERBE K —0,/S, e kAW,
M2 K, —o,/S, BhZkAE T 4 5 25 1 1
Tl AR L 7

[ B, 5 304. 8 mmM (T) 432 56 B 5 15 21
K.—o,/S, &, 30 K, 5 m {845 H 4
MT) B CCDIRFE R R RSB, TR Rk
B K. —0,/S, Ml aniE 3 frs,

3040
RN
\~
3000 F S
> 2060 |- =
= Y
<2020 ‘
N .
o
2880 F \~~\
1 1 1 1
0.640  0.645  0.650  0.655  0.660
a,/S,

K3 RETHIRREKERN K. —o0,/S, Mk

Fig.3 K.—0,/S, curve based on initial crack lengths

(o

mE 3 Pin, K. =38 433. 28(1—5—”), K,=

8 433.28 MPav/mm ,m=1, S5& 1 tLL.K, Hm
M K T, ¥ Lk K. —o,/S, 12N
F) MO e CCT) ilre, HAG L5 R an &l 4~ 5
FimR. AT HA M, WG R ECK B (2a0 /W)
9 1/3 1 MO I 13050 238 050 20 T B 4, 8046
UK E H (2a, /W) R 0. 4 B CCTYIRAE AR 5
PIEEITE 5, B 4 FE S5 Al 5 gE R Sk
JEPTE T A SCEE XS B0 W 534 [ R B L b
B AR BB LT L R[] 58 BE SRR ) ) A 0
PG RECK B IEAE R K, om AR R T Y
T SR B AL 45 E W IR B R L



T IH B S B 2 0 ) ) A% 5 B T 183

%21 Al
300
©
250 7
//
//
200 - -
-
Z e
% 1s0f o
59 //
e
100 |- /
50 Kg/
//
1 1 1 1 1 1

0 100 200 300 400 500 600 700
W/mm

B4 MO ARl 45 31

Fig. 4 Estimated results of M(T) specimens

e o WL

1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160
W/mm

B 5 COT) ka3 45 1

Fig.5 Estimated results of C(T) specimens

ME 4~ 5 ] LLAE . % 8 609. 6 mm
MO IRFE AR EIR 22 R 5. 2% . S B 152, 4 mm
CCT) R FE MM iR 220 6. 9%, o 5. 2% A
6.9 0 g AHRT R 25, AH AT I o T, 7 A o U Y R
LR A TREZHEZN ., 457 RV 1
32 FF NS 5007 2 o D0 ok 8 65 g %) e A ik BE IS, T L
N b 220K BE AR B W 2 P A . X R
AT A T XS B4 W7 2 o DU ) g D TR A 0 Ay 45 4 1
i A 54 50K 38 5 A R0 5 T 45 A4 1 ) ks 4 80K B A
RECHT,

J T — 2 B UE DL A S AR SOk BUR
7.6 mm A9 M(T) \CCDIRFE GRBEA R L-
T Jr iy 2324-T39, Hpr MOT) iHE 1Y 58 i 43 5
102 mm, 305 mm, C (T) i ¥t /9 95 B 4> 91
102 mm,152 mm; M (T) & kB i ) 4 2 80K FE 1
¥ 1/3, COD BRI IR R B E 3k 0. 4,
MBI SEA TR MR N 2R 3 TR R 19 3 56 208 B Ak
BEERNGR 4 Fias, Hoh K, om SRR AR MOT) il RE
AR B G B A R A RS s T R T
K EN K. —0,/S, L,

F£ 3 A4 2324-T39 (A EHERE

Table 3 Material properties of 2324-T39
2 HE S8 HE
oy, /MPa 455 K;/(MPa +/mm) 4 845
0./ MPa 504 m 1. 38
E/GPa 71.0

F 4 B R AR AR

Table 4 Test data and estimated data

nwed W/mm  ao/mm  F./kN fEZE/kN i®2%/%
M(T) 102 16. 5 215.1 — —
MCT) 305 59.7 471.5 — —
C(T) 102 41.7 14. 4 13.8 —4.2
(T 152 62.0 29. 8 28.1 —5.7

H T Ky om 2R MOT) 3R 9 30 56 50 3
AR, R 4 A S MDA A B 45 2R .
NFE 4 T LU M« T8 BE R A A B R 22 BT/
i JE TR Al R 2 . R IAT O R R R Y 2
SRR SY R B R T/N G I A R R 18
VIR REOK 2 T BRI iR 22 AR IR Z Y
1E TR ZIEE N

3 EFRKEESG

R T B8 IR A U2 K SR D) A 5 5 24k 4 A
TR A 580 B R BE 0 A1 a1 T X2 0 2 e DU i
BE = ALA AR N 6 Fi s ) B TR0 43 3 BE

A A O
e QI
o VI P

KBl 6 =fLhrfhike
Fig. 6 Three-hole-crack tension specimen
TR BLAT S ABLT o A BE AR A4 1 ) 5 R R
Jr J. C. Newman''"' J¢ P. W. Tan %1715 8] T %K
RERI I )58 8 - 5



184 i zs T RE it %10 %
#8304 AN I8 K
K =0 +/na (i) (22)
w Table 8 Test data of 304 steel
> — _ _ 2
A g(2) =1.879—2. 89x—25. 562° +96. 55 X % Bimm  Wmm  a/mm  FJKN
P —76.56x", M(T) 12.7 127 26. 1 458
ZIKIJ‘iHXEﬁEEE%J 12. 7 mm E:J:L*E’ﬁalit MCT) 12.7 254 50. 1 882
el g s s D 12.7 51 16.5 52.7
FENS B AT B RE 43 B A 2024-T351,7075-T651 D 12.7 51 26.1 25.9
J 304 B, ZFATBIFEARTEYEMER 5 iR, Ty 12.7 51 36. 2 9.56
c(D 12.7 102 31. 1 93.4
F 5  ZALPAR R R B c(D 12.7 102 50. 7 50. 8
Table 5 Material properties of three-hole-crack €D 12.7 102 72.3 17.3
. . c(D 12.7 203 62.0 192
tension specimen
cD 12.7 203 102.0 85. 3
ok oy /MPa 0./ MPa E/GPa C(D 12.7 203 142.6 34.1
2024-T351 315 160 71.4
7075-T651 530 585 71.7 seo0
304 265 630 203 o e MMiAH
il ) 32000 o C(T) kPt
~ ook 2 AL
Jr. J. C. Newman X} #8 B 1) M(T) & C(T) g Ja00 o o
= \O
AT Tl . A 4 i 23 56 %5 B mT 45 21 A4 k) £ 2000} . T\
SN
i K. —a,/S, £k, M(T) K CCT) #y ik 56 % 45 fn = 1600 o
— = 1200 F
% 6~ 8 iR, MUNH K. —o,/S, MW 7~ ol G
AN
lz] 9 FJ]"/j—‘—\‘ ° 400 1 L 1 1 1 1 N
045 050 055 0.60 065 070 0.75 0.80
a,/8,
F 6 2024-T351 I HHE \
7 12.7 mm 2024-T351 K. —0,/S, M4k
Table 6 Test data of 2024-T351
Fig.7 K.—0,/S, of 12. 7 mm 2024-T351
friy =3 B/mm W /mm ao/mm F./KN
M(T) 12.7 127 26. 2 302
M(T) 12.7 254 52.1 574 1600~ o M(DiRH
D 12.7 51 16.1 29. 8 SN ° D ubif
: 0 : : 2 14001 NG — A
ceD 12.7 51 26.5 14.2 £ \Q'\
(D 12.7 51 36. 2 5.22 §1200' ° \\2\
ceD 12.7 102 31.4 54.7 Z ool ) \O\h\
cD 12.7 102 51.6 28.9 v O
(D 12.7 102 71.2 10.1 800 F \
C(D 12.7 203 61.7 100. 3 600 . . . . L
C(D 12.7 203 102. 4 52.1 0.10 0.5 020 025 030 035 040
(T 12.7 203 143.0 18.9 a,/S,
K8 12.7 mm 7075-T651 K, —o,/S., £k
F 7 7075-T651 X I K Fig.8 K.—0,/S, of 12. 7 mm 7075-T651
Table 7 Test data of 7075-T651
W B/mm W/mm  a/mm  F./KN [ < MR
M(D) 12.7 127 26.4 209 ~ 60001 g
g . =
M(T) 12.7 254 19. 1 356 £ 5000 F N o
(T 12.7 51 15.4 16.0 < o
o 0 £ 4000 - N
c(D 12.7 51 25. 6 8. 85 g ~
(T 12.7 51 35.4 3.75 i 3000 - NG
@) 12.7 102 30.6 27.4 2000 AN
c(D 12.7 102 50. 8 15.5 1000 . . . . .
(D 12.7 102 71.0 5.78 04 05 06 07 08 09 10
(D 12.7 203 60. 4 46.3 0,/8,
C(T) 12.7 203 102. 0 24. 1 K9 12.7 mm 304 Z:%ﬁxj K.—s,/S, [mga
ceD 12.7 203 142.0 10.2

Fig. 9 K.—0,/S, of 12.7 mm 304 steel



5 2

BT B T XS BT 2 D) ) ) A% 5 B T 185

L7~ 9w LAl 3 AH R A4 = L 7 ift i
FERY T Ao B, Hidh,2024-T351 ) K, =7 872. 6

MPa+/mm ,m=0.825;7075-T651 i K,=1 922. 6
MPa+/mm ,m=0. 5973304 N K, =10 328
MPa+/mm .m=1. 21,

S5 R 5 U 25 R i X e & 10~ & 12
iR, HrA B=12.7 mm,

750 .

700 o

[ Xe]

650 |

F/KN

600 |-

550

]

500

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
a/W

B 10 2024-T351 i AE B 15 I 45

Fig. 10

750
700

Predicted results of 2024-T351 specimens

[ Je]

oe

56 JEE DR 1 Al 110 002 BT 2 DU o 35 1 T o 7 B
B A5 o XU B by 2 ol DU 2 — ol 2 28 6 <4 i A 1)
T3 18 DT AN B AR AT A BRI A

4 4

(1) A3z JI 0 ff 28 S0 B2 A 245 1 Wy ¢ if
1% SRS R XS B 2EME M £ 4T T g 4k 50 il
iz FH D 2 U R AT A v A 3R T M) e CCT)
R A R 5 B2 o Do U B Al SR 25 A 206 L AT A
MEN TR ZETE 6. 900 JAE ] A o U A i 25 K T
JECHE DN %% 22 AT SR AE TR 45 32 O T FRL I

(2) I I ] A B9 B0 e W AG 30 1 = LA i
BURE AR AR B2 A A R AR Z2TE 50 AN, X
— &5 2 U0 W] U B Wy 8 0 ) R AT 3 B A R
2R R A T

5 % ik
(1] " EpEmrsb. NARERTFMIMI 2 iR dtat. &
2E AL, 1993,

China Aviation Academy. Handbook of stress intensity fac-

650 | .
600
550
500
450 [
400 [ .
350 . . . . . . .

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
a/W

7075-T651 A Y T &5 S

o
.

F/kN

& 11

Fig. 11 Predicted results of 7075-T651 specimens
1300
1200 . o fhEER
L]

1100 .

z

=4

1 1000 |- ®
900 - 8
800 - .

1 1 1 1 1 1 1 1

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
a/W

B 12 304 ASEE AR A 1Y) 100 45

Fig. 12 Predicted results of 304 steel specimens

ME 10~ 12 7] LLF H . 2024-T351, 7075-
T651.304 MM EIREWIE 5 LA . HF=FL
AR R B R 77 5% B PR 200 o A BE A Y R

2]

(3]

[4]

(5]

L6]

(7]

(8]

(9]

(10]

tor[M]. 2nd ed. Beijing: Science Press, 1993. (in Chinese)
Tada H, Paris P C, Irwin G R. The stress analysis of
cracks handbook[ H]. New York: ASME Press, 2000.
Anderson T L. Fracture mechanics: fundamentals and ap-
plications{ M]. New York: CSC Press, 2016.

Newman Jr J C. Fracture analysis of surface and through
cracked sheets and plates[ J]. Engineering Fracture Me-
chanics, 1973, 5(3): 667-689.

Newman Jr J C. Fracture analysis of various cracked config-
uration in sheet and plate materials[R]. ASTM STP,
1976, 605: 104-123.

Neuber H. Theory of stress concentration for shear strained
prismatical bodies with arbitrary non-linear stress-strain law
[J]. Journal of Applied Mechanics, 1961, 28(4) . 544-550.
Newman Jr J C, Newman [[[ J C. Validation of two param-
eter fracture criterion using finite analyses with the critical
CTOA fracture criterion[ J]. Engineering Fracture Mechan-
ics, 2015, 136: 131-141.

Warren ] M, Lacy T, Newman Jr J C. Validation of two
parameter {racture criterion using 3D finite analyses with
the critical CTOA fracture criterion[ J]. Engineering Frac-
ture Mechanics, 2016, 151 130-137.

Mahtabi M J, Sanford A, Shamsaei N, et al. Transferability of
the two parameter fracture criterion for 2219 aluminum alloy
cracked configurations[ J]. Fatigue &. Fracture of Engineering
Materials & Structures, 2016, 39(3): 335-345.

Ravi Chandran K S. Insight on physical meaning of finite
width correction factors in stress intensity factor (K) solu-

tions of fracture mechanics[J]. Engineering Fracture Me-



186 ot 2 TR ok 510 %
chanics, 2017, 186: 339-409. placement cirterion[ R]. NASA TM-84564, 1982.

[11] Dawicke D' S, Newman Jr J C, Starnes Jr ] H, et al. Resid- [15] Tan P W, Rajul$S, Newman Jr ] C. Stress intensity factor
ual strength analysis methodology: Laboratory coupons to calculations using the boundary force method[ R]. NASA
structural components[ C]// Third Joint FAA/DoD/NASA TM-89158, 1987.

Conference on aging aircraft. Albuquerque, NM: 1999.

[12] ASTM E561. Standard test method for K-R curve determi- 1’5%‘f‘éﬁ’jl\ :
nation[S]. ASTM 2010-PA-01, 2010. B OB1992—) B Bk B TR, EEHFI . Gl

[13] Dawicke D S. Fracture testing of 2324-T39 aluminum alloy 2 KT 35 T 2R % 45405 5 PR A BT
[R]. NASA CR-198177, 1996.

[14] Newman Jr J C. Finite element analysis of initiation stable

VETLRLERERLE[E[E{E{E(Cw

crack growth, and instability using a crack tip opening dis-

(E#5E 153 W)

[39]

[40]

[41]

[42]

[43]

REVEVERERE(RERE[ERE[E(RERE(RERE(EREREREQERERE(ERE[REGER[RE(RERE[ERE(RERE QL GE L GE LG

bedded micro-compressor actuator[ CJ]. AIAA-2018-0330,
2018.

XuH Y, Xing SL, Ye Z Y. Numerical study of the S809
airfoil aerodynamic performance using a co-flow jet active
control concept[ J]. Journal of Renewable and Sustainable
Energy, 2015, 7(2). 1-20.

KRB BIBFR, R, 55, N B I] S 00 42 ol 194 1 3 2 ) AR
WES IO L) ). A2, 2014, 35(06) ¢ 1549-1559.
Zhu Min, Yang Xudong, Song Cao, et al. High synergy
method for near space propeller using co-flow jet control[ J].
Acta Aeronautica et Astronautica Sinica, 2014, 35 (6):
1549-1559. (in Chinese)

Zha G, Aspe S, Dussling J J, et al. Co-flow jet aircraft[ P].
USA: 8262031, 2012-9-11.

Noor R M, Assad-Uz-Zaman M, Mashud M. Effect of co-
flow jet over an airfoil: numerical approach[ J]. Contempo-
rary Engineering Sciences, 2014, 7(17) . 845-851.

Zhang J, Xu K, Yang Y, et al. Aircraft control surfaces u-

(E#E 170 W)

[11]

[12]

[13]

LI, bR e ARBRAR, 2017, 38(5): 111-115.
Li Jiwei, Wang Qiu, Zhao Wei.

namic heating characteristics of hypersonic flat pate/cylinder

Investigation on aerody-

juncture flow[]]. Journal of North University of China: Natu-
ral Science Edition, 2017, 38(5): 111-115. (in Chinese)
AEHAEN, 25 KRR, E A B N R T e v O
[J0. FEMisedi, 2007, 28(6) . 1472-1477.

Li Yanli, Li Suxun. Investigation of interactive hypersonic
laminar flow over blunt fin[J]. Journal of Astronautics,
2007, 28(6): 1472-1477. (in Chinese)

REH, RTF4, 2, & MR RE#IM]L deat.
FE R 2 R 2 RRAT L 1998,

Zhu Zigiang, Wu Ziniu, Li Jin, et al. Applied computational
fluid mechanics [ M]. Beijing: Beihang University Press.
1998. (in Chinese)

Van Leer B. Towards the ultimate conservative difference
scheme V. A second order sequel to godunov’s method[ ]].

Journal of Computational Physics, 1979(32): 101-136.

(445 . BRiE)

sing co-flow jet active flow control airfoil C]//2018 Applied
Aerodynamics Conference, 2018: 3067.

fEE R

AR (1994 —), B, W E W5 E, FEEF R Iy m. CAT &
it

REBBATI B W m ., FER M. TR
WV P B AT SRR T SO kAT R R T

HA#RZER (1994 —), B EWFE, EEIF 5 Iy m. ©AIT 8

Wit
W HQ994—) BB LB, EEMR M. AT
it

EBER 995 ), BB LB AE, EEMR M. LT
Wit

(455 . B R1GE)

NN

[14] Anderson W K, Thomas J L, van Leer B. A comparison of
finite volume flux vector splitting for the Euler equations
[J]. AIAA Journal, 1986,24(9): 1453-1460.

[15] Yoon S, LU-SGS implicit algorithm for three dimensional
incompressible Navier-Stokes equations with source term

[C1// The 9th AIAA CFD Conference,1989.

EE® T

BRI (1993 ), B B LIPS A, EEBF R T A
1%
BEREMEA966—) L M B, EEBF T m AL,
EFCA9T1—) B B4, S TR, EZEWS 5 CFD
o A% AR

B EA91 ) B B A BRI R A

PIE R

(%% B EHiE)





