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Morphologies at fatigue crack tip of
Ti-6Al-4V electron beam welding joints
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Abstract: Ti-6Al-4V sheet alloy specimens were precracked in different regions of electron beam welded joints.
Transmission electron microscopy (TEM) observations were carried out at fatigue crack tip of base metal and welded
joint. The microstructure observations reveal that the experiencing fatigue crack growth, the dislocations which emit from
o/p interfaces reach so densely that they incline to become a source of the fatigue cracks, from which the dislocations are
diverged radioactively under the cyclic stress. Dislocations accumulate seriously among the fine phases which lay
between two martensite lathes, indicating that these small fatigue phases tend to become the source of fatigue crack. In
addition, the narrower the width of martensite lathes is, the more easily the dislocations accumulate to become the fatigue
source. The plastic zone is also observed at the fatigue crack tip. By comparing the TEM images of different regions, the
corresponding evidence that welded joints are more liable to become the source fatigue cracks is found.

Key words: Ti-6A1-4V alloy; electron beam welding (EBW); fatigue; crack tip; micromorphologies

ONER A E L S Sy s S K I BHRE T Z N E Ti-6A1-4V & &N,
s AT EE LRI RSB 2 g kbl —, PRI — M AT DT B, T R (electron
KA 4 N KPR Ay i R LE RS RS beam welding, EBW)7E Ti-6Al-4V & 4E 8 N T
HEZ M Ti-6AL4V &4t — PRI o p RIEK £ 42, 2o MM HHT Ti-6A1-4V ERE 4 FL7 AR R 32 2 1] 35
FEERFE & U2 TG B (6%) RV (4%) » HAT LUBRE J& TR R P R I K R AR AR S AR,
MRS ZEETEREIL RS AL, NS WURG MM GRS 2 e R AR, & 4t

EEUIE: EFMARZEARIIN L IR B H (2010GB109000); - RHE KA RHR 15 B BA [H 5 8 5 5280 % A F IR 109-10)
ks HER: 2010-04-15; f&iTHHER: 2010-11-28
WA WM, P HiE: 027-87540057; E-mail: hushubing@163.com



215 1

FEJue, 5. WU IR Ti-6AL-4V Ak I DT R I B & 103

FY AT NP KIS R A A 57
P RAT AT T AN, HALLP k5t &
W 98 57 IR % 55 A i) A R, 9 57 B A R A
RIEIE IR, BB AMRIEREE N, i
LG . XEEA P AEAE R SEAT B AR AR Ik
I EINACTORTE ST E ATV IR ) R P MR ) SN ==
A RE ) — MR T — AR, HAER TN AR
FAN TP S S 4. BANTOUNAS 2501kt
RILT 50~70 pm JUE R4 X 4K

FHTRER 57 e e A T2, el
Wi IE 5 7 ) AT S M 248 U7 ). GERMAIN 25171
X o/ ARFHHIIE TR A, 56T o 405 JE I B AH AT
i) 5< RAEAZTERT G P o/ ST (4 U C AR T 1 f FF—
. BOCHER F1 KAMAT®WFFE KRB, S6HT a/f A IH
HRAERRS alf A A5 V032 5 S S50 1 119 A Bk
i E AR . [N, 97 LU R A AE— & X
BRI EEPEAR TEIX, BB X RS 9 57 R I AT —
SEFEERI %M . TAKAHASHI 25050 B, R —
WY R R BRI — IR AL, 15/ NGB, ML
K R SR X R SF M I, 80 g e A gl
IbAh, GRuG A ZAEE PRtg ! R RL R (1 Y T
RAERE RS mMALY B, HARDT 25 A KR
2 DX IR B AR IR ARV N ) SRR, Wi s
AWy . BRBHTERY]: M. SR
ALt PRV X SR DR 20 98 95 ALy e BT LY
Wi o AHR I 55 S4B 0 S OB A F AR . AR
SAEE N BIMIES AT, HIEX Ti-6Al-4V BEF 5
TR L MR GRS BT L AT, R0 8
T ORI 57 2480 eI, SR ST RO S5 40 S
RGP TRt Z R R, RN B 20 7
HOREE Ti-6AL-4V A G0 9747 R 15 M S AL R Al o

1.1 EI#

RGeS R Ti-6A1-4V AL, T4k
SR 1 Ao R WL R, SR HARE RS 200
mmX 180 mmX20 mm, JFEETEE T4, A7k
Hial, SR T ESHANE 2 Fidl. S8 G AR R N
650 'C, fRifl 4 ho HLF AR IR AR H AL mt i 2= i
TR ZD150—15A A1 ZD150-30A B i
JE LT AL

F1 Ti-6Al-4V BRI By
Table 1 Chemical composition of Ti-6Al-4V alloy (mass

fraction, %)

Al v Fe C
6.06 3.92 0.3 0.013
N H o Ti
0.014 0.001 4 0.15 Bal.

*2 Ti-6Al-4V IR T ZESH
Table 2 Welding parameters of Ti-6Al-4V alloy

Welding parameter Value
Accelerating voltage /kV 150
Focusing current /mA 342
Welding speed/(mm-min") 200
Electron beam current/mA 29

Line energy/(J-mm ") 1305
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Fig.l Shape and size of fatigue specimen of Ti-6Al-4V
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Fig.2 Schematic illustration of sampling and precrack position
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Fig.3 Sampling location and labeling of foil for TEM test in

base metal (a) and welded joint (b)
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Fig.4 Morphologies of Ti-6Al1-4V alloy in welded joint ((a), (b), (c)), base metal (d), upper part of welding seam (e), middle part of

welding seam (f) and lower part of welding seam (g) in welded joint
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Fig.5 Morphologies of a, § phases (a), (b) and dislocations ((c)—(f)) at crack tip of Ti-6A1-4V alloy in base metal
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B 6 BIMRIOGSBIARIEIEA . BAHNAIETEA . M T AL A T I w2 BEAL A TS
Fig.6 Morphologies of plastic deformation(a), dislocation in f phase(b), dislocation in phase boundary(c), and high density
dislocation ((d)—(f)) at crack tip in base metal
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Fig.7 Morphologies of phase ((a),(b)) and plastic deformation ((c)—(f)) at crack tip edge in welded joint
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Fig.9 Morphologies of irregular martensite (a), fine phases among martensite lathes (b), juncture of martensite lathes (c), plastic

deformation in narrow martensite lathes (d) and dislocations in martensite lathes ((e),(f)) at crack tip in welded joint
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Fig.10 Morphologies of dislocation at crack tip in welded joint: (a) Divergent motion; (b) Accumulation; (c) Motion form

accumulated point to outward

W R ZIEC . tHEE 9 WA, JRAEIX A7 LE X ik
FEATE R 1) T FCARBR 5% 5 A7 AE—LEZE IR 1K) o AH
Kl 9(a)PT 7 R B AL A5 IR S AR o AHTEZS .
ESGA T b, A BB IEAS, 1SR4
B FE LUAH N IO A 88 B s e — e XS R B 4]
(LI 9@ 4 [X). & 9b)FTn N 54 a AEZS, 1E
AP AL 2 S AT, CEAHT A A (LI 9(b)
H B IX), AIRAHZ A A KRR . B 9() iR kL
AT B AR I E5 A 4k, 25 b A R B AL R
HUTEALE 9()h C X)), FI]H KA HRAT FAb T
WS B OB Al i IR Z TR o AH
A&, AE—LRIHLE o)+ D [X), ZAEHN S
F, 2 e A () R R A T I AR T . X R,
TERAGUIN A, BRAH /N 1) 2L 8 AT g R OA 9% 55 ek Fi v
g9, X B GG EE AN I AER T, 4
FRAIBYEAS T, SEE R R Ak, A b
G R AR 1 AR P A7 8 % B v TR R
() FAR R IR A7 2% FE (L T 9(e) F(f)). SHADEMAN
FUTRIL, Ti-6A1-4V B MMALHRIR, gl e
) BTF o TR M X /NS, JINKEUN 2614
Ky, FEN 5B B FAK B/, s 440 e
HOR B E R F 0 a A5, BRAK TETE DN,
Yy AR, ZU0 FRE LR BRAN o
B4 78 IR TR — 4 b 5, AR AR RS 25 5 i
Ao TEFEIR NI IIVERT S, A& 4 1R i AR,
B RGPIRISEH(LIE 10). WL 2 5 2850 1)
TEM GIEAT XS LU IR, 407N IRIBR 4% 045 2 R e ik
PR A TR O Y SWE 33 €A T AR VA= R SunpNG R <3
SUAGIINAE R B, HARGEm N 5T, WAL
PR T . MRS e R (RO PR
SO Th ARG A SO AR, AR A S A 9 57

MU

24 B 5RERXRY R BMIS LR
W7 ZELAE N g 9 B TN B AK BN 3 e 22
555 H WA O AR RS G0y e X BT HLAIA
K AE/NREREM B, REUZ BT AL 2 (1 R0
AR £ 224l NEE /AR LB U R BT GANE S3 AW/
TR RIS o BEFF XL i /s A8 2] 1K) 55
Sl i AR DX S A AL R (KA i SRR S E A
2N S S R S L RO MRS TR RE D, RERE MR A
S BAILG), MHEAE eI,
PRI R A AT s AR BRI R R R 0 i K+
SERLS IR RS R, PRI, AR AL . N TEM
BT LURBL, AEREM IS o A, AARIZ BN BN
Js TTAE AR X B A A (8 42 10 5 82 K 2 SR T

o

7E Ti-6A1-4V &4, hep B4 o ML bee U B
AHEPERE K. Bk, W ESEAE g AR, AR
ol FEGHIE o M ERSE, WIRAZRKR, W
KPEAR K, X0 5 22 1Y 0 2L 80 v {7 5 16 2R AR
FEUOL Rk, AR /B 3T Hh AR AR T S i A5
2. LB KR I BER 2 LA (L 4(d)), M
— B ERR T RGO AR TR AT REE s R AR
G B RARASP HATK a/p IR %, HARggd
ORI T EA T3 350, A IR S% Ot i b R4 4L
Y A T

3 g

1) P57 A TG ST TR 295508



20 1

FEens, & T HURER Ti-6A1-4V & Gk o7 REISmMIX B 109

Je, AL KGN, o/ AS A A o L
Sy AR AL IR s A8 A IR 0T B A DT
RrA S IBORAR I DY iz ).

2) FREEIX h FARMR % 2 1) (1 404 AT B Bk 9% 55
REOERL IR, FFEED B 0 5 AR 2y BN
W5 L0 IR IX o

3) W ITREURIATAL € ROT R E X,
SR i AR B2 [ N 9 0 AR LG B E030 5  B2 1 I ) AN
AR

4) HEIMALALE, R HLSAS), R0
PECHRORTIIN, PUR TR RERE IR

REFERENCES

(1] BRSEH, w6, SRR, W AR IR BOR M Sk U v
SE[J]. #54%, 2001, 11: 21-24.

CHEN Fu-rong, HUO Li-xing, ZHANG Yu-feng. Electron beam
welding and its joint quality assessment[J]. Welding and Joining,
2001, 11: 21-24.

[2] HALL J A. Fatigue crack initiation in alpha-beta titanium
alloys[J]. 1997, 19(1):
S23-S37.

[3]1 GERMAIN L, GEY N, HUMBERT M, BOCHER P, JAHAZI M.

International Journal of Fatigue,

Analysis of sharp microtexture heterogeneities in a bimodal IMI
834 billet[J]. Acta Materialia, 2005, 53(13): 3535-3543.

[4] LEBIAVANT K, POMMIERAND S, PRIOUL C. Local texture
and fatigue crack initiation in a Ti-6Al-4V titanium alloy[J].
Fatigue and Fracture of Engineering Materials and Structures,
2002, 25(6): 527-545.

[5] BANTOUNAS I, LINDLEY T C, RUGG D, DYE D. Effect of

microtexture on fatigue cracking in Ti-6Al-4V[J]. Acta
Materialia, 2007, 55(16): 5655—5665.
[6]  HEEa, XS, WKW, XPHET, 4 Bi. TCAELL & &% 57

BRI X RG], b E A SR AR,
2009, 19(10): 1789—-1794.
MA Ying-jie, LIU Jian-rong, LEI Jia-feng, LIU Yu-yin, YANG
Rui. Influence of fatigue crack tip plastic zone on crack
propagation behavior in TC4ELI alloy[J]. The Chinese Journal
of Nonferrous Metals, 2009, 19(10): 1789-1794.

[71 GERMAIN L, GEY N, HUMBERT M, VO P, JAHAZI M,
BOCHER P. Texture heterogeneities induced by subtransus

processing of near a titanium alloys[J]. Acta Materialia, 2008,

(8]

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

56(16): 4298—4308.

BOCHER P, KAMAT S V. Dynamic fracture toughness of a near
alpha titanium alloy Timetal 834[J]. Journal of Alloys and
Compounds, 2010, 491(1/2 ): 237-241.

TAKAHASHI Y, TANAKA M, HIGASHIDA K, YAMAGUCHI
K, NOGUCHI H. An intrinsic effect of hydrogen on cyclic slip
deformation around a {110} fatigue crack in Fe-3.2wt.%Si
alloy[J]. Acta Materialia, 2010, 58(6): 1972—1981.
KORSUNSKY A M, SONG X, BELNOUE 1J, JUN T,
HOFMANN F, DE MATOS P F P, NOWELL D, DINI D,
APRICIO-BLANCO O, WALSH M J. Crack tip deformation
fields and fatigue crack growth in Ti-6Al-4V[J].
International Journal of Fatigue, 2009, 31(11/12): 1771-1779.
ZEbyl, MRAER, WOCH, T, BRI, MOW 4L
TA1SELI BR& B0 A RTERERI L[] i A5 (i 27,
2007, 17(7): 1119-1123.

LI Shi-kai, HUI Song-xiao, YE Wen-jun, YU Yang, XIONG

rates

Bai-qing. Effects of microstructure on damage tolerance
properties of TA15ELI titanium alloy[J]. The Chinese Journal of
Nonferrous Metals, 2007, 17(7): 1119—1123.

BOCHER P, KUMAR V. Effect of temperature and hold time on
internal hardening behavior of a near « titanium alloy under
cyclic deformation[J]. Materials and Design, 2010, 31(6):
2716-2724.

HARDT S, MAIER H J, CHRIST H J. High-temperature fatigue
damage mechanisms in near « titanium alloy IMI834[J].
International Journal of Fatigue, 1999, 21(8): 779-789.
JINKEUN O, KIM N J, LEE S H, LEE E W. Correlation of
fatigue properties and microstructure in investment cast
Ti-6Al-4V welds[J]. Materials Science and Engineering A, 2003,
340(1/2): 232-242.

CASTANY P, PETTINARI-STURMEL F, CRESTOU J, DOUIN
J, COUJOU A. Experimental study of dislocation mobility in a
Ti-6Al-4V alloy[J]. Acta Materialia, 2007, 55(18): 6284—6291.
ZUO J H, WANG Z G, HAN E H. Effect of microstructure on
ultra-high cycle fatigue behavior of Ti-6Al-4V[J]. Materials
Science and Engineering A, 2008, 473(1/2): 147-152.
SHADEMAN 8, SINHA V, SOBOJEJO A B O, SOBOJEJO W
O. An investigation of the effects of microstructure and stress
ratio on fatigue crack growth in Ti-6Al-4V with colony o/f
microstructures[J]. Mechanics of Materials, 2004, 36(1/2):
161-175.

(%38 PRILF)



