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The Effect of Temperature, Frequency and Microstructure
on Fatigue Crack Propagation in Ti-6A1-4V Alloy
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ABSTRACT

The effect of temperature, frequency and microstructure on fatigue crack propagation property
of Ti-6Al-4V alloy has been investigated. Teh temperatures employed were room temperature,
200°C and 4007T. The frequencies were 20Hz and 8Hz. The microstructures tested were equiaxed
and bimodal microstructures. Mechanical properties and fatigue crack growth rates were mea-
sured in different test conditions. From the experimental results, following conclusions were ob-
tained.” Bimodal microstructure showed superior fatigue crack growth resistance to equiaxed mi-
crostructure.” Under all test conditions, fatigue crack growth rate increased with test tempera-
ture.? Wine the frequency decreasing from 20Hz to 8Hz, fatigue crack growth rate increased.

F27]%& 8] : Fatigue Crack Propagation(¥ 2¥4g 1), Electric Potential Drop Method (2 $1:2}
¥, Ti-alloys(E]els #+%), Bi-modal Microstructure( &322 )

1. M4 B w5 Eeby TE-e 500°Ce Lo o] 27171A

A A8Sel ¥ste 2 HBEE KA

HEbE BFE 71T A5G A0 v
oM MBE(RE/AE)7} 953 27 o
gol 24 7Hgel DAY= BT AFR
A LA 0H AVE FIgo} 01 gk

* 339, T4 TAAEWS AT}
* Ay F3Y TEATL
A, Aaadea 71ALA S
R I ATE LeA gl

o] TeolN AFHE AxG FaA) 2 AL
o] Fhsanl, Aed A MR (N2RE/
UE) 94 ] WEG B Fol
AUE A5 BE ARz S8 A v
¥ BEe LLAME HEREs 92RO,
55~0.654 £ #A3p7) g 71& BN E
9) 0.35~050 Axol vlaho] Y58 E1, Wt
A REA Wl ZAol aFEE ANRE
A 2= fersiet e



Ti6AI-4V B39 DEATe e £, 25s ¥ uize o 199

E3], Ti—6AI—4V #FF& WA, £84,
ILEA S8 LT ZF3 Yo, MzTe 1
B AFE Aoz FdE, dB YHY,
Ade 2= T AMSEHIL lon 71Ee 7
uls] oF 30% AXY AFs mHAT} o] Ay
A7 9 22 P Fhel AR} Y& Ao
o @t

Aadsel vl gE DM E A 55y
919 viE-Ro] HZo) 23 Ao, Hd-2olA
JolAl AFH go g LA FEHs B
£o| S &} gk G2 o8l AA o
t}. ole) B dAFoAe Ti-6Al-4V FF& ¢
3l ApEat A WHel AA FELEE X
Fohe A2 ~400TC L% BWHAAAM, VM =3,
or 323 o] WEly H2dd AR5
ol MR dEe ARFR o7 ARRFLAL Bt

2. MEu

B Ao AMgg Ase W=y Hebw ¥
A z3 A1) TIMETAel A #2Hgl, annealed®
Ti-6Al-4V @golsl, 1 384 %2 Table 1
3z} fA8E vAzFY gEEe] F5A
(Bqui-axed) a2 ol9lom 2 dA7dMe oA
& x4 1oz REY. viM =49 WeE 47
Aot S 22 & olfe) #o] MR TE
Lxd NG & F AL B g5t vl
iAol E 23)-& FEigit). o ¥ Az 71
HA3L Ax wgy 23 19 I-& 474

—054°C (BR)—= 1704 C(2A17H)
2 Iqa%‘tg—*ﬂln
= —975°C (5% )—53500°C(2217})

—~3g—2A 1

24 I& 942 dde a3 FAL 37|

BE FY AR AA o] EHI JlE FAoInY,

24 M9 4A7 #A4Le 23 19 o F33
AH B2 1A T7] HF o)fE Aga.

7 zAo) f& A= FHATEL o] -§31%
i, 24 I, I9 553 9 HHELE Hile
LECO 2001 Image AnalyzerZ AMZ3ld 2t
229 713 dEHY RAA 53 FAHe A O
Bagroew g

1AAIM L KS B0801¢l Z3le] 33 A|Ho
#, YRAHL ASTM E647-93%¢) 2]3ld
CTAR e A AT 2 X+ 2 J4e 4
2+ Fig.l, Fig.2s} Zon A 715 o|Ad|
2E 94X & A

AYel ARGE AAAP71= INSTRON 4206
olrf, Wy Aw 107/Sx ettt

- vaAdYe uiAzEy I, I, Me AR

#6254 012
RS

Fig.1 Geometry of tension specimen;Dimen-

SiIONS in mm

-
&

Table 1
alloy

Chemical composition of Ti-BAl-4V

( #unit : ppm)

Element
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wt. %
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Fig.2 Geometry of compact tension speci-
men; Dimensions in mm
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Table 2 Fatigue test conditions

Microstructure | Specimen Temp:arature Frequency
() (Hz)

A AL 20

I B 200 20

C 400 20

D AL 20

E 200 20

I F 400 20
G e

H 200 8

I 400 8

J AL 20

. K 200 20

I L 400 20

M EIR:3 8
N 200

0 400 8

Current, Input
l,/ |

e Me%sqrament
& oints
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_\—Current, Output "/W

Fig.3 CT Geometry and electric potential
wire placement locations
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Fig.4 Optical micrograph of microstructure
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Table 3 Mechanical properties of Ti-6Al-4V alloy at various temperatures

Mech. o,s(MPa) U.T.5.(MPa) Elongation( %)
Prop. Microstructure Microstructure Microstructure
Temp.(C) I I m I I m I I I
A8 824.6 ( 972.7 |1,063.0| 904.5 |1,022.0{1,187.0| 20.2 19.0 144
200 627.8 | 693.8 862.3 | 736.0 818.011,031.0( 194 17.6 14.8
400 478.2 | 584.5 740.9 | 6124 925,61 9255 | 20.5 18.9 19.3
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fatigue crack propagation path
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