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Introduction

At moderate fatiyue stress levels variables such as vield
strenath, grain size, metallurgical structure, and load ratio are
observed to have onlv small effects on the erowth characteristics of
4 given material (1). However, at lower stresses these variables can
have significant effects. This is illustrated in this paner by
considering results ohtained from tests on two titaniun allovs havinge
widelv differing structures and properties,
Lxperimental

The two titanium allovs studied were supplied by T.M.I. Ltd.,

dnd deesignated Ti 115 and Ti 3ls

Ti 115 is commerciallv pure sinesle

phase a-titanium, and Ti 318 is an a+- allov., Details of the different

conditions in which the alloys were tested are shown in Table 1.

Pin loaded single edpe-notch specimens, having dimensions conforming
to the requirements of the K calibration in Ref. (2), were used.
Fatigue tests were performed using an Amsler Vibrophore, in room
temperature laboratorv air, at frequencies in the range 100-150 Hz.
Fatigue crack lengths were monitored continuously bv the potential
drop method. Tension-tension loading, with R ratios (Lmin/Lmax)
ranging from 0.07 to .7, was used.

Pesults and Discussion

Ficure 1 shows the faticue crack crowth data obtained from two
i 313 specimens ana a Ti 115 specimen, all tested at R = 0,33, In

Fifure 2 the effects of ratio on the growth
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characteristics of Ti 115 are presented. «hilst the da2ta in

similar overall gzrowth tendencies for Ti 312 and Ti 115 there

are distinct and reproducible variations with structure and levels.
Ffable 1
Allov | Principal Faat Structure iean linear n.2%
alloving treatment intercept Proof
elements grain size strenrth
nm !
N 2
Ti 115} 0.10 wt.% |Annealed 3 Jsincle phase ~« 0.0u 260
oxygen hours 323K,
furnace cool
fAnnealed 24 |cingle phase a Q.25 220
hours 1123K,
furnace cool
Ti 318 6 wt.% Annealed @ + 25 vol.% A 0.0034 335
Aluminium Jhour 1203¥, [transformed @ F 0.0022
4 wt.% air cool
Vanacium - - =
Annealed 3 a + 50 vol.% a 90,0035 350
hour 1203il, tempered tempered
water quencnd martensite martensite
Ared 8 hours regrions
T13Ks 2.C021
- ) . =3/2 :
Zelow a AK of ~ 10 M m the Ti 312 a + tempered martensite

structure exhitits a hirher rrowth rate than the 1 + transformed © by

T_‘—,}/L'

a factor of up to four. In the same AX recion (4 - 10 Mo ) Aall
the fatifue fracture surfaces disnlzved deviations from the nacro-

zconic crack nlane on the scale of the microstructure., VFicure ?a

ar regions of the order of tha

shows an example of relativelwy

~rain size occurrins over wuch of the

specimen, for a A or ~ k.4 MIm TT T, Leen rencrted

previously (3,4), and termea jrain orientatlon cortrol (5300) srowta.

in tne Ti 318 1 +

ornen  striuctiure

¢ + tempered martensite structure., At Al levals greater than ~ 10

w02

tha fracture surfaces (Fifure 3b, d) exhinited a rore

V=343

.nornhous appearaance with the disanpearance of the planar rerions

hown in ja, c. The fractographic evidence of Figure 3

iniicates a marked influence of structure on fatigue crack paths at
these low orowth rates. It has heen sugpgested (3,4) that GOC occurs
when the scale of the plasticitv at the crack tip is of the order of,
or less than, the grain size. In the Ti 318 a +-transformed 8
tructure the transition from GOC to a more amorphous structure was
fiirly clearly defined and occurred when the reversed plastic zone

o 2 2 i
sizes B r = AL /l?nav (5) | became abproximately equal to the mean

»lr
n—3/2,

linear intercert a pgrain size. (AK = 8.5 to 10 "I v = 0.0027

to .0038 mm). The transition was more cradual in the Ti 115, however

for AL = 10 N m_“2 +he estimated value of rD was 0.039 mm, close to

n size of the Ti 115.

e

the rra

A possible explanation for the hirher growth rate of the marten-
.ite containing Ti 312 specimens in the region where GOC was observed
to “e stroneest in the a + transformed ! structure, can he based on
the Followins chaervations. Firstly, that the crack path was nrefer-
~ntielly containad in the martensite phase, and secondly that the
reversad plastic zone size was alwavs verv much larser than the
structural elements of the tempered martensite. Above v 10 M m—3/2
the reverse plastic zone size exceeded the size of the a grains and
tenbered martensite regions. ‘lere the rrowth rates in hoth Ti 318
Structures were almost identical.

‘he results in Firure 2 show marked effects of grair size and

ratio on srowth rates in a situation where the reverse nlastic zone
. i . o . =3/2
:ize was smaller than the crain size for 4il's of less than “10MKk m

for curves 1 and 2, and alwavs smaller for the coarse rrained speci-

mens, curve 3. The unde of crack rrowth in these specinens was

V-343



!4.
typified by Figure 3a, and involved both the formation of the relat-
ively planar regions, and their interconnection, These results suog-
est that the planar regions are orimarily influenced by AK, whilst

their interconnection is more likely to be controlled by v These

MAX®
conclusions are indicated by the lower frowth rates that result in
coarse grained material, or low R ratio tests, interconnection being
made more difficult by larger grains or lower values of KVAX'

In the light of these observations crack srowth at low Stresses
cannot be solely interpreted in terms of AK. Microstructural infly-
ences are appreciable, and the present evidence suggests that inter-
actions between crack tip plasticity and the microstructure are
important factors. Ip particular the scale of crack tip plasticity
with respect to Structural element size is g sienificant variable
influencing propagation behaviouyr,
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