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INFLUENCE OF NOTCH RADIUS ON FATIGUE CRACK
PROPAGATION IN BEAM SPECIMENS OF 2017A-T4 ALLOY
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The paper presents experimental tests resultseofatigue crack growth in 2017A-T4
aluminium alloy under bending in specimens withtaegular cross-section. The speci-
mens were weakened by sharp and blunt one-sidetieso(for notch rogpb = 0.2; 5; 10
and 22.5 mm). The tests were performed on theuatigst stand MZGS-100 in the low
and high cycle fatigue regime, by imposing a camstalue of the nominal load rat®=

= —1; 0 and a moment amplitudié, = 15.84 Nih. The results of the fatigue tests were
then analysed in terms of the paraméti€rincluding influence of the notch.
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The fatigue crack growth rate is directly relatedekisting stress concentrators in
the elements studied [1, 2]. Fatigue crack intiatiisually occurs at the notch root. In
many cases the shape of the notch influences tigridalife and fatigue crack growth
rate [3, 4]. The paper [5] presents a model fordigcription of the fatigue crack growth
rate including the notch shape and crack lengtifiénspecimen. The proposed model
describes correctly the fatigue crack growth ratethe specimens and in the actual
machine parts of various shapes and sizes. The payealed that the model applied
enables also the determination of a critical clacigth. The authors of the paper [6]
proved the influence of the notch and stress ratidhe fatigue life in the scope of
crack initiation and propagation for the 7075-T@rmalhium alloy. Two parameters
were proposed to specify the maximum local strgsmans of which fatigue crack
initiation and propagation in the element studiedh be determined. In paper [7] a
solution of the plane problem of the theory of @ty for a plane with a semiinfinite
rounded V-shaped notch under antisymmetric loadiag obtained. On this basis the
relations between the stress intensity factoratwértex of a sharp V-shaped notch, the
maximal stresses on the boundary contour or styegent at the vertex of the corres-
ponding rounded V-shaped notch, and its roundifigaafius were determined.

The main aim of this paper is characterisatioratifjtie crack growth rates in terms
of the parameteK taking into account the shape of the notch, bpgigixperimental
data from specimens with rectangular cross-section.

Material, properties and test stand.The tested material was aluminum alloy
2017A-T4 (Polish standard PN-EN 573-3: 2010), whielongs to non-weldable, ave-
ragely workable and cyclically hardening group dtemials. This kind of material is
widely used in aircraft and aerospace structurestadgular cross-section specimens
of size &10 mm were used in fatigue tests (Fig. 1). The isperts were made of a
drawn bar 16 mm in diameter. The specimens hadimral, unilateral notch, which
wasa, = 2 mm deep and its radii ranging from 0.2 to 28rs (Fig. 1). The notches in
specimens were cut with a cutter and their surfa@re polished with finer and finer
emery papers.
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The theoretical stress concentra- A’i

tion factor in the specimen was estima- 60° Ra0.16 AA

ted with use of the model presented in '

[8], under bendin&; = 3.76 (forp = K =
=0.2mm),K =124 (forp=5mm), v | ‘fpzo'z | * il E
Ki = 1.11 (forp = 10 mm) andK; = 90

= 1.04 (forp = 22.5 mm). Chemical A ST01
composition of the tested 2017A-T4 '
alloy is the following (Wt.%): 4.15 Cu; Fig. 1. Test specimen dimensions in mm.

0.65 Mn; 0.50 Zn; 0.69 Mg; 0.70 Fe;

0.10 Cr; 0.45 Si; 0.20 Ti; bal. Al. The monotoninagi-static tension properties of
2017A-T4 are the following: yield stresg = 382 MPa, ultimate stresg = 480 MPa,
Young's modulusE = 72 GPa, Poisson’s ratio = 0.32. Alloys of aluminium with
copper and magnesium, that is duralumin, belorthdaalloys characterised by supre-
me strength properties. Elements of such shapeisad, among others, in cars (by
Renault Co.), trucks and tanks (attaching spriaggprsion bars, and as indirect beams
used in drilling for oil and natural gas [9]. FiguR shows a microstructure of the
aluminium alloy.

The microstructure heavily dominated _
by elongated grains of the solid solution 0,
of various sizes, and a width of about 50 oL 1' i 1
pum. Between large elongated grains is e“ i £5AY
cluster of very small equiaxed phase | &« SR -
grains in the system band also visible. On¢ =~ . % &t g
background of solid solution, there are [* o p s
many precipitations of intermetallic | = &« :
phases, particularly ACu, as well as [ . °
Mg.Si, AICuMg. Precipitation phase i i ;
Al.Cu occurs mainly in the chain system at _ = U
the grain boundaries of the solid solution, Fig. 2. Microstructure of 2017A-T4 alloy.
and their size does not exceed 5 mm. The
test results of fatigue crack growth under benaiege obtained at Opole University of
Technology in Department of Mechanics and Machinesign. The tests were
performed on the fatigue test stand MZGS-100 [1Q ehabling to carry out cyclically
variable (bending, torsion and proportional bendivith torsion) and static (mean)
loading. The tests were performed under contrdttading and at load frequency 28.4
Hz.

Unilaterally restrained specimens were subjectecltlic bending with constant
amplitude of momenitl, = 15.84 Nim (which corresponded to the nominal amplitude of
normal stres®, = 185.63 MPa before the crack initiation) and sstreatioR = —1; 0.
Crack growth was observed on the specimen surfatte the optical method. The
fatigue crack increments were measured with a aligiticrometer located in the
portable microscope (telescope) with 25-fold maggtifon and accuracy 0.01 mm. At
the same time, a number of loading cydesas recorded.

The analytical models.Concept of the AK-criterion. Stress intensity factor (SIF)
rangeAK;, which could be written for bending as:

AK; = VA0, [m(a+ &), (1)

whereAo, — range of nominal stresses for bending (is evatlan the gross area):-
crack length;Y; — correction factor dependent on specimen geonagtdyloading type
(other symbols in Fig. 3).
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The correction factor for bending is calculatedvfrequation [12]
Y, =5/y/20- 13(@+ a ) /h)- 7((@+ @)/ , @)

whereh — height of the specimen.
The authors propose to introduce a correction fadtggr, which takes into
account the impact of the notch shape in equatipn (

Yorr =\/g ; (3

0.14/p h- %)
Jadp+2.53)
In order to include the influence of crack lengthtbe gross area ratio as well as
on the non-uniform stress distribution due to tioéches (Fig. 3), the stress intensity
factor range was evaluated according to the foligvéxpression:

AKy =Y YorrAG T &t &) . (4)
Results from Eg. (4) are plotted in Fig. 4. Theeeffof the non-uniform stress

distribution due to different notch root radii ¥gr is evident there. In this cape, «
andYoer — 1.

where3 =

Yorg (5)
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Fig. 3. Fig. 4.
Fig. 3. Description of the symbols used &tf, (Eq. (4)).

Fig. 4. Correction factor for different values bé&tnotch root radius:
1-0.2mm2-5;3-10;4-22.5mmb—p- co.

Test results and their analysisThe fatigue crack growth tests under bending in
2017A-T4 aluminium alloy were performed under cold loading. During tests, a
number of cycles to the crack initiatidh (i.e. to the moment of occurrence of a visible
crack) were determined, and the fatigue crack lehgtere measured [13]. From Fig. 5
it appears that after changing the notch radius pdoom 0.2 to 22.5 mm, fatigue life
of the tested specimen increases. It is evidentwith the highest radii, the initiation
phase, which depends on the stress conditiong atdtch tip, prevails. It follows from
the graphs in Fig.&that for the stress ratie = —1, changed of the notch root radius
from p = 0.2 mm top = 22.5 mm causes an increase in the fatigue fifine tested
specimens by over 79 times, and Fig.pbesents an increase of the fatigue life by over
13 times forR = 0 and which is smaller than fBr= —1.

Fig. 6 presents the fatigue crack growth rate daled on the basis of Egs. (1) and
(4) for the stress ratiB = —1. IncludingYzer coefficient in Eq. (4) has an influence on
the change (an increase) of the value of theAKFrange for different rounding radii
of the notch root. Fig. & presents the resultda/dN versus the SIF range for= 0.2
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and 5 mm, whereas Figb or p = 10 and 22.5 mm. It follows from Fig. 6 that grealler
the rounding radius of the notch root, the bigder difference between the values of
the SIF range calculated from Egs. (1) and (4) ctvldgrees with literature data and

the actual influence of notches.
The largest influence of thérr coefficient was observed for the radius of the

notch rootp = 0.2 mm and the crack length up to approximaaety3.00 mm. Where
as the smallest influence of tNgr coefficient was observed fgr= 22.5 mm and the
crack length up to approximatedy= 0.60 mm.
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Fig. 5. Fatigue crack length versus number of cyfide different radii of the notch root for
R=-1@andR=0@0):0-p=02mmO -p=5mm;A —p=10 mm;> —p = 22.5 mm.
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Fig. 6. Fatigue crack growth rade/dN versusAK, with and without the correction
factorY,es for p = 0.2; 5 mm4, c) andp = 10; 22.5 mml, d).
1, —-p=0.2mm, Egs. (1) and (4D, ® —p =5 mm, Egs. (1) and (43,(c);
A, A —p=10mm, Egs. (1) and (4;, ® —p = 22.5 mm, Egs. (1) and (4),d).
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Fig. 6c, d presents the fatigue crack growth rate calculatethe basis of Egs. (1)
and (4) for the stress ratid= 0. Fig. € presents the results/dN vs. the SIF range for
the notchp = 0.2 and 5 mm, whereas Figl for p = 10 and 22.5 mm. It follows from
Fig. &, d, as from Fig. &, b that the smaller the rounding radius of the notait, the
bigger the difference between the values of ther8hge calculated from Egs. (1) and
(4). The largest influence of thérr coefficient was observed for the radius of the
notch rootp = 0.2 mm and the crack length up to approximadaety2.40 mm. Whereas
the smallest influence of thérr coefficient was observed fgr = 22.5 mm and the
crack length up to approximatedy= 0.80 mm. Above these crack lengths (&or —1
and 0) the difference (the influence of the nottipact) between the results obtained
from the Eqgs. (1) and (4) disappears.

CONCLUSIONS

The presented results of the fatigue crack growtthé plane notched specimens
made of 2017A-T4 alloy tested under bending all@evfarmulate the following con-
clusions:

— Eq. (4) well describes the results including &ddal influence of the notch
during fatigue crack growth and it can be applied determination of duration and
guality of the notch influence;

— it has been confirmed that the change of thesstratio fromR = -1 toR =0
causes an increase of the fatigue crack growtharadedecrease of the aluminium alloy
life;

— the smaller was the radius of a notch root, tieatgr was fatigue crack growth
rate.

PE3FOME. TlonaHo pe3yabTaTH BUIIPOOYBAaHb HA 3THH 3pa3KiB 3 IPSIMOKYTHUM IIOTIEped-
HHUM TIepepi3oM i3 amomiHieBoro cmraBy 2017A-T4.3pa3ku mocnabieHi TOCTPHME 1 TYIIHMHI
OIHOCTOPOHHIMH Bupi3amu (paniyc Bupizy 0,2; 5; 10i 22,5 mm).[Jyist BunpoOyBaHb Ha BTOMY
BukopuctaHo creHn MZGS-100y pexxumi HU3BKHX 1 BUCOKUX IUKIIIB. BBeIeHO cTasti 3HaueHHs
HOMIHAJBHOTO KoedimieHTa HaBaHTaxeHHS R = —1; 01 momenty ammritymu M, = 15,84 Nih.
IMpoanamnizoBaHo 3HaueHHS Mapamerpa AK 3 ypaxyBaHHSIM BIUIUBY BUPi3y.

PE3FOME. TlpencraBieHs! pe3yIbTaThl HCIIBITAHUH Ha H3THO 00pa3LoB ¢ MPSIMOYTONEHBIM
HIOTIEPEYHBIM CEUCHHEM M3 amoMuHNeBoro ciasa 2017A-T4.06pasmm! ocnabieHs! OCTPEIME U
TYIBIMH OJHOCTOPOHHMMH BbIpe3amu (paauyc Beipesa 0,2; 5; 10u 22,5 mm).[Jist ucnbrranmit
Ha yCTaJOCTh UCIONb30BaH cteHn MZGS-100B pexuMe HU3KHX M BBICOKHX IMKIOB. BBeneHbI
MOCTOSTHHBIE 3HAUCHUSI HOMUHAITBHOTO Kod(durmenta Harpy3kn R = —1; Ou MomeHTa aMIUHTY-
1e1 M, = 15,84 Nih. IpoaranmupoBaHsl 3HaUeHUS mapamerpa AK ¢ yaeToM BINSHUS Haapesa.
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