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THE EFFECT OF RECRYSTALLIZATION ON
ALUMINIUM ALLOYS CRACK RESISTANCE

P.G. MIKLYAEY, D.A. AMDREEV
All-Russia institute of Light Alioys, Moscow, Russia

ABSTHACT

In the work presented, apecimen thiclnesa and structure de-
pendence of fraciure toughnesa of high strength 2024 and
TCT5=type aluminium slloya has been studied. Thin semlpro-
ducts with non-recrystallized structure and thickness of

<10 mm hawe uwsuslly an advantage, but in the case of thicker
aemiproduets (> 10 mm) materials with recrystallized struc-
ture have guperiority over thin semiproducts. The resultis of
the studies on specimen thickness and siructure dependence of
crack resistance allow cne to design laminated compasites, In
comperison witn the corresponding monclilhic materisls, frac-
ture toughness af these conposites can be improved by 12-35%.

EEYWORDS

Practure ioughness, recryatallized atruciure, non-recrystal-
ligsed structure, leminzted compoaites,

Femiproducta wizth non-recrystallized structure show improved
strength znd alightly lower, but sufficiently high, dustility
as compared to preduects with recrystaliized structure (Dobat-
kin, 1262, 1965; Dobatkin et al., 1365; Wiklyaev and Freedman,
1962, 19B6; Miklyaev and Voloszneva, 1973). Detailed inveati-
gations carried out by V. I. Dobatkir (1962, 1965, Dobatkin
et al., 1965) sllowed us to determine the higher strength

of gemiproducts with non-recryasallized atructure (polygo-
nized structure). This strengthening nzmed "siructural streng-
thening" {Dobatkin, 1965) has a great peotentiality for im=-
provement in semiproduct strength, but far the present its
uzage in practice ia absclutely iasufficient. It is related,
firstly, to the Tact that up to now anisotropy of properties
was evaluated as a negative phenomenon which was to be sup-
pressed, and recrystallizetion comaidered == one of the ef-
fective means for improvement in isotrophy of wrought gemi-
products and, sccondly, to the absence of classified infor-
mation sbout the effect of recrystallisstion on crack resls-
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This work is focused on determination of the effect of the , . ~ cE
recrystallization degree of 2024 and 7075-type aluminium al- g ~ N\ ey =g
loy semiproducts on their crack resistance. E NS L N~ < . »
2 - SN AT S = 1o E
The results of testing of specimens from 2024 alloy extruded = slls & o ~ w ~N ~ f’o
shapes with 2.3 mm wall thickness show that at plane stress % n = ©® & 0 « < fra
conditions semiproducts with non-recrystallized structure = oy = liag
have higher fracture toughness K, at higher strength proper- ~ Eag
ties (0.2 YS, UTS) and at lower Values of ductility (see el rl el [ et
0 @
Table 1). < ag { . NO <N — o . i . 1 P!
During investigation of semiproducts with some other thick- E = o~oww =l =wv © E 85
nesses and various structures contradictory results were ob- o 83 -0 nflm v o ©f9 . 5
tained (Table 1). So, 5 mm thick specimens of strip with non- £ N R B NN - |~ Q, 4o
recrystallized structure have slightly lower fracture tough- 3 - o o~
ness than those with recrystallized structure. 8 mm thick ° Y o~amMm®A ™M n N o oxa
specimens of extruded strip with non-recrystallized struc- ) 2| = S0 |+ A —|gso
ture show sufficiently higher K, value in comparison with hary ol |1t 1t NedQeN — |« - N~ =HE
those of plate with recrystallized structure, but as for 8o & EHS
2 mm thick specimens relation of fracture toughness values m; B <o~ Ol< o ™ ﬂﬁ
is reverse. 3 g | . Laras SlS & & ol
- R & — Neecee = = = = |+—8
Hence, in evaluating & the effect of the structure on frac- :2 S aw ,-\85
ture strength at plane and combined stress conditions the = Ela O 5N
thickness of specimen or semiproduct should be taken into - Sl “ o = rc;g'g
account. - 0 sSiwslo « NO VO O P
[QVIN Ay [T (@] nuno < <t = o O A
o oY RaNR=S maAan Al A AR
In view of complex § dependence of K., comparison of fracture el O-E = E [
strength of different structure materials was carried out ac- g '308
cording to the results obtained during tests of 2024T3 speci- B nsl|lo o weooon n|lQ QW olLad
mens with various thickness extruded at various temperatures S g% T 2 e o DANE-S A P :
with the above dependence being plotted. The results of tes- S8 He g :
tings (see Table 2 and Fig. 1) show that fracture toughness :.42 2m5 :
of non-recrystallized strips is higher than that of recrys- o1 i ) 3
tallized ones at thickness up to~10 mm. Fractographic ana- a5 100 o B be B o3 £t g gE %
lysis of specimens after K, testing gives evidence that both o= Hoe |A” A HE R E - 28
transgranular plastic frac%u.re and intergranular, less plas- i g 1 & :
tic, fracture take place (Fig. 2). Table 2 shows average va- s i ad i .
lues of transgranular fracture F determined by 10 fracto- - g*m \a.s,
2 phs for each specimen. It is clear that F value for speci- g o g ou & & & =e ¢
mens of both thicknesses is higher in case of non-recrystal- P o t 2 x = xr = o ~ = s
lized structure. The thicker the specimens, the more share of —~ 00
transgranular fracture. The larger share of transgranular 8% » — §P§ 5
fraction in specimen from the strips with non-recrystallized ok 3 E Lo ~ = E :g o
structure can be explained by the fact that energy necessary g g hat = § 3§ E g ~ =3 3P o =
for propagation of the crack on the very developed surface S H & Eﬁ - mé 2% .%o ) §
of non-recrystallized grains becomes higher than energy ne- .2 B LEST|88AL 8i2|Ae” S P+ £
cessary for propagation of the crack through the grain g el ot Siola82 e | 8= 4 g
boundaries. i - 0 BaPZ|[nns noo e~ noa | Ogd g
§ o
1 o 1 oP E
Different specimen thickness dependence of F for various i 7] = a £ o S - 3
structures results in non-equidistance of the left portions © o 3 < 3 o g :
of the 18t and 2nd curves (Fig. 1). An increase in share of & - o o = -~29 &
transgranular fracture in thicker specimens leads to an in- < ol o &
crease of K, (max) value for both structures and to their
shift in direction of thicker thicknesses in comparison with
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At thicknesses td<t<t1c fracture takes place under conditions

of combined stressed state. With an increase of t, fracture
zone growths in the centre of the cross-section of the spe-
cimen during plain strain and, as K1c‘:Kc’ energy of fracture

reduces. However, rate of reduction in fracture toughness in
case of non-recrystallized structure becomes higher due to
the lower K1c value. At t>12 mm Kc value of specimens with

non-recrystallized structure becomes lower than K¢ of speci-
mens with recrystallized structure. When t=t fracture oc-
curs completely under conditions of plain st}gin. At testing
of thicker Specimens, difference in K values between speci-
mens with different structure does not ~ change, but recrys-
tallized structure has an advantage. This advantage, apparent-
ly, should diminish with improvement of alloy purity as to
impurities due to improvement of alloy ductility. However.
this assumption requires additional experimental check.

The effect of structure on Specimen thickness dependence ot
K. was noted earlier during study of Al-Zn-Mg alloy sheets
(%hompson and Zinkhman, 1975). The authors of the present pa-
per studied specimen thickness and structure dependence of
fracture toughness in 7075-type alloy sheets. Fig. 3 (1st
curve) shows that Kc values for sheets with non-recrystal-
lized structure are substantially higher than those of
T175T73 sheets with recrystallized structure, i. e. at 5 mm
thickness, K% of these samples is 161 MPaVm and 103 MPa'Vm,
tXe

and yield s ngth is 473 MPa and 468 MPa, respectively.
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Fig. 3. Kg of T475T73-type Zr-bearing
alloy sheets as a function of
specimen thickness and struc-
ture: 1 - non-recrystallized;
2 - recrystallized.
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The results of the studies on specimen thickness gndistrgg:
ture dependence of crack resigtance.%ilgﬁeoggrggspggd%gg a~_
minated composites. In comparison wi the ol A

ithic materials, fracture toughness o ese P
ggilgelgmproved bf 32-55 % (Table 3) at practically equal
strength properties (UTS, YS, El).

i i Thick
Table 3. Mechanical Properties of 5 mm
? Sheets from 7075-type Alloys apd
from 7475T6+1145+7475T6 Composite

ial Urs 0.2 % ¥S El K,
fateria MPa Pa ) MPa Vm
T6 542 492 11.8 87
$?32T6 560 497 9.1 82
747576 543 466 11.9 10
1145+
;2$2$2+ e 536 505 15.4 135

* Neshpor et al., 1982.
CONCLUSIONS

i tructure is an im-
velopment of non—recrysta}llzed s m
" gggtggt soﬁrce for improvement in strength and crack re
sistance of aluminium alloy semiproducts.

iti i thickness and
igning critical structu;es, specimen 1
e g?riiiuﬁe d%pendence of material crack resistance should
be taken into account.
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