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Slip heterogeneities in deformed aluminium bicrystals
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INTRODUCTION

In order to obtain a better understanding of the influence of grain boundaries on the plastic behaviour of metallic polycrystals, many experiments have been performed on bicrystals, for various situations [1][2][3][4][5]. It is now well known that one of the most important phenomena which determine, on a macroscopic scale, the plastic deformation of such bicrystals is the inten sity of the internal stresses which result from the elas tic and plastic incompatibility state of these bicrystals. Various experiments have been performed and differ ent theories have been proposed in order to investi-gate the nature of the additional active slip systems which are determined by these internal stresses,

• and to predict their influence on the overall deformation of the bicrystals.

By difference with Livingston's first investiga tions [6], some authors have paid special attention to the heterogeneity of the plastic strain in each of the bicrystal components: Hook and Hirth [7], for the case of elastic incompatibility on Fe-Si bicrystals, as well as Chuang and Margolin [8], for the case of plas tic incompatibility on fJ brass bicrystals, have used an argument of Hirth [9], predicting some "torque effect", in order to explain such an heterogeneity. On the contrary, Miura and Saeki [10] reported no dis crepancy between the stress-strain curves of tilt sym metrical aluminium bicrystals and the corresponding single crystal ones, when the bitjstals were in coinci dence positions; nevertheless, plastic heterogeneity was present in their bicrystals, but they did not try to give a systematic explanation of this property.

The present investigation is concerned with tensile tests on aluminium nearly compatible tilt non sym metrical bicrystals. for different coincidence positions. It will be shown that an heterogeneity of plastic slip is present, at least at the beginning of plastic ftow, in I½ of the bicrystals components. According to the cases. this heterogeneity may vanish or not as the deformation increases. At the same time, and by con trast with the weak variation of the initial yield stresses, the strain hardening properties may be very different from one situation to the other, and from the single crystals to the bicrystals. As the earlier theories failed in this case (no elastic incompatibility, a negli gible mean plastic incompatibility and an observed strain heterogeneity which respectively conflicts with Hirth's. Margolin's and Livingston's assumptions) a new interpretation scheme is proposed: this scheme takes the geometrical process of primary plastic slip initiation into account, and it shows how this process is responsible for a specific intragranular source of plastic incompatibility which is far stronger than the mean intergranular one. The corresponding internal stresses are calculated according to a new approach which is modified from Kroner's one [START_REF] Kroner | Kontinuums Theorie der Versetzungen und Eingenspannungen[END_REF] by a plastic relaxation attenuation factor. The latent hardening properties of intersecting slip systems are also taken into account This allows for a semi-quantitative de scription of the main experimental observations: the position and the evolution of strain heterogeneity, the nature of the additional slip systems and the overall st'rain hardening behaviour of the different tested bi crystals.

The experimental procedure is first described. The experimental results (yield strC$S, stress-strain curves and slip lines observations on four kinds of bicrystals and reference single crystals) are then reported. Finally an interpretation scheme is presented and used in the discussion of the experimental results.

NotatioIå

Following notations are used: OXYZ is an axis system which is bound to the grain boundary so as to get OX normal to the larger sample faces, OY normal to grain boundary plane. The tensile axis is parallel to OI Slip planes and directions arc referenced according to Schmid and Boas notations [START_REF] Schmid | [END_REF]: and 156°6 corresponding to I = 5, I = 37, I == 7, I = 25 tilt coincidence grain boundaries respectively.

B • {111}, A= {ill}, C • {iill, D •{lit} I ,.. [011], 2"" [Ol 1),
The bicrystals presenting the mentioned misfit angles will be hereafter called F" F 2, F 3 and F 4 respectively.

The angle accuracy was given to be within 0.5°.

Two parallelipipedic (90 x 8 x 6 mm3 and 90 x 8 x 3.5 mm3) test specimens were cut from each as grown bicrystal (120 x 25 x 15 mm3).

The experimentaJ background may be summed up as follows: The lattices of the two components (I and 11) of each bicrystal were symmetric with respect to the plane XOY. As an example, a F 3 specimen stereo graphic projection with respect to OX axis is plotted on Fig. 1.

The tensile axis orientation for each kind of speci men is plotted in the elementary triangle on Fig. 2.

Due to the hereabove mentioned symmetry, the ten sile axis position was the same for both components of each bicrystal. Thus. in each component, the slip systems had the same Schmid factors (Table 1). It can be noticed that the F 1 specimens IĎ in double slip position.

Iu m and a be the slip directions and the normals to the slip planes respectively. In the OXYZ system bound to the grain boundary plane, the lattices sym metry leads to n1x • n�, n� == nV, "k,.. -n� m1x :: m1J, m1r = m11, m1z = -m11. All the involved plastic incompatibility sources are zero but &h As a matter of fact, these incompatibili ties have such a weak value (Table 1) that the speci mens may be considered as nearly compatible. Inter nal stress calculations will afterwards state this rI.

Samples preparation

The test samples were obtained from aluminium bicrystals by spark cutting. After a careful mechanical polishing. the specimens were cleaned in acid solution (10 ml HF, 30 ml HCl, 40 ml HN03 per H20 liter) in order to remove the surface layer eventually damaged by spark cutting. After a 30 mn electrolytical polish ing. the specimens were annealed at 550°C under Argon atmosphere during 48 h and then cooled at a 10°C/h rate.

The specimens orientation was checked within ± 2° thanks to the backwards reflection LAUE technique.

Tensile testing

Tensile experiments were carried out at a strain rate oft= 2 x 10-5/s up to E = 10% at 200 K with the help of 10 tons Instron Machine. The specimen free length between grips was 6 cm.

More than 20 bicrystals specimens were tested. Fourteen of them presented a larger (8 x 6 mm2) cross section than the others (8 x 3.5 mm2).

Whenever it could be performed, single crystals were also cut from the originating bicrystals. The specimens characteristics can be found in table 1.

For three different deformation stages (E = I�,;,. polishing was performed before every new deforma tion stage). N.B.: As a matter of fact, when setting the sample between the tensile machine pneumatic grips. a slight compression load was applied and the yield stress might be nearly reached in the case of small section samples: their yield stress was therefore found higher compared to the large section samples ones. In the hereafter reported results the small section samples will be flagged with an asterisk.

The experimental results were fairly reproducible provided to take into account the samples sections.

EXPERIMEI{ AL RESULI

Single crystals and bicrystals yield stress

As the plastic deformation stage could always be clearly defined, the involved yield stress (extrapolated for zero deformation) was measured with a 2'i� accur acy. The average critical resolved shear stress to for the four different kinds of bicrystals and single crys tals is computed in Table 1.

Though all the experimental results were found in a close range, it could be inferred that the bicrystals showing better coincidence position (i.e. F 1 and F 3 specimens) exhibited lower yield stress than the others. No major difference could be noticed between the bicrystals critical shear stress and single crystals ones belonging to the same type (except for the F'1 single crystals where it might be explained by a dis crepancy of the specimens cross section area).

Stress strain curves

For the four kinds of bicrystals, no distinct easy glide stage could be noticed (except for one of the four F 3 samples) but a slight curvature 'inversion'. This inversion began just after the yield stress and then turned to either parabolic or linear hardening stages.

In the F 1 or F 2 case, the extension of this inversion was short and was followed (for y ... 1%) by a para bolic hardening stage. On the contrary, for F 3 and F,. specimens, this domain was extensive and then turned to linear hardening stages with 6.4 daN/mm2

t The observed difference between some of the bicrystal and the corresponding single crystal stress-strain curves confticts with Miura's and SaIÂ i's (10] conclusions. This discrepancy might be explained by the particular position of the tension axis in the latter case: Il of the bicrystals and associated single crystals were in a multislip position. so that the corresponding intragranular strong hardening could have masked any grain boundary effect of the kind which is studied hereafter. (:::.: µ/400 ) and 9 daN/mm2 (::::: µ/300) respective slope. Above y = 10�{ the parabolic stage appeared.

The average behaviour for each type of bicrystal is compared in Fig. 3. Whereas the F 1, F 2 curves almost fitted, the F 3 and F 4 ones exhibited different shapes, so that their relative variation vs F1-F2 I³ves Ič 30 and 60"/o respectively at y • 20"/o.

Except at the beginning of the deformation (differ ent yield stresses) all the single crystals presented the same parabolic behaviour. Single crystals and F1-F2 bicrystals shear IÿIøIù showed a less than 1�� differ• ence for y = 20% t

Slip lines observations

At the beginning of the plastic deformation, the primary slip lines were only observed at some dis. tance from the grain boundary. As the deformation -bIÞrystots ----siIäle crystals increased, these slips propagated towards the bound ary. Below 7 = 2"0 deformation, the slip patterns observed on the two larger parallel faces of the F 2, F 3, F 4 samples (hereafter called X > 0 and X < 0) showed some differences:

X < 0 face. Dense and homogeneous distributed primary slip lines were spread through component I whereas these lines were bundled into 'stripes' (none of them reaching the grain boundary) in component II.

X > 0 face. The slip patterns looked like those on X < 0 face provided to switch the component names (Fig. 4). z On the contrary, the F 1 samples showed no sen sible difference about the distribution of the primary system on the two larger faces.

X>O 0 I II y o' X-=O I II z'
As the deformation increased (i' > 2°{), slip pat terns developed in different ways for each type of bi crystals.

F 1 samples. Though the specimens were in double slip position, primary B4 slip lines were homo geneously distributed through the large faces for y .., 6%. Dense A slip lines were only visible on the samples sides, but after a rough etching, these A slip systems appeared as dotted lines on the X > 0 face of component I (resp. X < 0 face of component II).

These dotted lines probably belonged to the A3 sys tem since the '3' direction was parallel to the larger faces.

F 2 samples. As y reached 1 O'Y.,, the hereabove men tioned slip patterns differences on the two grains of the same large face vanished. Primary slip lines looked homogeneously spread over the whole samples, but at high magnification ( x 200) we could notice that these lines ended some hundred microns far from the grain boundary on the X > 0 face of component I (resp. X < 0 face of component II) (Fig. 5). Secondary A slip systems appeared on the sample sides but did not grow as the stress increased. These lines could not be seen on the large faces.

F 3 samples. Up to y = 25'/.,, heterogeneous primary slip patterns were still observed on the X > 0 face of component I (resp. on the X < 0 face of component II): primary slip lines gathered into 200 µ wide stripes that narrowed towards the boundary. Secondary C and A systems grew betwee n the stripes and com pelled the primary systems to a wavy propagation (cross slips) towards the grain boundary. On the X > 0 face of component II (resp. X < 0 face of com ponent I), the primary slip lines distribution stayed homogeneous but A and C slip lines were also noticed (Fig. 6).

F 4 samples. For y = 12%, the primary slip distribu tion was heterogeneous on the whole samples: for the two components, wavy primary slips, and C second ary systems developed between primary slip stripes. Consider first the situation of any homogeneous single plastic slip propagation (m, n) in some region of an infinite elastic matrix. Such a propagation will result in no superficial plastic incompatibility (and then in no associated internal stresses) provided that this plastic region be limited by planes normal to the slip direction (or parallel to the slip plane). In the case of a bicrystal, the grain boundary acts I¤ I obstacle on each slip plane. so that such a compatible situation is generally no more possible. Nevertheless, some geo metrical process could be derived from the former argument: it results in the distinction of two initial areas V0 and V0 in each component (fig. 7). The limit between these two areas may be considered as a plane called R1 in component I (resp. R11 in component II) and defined by the line of first obstacles (with respect to the slip propagation) on the grain boundary, and the normals to m4 slip directions drawn from them in the primary planes. (These normals could be imaged by primary straight edge dislocations pinned on the grain boundary). ln the case of all of our bicrystals, the corresponding V0 plastically undeformed area should be seen on X > 0 face in component I and on X < O face in component II: the less deformed areas have actually IªI« observed where predicted by the geometrical description. As the deformation increases, B4 slip system tries to propagate into V(, area, which reduces to a new V' area. If no• major obstacle exists in V0 I¢ the B4 propagation is easy and the slip pattern looks homo geneous in the whole component. On the contrary, as soon as any strong interaction between B4 and some additional slip systems occurs, the B4 propagation is difficult and stripes may be set on one face of each component (X > 0 face for component I and X < 0 face for component II). This scheme may be also con sidered as a step by step progression of R 1 (resp. R 1 1 ) plane resulting in an average rotation about O'Z' axis (resp. OZ), towards the grain boundary (Fig. 8), from the initial 1/10 value (this angle between R1 or R 11 

Internal stress calculations for a plane interface

Let XOZ be an infinite plane with its normal OY.

This plane separates two elastically isotropic crystals (2)

1 -v axz = -µAE�z sgn Y with sgn Y = + 1 for Y > 0 (crystal II) sgn Y = -1 for Y < 0 (crystal I)
µ is the elastic shear modulus v is the Poisson Ratio.

It must be pointed out that the elastic field is uniform in each crystal and just changes sign at the boundary.

To take into account the plastic accommo dation [START_REF] Berveiller | [END_REF], the elastic shear modulus µ has to be changed to an 'elasto-plastic' shear modulus µ*. The latter is deduced from step by step measurements, on the stress strain curves relating the applied stress kzz and the macroscopic total strain Ezz:

"' kzz

µ �-- 3Ezz ( 3 
)
Let the plastic slip occur on the g1 system in com ponent I and the g11 in component II. The resolved shear stress on any k' system in component I is: t(k') • tzzR zz{k1) + 2Rxz(k''Juxz<.fl, g11) + Rxx<.k''Juxx<fi, 911} + Rzz{k' 'Jqz:z{.9 1 , 9 11) (4) with R 1J(k) = H�nt + � n n Izz is the apg~ied tensile stress, � and n' are the components of the slip direction and of the normal to the slip plane respectively in the XYZ axis system.

The internal stress field rtu(ff , 9 11) can be derived from (2) where &iJ is expressed as a function of the plastic shear strains }'(gl) and y(g8): ll£Jj""' R1i(g 1 1'r!i.!11) -R11{91'r!i.!I).

( 5)

Note: At the beginning of the plastic deformation, the slip planes are regularly spaced, and from a microscopic point of view, the plastic deformation is not uniform. However, the same method can be used to calculate the internal stresses, provided to take into account the slip lines distribution. The resulting stress field is the sum of the hereabove calculated stress field and of an exponentially decreasing one with the dis tance to the plane boundary and presenting a zero mean value. As the slip plane density increases, the latgr field vanishes (15).

Estimation af the internal stresses in the present cI¥

The following calculations arc an application of formulae (2) to (S� where the reference axes are bound to the ingace (namely either XOZ or R1 and R 1 1, according to the cases). Their validity is limited by segal restgctions:

-formulae (2) are strictly valid for an infinite medium only; the large size of our sg}mens has been chosen in order to make the free surface effects less efficient; -formula (3) has been derived from an isotropic plastic accommodation scheme and for the case of a matrix-inclusion interaction: its extension to the present case is not expected to give more than an order of magnitude of the plastic accommodation effect; -the rotation of the R planes is a very rough im age of the actual phenomena; moreover, it has only been described by successive static situations for dif• ferent values of.;, g that no 'dynamic' effect has been taken into account Negrtheless, these calculations are expected to give at least a rough description of the influence Iì the main physical parameters which act on the deforma tion of our bicrystals. They will first be performed without taking into account the geometrical process of primary slip propagation described above.

In this case (case I, Table 2). the two components are assumed to be equally and uniformally deformed by the primary slig| with y(B41) = y(B41 1 ) . For the present special orientations, the internal stress tensor 0'11{B41, 8411) has only one non zero component:

rt�z(B41, 8411) ""' -µ*(Erl -Ek�) sgo f.

For each kind of bicrystal, the resulting total shear sgess, as given by ( 4), is computed for the most loaded slip systems in each component and for y(B4) = 2% (see Table 2).

It may be seen that the internal sgs contribugon is generally far smaller than the applied stress one:

this is a plastic nearly compatible situation which could not be sufficient to understand all the observed phenomena (heterogeneity of plastic strain, additional slip systems ... ).

I, the intragranular plastic incompatibility result ing from the 'geometrical process' has now to be taken into account. The plane interfaces R1 and R11 must be considered as turning around O'Z' and OZ respectively (Fig. 8), from I/I = l/10 (with .Po � 40° for the four cags). towards lower values of l/I. as the deformation increases. Calculations have been per formed for the four kinds of bicrystals, but the atten tion will be focused on F 2 and F 3 bicrystals, since their mechanical properties appear as very different in spite of their nearly similar crystallogpaphic situagon.

Two situations have been considered: -an initial situation (I/I � I/lo) with V0 in an elastic state: the calculated total resolved shear stress (case II, Table 2) on the most loaded systems in Vo area IÓ about three times larger than the corresgnding one in V0 area. Thus additional slip systems can be acti vated preferentially in the V0 area of each component

The most loaded systems in V0 are then found to be. in decreasing order: B4 and A3 for F 1 and F 1; B4, A3, BS, Cl for F 3; B 4 , BS and Cl for F 4• In this calculation, V6 and V61 suffer no plastic glide and the internal stresses in V6 as well as in V6' are due to the superficial incompatibility sources on both R' and R11 , where formulae (2) and (S) must be trangormed by an adequate rotation of the reference axes (see the Appendix for more details).

-for F 2 and F 3, another calculation (case III) has been performed, for which system A3 is considered as active in both V'1 and V'11 areas. Now the internal stresses in V'1 or V'11 result from the combined super ficial incompatibilities on R1 {841 in V1, A31 in V'1). on XOZ (A31 in V'1, A311 in V'u} and on R11 (A311 in V ' 11 , 8 4 11 

in V11) .
Successive values of gu, from 1/10 towards 0, are con sidered, with a specific rotation of the reference axes for each of them; at the same time, the slip intensity y(A3) is taken as an increasing function when I/! is decreasing, and estimated from the measured value of Ezz• Figures 9 and 10 give the corresponding vari ation of the total resolved shear stress r on the most loaded systems for F 3 and F 2 respectively. The most striking result is, for F3, the quick variation of t(Cl) in V', which may be estimated as higher than t(A3) as soon as Ezz is about 2'\ (}184) :l:< 4",�]. For Fi. such a tendency is also present. but with a much weaker intensity, Iþ that system Cl could be predicted as active in an only vanishing area V'(l/I ::::: 0). When considering the curves of Fig. 9 and Fig. 10, it must be kept in mind that:

-though B4 is always the most loaded system in V', the corresponding eff ective critical resolved shear stress must be considered as very high, due to the obstacle of the grain boundary. Moreover the propa• gation of B4 in V' area IÊ to overcome the intersec• tion with Iĉ secondary systems. surface IÀf I¿ could make still smaller such a discon tinuity.

-in the reported calculations. all the incompatibi lity effects (on R1, R11 and the grain boundary) have ÏI© simultaneously taken into account

DISCUSSION

The propagation Ië B4 in Vo depends on the nature of the obstacles created by the additional activated slip systems in this area. The calculations reported hereabove show that two cases must be distinguished.

-in the F 1 and F 2 I±, the expected additional system is A3. As A3 and B4 interact in a weak man ner, so as to build Hirth locks which are not strong obstacles, the B4 propagation in v;, will be easy; the resulting hardening slope should be smooth and the plastic heterogeneity should vanish, if present at the beginning (F 2 case). Note that it also can be inferred from the theory that, as soon as B4 reaches the grain boundary, the A3 systems are no longer activated, since an homogeneous slip on B4 in the whole bi crystal is nearly compatible (see the first calculation). All these results quite fit the experimental observa tion.

t Note that for F 3 and F 4, the calculations also predict a high total resolved shear stress on 85: as the observations could not distinguish 85 from 84, this point was not veri• fied. However, it may be noticed that BS would be respon sible for a high hardening rate when activated together Iďth A3, as 85 and A3 can form Lomer Cottrell locks.

-on the contrary, in the F 3 and F 4 I² B4 builds with the main additional system Cl Lomer Cottrell locks. These strong obstacles should impede the B4 propagation: they should lead to a steep hardening slope [16,17] and the plastic heterogeneity should not disappear; these predictions also fit the experimental observation (stripes ending at some distance from the boundary)t. Moreover, the density of the additional slip systems increases with the deformation, since high internal stresses still exist in a non zero V' area.

Finally, it may be pointed out that Livingston's theory would not be able to explain our results: when applied to the grain boundary effect, as well as to the R planes, it always predict no additional slip system.

The main reason for this inefficiency is the fact that Livingston's estimations do not depend on the inter face position, which appears to be in our case one of the most important factors, on a macroscopic scale, of the bicrystal plastic behaviour. This point has been explained by assuming that a geometrical process is ruling the initiation of the plas• tic deformation: as soon as the grain boundary is impeding the primary slip propagation, a new inter-face appears inside each component so that two dif• ferently plastified areas can exist at the same time.

A new method derived from the continous disloca• tion theory has been applied to the estimation of the internal stresses in any component area as a function of the applied deformation and to the prediction of the corresponding additional slip systems. The results quite fit the experimental observations.

The different kinds of interactions between these additional systems and primary ones are examined in order to predict the behaviour of the heterogeneity as the deformation increases. The observed discrepancies for the hardening slopes can also be accounted.

Our method is now successfully applied to incom• patible copper bicrystals showing stronger latent hardening phenomena than for the aluminium ones.

It is also suggested that such an approach could be applied to grains of a polycrystal in which the propa• gation and the growth of the primary systems are expected to depend strongly on the shape and the size of the grains.

If

  the two components are only plastically deformed on primary B4 slip systems, the plastic incompatibility at the grain boundary results from &' �x. &:z and &�z, with &°kx = eri -erx--0 &:z=e:'i-erz=O &°kz = Ek� -ek' z = 2Ek'i ei = Hmi n 1 + m1 n iJy( B4 ) ')' (84) is the common shear strain on B4 slip systems.
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 I Fig. I. Stereographic projection of one F 3 specimen.

EFig. 2 .

 2 Fig. 2. Tensile axis position in the elementary triangle for the four kinds of bicrystals (the tensile axis is the same for the two grains of each bicrystall.

1 ! 5 Fig. 3 .

 153 Fig. 3. Shear stress-shear strain curves of the four kinds of bicrystals for / up to 20°�. (The mentioned slight curvature inversion for F 1 and F 2 is not apparent with this scale of y.)

Fig. 4 .

 4 Fig. 4. Larger X > 0 face and X < 0 for a F 3 sample at y = l % (F 2 and F 4 samples showed the same slip pattern).

OnFig. 5 .Fig. 6 .

 56 Fig. 5. Larger X < 0 face for F 1 sample at € • S'Y.,.tions, the single crystals ones showed some differ ences: the primary slip distribution was homogeneous for all tested specimens and secondary slip systems could not be observed until y .. 12�/.,. Moreover, we noticed an earlier apparition of kink bands perpen dicular to the slip directions. These kink bands matched the conditions assigned by the clamping effects at the samples ends.As already mentioned. F 1 single crystals were in double slip position according to 84 and A3 systems.Although both systems were activated at the begin ning of the plastic deformation. only 84 grew above IÔ > 3�1,, .

Fig. 7 .

 7 Fig. 7. Schematic illustration of the geometrical process ruling the plastic deformation.

Fig. 8 .

 8 Fig. 8. Schematic illustration of the progression of the "R" planes on transversal section of a bicrystal.

( 1 )

 1 called I and II respectively) with the same elastic constants. Let us assume that the two crystals are submitted to an homogeneous plastic deformation characterized by the plastic distortion Pt (i.e. strain + rotation). Compatibility conditions at the plane boundary only concern the three total strain components: �zz =dz, E 1 xz = E�z, Eh= £ix (According to Kroner's continuous theory of disloca tions [11), the plastic incompatibilities at the bound ary are accommodated by elastic strains Efj, Ef]1 in such way that Ef} + EfJ and EfJ1 + Ef'J' verify the (1) conditions. To APt is associated a surface dislocation density tensor a with components a11 = E m4/l�Y) where E1Iq is the permutation tensor and 0( Y) the Dirac Delta function. The elastic field can be calculated by means of the "stress potential". The resulting internal stresses for a plane infinite boundary are given by [13): uxx = -_ µ _<Mxx + V�z) sgn Y 1 -v µ Uzz = ---( Wzz + vA?xx) sgn Y

- 8 Q

 8 when the R boundary reaches any point M situ• ated in the V0 area, the internal stresses at M undergo a sharp decrease [ideally, a discontinuity, according to the formulae (2)]: such a decrease, which is far smaller when secondary systems I¡ active IÒ V', would be responsible for a stepwise progression of R, a property which could be put in parallel with the local heterogeneity all along the length of the speci men (cf. the stripes which narr ow towards the grain boundary, I£ mentioned before). Note that the free ----e. -•-•-A3 C1 6 (%) ......

Fig. 9 .FiIÈ 10 .

 910 Fig. 9. Resolved shear-stress on the most loaded slip systems in any point M in V0 area as function of shear strain on the primary plane (case III) for F 3 sample.

6 .

 6 SUMMARYTilt nearly compatible aluminium bicrystals pre senting several coincidence positions were tested in tension. At the beginning of the plastic deformation each component showed an heterogeneity of the plas• tic glide.

Table 1 .

 1 Geometrical features and CRSS of all the observed samples Schmid factors

	F i	{Bi crystal Single crystal	0.49 0.49	ACxz 0.16y
	F 2	{Bicrystal Single crystal	0.48 0.48	0.04y
	f3 F-.	Single crystal {'" """'	0.47 0.47	O.Oly

Bicrystal 0.39 0.08y

Table 2 .

 2 Resolved shear stress on the most loaded slip systems for y = 2°1� (case I and case II)

	Samples F 1 F 2 £3 F,	Applied resolved shear stress (daN/mml Rzzkzz { !i 0.091 Slip system 0.091 B5 0.045 Cl 0.04S 0.072 BS 0.061 { !i 0.086 O.OS2 Cl 0.087 r A3 0.065 BS 0.065 Cl 0.054 { !i 0.084 0.043 0.076 BS Cl 0.063	Internal resolved shear stress (case I) (daN/mm2) -0.011 -0.001 +0.023 -0.053 -0.001 -0.000 +0.007 -0.014 -0.000 -0.000 +0.002 -0.003 -0.004 +0.001 -0.018 +0.033	Internal and total	Internal and total

APPENDIX

In both cases II and III, the plastic incompatibilities on the R1, R11 and XOZ interfaces (the !attest being zero in case II) are simultaneously taken into account. Formulae x cos2 tJi sgn(X sin tJi + Y cos 1/1)

• crx r = + _ µ _(&�. + v& : ,)

x sin tJi cos tJi sgn(X sin tJi + Y cos l/J) CTxz =µ *&�,cos tJi sgn(X sin I/I + Y cos l/J)

with: ti£:, = Li£h cos2 tJi + tiE�r sin2 tJi -2ti£�r sin tJi cos tJi ti£ � , = Li£iz cos t/i -�z sin t/i (7) ti£ : , = tiE�z

If the plastic slip occurs on the g' system in component I (where sgn (X sin tJi + Ycos 1/1) = -1) and the g11 in com ponent II, the resolved shear stress on any k system is: r(k) .. !.zzRzz(k ) + R;rx(k)tJxx(g', g11 ) + 2Rxr(k)tJxr(g', gll ) + 2Rxz(k)tJxz(g', gl1 ) + Rr y(k}uyr(g 1 , g11 ) + 2Rrz< k )uy z(g1 , g11) + Rzz(k)tJzz(g', g1 1 ).

where crlJ is given by (6) and (7) and formula (5) is still valid when expressed in the (X, I Z) reference axes; sgn(X sin

Note that the sign of the different contributions of inter nal stresses from the different interfaces must be carefully settled, since the origin must be taken in O' for R1 and in 0 for R11 (see Fig. 8). For instance, V' is in the 'negative side' with respect to the three interfaces, V'' is in the 'positive side' with respect to R' only. and so on, according to the following table: