o’ i

{ AN

!‘ y INTERNATIONAL ATOMIC ENERGY AGENOCY
# UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

34100 TRIESTE (ITALY) - P.0.B. 588 - MIRAMARE - STRADA COSTIERA 11 - TELEPHONE: 2240-1
CABLE: CENTRATOM - TELEX 460382 -1

SMR/389 - 3

WORKING PARTY ON
MODELLING THERMOMECHANICAL BEHAVIOUR OF MATERIALS
(29 May - 16 June 1989)

ADDITIONAL MATERIAL FOR LECTURES ON
"MODELLING PLASTIC BEHAVIOUR OF POLYCRYSTALLINE METALS"

F. KOCKS
Los Alamos National Laboratory
Centre For Materials Science - K765
New Mexico
Los Alamos 87545
U.S.A.

These are preliminary lecture notes, intended only for distribution to participants.



Literature concerning lApp

There is, alas, no complete or up-to-date write-up as yet. Various
aspects are covered (sometimes in superseded forms) in the following.
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The kRelation between Folyerystal Defcrmution. and Sivgic Crucial
Deformation

Met. Trans. 1, 1121-1143 (1970).

Eo Ma Siir Svetermz, and Whieh?

M. Si7s
U. F. Xocks and G. R. Canova
Deformation of Polycrystals: Mechanisms and Microstructures,
N. Hansen, A. Horsewell, T. Leffers, and H. Lilholt, eds.
(Risd National Laboratory, Roskilde, Denmark, 1981), pp. 35-44

NOTE - The assessment of tension is in error: itaan FC case.

P T T i ey age falal
el Serore on FOC Crystals

U. F. Kocks, G. R. Canova, and J. J. Jonas
Lcta. Mer. 31, 1243-1252 (1983).

ton betweer Macroscopie and Microscopic Strain Hardening

Yy o T
crygraie

C. Temé, G. R. Canova, U. F. Kocks, N. Christodoulou, and J. J. Jonas
Acta. Met. 32, 1637-1653 (1984),
NOTE — The RC assessment has changed: the grain rim is now , .
considered to be FC. Also, 7here are wewer gxper's &§imod’s. (e '(ﬁ";‘zﬂ‘_‘-}
The Zevelcopment of Deformation Textures and Resulting Properties
of FIU Mazericls

G. R. Canova and U. F. Kocks
Int'l., Conf. on Textures of Materials, ed. by C. M. Brakman, P. Jongen-~
burger, E. J. Mittemeijer {Netherlands Soc. Mater. Sci. 1984) p. 573-579,

The Yield furface of HCP Crystals

C. Tom¢é and U. F. Kocks
Acta Met. 33, 603-621 (1985).

The Yield furiace of Textured Folyerystals

G. R. Canova, U. F. Kocks, C. N. Tomé and J. J. Jonas
J. Mech. Phys. Sol. 33, 371-397 (1985).

Grain Shape Effects on the Slip System Activity and on the Lattice Rotations

S. Tiem, M. Berveiller and G. R. Canova
Acta Met. 34, 2135-2149 (1986)

Constitutive Behavior Based om Crystal Plastieity

U. F. Kocks

Unified Constitutive Equations fcr Creep and Plasticity,
ed. ?yBA- K. Miller (Elsevier App'ied Science, 1687)
pp- 1-88. ' ' s
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Metall. Trans., 184, 1083-1092 (1987)
A Symmetric Set of Euler Angles and Oblique Orientation Space Sections

U. F. Kocks

Proc. Eighth International Conference on Textures of Materials,
J. S. Kallend and G. Gottstein, eds. (The Metallurgical Society,

Warrendale, PA, 1988} pp. 31-36

Computer Simulation of Pencil Glide in BCC Metals

A. D. Rollett, U. F. Kocks

Proc. Eighth International Conference on Textures of Materials,
J. S. Kallend and G. Gottstein, eds. (The Metallurgical Society.
Warrendale. PA, 1988) pp. 375-380

Material Dependence of Texture Development in Various Deformation
Modes

M. G. Stout, J. S. Kallend, U. F. Kocks, M. A. Przystupa,

A. D. Rollett

Proc. Eighth International Conference on Textures of Materials.
J. S. Kallend and G. Gottstein, eds. (The Metallurgical Society,
Warrendale, PA, 1988) pp. 479-484

The Path Dependence of Deformation Texture Development

T. Takeshita, U. F. Kocks, H.-R. Wenk

Proc. Eighth International Conference on Textures of Materials,
J. S. Kallend and G. Gottstein, eds. (The Metallurgical Society.
Warrendale, PA, 1988) pp. 445-448

The Sensitivity of Rolling Texture Predictions to the Assumptions Used

U. F. Kocks

Proc. Eighth International Conference on Textures of Materials,
J. S. Kallend and G. Gottstein, eds. (The Metallurgical Society,
Warrendale, PA, 1988) pp. 285-288

The Effect of the Cube Texture Component on the Earing Behavior of
Rolled FCC Metals

A. D. Rollett, G. R. Canova, U. F. Kocks

Symp. on Formability and Metallurgical Structure, A. K. Sachdev
and J. D. Embury, eds.

(The Metallurgical Society, Warrendale, PA, 1987) pp. 147-157

The Effects of Rate Sen

sitivity on Sli System ini .
Rotation ¥ P Sy Activity and Lattice

G. R. Canova, A. Molinari, C. Fressengeas, U. F. K
Acta Met. 36, 1961-1970 (1988) ng » U. F. Kocks

The Influence of Texture on Strain Hardening

U. F. Kocks, M. G. Stout, A. D. Rollett
Strength of Metals and Alloys (ICSMA 8), P.O. Kettunen, T. K.
Lepisto, M. E. Lehtonen, eds. (Pergamon, 1988) pp. 25-34
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al26r00 .WIS file from its SOD and texlat3 27-JUL-88

v F1l F12 F13 F2]
0.000 1.000 0.000 0.000 0.C
Kocks:Psi Theta phi welight
2.50 .10 45,00 .10
7.50 4.00 45.00 .08
2.50 7.00 435,00 .23
2.50 10.00 45.00 .18
7.50 25.00 45.00 .56
2.50 37.00 45.00 .13
2.50 48.00 45.00 .09
7.50 54.74 45.00 .08
7.50 89.90 5.00 .90
2.50 89.90 10.00 .95
7.50 89.90 15.00 .83
2.50 89.90 20.00 .54
7.50 89.90 25.00 .24
2.50 89.90 30.00 34
7.50 89.90 35.00 .28
2.50 89.90 40.00 .10
7.50 89.90 45.00 .05
2.50 B6.49 47.50 .25
7.50 86.49 52.50 Lod
2.50 86.49 57.50 .62
7.50 86.49 62.50 .58
2.50 86.49 67.50 .61
7.50 86.49 72.50 .78
2.50 86.49 77.50 1.48
7.%0 B86.49 82.50 .94
7.50 82.81 10.00 1.50
2.50 82.81 15.00 1.79
7.50 82.81 20.00 1.43
2.50 82.81 25.00 .76
7.50 82.81 30.00 .68
2.50 82.81 35.00 .92
7.50 82.81 40.00 .57
2.50 82.81 45.00 .19
7.50 79.36 47.30 .89
2.50 79.36 352.50 1.00
7.50 79.36 57.50 1.03
2.50 79.36 62.50 .66
7.50 79.36 67.50 .87
2.50 79.36 72.50 1.11
7.50 79.36 77.50 1.17
7.50 75.61 15.00 .50
~ A 2L £%Y "N "N 75

~44-

texlaF
weight

0.14

- 64u18=1152 or's. (07ju}§8)
(up to 6 state parameters, £8.2)
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title
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My
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Fa21

PR~ 00000 -~ D0 OO ®—- DO - =2 nh b ehcd b ca P
LI . . « » s s e = &

7 3384

2 } pmﬂ«w(
1 tSrol2e
e Eum
3 2.0080 {5.550 6.000 -l 806 0.000
4 Kocks:Psi i
s 8.21 26.60 45.14
6 g$.12 33.39 -39.83
7?7 -33.66 24.42 -57.16
8 33.45 36.33 -25.39
9 39.34 35.24 -18.04
10 §5.37 490.71 -18.99
11 56.63 60.990 18.5¢
12 32.39 36.33 -18.52
13 55.72 62.81 c8.24
14 161.8% 33.23 -147.53
15 -178.77 84,73 -157.84
16 37.55 184.58 147.65
17 -136.13 71.98 -153.46
18 187.46 35.69 -152.57
19 8$7.83 65.92 1.28
28 132.87 36.91 17.68
21 141.74 76.82 147.64
22 -111.17 51.81 -178.65
€3 -182.67 33.47 146.37
24 -63.74 51.96 -18.71
25 -61.858 61.89 -118.76
26 -84.48 111.58 23.34
27 128.38 6€6.72 67.14
28 -57.46 61.78 -110.23
29 -51.42 70.21 -2%.23
M -119.88 658.58 16.13
3 19.07 33.30 -122.52
32 -46.78 36.949 -182.44
33 -44.52 72.34 -118.54
s
-/&\ e )
V—
Eovler an

4.6~

Fee

82.87

Fe3

1.000 -0.884

3.54

F31 F3e F33
0.008 8.174

82.55 3.54
$1.83 3.54
82.37 3.54
88.08 3.54
85.62 3.54
86.41 3.54
25.07 3.54
85.62 3.54
81.52 3.54
81.79 3.54
85.62 3.54
87.01 3.54
88.20 3.54
88.07 3.54
83.47 3.54
79.82 3.54
84.62 3.54
8z2.00 3.54
86.43 3.54
92.%3 3.54
85.99 3.54
84.38 3.64
88.38 3.54
83.28  3.54
84.36 3.54
79.96 3.54
86.11 3.54
o‘&~4ﬁlli
f‘wf
current OLSS
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