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Symmetries in stress/strain tensors

S = HIA 2| B force equilibrium =710 2|SH symmetryE 7FEICE.

_q’l

011 012 033 012 013
o = 021 022 O3] = 012 022 033

031 03y 033



=]
=

|

[=;
=

8= 8
[1,1,1]

F

N
al

1

V3

)

mapping

| =ICt

O
o —

=L}, (111) plane —

X~

Z0|

7<f=0'°n, fi=aijnj
X
=

=
tCE Ol £7 slip systemOf|

—

e~

(transform, mapping) SH =LC}.
(o)

= A SO StLt7} *plane O[Tt
N

Ch=f

=
—

—

—

=

A
IS 2 2 PO Tl force2t slip direction

LIEfU = Tl BIEH S

o

25t= @l (force)/t EILC}.
=

F

=

N
O EXe|= U FRSH a7t

|El SZF ARO[ 2] 4

=

Ryl

H
®)
[

.I

—

A
E{ 2t inner dot product=

slip system2]| slip plane

o' 'n-= al-jnj
=

Ct H

o

E{ZF2 2 LIEt:
o

EX

-

2K EHl A 1Kt Ell A 72| inner dot product
e

=

’

J

10

inner dot product

=]
=

C

|
1.
2

3.

Stress tensor

Linear operations (
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Slip system #1: (111)[170] ap
Slip system #2: (111)[011]
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Stress Space

Stress tensor consists of 6 components: 611, 025, 033, 023, 013, 012
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Stress Space
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input Ioutput I
This excell sheet proves a means of coordinate em transformation
angle radian

phil -14 -0.024
Three Euler angles Phi 24.86 0.434

phi2 -30.59 -0.534

transformation matrix R (transformation matrix)At= RAt=RA-1

ddEFUs
cos(phil) 1.000 sin{phi1) -0.024 0.845 -0.483 -0.214 0.845 0.528 -0.010
cos(Phi) 0.907 sin(Phi) 0.420 0.528 0.768 0.362 -0.483 0.768 -0.420
cos(phi2) 0.861 sin(phi2) -0.509 -0.010 -0.420 0.907 -0.214 0.362 0.907
2nd rank tensor in matrix form R.T RAMR.T 2nd rank tensor after coordinate transformation

30 25 11|

25 1 -9
11 -9 17

1st rank tensor (i.e., vector) in array form
1

0
0

-39.898 22.675 10.049 -46.97% 0.001
7.356 10.707 5.043 0.001 13.835
-0.218 -8.843 19.094 -0.002 0.000 21.044

R.v 1st rank tensor (vector) after coordinate transformation
| 0.849 0.528 -0.010|




More examples

300 5 25
30 25 3

The principal space of the above tensor can be obtained by
¢; = —49.5°,d = 96.23°, ¢, = —0.11°

100 300 30
g =

And the principal values?
-251.2,-1.2, 360.5




How did | obtain this?

An analytical method to obtain
‘principal’ values:
Find the eigenvalues and eigenvectors of
3x3 matrix form of the stress tensor

That can be done by following

1. Define a new 3x3 matrix

Aij =0ij_)l'6ij 61] = 1( lfl=])
=0 (orifi #j)
2. Solve the case of A when det(A)=0. 011 — A 012 013
A= 021 022 — A 023
031 032 033 — A

3. That’s actually solving
MB—LA2-1L1-13=0
Where
Iy = 011 + 022 + 033
I, = (0f, + 033 + 0f3 — 011022 — 022033 — 033041)
I3 = 01102033 + 2012013023 — 0110223 - 0220123 - 0330122



How did | obtain this?

Okay, we learned how to get eigenvalues. Next
question is how we can obtain eigenvectors.

Once you found the eigenvalues, you solve the
equations given by

A-v=Al-jvj=O

Example:
1 -3 3
For a 2nd rank tensor B = [3 -5 3,
6 —6 4
1—-4 —3 3
det(B;; —A6;;) =det| 3 -5-1 3 ] = -2 +122+16=-(1—4)( + 2)?
6 —6 4 -2

det(Bl-j — /15ij) = 0 : The solution of these equationsis A = 4,1 = —2 and A = —2 (repeated).

Eigen vectors can be found from
A—-A)-x=0



How did | obtain this? (continued)

(A—AI)-x=0

Put the each of the three eigenvalues you obtained in the above
to obtain three eigenvectors (x(1), x(2), x(3)). You'll get

(A—4D - xV =0 (1)
(A+2D-x% =0 (2)
(A+2D-x®) =0 (3)
For instance, solution of (1) gives
1 1
xil) — Exél) =0- xil) = Exél)
1 1
xél) — Exél) =0- xél) = Exél)
Therefore, eigenvector associated with eigenvalue 4 is: xél) E 1] (with any arbitrary xgl)

value). You could do the same for (2) condition, which results in
1 -1
x@ =P o] + 2P [ 1 ‘
1 0
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How did | obtain this? (continued
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Principal values / principal space
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Application: Forming limit diagram

& Of = EEXH 2| minor/major
straing =°30t0{ 2O}
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Equi blaxial

Biaxial tension
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Major strain (g,)
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SK Paul et al. JSAE 48(6) p386-394, 2013



Application: Forming limit diagram

¢

s # necked
-] e
£ & biled
g

-03 -0.2 01 o a1 a2 03 a4 0s

Minor strain (%
Fig 33: Forming limit diagram oj) (a) IF steel (b) AAS754-H22 and (¢)
AAS5182-0 sheet of thickness Imm.

SK Paul et al. JSAE 48(6) p386-394, 2013



Principal space= A& SHCHH?
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Principal space and Hooke’s [aw (1)
S HAE 7| 2HA = Hooke's lawE [IEH, 1 s7H MY
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arbitrary =
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€12 = Ci210K1
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oundary condition

Mz gt 22X E 2282 2 S| Z4517| o Al= X ZE ot boundary condition
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Plane stress condition and free surface

Plane stress condition= 5 AtA| S| 2 &ESI7| 0| & Al free surfaceS O| Sl off 2 X}

CASE 2

Force

Fixed the two planes facing top and bottom

0-11 < 0 O 0]
casel __
= 0 0O O
Force o 0 o

0 O 0
gcase2 — [0 0 0
0 O 033 >0




Plane theory (2D approximation)
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Plane stress condition

011 012 0
Plane stress where the components associated with e; basis vector are zero: lalz 05> O‘
0 0 O

e; basis vector becomes one of three principal axes.
And 033 = 0 becomes ones of the three principal values.

—]

v y
. I_‘
o’ —t dy % a‘ x
Ty

a2

7y

https://engineering.ucsb.edu/~hpscicom/projects/stress/introge.pdf



Plane stress condition

Plane stress where the components associated with e; basis vector are zero: [012

g1 012 0
079 O
0 0O O

L 014 O
[[}2tA, O| & 2x2 matrix2 B 7+sS|L} [ 1 12] TtX] M 7H 2| componentZt

011
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0-2 = > - > + 0-12 41
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https://engineering.ucsb.edu/~hpscicom/projects/stress/introge.pdf



Plane strain condition

(& ~ Simulation of rolling proces... Y ~»
Watch later  Share

https://engineering.ucsb.edu/~hpscicom/projects/stress/introge.pdf
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