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Motivation fior the paper

Vore detailed study: off the Dehavior o low.
stackingl fault energy’ (SEE) FCC metals
(SEE < 20 mJ/m?) that was observed in a
PreVIeUS; Paper.

Study. the effect of grain size on
defiormation tWinning| in FEC metals.



Previous results

LLow: SFE FCC metals
exnibited a feur stage
strainr hardening
PEnavior

(6'— 0p)/G Used as
Measure of
dislocation density

Stage C.
(Decreasing Rate of Primary
Twinning)

(do/de)/G

Stage D.
{Twin Intersections)

|

(6—0o)/G

Fig. |—Schematic representation of the four-stage strain-hardening
response in low SFE fcc metals.!!)



Previous Results

Twin initiation oecurred at appreximately.
the same valte for twe, materials (MPS5N

and 70/30; brass) with dififerent stacking
Fault energies.

Noted in ether studies that the twin

INitiation stress: decreases With increasing
drain: size.



Assertions

Tiwe micrestructuallvariables that Infllence twinning stress
are:

Dislecation demsity: = Some critical dislecation density.
required for twin initiation' at onset off Stage B and twin-
twini interactions at onset off Stage .

Homogeneous, slipr lengti’ = Region of aigrain Where
there isinomoegeneity of slips (characterized by parallel
Slip: markings' N the grain)

Criterion fer twin nitiation inilow: SEE polycrystalling, FCC
metals:

C =0.0004 & A =-0.89



Historic View of the Problem

Venables (1964) model
SUJJEsts parabolic
elation’ DELWEER Stress
and SEE.

Preblem: Alloys tised
diffierent solute
concentrations >
diffierent selid selution
strengthening fier each

Author's claim: Using

(6 — 0,)/G accounts for
different solid’ selution
strengthening
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F1G. 2. The twin stress vs. stacking fault energy for
copper base alloys, Cu+Zn, Cu+Ge, and Cu+Al Th
vertical lines represent one standard deviation of the
observations, and the inner bars denote the standard
error of the mean. The Cu+Al alloy with y = 3 erg cm—2
a!ways contained faults when stressed just above the
vield point. Thus the observations give an upper bound
to the twin stress.




Experimental Reasoning

Decouple the efifects of grainisize and stacking
fault ener@y’ torstudy  individuall effiects.

[For SEE effiects: For nearly constant: grain; size,
LISe compression test data and Microscopy:.
studies to determine; SEE influence on twinming.

[FOr graini size efiiects: Use, compression| test
datal (for a single SEE material) ol a range; of
drialn| SIZEs.




Experimental Procedures & Results

Reom| temperature
COMPression tests

Straini rate: 0.001 st e

Sample size: 7-10 -
mm diameter, 10-15 P
mm ieng

70/30 Brass

—
—

=22 80/20 Brass

Strain hardening { i .
com puted firemi data | g:;;:ff;gf_-gi;;-;;-;:':'.':': ------------- :
expressed In Figure L

Fig. 2—True stress—true strain curves measured in simple compression for
fec metals with average grain sizes in the range of 30 1 40 wm.



Results--Effects of SFE

low: SFE metals
exnibit 4-stage
strain hardening
PENaVvior:

Graph shows
evidence offa
criticall dislocation
density at 0.005

Fig. 3—Normalized plots of the strain-hardening rates against stress for

a nd at O - 0 1 3 fec metals with average grain sizes in the range of 30 to 40 zm.
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Results--Effects of Grain Size

Grain, size does
contribute to the |
Strain hardening
DENAVIOL: 1 N

Indicates twin
IRItIatien stress IS
|ESS, fior' coarse drain
materials

Curves; similar fiox g
other materials Vs

70/30 Brass
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Fig. 9—Normalized plots of the strain-hardening rales against stress for
70/30 brass with three different average grain sizes.




Discussion

IHomegeneus, slipriength
determined by studying
NOMOJENOUS defermation
zones (HDZ) length
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Discussion

---0--- (3 pm Copper —t— 75 um T0/30 Brass
-=-Qr-- 40 mm Copper ~—O— 30 um 70/30 Brass

Increasing stain | e e
decreases the HDZ length j

ihis decrease in HDZ fior
low! SEE IS relatively,
small.

Authers attribute
defermation tWinning in
low' SFE FCC metals to
the small'cliange in HDZ.
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Criterion fox Twinning

oK small'changein
sliprlength;, large

i if Initiation of stage B
Changde in strain ¢ oo

ardening=> tWwinning. & o

120 pm 70/30 brass

L Ine Serves as 250 m 7050 brass

110 pm 90/10 brass

dividing regions NoStage . =01

oF 40 pm copper X 30 pm 90/10 brass

Where twinning will X Lm0 b
oCccur, | ,

Actual Slip Length ( pm)

Fig. 15—Variation of (¢ — @,)/G in fcc metals as a function of the average
HDZ length at twin initiation in the microstructure. A strain of —0.10 was
used for metals that did not exhibit deformation twinning.




Conclusions

LLow: SFE pelycrystalline FCC metals exnibit ar 4-
stage strain hardening.

Criticall dislocation density’ IS required fior
AUCleation off deformation tWins:

Dislecation density: and average hemoegeneous

sliprare the micrestructural variables contrelling

defiormation; tWinning.

Twining isi indirectly: efiected by low: SFE=

Bromotes strain; hardening and reduces; grain
ieakup.
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