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1- Industrial context R

- Miniaturization of technological systems =2»  modification of mechanical behaviour

_ t thickness
- size effect parameter : — =

d grainsize
- Improvement of the microforming processes =2 temperature dependence of the size effect
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2- Material 3-Tensile tests
High purity (99.99 %) polycrystalline copper Uniaxial tensile test Tensile test with a temperature jump
t =500 pm t/d = 2.6 and 17 (t/d).= 6 . . 3 .
Specimens annealed in secondary vacuum (Pyqen = 2.107! bar) and then air cooled -70 °C < T <500 °C 20 °Cto -70 °C

e Strain rate : 2.10 st 100 °C to -70 °C
= 2861 A et d =29 pm _ | Strain rate : 2.10* s'1 before and after the
21 il <« /d = 17 Elongations mes_.ured with an temperature jump
2331 ; extensometer with the gauge
o0 d = 194 ym length of 12.5 mm Unload before the jump to avoid the
rin=-0.258 t/d = 2.6 -> microstructure changes

Unload in stage II or stage III

4- Mechanical properties

[Kocks, Mecking. Progress in Materials Science. 2003]

Typical tensile curves o= f (g) Kocks — Mecking plots [Sevillano. In Material Sciences and Technology. 1993]
o : o s e
== 100 " 120 — .
= 300 = . da 200 °C
: : o0 = f (o) witho =27 e . 3
E, E O g 500°C % .
2 E Linear stage II of work hardening i o0
1007 0+ L e
[Keller, Hug, Feaugas. International | . _._.-i ppodies
- o =A o+ (019) Journal of Plasticity. 2011] N 500°C
EI.IEI U.I1 IIJ.|2 D.|3 D.|4 0.00 0.05 0.10 0.15 0.20 I 0 [Hug ’_ Ke”er' _Meta”urgical and gl,_ dll Eli Eli 1ID 1|2 : ;,_ é dlL é Eli
True strain True strain / \ Materials Transactions A. 2010] o/1 (x107) o/u (x107)
Interactions between dislocations Grain boundaries contributions
Fil 80 & iy
400 A d =29 pm ] ] ﬁ?;; »
: o Parameter evolutions with temperature &) L aTmm NEETTI
- gﬁn_ #® d=194pm ) » d=19 pm
300 4w = ety
= . S 2 e
- . . . . = =
EUR I * The grain size does not affect the ultimate tensile test oy, from 200 °C S0~ < .
s T increases the dislocation mobility and decreases dense structures, delaying E s “24 & -
100 y . the entry to stage II and decreasing the strain length of stage II L I © » 4
) - Thermic activation of stage III, generalization of cross slip, dynamic recovery ” ke | RN *
e ey —>» Work hardening decreases " et ey R WU
5- Origin of work hardening mechanisms with temperature
. 12}2“52 250 dﬂzﬂig . 200 — ' (
= 300- - = 00 1007C / = :
% / % %, ( — ¥ % 150 = 1?‘710}]:?; :
% 200 % % ) : f/ % 2°C ‘fs 'K,»"J
E 100 E = | \ \100{*0 to -70 °C] E 100 ,4.--"""{#%?“4100 “Cto 70 °C|
o 0 I 50 - f:"'—————
0.0 0.1 ng-étram 0.3 04 0.05 0.06 0.07 U’lpﬁue Svgjfla 0.10 0.11 0.12 0.00 0.05 Txﬁgostrain 0.15 0.20 0.02 0.04 0_055rrue Strah(;_os 0.10 0.12
o =5S(&, T)owb\/ p =awb./ p
Taylor’s equation e A . _ Cottrell — Stokes law with
ST : + 20°C T ve=zo. .
o | 4 E- o 10°C % ao y 5 Ton « jump temperature » tests
O / S \ Zy A A 300 °C = 0 ggg g
O _"Ta O1 _ | Tlet 4|97 2. »pp o |E&S 3 ko, |t td = 17
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Tres T \ T / T = e S 15— :
ER %ﬁg e P 8 - After the temperature jump, same
o) : L 10— A A . . .
Cottrell — Stokes (CS) law I |7 I P . behaviour than tensile test at a given
o T o MY peeafeneeeeaes it = 0.5 L g H'¢+
= | * T = ;@ﬁf a5 W ',;.-.-.::E:r;::'.:ii"-1'-'-'-'---+"" temperature
[Cottrell, Stokes. Proceedings of the Royal Society of London. 1955] + 01 % | | | . il :
[Mecking, Kocks. Acta Metallurgica. 1981] | ' ; J 4 : ‘ ; 1 ﬁ§ x10%) + _ POSSIbIIIty of a €S StUdy without
o /1, (x107) 1 jump

Cottrell — Stokes law with temparature tests

t/d = 2.6

Influence of size effect parameter on work hardening mechanisms .
P g » Same behaviour for 20 °C to -70 °C

t/d =17 => CS law respected (linear behaviour between A(c/p) and o/p;) jJump

t/d = 2.6 =>» Two trends =» change of dislocations structures, through the parameter s, from a certain work hardening level 'I(I)Breo‘éeizil?;eo irg:djur;v;rsible parts for

6- Conclusion

 Disappearance of stage II for the low t/d ratio can be lie to the dislocation structures change
- Work hardening decreases with T, improvement of the micro-forming behaviour for thin copper sheets with low grain number in the thickness
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