
Technical Note 

Effect of Strain and Temperature on the Yielding of Copper and Nickel 

by J. H. Frye, Jr., J. L. Scott, and J. W. Woods 

T HERE are at least two effects of temperature on 
the stress required to produce plastic flow. 1) 

Metals plastically strained for the same amount at 
different temperatures possess different stress-strain 
curves and different internal structures (e.g., nature 
and density of imperfections). 2) There is both ex
perimental and theoretical evidence that the stress 
necessary to produce plastic flow may vary with 
temperature even though the internal structure re
mains constant. ' -6 Much of the data in the literature 
is difficult to interpret because these two effects are 
simultaneously present. In the work reported here, 
they are considered separately. 

Standard 0.505 in. tensile specimens were pre
pared from high-purity Mond nickel and OFHC 
copper. Nickel specimens were annealed in hydrogen 
at 1150°C for 30 min and furnace cooled. This pro
duced an average grain diameter of 1.4 mm. Copper 
specimens were annealed in vacuum at 525°C for 
6 hr and furnace cooled. This produced an average 
grain diameter of 0.11 mm. Nickel tensile specimens 
were prestrained in tension at 500 o K, whereas cop
per tensile specimens were prestrained in tension 
at room temperature. All specimens were cooled to 
74°K and heated to room temperature. After these 
treatments all of the tensile specimens of a given 
set possessed identical structures. 

All specimens were returned to the tensile ma
chine and tested at various temperatures and con
stant cross-head speed. Many of the tensile curves 
showed well defined yields but, in order to minimize 
personal judgment, the yield was always chosen as 
the stress corresponding to 0.2 pct plastic deforma
tion. 

Results are summarized in the graph of yield vs 
temperature of test, Fig. 1. All of the specimens 
corresponding to anyone line have had identical 
treatments and, therefore, have identical internal 
structures. Thus, each line gives the relation be
tween yield stress and temperature for one constant 
internal structure. The lowest line, which is for an
nealed nickel, shows no measurable variation of 
yield with temperature. This is similar to Blewitt's· 
results on copper single crystals, but a variation in 
yield with temperature was found by Andrade and 
Henderson7 in single crystals of nickel, and by Car
recker and Hibbard" in annealed polycrystalline 
copper. The three other lines, which are for pre
strained materials, show that there is a linear re
lation between yield stress and temperature when 
the internal structure remains constant. 

Such a relation might be expected from a rate 
equation such as that of Kauzmann' on the assump-
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Fig. 1-Flow stress vs temperature for annealed and pre
strained Mond nickel and copper. Percentages refer to 
plastic elongation by tension. 

tion that the activation energy is either independ
ent of or linear with temperature. These results 
would also be expected if the shear moduli of cop
per and nickel are linear functions of temperature 
for, as Cottrell and Stokes have pointed out; in all 
dislocation theories oj strength the fiowstress ap
pears proportional to the shear modulus of the 
material. In copper and nickel, since the modulus of 
elasticity decreases roughly linearly with increase 
in temperature,· it is probable that the modulus of 
shear also decreases approximately linearly with 
increasing temperature. A detailed discussion of the 
effect of these and other factors on the temperature 
dependence of flow stress in fa-ce-centered-cueic 
metals has recently been given by Seeger! 
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