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ARSTRACT T -
A series of five different copper=zinc Srass. Alloys

polverystalline alloys, ranging from commers sguschinger Effect

ziallv pure -opper to 3¢% Cu 35% Zn brass, Plastic Strain

were strained various amount.s up to 5% in tension Overstrain

and reverse strained in sompression. The Srain Size
nagshinger strain is shown to be dependent on

composition. An equation relating plastic

strain and the Rauschinger effect is presented

and experimentally yerified. Preliminary data

shows that the 3auschirger strain is deperdent

: on grain size for the 153 Cu 35% Zn alloy, but

J

is independent of grain size for the OFHC copper.
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INTRODUCTICN

One of the interesting aspects associated with the astudy of the
plastic flow of metals is that lmown as the Bauschinser Effect (BE).
This causes the material to become anisotropic with respsct to the
direction of loading after the metal has been piastically strained.
Although the BE has been known for & long time, only a relatively
small amount of work has been reported in an attempt to clarify the
phenomenon. One of the axplanations of this behavior is based on back
stresses resulting from dislocation pile-ups(1-3),

Woolley studied a series of fce and kec polyerystalline alioys
and concluded that the BE was independent of grain size and slightly
dependent on purity and temperature(4), Buckley and Entwistie(5)
studied high purity aluminum single crystals and compared their results
to polyerystalline specimens. They concluded that strain hardening
and the BE are intimstely related., Hence, one could conclude that the
mechanisms contributing to strain hardening strongly influence the
magnitude of the EE.

There appears to be orly a amall amount of literatur¢ concerning
the effect of alloying in solid solution type alloys on the BE(3,6),
Consequently, it was felt that a study of a series of alloys of a given
system, with emphasis on work hardening during prestrain and the effect

of grain size, would give additional incight into the factors contribut-
ing to the EE.
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THEORY
Following an expressior presented by COnrad(n , we can write “hat

where 6p1 is the plastic strain, C; is a constant, fis the density
of dislocations, b is the Burgerts vector, and S is the distance the
dislocations move during the deformstion.

By combining this squation with an expression given by McClintock(®
- o2
€ ~ P*» (2)

and eliminating r, we can obtain an expreasion for the Bauschinger strain

€

in terms of the plastic strain
€n 3
=
é{ A Q——Ls > ) (3)
where A is a constant.

EXPERIMERTAL PROCEDURE

A system of Cu-2n allcys was selocted for this particala:r investi-
gation because the alloying sffect of zinc into copper is jquite well
known from the standpoint of the stress-strain behavior(9). Commercially
pure OFHC copper and copper-sinc alloys having nominal compositicns of
5, 10, 20, and 35 wt. § zinc were utilizsd. Tensile-compression
specimens were¢ machired from 1.25 inch diameter rods to the configuration
shown in Fig. 1, with tha exception of the 5% Zn material which was
swaged to 7/8 ia;h dismeter and annealed *o give a grain size equal to

s camniy ¢ -
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the other alloys. Tables I and 1I give a summary of the heat treatments
and the grain sizes resulting therafrom as determined by the linear
intercept method. The purs copper was annealed for 3 hours at 1000°F
before aachining and the copper and brasg specimens were all anneslsd
at 500°F for 3 hours in Argon after machining to eliminate mz:hining
residuals.

A cloazd-loop electro-hydraulic servo-controlled teating machire
was used to test the specimens and to control the wechanical straining
at a copstant nominal strain rate of 1074 in/in/sec. Details pertaining
to the mesasurement of load and strain have been previously remrted(m"u) .

EXPERTMERTAL RESULTS AND DISCUSSION

Becsuse of the large amount of strain hardening in compression
after previous tensile overstraining beyond 2-3 percent, it was not
advisable to use a ratio of yield streases t, defins the magnitude of
the BE. Therefore, the method used here for quantitatively defining
the BE is essentially the same as outlined by Woolley(4). The
Bauachinger Strain ( ép ) is measured as the difference in the abaclute
value »f the strains between the tensile and compressive half cycles
at a given percentage of the maximum flow strsss in the tunsile half
cycle, PFigure 2 illustrates the definition.

Fron cbserving the experimental data, we can see that the strain
hardering exponent n is functicnally related to the alloy composition.
This is shown in Fig. 3 which is a sezi-log plot of strain hardening
exponent vs. percent zinc cortent in copper,
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Table I. Composition and Grain Size for Alloys Studied
Composition
Wt % Cu wt.£ Zn Alloy Designation Grain Sige
ASTM Bquiv,
100 Q A 6.0
95 5 B 6.5
90 10 c 6.5
80 2 D 6.0
65 35 ) 4 6.0
ALl specimens siress relief annealed at 500°F for three hours after
machining.
Table II, Grain Size Heat Treatments for Alloys Studied
Composition
Wt.Z Cu wt.X Zn Heat Treatment Grain Size
(ASTM Equiv.)
100 0 #1000%C 5 Hra. - AC 2.5
100 0 A3 Received 6.0
100 0 *,00°C 2, Hrs. - AC 10.0
65 35 #750°C 5 Hrs. - AC 1.0
&5 35 As Received 6.0
65 35 #,50°C 2 Hrs. - AC 5.0

*Grain size annesl after 50% reduction in area from cold swaging.
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Figare 4 shows a graph of Bsuschinger strain va. total uniaxial
strain in tension for the five diffevent alloys studied. This shown
that thero is a systematic incresse of the BE with inorsasing sinc
coritent. Since the tensile elastic strains up to plastic ylelding are
quite amall compared to the plastic strains, we can assume, with littie
error, that the totsl strain equals the plsstic strain.

Pigure 5 is constructed from Fig. 4 and slows the Bauschinger
strain (é’ ) vs. épli for the five different alloys. Assuming that
S equals the grain sige, which in this case is constant, and b varies
only by 2-3 percent cver the range from pure copper to 65/35 brm,(n)
we may then write equation (3) ss

42’ = O ‘lgpaé (34)

o s from equation (34) iz the slops of thase curves and is a non-
dimensional parameter dependent on the alloy composition. The range of
oK) is from .21 for the pure copper to .50 for the 65/35 drass. This
plot verifies the fcrm of equation (3) and shows that é‘d'mdo on
the half power of the piastic strain for tais particular alloy system.

“igu-e  is = plect =“ the strain har:2ning exponent n vs. X,
This shows a definite correlation between strain hardening, plastic
strain and the EE.

ugm--a?mmt'/haxzcmraplat»ré.s vs. total strain for three
different grain sizes of pure copper and 65/35 brass. The most

iaportart thing brought out by these graphs is that the Bauschinger




€ -

s I RIS RN
e R D it

', w&‘;\‘\‘r IR ”

MR s L MR

P VR
> «\u{l}r u.x;)*":h%?“ £

.2

BAUSCHINGER STRAIN
VS
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Figure 7a. €P v3. €yntal  OFHC Cu - 3 Different Grain Sizes
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VARIOUS GRAIN SIZES

i

12

CURVE |. LARGE GS
CURVE 2. INT.GS
CURVE 3 SMALL GS

1 L i 1

o | 2 3 4 5
€ (B —

Figare 7b. é’ vs. €,.4. 65/35 Brass - 3 Different Grain Sizes

[

PTG, « Ry T A N




offsct is apparently independent of grain size in the pure metal but
derends on grain sige in the slloy. A possidble explanation is that
cross slip is able to take place in the copper sc the dislocations
nove in many planes causing dislocation irnterastion, hence making it
difficult for th.m to move back once the direction of loading has been
reversed. On the other hand, in brass, the dislocations are more
constrained to move in a plane and it is much easier for them tv move
back in coapression giving rise to a larger BR.

. Thosq results confirm Woolley's ‘conclusion for the pare metals

but is in cppositics: to his genersl statement of the EB being independent
of grain size a8 far a2 one of the alloys inwvestigated in this study

is concerned.

CONCLUSIONS

1. The Bauschinger effect strongly depends on the alloy composition
for the copper and brass alloys studied.

2. The Bauschinger strain is a function of the plastic strain to the
one half power for each of the alloys investigated for temsile strains up
to 5 percent,

3. Preliminary data shows thzt the BE is independent of grain size for

copper, whereas the 55% Cu 35% Zn alioy shows a grain size dependence.
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