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SUMMARY

Crclic torsion tests were made to determine the ef-
fects of varying amounts of torsional overstrain oa the
shape of the shearing stress-strain diagrams of:the fol-
lowing meterialss: aluminum alloy 17ST, mild steel, wrought
iron, copper, brass, and magnesium alloy AKS57S.

The results indicate no appreciable change in the
total shearing elastic range or modulus of elasticity of
B ol for warying amounts of. toersional overstrain. The
yield sirengths for torgues in .the direction of the first
overstrain were slightly higher than observed for torcues

.applied subseguently in the opposite. direction.

The total shearing elastic range of the mild steel
¢ S 5
and wrought iron was somewhat .reduced by the overstrainiag

&
Al though the moduli of elasticity indicated by the QtreSﬂ-
strain relations for decreasing torques were essentially
the same as found for the first applications of load,
linear relationships between stress .and strain were not

)

found for subseqguent increasing torcques.

The shearing stress-strain curves for the copper,
the brass, and the AMB7S indicate no linear relationship

_..between stress and strain for .either increasing or de-—

creasiang

o=

torgues after the first application of overstrein.
o

Recent studies have shown the effects of various
types of cold work or overstrain upon the stress-strain
characteristics of certain metals in tension and compres-
sion, . (See reference 1.)  Since metals are generally se-
lected for service uses on the basis of the. properties
which they exhibit in cexrtain prescribed tests, 1t is ob-
viously essential to know how the results obtained ‘in any
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case may be influenced by forming or fabrication opera-
tions prior to test.

It has been found that annealed or heat-treated
metals which have not received cold work subsequent to
thermal treatment, have essentially the same stress-
strain curves in tension and compression. here cold
worlk is applied either by stretching or compressing be-
yond the original yield strength, dissimilar stress-
strain curves in tension and compression are obtained,
the higher Field strength beinz found in the direction
of straining.

Polydirectional cold working of aluminum ,alloys, such
as ig produced by forging, cold rolling, drawing, or ex-
truding, results in similar stress~strain curves in ten-
sion and compression with yield strengths higher than are
obtained for metal free from cold working. The alternate
application of overstrain in tension and compression, or
eyelichoveratvaininaitalico 'regults in simllar stress—strain
relations in tension and compression for alumianum alloys,
provided the degree of cold work in the two directions is
substantially the same. The yield strengths are generally
not as high, however, as produced by polydirectional cold
work. OCyclic overstraining of mild steel eliminates the
characteristic yield point in both tension and compression
whereas this type of cold working may materially alter the
shape of the stress—-strain curves for brass and magnesium.
In some cases cyclic overstraining reduces the propor-
tional limits in both tension and compression to practi-
cally zero.

he properties of metals most commonly used by engi-
neers to determine their suitability for a given use are,
of course, those determined from the tension and compren-
sion tests. The torsion test is essential, however, in
the determination of shear properties. In view of the ef-
fects which cold working is known to have upon stress-
strain characteristics in tension and compression, it
seemed desirable that some attempt be made to determine
the effects of cold working or overstraining upon stress-
strain relations in shear,

The object of this investigation was to determine
cyclic stress—=straian curves in shear for several commer-
cial wrought metals and to determine from the shapes of
these curves the effects of varying amounts of torsional
overstrain,
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MATERILL

ix different metals. were tested: namely, aluminum
alloy 1757, mild steel wrought .iron,.copper, brass, and

3 magnesium alloy AM57S. All the materials except the
steel were obtained.in the form of 3/4-inch I.P.S. tub-
ing with a nominal outside diameter of 1.050 inches aad
a wall thickness of 0.1l13 inch. The steel tube had an
outside cdiameter of 1-1/8 inches, which was reduced to
1.050 iackes in order that it could be bested with avail-
able equipment, leaving a wall thickness of anproximately
0.15C iach. The diareter-to-thickaess (D/t) ratio for
the steel tube was about 7, whereas for the other materi-
s dish ratihio aried between Siand Lo

fhe speciflcations to which the materials conformed

Metal : Specification

. 178T - Federal Specification WW{-T-786

: Steel $.4.8. Fo. 1015
drought iron 0.07C -~ 0.53 Mn (no smecification)
Copper ~ A.5.T.M. Tentative Specifications (B B42~39T)
Brass A.S.T.M. Tentative Specifications (B43-391)
AMB7S Air Corps Specification No. 11318

" The tensile, compressive, :and shearing properties of
these materials are svmmarized in table I. The copper
tubing, which was received in a hard-drawn. temper unsuited
for the type of tests to be made, was given a partial an-

al of 20 minutes at 3009 G,

tl
=)
:

O
&
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P
&
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(9]
]

shiel lerediic tors on tests were made in a large lathe
£

in the nﬂchlna hop, using the ‘set-up shown by the photo-

graph of figure l. This arrangement has been uvsed with
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satisfactory results in previous torsion tests. (See
reference 2.) As indicated in the figure, one end of
the specimen was gripped in the chuck of the lathe,
which was locked in a stationary position, wihile the
other end was supported by but free to rotate on a2 ball-
bearing cénter in the tail stock. Torque was applied by
dead weights suspended from a horizontal lever arm 30
inches long, clamped to the end of the. tubing held i
the tail stock,

Streains were calculated from twist measurements ob-
tained by means of a Martens mirror troptometer over a
3-inch gage length. Tor the size of tubing tested, this
gage length made it possible to read strains within
£0.00002 inch per inch.

The torsion tests wvere made on specimens approxi-
mately 15 inches long. The clear distance between grips
was 7 inches, a length so chosen as to limit the total
over-all twist to approximately 10°, for which it was not
necessary to make any correction for shortening of the
lever arn. Twist was measured over a 3-inch gage length
with the mirror holders 2 inches from the grips. This
distance was considered sufficient to give a uniform
stress distribution for that part of the specimen on wiich
the twist was measureds '

In the cyeclic torsion tests data for a shearing
stress—-strain curve were obtained in the usual manner DHY
applying incremeants of torcue and determining the corre-
sponding shear sbtrains. fhen deformation sufficient to
produce a2 permanent set of appréximately 0.2 percent was
atteined, the torque was removed in decrements and corre-
sponding strains determined until zero stress was reached.
Torque was then avnplied in the opposite direction and
the stress—strain curve was determined to the same perma-
nent set (0.2 percent) after which the torque was again
reduced to zero by decrements. This procedure completed
the loading for one cycle. The procedure was continued
for two additional cycles to permanent sets of about 0.4
percent and 0.6 percent. In the case of the steel tubing,
twoneyeles) o f0 S22 pegeentl setlueze run,

In order to obtain permanent sets approximately equal
to those smecified, it was necessary to plot rough torque-
strain curves during the progress of the tests. It should
be emphasized that the twist-measuring device was not re-
moved from the specimen during the entire test and that in
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going from one direction to another the loading process
for a2ay one cycle was continuous. The strain readings
indicated no lost mostion in the set-up in the lathe.

"he shear stresses were calculated for the outer
fibers of the tubing by means of the formula:

m
o 2Tr
Hies % 4
where ‘Ss maximum :shear stress, pcunds per sqguare inch
T torque, pound-inches
r, outer radius, inches
Ty inner radius, inches

In addition to.the cyclic torsion tests; standard
tensile, compressive, .and shearing stress~-strain tests
were made on all the materials, as indicated by the re-—
sults in table I, Tensile tests were also made on the
tubes that were subjected to torsional overstraining, in
order to determine the effect of this type of cold work
upon the tensile properties. In the tensile and the com-
pressive tests, strains were measured over 2-inch gage
lengths using the Martens mirror extensometer. Three-iach
gage lengths were used in the shear tests, as previously
incdicated. The slenderness ratio (L/r) of all compres-
sion swmecimens was about 12.

DISCUSSION OF RESULTS

The results given in table I and figures 2 to 7 make
possivle a comparison of the tensile, compressive, and
shear properties of the materials used. Yield strenghts
in all ceses were selected as the stress at which the off-
set from the -initial modulus line was 0.2 perceant. As
will De noted, materials representing a wide range of
mechenical properties were used. Tensile yield strengths
ranged from about 44 to 90 percent of the tensile
strengths. The compressive yield strengths with one ex~
ception were less than the tensile yield strengths. he
differences bDetween these properties in the case of the
17ST, the Al57S, and the annealed copper were sufficient
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to indicate the effect of cold work by stretching. The
20-minute anneal at 300° C, given the hard-drawn copper
tubing, was only a partial anneal. Shearing yield
strengvhs ranged from about 48 to 65 percent of the ten-
sile yield strengths, which agrees reasonsgbly well with
the ratios nsually assumed between these mechanical prop-—
erties.

Figure 8 showsxthe shearing stress-straian curves ob-
tained|for the 175%." The curve from the origin to the
point A, Dback through zero stress to the point 3B, and
then to zero, represents one complete cycle for 0.2 per-
cent overstrain applied in both the positive and the nega-
tive directions. The curve extending from zero stress
through € and D and then back to zero, represents the
second cycle, etc.

It is apparent from these curves for 17S5ST that cyclic
overstreining in torsion had no appreciable effect upon
the total shearing elastic range. The yield strengths
corresponding to 0.2 percent set were somewhat higher for
the torques applied in the direction of first overstrain
than for the torques in the opposite direction. The
moduli of elasticity indicated by the siress-strain rela-
tions for decreasing torques from the points A, C, and
&y Yor (from 3B, D, and F, are essentially the same as
indicated by the initial modulus line in the first cycle.
In general, these curves. for 17ST indicete cyclic over—
straining in torsion to have about the same effect on the

.shearing stress- strain curves that cyclic overstraining

in tension and conpresslon has upon the tensile and the
compressive stress-strain curves.

The stress-strain curves shown for the steel tubing
in figure 9 iandicate a slight decrease in total shearing

elastic range as a result of overstraining. The stress—
strain relations for decreasing torques from the points
BRI el G et B, D, T,  8nd VE,-are essentially

linear and are approximately parallel to the initial modu-
lus line. The first loading to the point -4 1s the 'only
one, hovever, to show a definife llandr relationship be-~
tween increasing shearing stresses and strains, from vhich
& yield strength and modulus of elasticity in shear might
be determined.

The stress-strain curves shown in figure 10 for the
wrought—iron tubing show about the same characteristic of
behavior under cyclic overstraining as found for the steel
tubing

D&
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The stress-strain curves shown in figure 11 for the
copner tubing indicate a behavior more unorthodox than

any feonsidered thus far. Except for the first part of
the first cycle, a linear relationship between shearing
stress and strain was not obtained. What appeared to be
a deformetion correspoanding to a permanent set of 0.2
percent at point A resulted in only 0.1l5 percent set
when the stress was returned to zero. This difference
between nermanent set and the departure, or offset, .from
the initial modulus line shows that there may be an .ap-
preciable difference between the yield strength defined

‘on the basis of a definite permanent set and the yield

strength defined on the basis of the same amount of off-
sebe. t wvas found by trial that the deformations for
permanent sets of 0.4 percent and 0.6 percent for the
second and third cycles could be approximated by measur-
ing offsets from a line parallel to the modulus line ob-
tained on the first loading, drawn from the point of zero
stress, rather than from a line tangent to the stress-
strain curve at the point of zero stress.

The sitress-strain curves shown in ¥
brass tubing indicate a behavior somewhe
obtained for the wrought—-iron and the coz

far as the linear relationships between sh aring stress
and strain are concerned. There is more difference be=-
tween the shapes of the curves for stressing in opposite
directions, however, than found for any of the. other
mebaliss As indicated in the figure,; points A, C,  and

E f£all almost on a horizontal line, indicating a marked
yield point in this direction. As a result, the perma-
nent sets for the upper curves of the second and the
third creles exceed somewhat the limits of 0.4 apnd 0.6
percent intended. The stress-strain relations obtained
when overstrain in one direction was removed by straining
in the opposite direction were more gradual curves.

gure L2 uforuthe
betwveen that
pper tubing, &as
s

(Z

The stress-strain curves shown in figure 13 for the
AM578 tubing indicate characteristiecs o* behavior similar
to those alra ady described. The results obtained by.:tor-
sipnal overstraining on this material were not cquite so
unustal as found when alternate overstrains in teansion
and compression were applied. (Sse reference 1.)

The shane of the stress-strain curves for the copper,
the brass, and the AM573 after the first application of
overstra ia ra ses: several pertinent questions regarding
the interpretation and the possible significance of such

n: s
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results. Single torsion tests have not shown shearing
stress-strain relations of the kind observed in the second
and the third cycles, suggesting that the material tested
had not been subjected to previous torsional overstrain

or that a time factor connected with the relaxation of
strain was eliminated in the continuous tests.

Table II and figures 2 to 7 show a comparison be-
tween the tensile properties of the original material and
the tensile properties of the tubes which had been sub-
Jected to cyclic torsion. It is apparent from these data
that the tensile properties were not materially influenced
by torsional overstraining. The greatest differences were
found in the case of the yield strengths of the wrought
iron and the annealed copper.

CONCLUSIOHNS

The following conclusions are based upon the results
of thecse cyclic torsion tests on several wrought metals:

1., The shearing stress—strain characteristics of all
the metals were not affected in the same manner by tor-
sional overstrain.

2. Torsional overstrain had about the same effect
upon shearing stress—strain relations that overstrain in
tension and compression had upon the tensile and the com-
pressive stress—strain relations of the same metals.

‘5. The botal elastiec'range of 17857, as indicated by
the extent of the linear relationship between shearing
stress and strain, was little affected by straining beyond
the elastic Limit, £irst in ome direction and then in the
opposite direction. The total shearing elastic range of
steel and wrought iron was reduced somewhat by this strain-
ing procedure; while, for the annealed copper, brass, and
AMB7S, a linear relationship between shearing stress aand
strain wes not obtained after the first application of

overstrain,
4.0 Torsional overstrain, as produced in these tests,
had almost no effect upon the tensile properties of the

materials ianvestigated.

5. The lack of g linear relaotionship between shear-




NACA Technical Note No. 790 9

ing stress and strein, as found in a number of the repeat—
ed load tests, raises several guestions of fundamental
importance regarding the significance and the proper in-
terpretation of such experimental data. The tcsts de—
scribed in this rcport can only be considered as prelimi-
nary in pointing out some interesting and important phe-
nomena regarding stress-strain relations.

Aluminum Research Laboratories,
Aluminum Company of America,
New Kensington, Penna., August 13, 1940.

1. Templin, R. L., and Sturm, R. G.: Some Stress-Strain
Studies of Metals. Jour. of the Acro. Sciences,
vols 7, Bo. 5, Harech 1940, pp. 189-98.

Moere, R, L., apd Paul, D, A.: Torsioanal Stability
of Aluminum Alloy Seamless Tubing. TS Mol WG ISi6h
FACA, 1939.
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TABLE I

SUMMARY OF TENSILE, COMPRESSIVE, AND SHEARING PROPERTIES OF

TUBING AS RECEIVED

Tensile Compressive Shearing
Tensile yield Ratio: [Elongation yield vield Ratio:
Material strength strength, |m « in 2 in. | strength,? |4 v.s. | Strength, g v s
offset=0.2% i53é§i~ offset=0.25 |-y g~ joffset=0.2%| 5=
(1b/sq in.)|(1b/sq in.) (percent) {(1b/sq in.) | = 7" |(1b/sq in.)| "7
17ST 65,950 45,000 68.2 25 37,400 83.2 22,000 48.9
Steel 82,380 74,500 9075 1 72,500 Chdete 48,500 5oL
Wrought iron| 46,720 24,800 Hoh . 61 =24, 600 99.2 15,250 6L.5
Copper 40,540 21,200 52 .3 43 18,500 87.3 16,100 47.6

(annealed)

Brass 61,670 27,300 44,3 53 28,800 105.4 15,400 56.4
AM57S 41,240 20,200 49.0 15 16,300 20 10,500 52.0

|

Determined on specimens with slenderness ratio

{L/r) of 1.
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COMPARISON OF TENSILE PROPERTIES OF TUBING BEFORE AND AFTER CYCLIC TORSION TESTS

TABLE II

Tensile strength Yield strength Elongation
Material SNV
(1v/sq in.) (1b/sq in.) (percent)
Before After Before After Before After
17T 65,950 85, 830 45,000 44,000 25 25
Steel 82,380 82,030 74,500 76,000 1 18
Wrought iron 46,720 47,020 24,800 29,400 61 68
Conper (annealed) | 40,540 40,840 21,200 24,500 43 43
Brass 61, 670 62,120 27,300 28,700 53 50
ANS7S 41,240 41,070 20,200 19,500 15 5
>

VOV
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12,500 L M’ﬁE
2P0
X T
10,000 / ]
OFlirst cycle . J
7,500 x Secopd eyclle 5 }/; 7[7 / /
oThirf cyecle A 4 x/ [
4
: g4 / y i
5 8,000 e 7 7
1 i 7 A /
5 2 500
el Wi R
o A7
: / : Pd
& A el pe
2 _2.500 7 - x 2
: A T T
& -5,000 A A = e
7,500 / A%l L=
’ APLA7] |
%
-10,000 ,f%‘ n/“//
i
. P |
R 0D ~.000 -, 003 -.008 -,000 0 .000 002 005 004 005 006 —007 —0oe

I Shear strain, in. per in.
Figure 11.- Cyclic torsional stress-strain curves for copper tubing.
Hard drawn copper annealed 20 minutes at 300°C.







NACA Technical Note No. 790

Figs.12,13

25,000
20,000
‘ - b
& >
15,000~ 4
/{f A ,// J
. 10,000 E —
o L2 AL £ /
= Y / 7
5,000 AW f 4 .
§ 4 , 2
e A % 7 X '
= ,}f / o L A'{
= | 7T 177 7
-g _5’000 [ 2/ J % Ff
" A L AA A ¥
- FLoEaem| | e
£ 3 Y T O Firist |[cydle
ﬁ f AD/{ ),J; 9/ X |Sedo Z:rl
15,000 ﬁ’ /x)‘u | o|Third |cycle
=~ F
-20,000
]
|
-25,000——570 -.008 -.006 -.004 -.002 0  .002 .004 .006 .008 .010 .0l12 .014 i
Shear strain, in. per in.
Figure 12.- Cyclic torsional stress-strain curves for brass tubing,brass (60:40).
12,500 ” E
10,000 ‘,7;,{ /7 /
" X q 14 }a’
7,500 ﬁ//ﬁcégﬂ ,/x /
’ % B
. 5,000 ){/ | /{ 1/ 7
o i /
& 2,500 A X L/
’ X J
5 F VA
24 7 x ‘{
At raw;
£ ArLed
7
E _2’500 ;é/ / ad }{
3 A A
..g -5,000 4// ,x / O [Firist [cycle
o 'fé ;/‘,}// X Seclon r-'_\,u\'l
/}ﬁ/é/ /c/ o [Third [cycle
-7,500 e
=4
4
-10,000 ~
IF
-12,500— 515 -.008 -.006 -.004 -.002 O  .002 .004 .006 .008 .010 .0l12 .014 .016

Figure 13.- Cyclic torsiona

Shear strain, in. per in.

1 stress-strain curves for magnesium alloy tubing,AM57S.







