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The attached progress report submitted by John R. Low, Jr.,
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This rcport describes the results of a stucdy of the effect
of specimen size (length and width) on the limiting elongation velues
in tension and the distribution of these values as a function of gage
length for 0.040" Alclad 24=SO sheet.
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FOURTH CUARTERLY
PROGREGSS REPORT

N.D.R.C. Research Project NRC-52 Contract No. OEMsr 264
PLASTIC FLOW OF ALUMINUM AIRCRAFT
SHEET UNDER COMBINED LOADS-II
November 1, 1943 to February 1, 1944
From: Department of Metallurgy, The Pennsylvania State College
Report prepared by: John R. Low, Jr.
T. A, JEEaser
ABSTRACT

This report describes the results of a study of the effect
of specimen size (length and width) on the limiting elongation
values in tension and their distribution as a function of gage
length for 0.040" Alclad 24-SO sheet. On the basis of these
results it is proposed to confine future tests on other grades
and tempers to two modified tension specimens and the standard
A.S.T.M. sheet specimen. One of the modified tension specimens
will be of sufficient length (12") so that the uniform as well
as the local elongation may be determined. The other will be
a wide specimen with curved edges so designed as to limit
lateral contraction to a minimum during stretching in the

tension direction.
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FOURTH CUARTERLY
PROGRESE REPORT

N.D.R.C. .Resenrch Project NRC-52 . Contract No. OEMsr 864
| PLASTIC FLOW OF ALUMINUM AIRCRAFT
SHEET UNDER COMBINED LOADS-II
November 1, 1943 to February 1, 1944
From: Department of Metallurgy, The Pennsvlvania State College

Report prepared by: John R. Low, Jr.
' T. A. Prater

1. Introdugction
The purpose of the present investigation is to determine the
plastic behavior of aluminum aircraft sheets for various combinations
of the principal strains in the plane of the sheet. As a part of
this testing program it is necessary to know the effect of
specimen size and shape on the amount of flow which precedes
fracture in the simple tension test. The results of such g study
, will, for example, indicate to what extent ductility values
obtained from a standard sheet tensil:¢ svecimen are representative
of those to be expected in stretching sheets of larger dimensions.
Further, the present investigatiqn oprovides information on the
manner in which the elongation vs. gage length curves are changed
when the deformation is confined to short gage lengths under

conditions of severe lateral restraint.
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II. Experimental Procedure

Specimen Preparation:

The specimens used in the investigation varied in wicdth from
" to 10" and in gage length from 1" to 12", giving lenegth/width
ratios ranging from 0.10 to 17. The edges of the specimen were
milled parallel and any burrs resulting from this step were
removed with a sharp. scraper. No filing or polishing of the
specimen edeges wags done. A 100 line per inch grid was then
printed on each specimen employing the "photo-grid" techniaoue.
The grid obtained by this process was accurate within *4.97 over
a gage length of 0.01"; t1.0%over a 0.05" gage; and f0.27 over
a 1.0" gage.

Gripping and Alignment:

In some of the tests simple rectangular specimens with no
reduced section were employed. Although four diffefent methods
of gripping the specimen were tried, it was found thet in most
instances specimens of this design fractured in or very close to
the front edge of thes grip. Later spescimens werz milled with a
fillet of 1}" radius and & shoulder %" wider than the gage szction
(Fig. 1). This design proved satisfacfory for specimens not
exceeding 5" in width, but for the widar specimens it was necessary
to increase the fillet radius to 3" and the shoulder width to 1"
greater than the gage section to ensures a fracture within the

section of reduced width. All data revorted are taken from
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3
specimens with 2 reduced section except where otherwise designated.
The specimens 3" wide were gripped in Templin sheet grips
which were held in modified .Robertson shackles. Fach was care-
fullv aligned by placing 1" gage length Tuckerman optical exten-
someters on either side of the specimen and shiftine the erips until
the elongation on each side was the same for any given chanee in
load. The wider specimens were gripped between files and aligned
by keeping the specimen edges perpendicular to the front edges of
the two sets of gripping files. Before testing the distance
between the two sets of jaws was measured at the two edges of the
specimen to further check the aliegnment.
Material:

All of the results herein described apnly to 2.040" Alclad
245-90) sheet tested in the rollineg direction.

. ITII. Effect of Specimen Size

fﬁ?hoto-elastic studies(l) show that the portion of a tensile
test specimen which is not in simple tension varies with specimen
wiéth and radius of fillet. Dorﬁ and. Finch(2>, in their work on

" magnesium alloys, have found that, if the radius of the fillet is

kept equal to the width of the gage seption, the portion of the
test spccimen not in simple tension extends from the fillet into
the reduced section to a distance approximately equal to the

specimen width. In the present tests, the portion of the test
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specimen in simnle tension was taken as that section vhich had a
uniform percentage of lateral contrection. The extent of this
section was determinzd after the completion of the test by
measuring the lateral contraction over a 0.2" gage length along
the center liﬁe of the specimen at convenient intervals. The per-

cent contraction 2t each point was then calculated from the

w.o -w
relationship: ¢ contr. = —Q—W——i x 190 where W, = 0.2", and
o]
W _ = distance across 20 grid sauares after test. These values

f
were then plotted against their positions along the gaze section

(Fig. 1) and the length with uniform lateral contraction determined
graphically. The percent uniform lateral contraction appears to
be independent of specimen width and wvaries between 5.0% and 6.5%.
(Table I) It appears that the only effect of specimen width on
lateral contraction is that the narrower specimens show some
lateral necking in the immediate vicinity of frecture thus nrco’ucing
greater elongations (and contractions) over short gasge lengths near
the fracture. Curve "b" in Fig. 1 has been drawn for = specimen
that shows a uniiform lateral contraction lower than that found to
be representative of a condition of simple tension. This bhehavior
was also exhibited by a specimen 19" wide with a 1" gage length.

It appears thet these specimens are of such shape and dimensions
that equal lateral stresses are set up over an appreciable gage
length resulting in a section of uniform lateral contr~ction

although none of the specimen is in simple tension.
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Specimen
Dimensions
(inches)
L v
2k %
L3 2
12 %
4 2
43
4y 43
104 10

TABLE I.
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Fffect of Specimen Dimensions on Elongation and

Uniform

Lateral

Contraction
in/in
.059
.059
.050
062
.056
.065

.053

Lateral
Contraction
at Fracture

Lateral Contraction’

Elonegation
for Zero
Gage Length

(in/in)
o L0k
.076
.106
064
g05%
.066
2053

(in/in)

r.1x
1,18
1.35
.9
28
- 1ol

e e i

.33

All values refer to region in simple tension.

lhe percentage of the zage section with

Limiting
Uniform
Elongation

(in/in)
il 6'5
.159
4160
.198
sl 95
.180
165

uniform leteral

contraction, i.e., in simple tension,‘has been plotted against

the ratio: L/W, where L
gage width, (cf. Fig. 2).

the length between fillets end W = the

It is seen from this plnt that fer

the design svecimens used in this investigatiron the length of

the reduced section must be at least ane-half as great =zs its

width or there will be no sectinn in simple tensinn.

The

fraction in simple tensi-n increased rapidly es L/W is incrensed

until that ratio reaches a value of approximately 2 after which

the increase is c~mparatively slow.
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In Figure 3 elongation hes been plotted as @& function of
gage length for six specimens. In three of these the entire
length covered by the curves is in simple tension, and in the other
three there is no region in which that condition exists. The
curves fall into two distinct eroups with the specimens in simple
tension exhibiting the greafer elongation. This effect is most
marked for gage lengths under one to one and one-half inches.
From these curves it is observed that elongation to fracture is
not affected by specimen width provided the specimen length is
great enough to permit a2 state of simple tension. The only
exceptinon to this is a2 slight lowering of the elongation-gace
lenegth curve in the region of short gage lengths in the cesse of
wide specimens. This minor variation is due t» the lateral
necking which occurs in the narrower specimens, but is not observed
in those exceeding 2" in width. While the elongation »ver a |
zer» gage length does not seem to be a function »f width, the
elongation over compvaratively short gage lengths (i.e., .05" to
.50") is increased in the narrower specimens because »f the
greater gage length affected by the neck. As sh~wn in Fig. 4
this reginn extends for epproximetely 14" in the 2" snecimen

and for >nly about 3" in the 10" specimen.
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IV. Summary

It has been found thet lateral contractinn measursd at
intervals along the specimen center line parallel to the
direction of loading is a sensitive measure of stress conditions
in the plane of the sheet and can be used to determine the
actuezl length in pure tension, that is, the length of the
specimen which is not affected by the fillets or grips.

Within the region of simmle tension neither the later=zl
contraction nor the elongation to fracture appear to be affected
. by increasing the specimen width or leneth except thgt for very

narrow specimens (less than 2" wide) some lateral necking occurs.
As a result the elongation values measured in the immediate
vicinity of fracture (i.e., over short gage lengths) are
slightly higher than those obtained with wide specimens.

The fraction of the specimen length in simple tension may
be plotted as & function of the ratio: length/width. When
this is done it is found that for the 0.04" thick sheets being
tested and the particular shape used, this fraction begins to
decrease rapidly as L/W decreases below 2.0 and becomes zero
in the vicinity of L/W = 0.5. As the -fraction of the length
in simple tension decreases the curve for elongation vs. gage

length is shifted to lower elongation values.
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The above observations s=re based on tests on Alclad 24S-0
specimens 0,04" thick and varying in length from one to twelve

inches and in width from one-healf to ten inches.

V. Plans for Future Work

dn the basis of these resultélit is proposed to standardize
on two tests in the future: one, a tension test on a specimen
of sufficient length to obtain simple tension éonditions over
sufficiently long gage léngths to be able to evaluate the uniform
elongation (i.e., infinite gage lenzth) as well as the elongation
values for shorter gage lengths; the other; a tension test using
a Wide specimen with.curved edges (cf. Third Quarterly Progress
Report) so desicned as LT (e el C ek )
very small value'approaching ZEeTro. ‘

These two teéts together with the efliptical and svherical
bulge tests of NRC-51 at.The barnegie Institute of Technology
vill meke it possible'to obtain elongation values for a large
variety of combinations of the principal strains. Tests are
to be mgde in both the rolling and transverse directions and
in sufficient number to indicate the range of scatter which
may be expected. )

At the present time 0.04" sheets are on hénd in the following
grades: Alclad 24E5-0, 24S-T, and 24SR-T. Other alloys'and‘
tempers are to be included in thé testineg brogfam as soon as

sheets can be obtained for testing.
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