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Introduction

vStandardization of steel for cold working, Geep-drawing,
is a field which has as yet received very little ettention from
the rescarch workers. It is a field which, if proverly investi-
zated, could do a great deal toward cheaper and better production
of cold-drawn articles.

There are at pnresent no specifications for steels used
for deep-drawing purposes with the exception of chemical analyses
within certain limits. It =zppears that specifications of this
kind are not sufficient to insure a uniform product or a steel
which will withstand the severe strains to which cold drawn
steels are subjected. It has been found by commercial concerns
that cold-drawinz steels of very nearly identical chemical anal-
yses have, under the same drawing conditions, reescted cuite
differently. As this is the case, it is logical to eccsume that
the treatment given to the steel before drawing has a marked
effect upon the results obtained.

Working upon this cssumption, the writer has endeavored to
conduct 2 series O0f experiments upon cold-drawn steel and upon
hot-rolled cold-drawinz stock to determine the effect of annealing
temperaturee upon the reaction of such steels to cold work.

Ac this investigation was approached from two angles, the
change in hardness and the change in ductility, it would be best
to review a few of the theories presented to account for harden-
ing.

Jeffries and Archer present the following theory: "Hardness
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is resistance to permanentdsformation. lMetals fail under stress-
es much below their ultimate strength because they are built up
of crystals. Decreasing the size of these crystals will increase
the hordness."

Katora Honda attributes hardness to two factors; first,
"forces acting between molecules of the substance" =nd second,
"the crystalline structure of the metal". He then zoes on to 2dd
that "for a given substance having a definite molecular force
its hardness increases with the fineness and strazined state of
the structure."

W. Geiss and Van Liempt declare that there are "twvo theo-
ries as to the mechanism of transformation of metals worked in
the cold:

lst (Due to Tamman) That crystals glide over each other
in certain characteristic zliding planes.

2nd (Due to Czochrolski) Thnat the actual shape of the
lattice is distorted.

Lately these theories have merged to a great extent".

In the J. Inst. lletals (1925) H. J. Angus and P. F. Summers
tell of an experiment on annealing pieces cold-rolled copper and
bronze. "These were annealed at various temperatures up to 1000°
........... In coarse grained copper and bronze a large decrease
in hardness results from annealing at 300°, a small increase is
obtained after annealing at 150° - 2000."

The work which the writer has conducted will in some in-
stances bear out and in others contradict the theory given above.

It has been impossible, in the time allowed, to complete an in-
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vestigation of this type. The writer therefore sets forth the
results obtained and the conclusions made therefrom as mere hy-
potheses which may, upon further investigation, prove to be erron-
eous. It is hoped, however, that a more intensive study of the
subject will bear out these experiments and lead to some concrete

specifications for cold-drawing steels.
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Experimental Work I

A cold-dravn brake-drum, which had fractured upon drawing,
was obtained and a microscopical investigation made to determine
the cause of breakaze. It arxpeared that the fracture was due to
poor stock, as slug inclusions were found. (Figs. 1 and 2)
Pieces of this same drum were then annealed for one-half hour at
different temperatures, slow-cooled in the furnace and tested
upon an Emerson-Southworth Hydraulic Ductility llachine. A marked
increase in the amount of deflection at the maximuna load shown
by the heat-treated pieces as compared with the "as receiveg"
pleces led to further investigation along this line.

Four cold-drawn brake drums were selected at random from
commercial stock at intervals of approximately two weeks. The
brakinz surface of each drum, which had hardened duringz the cold-
drawing, was removed. This was straightened slowly in a vice to
eliminate as much further sitraining as possible and then cut into
test pieces. The Rockwell hardness of each piece was noted and
the pieces then annealed at temperatures varyinz from 1000°F. to
to 1950°F. beinz slow cooled in the furnace. The same furnace,
automatically controlled, was used throughout all of the experi-
mental work to insure a uniform treatment.

After the annealings process the Rockwell hardness was again
noted and the pieces then tested for ductility in the Emerson -
Southworth machine. 1In 211 tests on this machine readings were
taken of the maximum load and the deflection, in inches at the

maximum load.
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The data obtained by the ductility tests can only be used
as an indication of what woulc happen in actual practice, as the
drawing conditions zre not the szme. In commercial édrawing, the
steel is pressed between two steel dies to insure the desired
shape. In the ductility mechine the steel is forced thru a cir-
cular hole by a steel ball. There is no die above the steel to
hold it to any specified shepe. A diagram of the drawinz con-
ditions found is shown in Fig.3.

A microscopical investigation was made of the unstrained
portions of each piece to determine if there was any relation
betweén the grain size and the hardness or ductility. There
appeared to be no difference in micro-structure with the excep-
tion of some grain growth at the higher temperatures. (Fig. k&)
There was, however, no correlation between the grain size and
the hardness or ductility.

An investigation of the condition of the rearlite was
then made at higher macnifications. Some small diflerences in
coarseness were found but nothing that could be correlated with
the change in hardness or ductility. (Figs. 5 - 16).

lacrographs taken of the pieces, after drawing, show a
comparison as to the depth of draw before brezkage at different
annealing temperatures. (Figs. 17 - 24) It should be noticed
that the portions under strain, above the ball, show black
strain-lines upon etching with sulphuric acid. A Rockwell test
of this portion showed an increase in hardness back to the

original hardness.



FPI1G, 3
Diagram showing a portion of the
Emerson- Souphworth Ductility Machine
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FIG, 24

Comprison of duetility tests
mage on Emerson-Southworth lachine
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There was, however, no correlation between the grain size
and the hardness or ductility.
Dota

Brake Drum #1

Sample Rockwell Xardness Defl.8 1'ax. Loed Yox., Load
in inches #/ eqg.in.
A. R. S0 .190 g,250
1000 . &9 .196 &,300
1100 69 - _—
1150 70 - -——
1200 71 ko5 10,900
1250 67 - -—
1300 63 . 387 11,000
1350 62 - -
1400 65 —— -—

Brzke Drum #2

A. R. 63 342 11,500
1000 63 .352 11,700
1100 63 -385 11,950
1150 60 .383 12,400
1200 58 372 12,5400
1250 54 .365 11,900
1300 60 .385 12,000
1400 63 .372 11,700

1650 65 .366 11,300
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Brake Drum #3

Ty ard £ 5 10 - .
Sample Rockrwell Herdness Diﬁllic’qesi 3}13?01,_0-;%
A. R. 91 .2ho 7,600
1000 90 .2ko £,350
1100 67 .360 10,700
1150 62 .310 11,200
1200 63 .320 11,100
1250 6L . 369 12,600
1300 59 .355 12,000
1400 59 .368 10,800
1500 65 .360 11,700
1600 69 .3L0 11,950
1850 62 .365 12,100
1950 65 .205 L 900

Brake Drum #U4

A. R. 20 .180 ©,200
1000 €9 .180 9,300
1100 | 72 .323 11,120
1150 67 .329 12,300
1200 %) .330 11,200
1250 59 .395 12,300
1300 58 .370 10,300
1200 53 .370 11,600
1500 | 62 .350 11,600
1600 62 .325 10,900
1850 65 .360 11,300

1950 58 .230 12,100
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o

raze Lrum #5

Sample Rockwell Z-réness Lefl.8 'ox..02d nx. Loa
A. PR. &5 .170 ¢,Cco
1000 g2 .130 10,000
1100 65 .210 8,500
1150 59 .360 11,400
1200 60 .230 &,000
12590 57 .365 11,250
1300 55 .2ko 7,900
1100 60 .230 7,500
1500 62 .235 7,20

1600 66 .170 5, 600
1850 68 .200 7,000
1950 65 .205 5,500
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Zxperimental Work II

A study of the effect of annealing temperatures upon the
cold-drawing properties of hot-rolled stock was also made. The
Rockwell hardness of several pieces was noted and the vieces
annealed for one-half hour at temperatures varying from 1COO°F.
to 1950CF. and slow-cooled in the furnace. The Rockwell hardnese
was then azain noted. Considerable difficulty was encountered in
gettinz comparable Rockwell readings in this experiment, due to
irregularities in the stock used. This difficulty ras cvercome
in the following manner. Two pieces were run in ezch heat and
the change in hardness of éach noted. An average "original
hardness" was computed and the averaze chanze in herdness for
each heat added, or subiracted, to this to obtain a value vhich
could e plotted.

The esame care was exercised in obtaining deflection reszd-
ings, the average deflection for eaqh heat belrng used.

In this case, as well as in the previous one, care was
taken that the heatinz-rate, cooling rate aznd all other conditions
should te identical for each run.

The shape of the draw obtained in the ductility machine

seemed to depend a great deal upon the annealirns tenperature.
The "as received" pieces drew out very thin and beczcme balloon-
shaped. This continued until an annealing temperature of 500°F.
~-600°F. wae reached when a esmooth draw with very little decrease
in thickness was obtained. This type of draw continued thru

the remainder of the ranze of annealing temperature.



Date

Sample A. R, H. T. Diff. ir Aversce Plotted

Hardness Harcdness Hezrdness Difference Vzlue
A. R. 60 —_— - _—

61 - - - 60
200 6l. 25 6. 625 -+ 375

63.0 63.5 + .5 + .Lpys 60. 4
300 63.0 63.875 + .375

62.75 64,375 +1.625 +1.25 61.25
Loo 62.1 61.5 - .6

60.0 62.5 +2.5 + .95 60.95
500 60.0 62.125 +2.125

57.0 00.£875 +3.875 +3.0 63
600 62.0 eL.0 +2.0

60.5 65.75 +5.25 13,625 €3.625
700 €1.0 63.0 +2.0

55.0 3.0 +&.0 +5.0 65
800 £€3.0 69.0 +6.0

58.0 . 63.625 +5.6 +5.8 65.8
900 63.0 67.25 sl 25

Lg.0 £1.5 +5.5 1l 875 6L. 875
10005 59.0 65.0 +6.0

59.0 63.0 - +4.5 +5.0 65
1100 56.0 61.5 +5.5

55.0 €2.0 +7.0 +5.25 66.25
1150 58.0 62.0 +4.0

58.0 62.0 +4.0 +4.0 6L
1200 61.0 €5.0 +7.0

62.0 66.C slL.0 L0 5l
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Sariple  A. R. Z. T. Piff. in Averaze ~ Plotted

Herdnecss Hordnecss Hardness Difference Value
1250 59.0 62.0 3.0

56.0 £2.0 +6.0 4.5 6k.5
1300 56.0 59.5 +3.5

59.0 62.5 +3.5 +3.5 63.5
1400 57.0 60.8 +2.8

€2.0 63.0 +1.0 42,k 2.k
1500 62.0 62.5 . + .5

556.0 57.0 +1.0 - .75 60.75
1600 55.0 57. 41.0

£S.0 £7.25 -1.75 =2.7% 53.£25
1850 20.0 02.0 +2

£8.0 57.75 - .25 - 275 00.875
1550 £9.9 56.0 -3.

54.0 57.25 +3.25 +1.25 61.25
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Drew Tests Hot-Eolled Stock

Sancle Yax.load Pefl.@ llax.Lload Aver.
sa.in. in inches

A. R. 11,900 -y
A. R. 11,959 .318 .321
200 11,650 L322

11,750 .215 .218
300 11,700 .318

11,650 .322 .320
Loo 11,850 .32h

11,600 .315 .319
500 11,600 .320

11,900 .322 .321
600 11,900 .325

12,620 .365 345
700 11,800 .3Lo

11,800 .330 .335
300 12,400 .360

12,200 L340 .350
900 12,250 .360

13,700 .365 .362
1000 12,600 .35

12,200 . 340 Bl
1100 13,350 .360

13,200 . 353 .356
1150 1%,1C0 . 360

12,600 . 350 355
1200 14,700 . 383

14,400 .370 .376



Semule ilax.Load Cefl.§ !ax.Lord Aver.
$£/ cc. in. In inches

1250 13,700 - 365

13,000 374 .369
1300 12,200 .365

12,400 .351 .353
1400 11,400 L348

11,43C C3Lh .3ls5
1500 12,300 .358

11,500 - 3hk 351
1600 12,000 - 357

11,7C0 .352 .25k
1850 10,500 .329

11,800 . 330 .329
1950 11,600 .358

10,400 .355 .256




An examinstion of the hardness curves (Fi~s. 26-20) ob-
tained shows that the reaction of 211 of the hardened steels to
heet-treatment is apperently the same. All of the curves have
about the same general chepe.

The annealinz temperetures for the first tro drums were
only carried to what was considered a full annealin: temrerature.
It wos only by experimenting thet it was found thet changes occurred
aboce this point and that the temperatures should be carried hizher.

The strains due to cold-working are, to all appearances,
removed just above 1CO0CF. as there is a marked softeninc at this
point. The steel continues to soften thru 11500F. - 12000 F, and
then hardens. A second softcninz reaction follows with a maximum
softness being reached at 13000 F. and then a hardening effect
again takes place.

The variation in hardness is not great, bveinz about five
roints Rockwell, but is consistent and found in all pieces exam-
ined at about the same points.

The first change in hardness could not be due to trans-
formation at the critical point but the rehardeninz effect bege
in the neighborhood of the AC point.

In the deflection curves (Figs. 31-34) the same trend
is found with a marked increacce in ductility above 100COfp, A
maximum deflection is reached at 1150°F. - 120C°F. with a sub-
secuent falling off and then an increase as in the hardness curves.
The curves did not exactly coincide for temperature, but if the

mean hardness and mean deflection curves are compared (Fig.35)

it will be noted that there is a great deal of correlation. The
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only marked difference between the two curves is that the hardness
curve lags behind the deflection curve. Takinz these fzcts into
consideration it agpears that in annealing for o subsecuent draw
a temperature of 11509F.- 1200°F. should give the best results.

The cata collected from the experimental work on the hot-rolled
stock cdoes not show any correlation between hardness and ductility
(Fiz.3%6). 1In this cese it azpears thét the ductility is much niore
sensitive to irregularities as it varies consideratly vhen there is
no variation in heardness It should be noted that the deflection
curve of both the cold-work steel and the hct-rolled stock show
arproxinetely the egame variations.

It is ordinarily assumed thet no change takes glace in an un-
cuenched steel until the critical point is reached. 1In this cese
hardening began about the time oxidation was noticed (LOOOF.) and
reached its maximun value at 600° F. From this ncint the hard-
ness repﬂlned at a constant value until the 15000F. eanneal was
reached. At 1300°F. it bvegen to drop back to the orisinal hard-
ness which was attained at 16CC°F.

Althourh oxidaticn was noticed at about trhe saonie time that
hardeninz sterted it cannot be used to account for it zs all of
the Rockwell readings were tzken upon polished surfzces.

A veculiarity noticed woe that a piece heated to 6COPF. be-
ceme herd. A similar viece heated to 160COF., nassing thru 600°F,
uoon heatinz and evain upron coolinz, remained at the original
haréness. The hardenin~t effect therefore must be due to changes
in heatinz ond not chenzes in cooling. A quenched piece hardened

by repid cooling from zbove the critical shows the fzct micro-

scoricelly as well as zhysically. 1In these ecmples tre chenres






cre noticeable physicrlly tut ro wicroscoric. . (Fi-s.L-18)
mificctions.

Anotner part noticed wae that steel that drew well chowed
no microcscopic deformation. Any steel examined that cid show
microscoric.ceformation had been deformed beyond tne eafe limit
for cold-drawinz. In Firs. 37-38 are shown examgles of steel in
wiiich & fracture is tersinninz. The deformaetion on tre grains
can eecily be seen.

In reviewinz tne theory civen in the introduction we find
the following statements which 2pply to this cese.

Jefiries and Archer esoy "Hardness is recsistance to perme-
nent ceformation. lletols fril under stresses telow treir ulti-
mate strensth because they cre made up of crystrls. Decreasing
these crystazls will increace the hardnescs".

In this case the metal did show microscopicldeformetion
before the ultimate strenzth was reached. There wes, however,
no chenze in grain size or the cementite particles =nd vet ther-
wae 2 chence in herdness from 60-90 Rockwell (fizs. L-16). The
strain rmentioned by Honda chould be removed by the anrecal. If
his statement is true internal strains must be cet up by the
anneal itself as the ennezling temperature 1is varied.

The statement of Geiss and Van Liempt that crystals clide
over each other in cold drawing and that the actucl shepe of
the lattice is distorted coes seem to avply to this case. The
metael must flow around the die @uring the drawing operation and
as, in safe drawin~, no deformation occurs it is lorical to

ce the

o]

assume the crystals slip over each other. In this ¢

hardness could be accounted for by the distortion of the lattice
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structure.

Ancue and Summers cshow by their work on corper, end the

~

bronzes that hordeninz and softening effects exist in trose

caces very similar to the ones found during this investication.

[









ROOM USE ONLY







RO
3 1293 03J6J 2976

ARIES



