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line faces, but where pulled apart loagitudinally, the same iron shows a fibrous «fruc.
ture.  In uther words, the stamp stew may have been weakened and finally broken
off by successive shocks, and short kinks or bhends, operating  transversely, as the re.
sult of sterkang uneven surlaces i the wortar, cte.

2. The won in a bar may be erystalling at one point, but fibrous at another.

3. lron may have been crysalline at the pont tested, but asumed a fibrous
appearance at the tensife acture, due to the flow of metals, . .

4. Mr. Krenzpontner not only gives his own opinions, but quotes eminent Ger-
man awthorities 1 support of the wdea that changes in the component elements of ron
are necessary for changes i ats erystallizatton, and that these changes cannot qceur at
low temperatures.

5. [he resalts of Dr. Wedding's researches are given to show, also, that repeated
stresses cannot produce crystallization.

While, therefore, thete is a strong weight of argument against the crystallization
of won 1 seevice, Wohler and Spangenberg agree that alternate and interanttent
stresses tend to detenorate and fatigue wetals 3 and Mr. Kreuzpointier says :—

“ I we consider how, with nsutfiaent dimensions and impared  cohesion, sud-
den shock will produce sudden fracture, then we have all the elements necessary 1o
produce the well-known crystalline appearance of the fractured surfaces.

*“The fractures will thus appear crystalling, even if the iron were ever so fibrous,
becanse of the suddenness of rupture which did not allow the metal time enough to
flow, giving, consequently, a clear transverse break of the nbers, which, as already
eaplained, are nothing but clongated crystals, the transverse sections of which are the
wmeasure of their sizes.”

Wahler declares, as the result of his experiments, that *“1the members of strue-
taees which are subject to alternating steans, nuthog and pasting, or bending and
twisting, ought to be made targer in the proportion of 9 to 5.7

Preces of iron, planed, polished, and etched, are smd to gine **undoubted evid-
ence of the orystalline conditions easting before the ron was ever subjected to any
srain.”

The foregoing scems lo estabhish that, though there may be the weahemng of
stamp stems by repeated shocks, which finally may cause them to break suddenly,
thereby showng the crystalline faces of the won to great advantage, there has been no
enlargement in service of such crystathine faces m the 1ron.

H. M. HOAWE, Boston, Mass,, (communtcation to the Secretary)=\Will Dy
Raymond let me modify the statement, which he gives, Zvans , ani, 560, of my
position in regard to the crystallization theory of rupture under sepeated stress and
vibrauon 2 My argument on page 196, ¢f sey., of my Metallurgy of Steel, was that,
though it was quite concevable on @ praore grounds that vibration nught wmake ron
crystalize, yet there was no evidence that it ever does. My summug up was thar we
have ““every reason to believe that the granulatuon and crystallization of tron anider
vibration and shock is a myth.”

We seem to be at crossepurposes with Mr. Argall.  He seems to think that people
have demed that iron under certain sets of conditions, some of which include shock
and vibration, breaks with a crystalline fracture ¢ whereas, so far as I know, aobody
has ever denied this. It is not the occurrence or a crystalline fracture but its explan-
ation that isin dispute. I suppase that he must have fallen in to this confision ; for
I sce noother way of accounting for his setting forth the undisputed crystalline fracture
of stamp-stems in such a way as to imply that it answers the question at issue.

Let me try to sum up briefly the condition of our knowledge.  Repetitions of
stress, wholly unaccompanied by vibrationand shock, are well known to induce some
kind of deterioration which eventually breaks iron.  Vibration and shock, unaccom-
panied by great stress, or at least by prolonged repetition of considerable stress, have
never, so far as [ know, been known to break it. — This points to repetition of stress,
and not to the vibration and shock which only in certain cases accompany or cause it,
asthe real cause of such breakage.

Exammation of the fragments of pieces thus broken by repeated stress, even when
accompuanied by vibration and shock, has indicated that the injury was local ;* and
careful microscopic exanunation of the fragments close to the fraciure has detected no
crystaline  change, but at most a shattenng and inapicat sepitation of the pre-
existing pacticles, graias or crystals whichever you call then. . Al the evulence has
been thus against the theory that vibration caused even a local crystalhization.

The crystallization-theory thus wis a discredited one.  Fresh evidence imght
indeed rehalalitate st. But 1 fal to see that M. Argall has given us the faintest ray
of evdidence or of reasoning in favor of that theory.

We know that wron, if micked on one side and bent backwards, yields a fibrous
fracture, Lut that the same Dbar, if nicked 2l around and broken with a sharp blow,
yiclds a crystalline one. The wwo different modes of causing supture mduce it to
foilow ditferent paths, and yicld different fraciures ; for the fracture is nothing more
than the path of rupture.  In this case nobody supposed that nicking all araned and
breaking with a single sharp blow has crystallised the iron @ v has simply  developed
a new path for rupture. Thus a crystalline fracture is shown to be no proof, but at
most only a suggestion, of crysiallization.  The planes along which the rupture of the
mcked bar travelled enssted bhefore rupture followed them, just as the cleavages a a
feldspar crystal exist before 1 cleave the crysial wnh my kiate, and as the image exits
in the eaposed but undevetoped photographic plate.

Mr. Argall vanly atuempts to escape from the fact that * won when fraciared
suddenly presents mananly a crysialline appearance. when tractured slowly us
appearance s imanably tbrous, by his unqualitied assertion that ** In the tiest case
the fivers are not given e to stretch, but are broken off at night angles to theur
loager axis, whence the apparant fine crystallizauon ; while, 10 the latter case, actual
crystabs are develuped 1o the 1ron, some teaching as muce as 0.235 inches o diametes, ™

Let us see how tene this theory 1s. Fiarst so fac as our present evidence goes,
there probavly are no hbers 1naron such as Mr. Argall supposes, prior to ruptare. Its
particles apparently are nearly equianed.

Nevt, when a crystathine tracture forms 0 suddenly breaking wron, us faces are
not as Mr. Argall asserts, at night angles to the imaginary fibers, or 10 the axas of the
hibers which woutd actually have formed dunng fiber-favoring rupture.  They are in
general approximalely at an angle of 45 with those axes.

Faally, 1t 15 not the suddenness of breaktng, as such, that gives us a crystatine
nstead of a iberous fracture 3 for tn certain extremely rapid breakages, as for instance
when a bar s torn apant longitudinaily by an eaplosion of gun-cotton, we get var-
iably a silky fibrous fracture.*

The simple truth 1s that cach new mode of causiag ruptare scems to direct 1t
along a special pecubar path, and causes a special fracture.  The fracture thus de-
pends jointly on the properties of the matenal broken, and the conditions under which
breakage occurs. Why rapture follows this or that speciat path uader special con-
ditions, 1s for the clastician and mathematician to detenimine with great care.

Eiven for them the question s no easy une: and 1t certaunly cannot be brushed
aside oft-hand or answered at random by those who run,

¢ Baker, Trans, Am. doc. Mech. Eng., vin,, p. 103, 1287, Howe, The Meallurgy of Sicei, p.
Syp Lommna. Sorby, Jouso. Lron and Steel Lo, 483,14, p. 265
1 Martens, Slabf, und Ewen, «ii, p 238 1837 Sorby jJourn lIron and Steel Ina 1837 i p

¢
‘5.
* Masntland, ** The Treatment of Gun-Steel, * Proc. Inst. Civ. Eng., lxxxix., pp. 120, 121, 1887,

With these facts before us, shall we wonder if the special set of conditions under
which breakage occurs 1n stampestems directs ruptare along still a new special path,
and thus yields a special kind of fracture?  Is this special kind of fracturce really any
stronger evidence of crystallization than the other kind of erystalline fracture which we
had long known that we could cause by r .ing all round ?

The defenders of any discarded theory, of this one as of the corpuscular theory of
light, need not trouble themselves to show that their theory is conceivable; that it
does not violate **any law of modern physics or of the molecular theory of matter,”
What we need is evidence which this theory explamns, and which other theories can.
not explain.  \We have no room for theories which are simply conceivable or even
possible.  \We want those which are provable through evidence.  But evidence, like
the fracture of stamp stems, which accords equally well with cither theory, really helps
the accredited theory but does not help the discredited one,

If Mr. Argalt or Mr. Wilkes will send me a prece of broken stamp stem contain.
ing the fracture, 1 will gladly try to procure some evidence which will count, whether
it be for or against the crystallization-theory.

It scems to me that the chief teaching of this discussion is care in the use of
words.  Had Mr. Argall contented himself with saying (7rans., xxiil., p. §57), not
‘¢ vibration under all conditions will erystallize iron,” an asseetion certainly whotly un-
justitied and probably very far from the truth, but *‘severe shock will eventually
weaken or destroy iron,” he would have asserted all that was necessary for his pur.
pose. By going beyond this, and needlessly asserting that @/l vibrations injure iron,
and by specifying that the particular way in which they injure it is by causing a crys.
talline change within it, he gave criticism a most pressing invitation,

His calling those whose upinions he attacks, ** dogmatic theorists ** seems unfortu.
nate. I by theorivts he weans those wha habitally study the causes of the pheno-
mena, or *theories,” he sitaply says that their habits should qualify them to form
trustworthy opinions as to the cause of this pheaomenon,  If he means that they are
ignorant of the conditions under which metals fail in practice, he is simply misiaken,
Aud as to dogmatiam, those whom he attachs have not demed, bt guestioned and
donlted crystallizaton by vilnaton; while he positively asserted at fiest that vibration
under all conditions will erystallize irons: and his later moditication merely limits the
proposition te cerlain conditions, without changing its character as - positive assertion.
It 1s bad enough for the sceptic to be excommunteated, but to be called dogmatic to
buot, and by the Pope at that, would be rather bewildering,

Dr. RAVMOND--Since the foregoing discussion took place, I have received
from Mr, Argall, in a private letter, the following statement, which scems to me
worthy of Prcscn‘alion in the record as a pertinent observation.  He writes that on
the 24th of July last, he was delayed for some time near Hill City, South Dakota, by
reason of the feacture of an asle under the tender of Burlington engine No, 256
** The axle broke off close to the wheel; an old and rusy crack, varying in depth
from three-quarters to one inch, ran completely round the journal; next'came coarsely
ceystalline iron, while in the centre the iron was beautifully fibrous, and showed the
baes from which the axle had been forged.  These, by the way, as indicated by heavy
lines in the drawing, were not properly welded.”

The accompanying tigure made from a pencil sketch in Mr. Argall’s letter, illus.
trated his statement. 1 will only observe as to the conclusions to be drawn from this
cave, that the facts scem 1o nie consistent with the theory of progressive fracture, and
with the well-known relation between the nature of the stress causing fracture and the
appearance of the fracture-surface.

e e ¢ e { By o s e cagt

Fracture of Railway-Axle.,

The indicacivns of imperfect wellding ubserved by Mr. Argall may faisly be «aken
as evidence ot improper heat-treatment for the process of forging ; and this, as has
been emphasized in the present discussion, is a source of crystalline structure (or, more
precasely, of that coudition which yields a cryatalhine or granular fracture ander circum.
stances in which a filivus fracture would wtherwise be eapected)  The eaistence of
the uld crack round the outside seems o ndicate that this part of the mass was in such
a condition as to break withont such elungauon as might have held the whole axle
together, unut a fibrous fracture of the whole had been effected.  In other words,
improper heat-treatment may hate over heated the outside and under heated the
centre of the furging, su that the furmer becume * erystalline,” while the latter, not
hot enough to weld perfectly, retained the capicuy -f elongation befure fracture, which
is called ** fibrous structure,”

On this hypethesis, the axle, if broken at any (ime after manufacture, would have
shown on the surfaces of fracture a difference of ‘quality between the outside and the
mside.  But 1t shoald not bie forgutien that such a fracture would not faitly represent
the process of repeated shock and stress undergane by the axle in practice.  Even if
the material were unifurm throughout, the peculiar nature of the stresses o which i
was subjected might well develop diffeicuces in the successive fractures of different
concentrc parts.  Recent expeniments have proved the sumewhat surprising fact that
locomotive wheels advance not in constant contact with the rails, but by a series of
jumps. If T remember correctly, these experiments were confined to driving wheels ;
but it scems to me that the same proposition must be true in some degree of all rait-
way wheels, especially those which are nearest to the drivers, and thus reccive most
dirccllﬁ the eflect of the successive jumps of the latter.  We have to consider, in that
case, the effect of trasverse Lluws, repeated at the rate of 1,000 to 2,000 times per
minute.  Considering this rate of rapidity, and the weight supported by a railway-
wheel, I think Iam justified in saying that the test is more severe than that to which
stamp-mill ractice subjects the stem of a stamp.  But the effect of this scries of blows
is doubtless somewhat different.  Each shuch “exerts a tensile strain upon the lower,
and a corresponding strain of compression upon the upper half, of the axle. Ttis
obvious that, by virtuc of the revolution of the axle, every part of the circumference
expericnces these strains in rapid alternation, and that every part of the interior exper-



