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TA'BLE L T X.-FALLING WEIGHT OF ÜNE ToN. 

Material. Dia. D,op, lst,. 2nd. Srd. 4th. 6th. 6th. 7th. 8th. c. P. s. SI. M:n. Elong. 
4 In. 

-------- - ------ - ---------------
Jo. Ft. In. In. In. In. In. In. In. Iu. lo. 

Siemene, 5 30 o 3¼ Str. 3 Str. 2i Str. 2f Str. ·27 ·03 ·02 ·19 ·50 23 
,, 6f 30 o ½ Str. ! ¼ t Str. & Str. ·41 ·04 ·02 ·26 l ·05 26 

" 41 30 o 3¼ ¼ 2¡ i 2½ ½ ·32 ·05 ·09 ·07 l ·l 22 

" 4! 30 o 3f i 2¡ ½ 3i ¼ 3 ft ·33 ·04 ·05 ·03 1 ·01 22 
Bessemer, 4f 20 o 3! i 2ft l 2f :i ... ... ·29 ·04 ·05 ·09 l ·08 25 ,, 4½ 17 6 3½ i 2¼ l 3i l ... ... ·27 ·04 ·05 ·05 ·88 23 

* Clase good. t Clase broke. 

TABLE LX-AXLES FAILING UNDER TEST. ALBO FAULTY COMPOSITION. 

Material. 1 Ton 1st. 2nd. 3rd. 4th. 5th. 6tll. ~1__::_ s. SI. Mo. E¡¡~~-Falling. 

--- ------
Feet. In. lo. In. In. lo. 

Beesemer, 20 3,t l ij Str. 3 Broke ·25 ·04 ·Jl ·07 ·95 26 
" 20 3¼ i i Broke ... ·24 ·04 ·09 ·05 ·99 23 ,, 18 3ft Broke ... ·28 ·04 ·10 ·06 1·07 21 ,, . 18 3 i 2¼* l 2f Broke ·27 ·oa ·10 ·03 1·03 24 

{ " 20 3i Str. 3 Str. 3i Str. ·34 ·06 ·07 ·23 ·63 25 
8 In. 

" 20 2f Str. 2¡ Str. 2½ Str. ·32 ·04 ·16 ·16 ·74 29 

* Journal fiew off at third blow. 

The figures in columna marked 1st, 2nd, 3rd, &c., give the defleotion under each blow of the falling weight, 
tbe axle being reversed after the first and then every alteroate blow. 
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42 
50 
42 
36 
50 
42 
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50 
50 
54 
38 
43 
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Tona ller 
Sq. lnch. 
32·84* 
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30·70" 
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Ultimate 
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832 METALLUBGY OF STEEL 

The a.xle a.fter standing the drop test is nicked a.nd broken, a.nd tensile and 
bending sa.mples a.re taken from it, such samples being cut out as far a.a 
poeai.ble away from the fracture. . . 

Tensile tests are nea.rly al ways spec1fied for a.xles, a.nd these w11l vary 
with the kind of axle-e.g., a straight ora._ crank a_xle a.nd wit~ th~ rom
position of the steel. Specifi~tions .of varioas engmeers a.re g1ven m the 
Appendix. In the case ~f ra1ls tens1le tests are_ rarely ask~d for, the drop 
test, with chemical analysis, being general~ cons1dered suffi_01ent. . 

Sometimes axles are deflected to 90 under the fallmg we1ght and 
afterwards bent under the hammer until the ends touch, a.s shown in fig. 

235. Crank axles ca.nnot be 
tested under the falling weight 
and bending teste, tensile and 
sometirues bar tests ha.ve to 
be relied upon. The la.tter 
consist in taking a bar 9 
inches long, l¼ square, cut 
from the crañk, placing is 

d n-. on bea.rinl?S 6 inches a.part, ]'ig. 236.-Axle bent under Drop Test an lll>mmer v l 
until the Ends touch. and giving it twelve b ows 

with a. 10-cwt. tup falling 7 
inches the bar being reversed after each blow. The test pieces in cra.nk 
axles ~re either cut from A, as shown in the sketch (fig. 236), or from a 
piece, B, forged for this purpose on the end of the crank journal. 

- i'~ ,_ " ,, 1~L~1 'fi ~ l c.,·-··· ¡¿ í' 
8 ,' 2.~ ,, ,, r .. ,, 

ti 

" .. 
Fig. 236.-Crank Axle, showing l'osition from which Tensile Test 

Pieces are US\lll,lly Slotted. 

Tables lix. and lx., from Mr. Glover's article in the Engineer,* ~ive 
the results of some good and bad axles under drop test, with the chem1ca.l 
composition and teusile tests. . . . 

Tire Testing ,-It is usua.l to have p1eces cut from the tires selected by 

--- --- --
e 

Fig. 237.-Tire after Drop Testiog.-Sampl~s for Tensile. ~este are usua~ly slotted from 
the portion of the Tire which is least distorted; pos1t1ons as shown m sketch. 

· * Enginur, July 22, 1898, p. 76, 

TESTING TIRES. 333 

~he inspec~or and tes~ed. for tensile strength, elongation, &c., and in some 
~es bendmg ~nd ?nft tests ar? made. The falling-weight test, however, 
1s the one wlnch. 1s a_lmost ~mversally applied, whether the others a.re 
or n~t, a_nd consiste ~n p~acmg a ~ire in the running position a.nd com
pressmg 1t, a~ shown m _F1g. 237, e1ther by means of a falling weight or 
m a. _hydrau~1c ~reas. F1gs. 238 to 239 are sketches of a tire drop-testing 
machme, wh1ch 1s used at the Blochairn W orks of the Steel Oompany of 
Scotland, for which I am indebted to the General Ma.naaer Mr. Olark · 
t~is type of machine is used in most works, the press being c~mparativel; 
little employed. 

_The tire is generally subjected to repeated blows of a weight of 20 cwts. 
fa.lhng through_ 10 feet, 15 feet, 20 feet, 25 feet, a.nd 30 feet, until it is 
deflected ¼ of its externa.! diameter, and any tire which cracks befare the 
req~lired_deflection is rea~hed is rejected. The amount of deflection required 
var~es WJ.th t_he class of tire, whether carriage, engine, or waggon, a.nd some 
engmeers ~t1pulate for a deflection equal to ¼ of tbe external din.meter. 
'.['he .American S~andard Specification specifies that the tire shall be sub
Jected to success1ve blows from a l ton weight fallina from increa.sing 
heights until it shows a mínimum deflection equal to D2 +0(40 T2 + 2 D) the 
l?tter "D " being interna.! día.meter, and the letter "T" thickness of the 
tire at the ceutrtJ of the trea.d. If the tire stands Lhe fallina-weiaht test 
satisfactorily, it is nicke_d and broken, and tl1e fracture exami;ed; ~amples 
are then cut out for tensile tests, and, when required, cold bendina a.nd drift 
-~ o 
. The fol)owing ta?le gives the re~ults_ of the drop testing of a num bel' of 

~1res of düferen_t d1ameters, and it w11l be noticed what an important 
mflt1~nce the diameter has upon the stiffness of the tire, as indica.ted 
e~pec1.al~y by the two engine tires, which are of identical sections, the larger 
tire g1vmg nearly double the deflection of the other :-

TABLE LXI.-AVERAGE TESTS. VARIOUS ÜLASSES OF TIRES.* 

Deacrip. 
l.lon. MateriRI. Dia. 

Analysis. Tensile. Falling-Weigbt Test. 

<!. ., 1 1 
Q,~ -" • 

C. P . S. Si. Mn . .;~ '"! 10 16 ~¡25 30 30 SO 30 30 30 g .S ] i~ Ft. Ft. lit. Ft. Ft. Ft. Ft. }'t. Ft. ~·t. 
~ ~ S"' ::-¡_,. Ft

5
.Inl. ,_In.In. In. In.'-;;-In-. In. -In-,-In- :• 

e- , ..,iemeos, ·62 ·04 ·02 ·28 ·55 16 25 50·1 t 2¾ 3! 5i 6½ 8 93 IOi I lf l3 
Ca.rr,, ,, 3 O ·50 ·06 ·02 ·10 ·91 16 24 43·2 i ½ l¾ 2¡ 3h 4ñ 5ll GIi F- ... 

iage,¡ " 3 O ·46 ·04 ·05 ·16 ·76 19 20 40·7 ½ l¾ 2f q 5g 7 :e 8 ... 

Waggon, ,, 2 8 ·38 ·04 ·05 ·J9 1·20 19 36 39 ·6 ll 3i 4g 5f 7 ... ::: ::: ::: ... 
" B 8 " 

2
2 8

8 ·33
7 21 38 42·8 Compressed ; 8-inon def!ection. 

" e semer, · 4 ... 17 24 39-5 l½ l3il5¼J7½1 1 1 1 1 1 
" ,, 2 8 ·33 ·04 ·07 ·OS 1·31 22 45 40'4 Compressed·;· 8-l~cJ{.defl~cti~~- ... 

Engine, Siemens ... 
Waggon, Bessem:r, ... 

1 

·52 ·05 ·03 · 18 ·81 15 23 46·6 
·31 '03 ·04 ·09 l ·23 21 32 41 ·S 

Bendlng. 
53º broke. 

180º ,, 

Drift. 
ll in. cra.cked. 
l½ in. good. 

d G_enerally one tire from each cast of steel is selected fol' drop testino
:f¿r~n 

th
~ evei:t of fa.ilure: another tire is frequently t ested by the engine;; 

con emnmg the ent1re charge. Sometimes tires faü owinc, to local 
o . "'- . ,,;"gmeer, .J wy l, 1898, vol. Jxxxvi., p. l. 
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Fig. 238.-Drop Testing Maohine for Tires. 
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Fig. 239. 

' 
... . ........ · ---•>•\ 
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Fig. 240.-Drop Testing Ma.ohine for Tires. 
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chilling during manufacture, and these usually show a finer crystalline 
etructure near the edue of the fractured eurface. In such cases annealing 
will restore the ductility a.nd enable them to stand the tests. This will, of 
course, ha.ve a. general softening effect, reducing the tensile strength and 
increa.sing the elongation and reduction of area. In the following table, 
sorne results obtained by annealing are given :-

En'ECT 01!' ANNF.ALING ON WAGGON TIBES.* 

Uoaonealed. Annealed. 

Material. Carbon. 
Elong.perl Reduc- Eloof.' per Reduc-

ffitimate ffitimate 
cent. iu tion of Stress. ceo . in tion of Stress. 

4 Inches. Area. 4 loches. Area. 

---

Bessemer, ... 13 18 48·7 25 60 41 ·9 

" 
... 12 14 43·9 23 56 40·3 

Siemens, ·38 18 34 38·6 28 42 35·7 

" 
... 8 11 42·3 21 47 31'Ci 

EFFEOT OF CHILLING (TEST l'rEoB 0m:LLED AETER ÜU'l'rING). 

Normal. l~.~I Siemens, ... 25 
1 

47 
1 

38·6 65·7 

El!'FECT 01!' ÜIL H.i.RDENING (WHOLE TIRE TREATED), 

Aa Rolled. Oil Hardened. 

1 

1 1 1 
Siemens, ... 19 i 29 36·4 23 35 38·9 

The tensile tests have a.lways to be made on short pieces on account of 
the curvatura of the tire, usually para.lle! lengths of 2, 3, or 4 inches, being 
ta.ken for the elongation. 

Different engineers specify different limita for these tests, some prefer
ring a harder material tha.n others, as will be seen from the specifications 
given in the Appendix. 

Springs,-Although springs roa.y be used for numerous purposes the 
great bulk are required for railway work, and are either lamina.ted, spiral, 
or volute. Generally no tetisile tests a.re required, although sorne engineers 
specify these; most are content with sorne form of compression test coupled 
with a chemical analysis. In case of laminated springs, one or two bars 
are chosen out of every 100 before the spring is manufactured. These 
should be 30 inches long, and are cambered to a radius equal to eighty 
times the thickness of the bar, and then tempered to suit the particular 
class of spring. They a.re then scragged straight once, when the loss in 
camber should vary from ¼ to -,h, and on scragging stt-a.ight again six times 
there should be no further loss. After the spl'ings are fitted they a.re 
usually tested in a steam scragging machine similar to that shown in the 
sketch (fig. 241~ In this machine, by means of a.n eccentric va.lve motion, 

· • Enginur, J uly 1, 1898. 

8PRIN08. 337 

the length of stroke can 9e varied to any required erlent. The following 
tests, according to Mr. Glover, * are those more generally specified for 
la.minated, volute, and epiral eprings, the particular test selected depending 
upon the engineer :-(1) They me.y be scra.gged either stra.ight or until ha.lf 
the camber is removed; or (2) until the epring is deflected 1 inch per foo, 

g¡ 
JJ .... 

of spa.n. 'l'hus a carriage spríng 7 feet long 1uust deflect 7 inches a.nd 
a short si,iff engine spring 3 feet 6 inches long must deflect 3½ inche~; or 

. (3) a load 40 io 50 per cent. in excess of working load rray be applied. lu 

• Enyinur, August 5, 1898, p. 130. 
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4-1 J? 
A 

Fig. 242. 

Fig. 243. 

Fig. 245. 

Fig. 247, 

J!'ig. 246. 

SPRINGS, 339 

all these cases the spring must resume its fonner camber when the load 
is removed, which camber should not be more tha.n ¼ inch a.hove tha.t 
specified for engine and carriage-bea.ring springs, and ½ inch a.hove for 
carriage a.nd wa.ggon buffer springs ; nothing is allowed below specified 
camber in a.ny case. Long springs when scragged should come up in one 
regular curve, fig. 242, a.nd not as fig. 243, which shows wa.nt of evenness in 
tempering. 

After scragging, springs are inspected for workmanship ; the platea 
should bear on each other at the points. A good plan is to undo one 
spring in every twenty-five or so, in order tha.t this may be clearly 
shown (fig. 244), also the plates when bolted up should fit closely 
together a.long their whole length, any open spaces meaning bad setting. 
All ple.tes split at the ends should be rejected. 

In testing volute or spiral springs, they are usually compressed solid 
severa.l times, and should then not lose more than * inch camber, and 
when relea.sed should not be more than ¼ inch above-nothing below
the specified camber. In compressing volute spri-ngs it is sometimes 
a.dvisable to put a pin with turned head (fig. 245) into the top scroll in 
-0rder to prevent buckling or distortion (fig. 246). 

A good test for uniformity of temper in a batch of springs is to 
specify a minimum load when the springs a.re scragged straight or to 
the maximum deflection. A weighting test is taken occa.sionally from 
each sort of spring; increasing loads are applied and the defl.ection noticed 
after each increase of weight. Fig. 24 7 shows a compact machine copied 
from Engineering, in which such tests are carried out; it is roa.de by 
Messrs. Pooley, of Liverpool, and is suitable for any class of spring-spiral, 
volute, or ordinary laminated. The pressure is applied by screw gear, in 
this case shown as worked by hand, but in most cases driven by belting. 
Table lxii., from Mr. Glover's paper, gives the resulta of tests as carried out 
in such a machine. 

Spring case buffers contain volute, spiral, or india,-rubber springs, and 
may be tested at 1, 2, a.nd 3 inches compression with certain specified 
weights; the spindles should be fa.ir and the plungers a good fit, otherwise 
sticking and non-return of the buffer head occurs. 
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OOMBINATION OF IRON ANO CARBON, 8(1 

CHAPTER XV. 

CARBON AND IRON. 

Tns mutual relations of Carbon and !ron is a subject which, until com
paratively recent years, h&d not been systematica.lly investigated. While 
the pt-culiar characteristics possessed by steel ha.ve been recognised from 
the very earliest times, yet the explanation of the phenomena of harden
ing, tempering, and annealing, constituted problema the solution of which 
became possible only by the higber development of more exact pro
cesses of chemical analysis, and investigation involving the application of 
technical skill of .a high order. It was not until 1781 that the chief cause 
of the pheno·mena referred to was shown by tbe Swedish chemist Bergman 
to be the presence in steel of varying, though small, amounts of Carbon . 

Man y and varied were the recipes of early writera for tbe treatmentofateel, 
bnt all knowledge of the subject was empirical, the natura of the fluid em
ployed for quenching being regarded as tbe aecret to succeBBful treatment. 
Tbe constitution and beh1J.viour of steel formed a wide field for the speoulations 
ol aupporters of the doctrine of Phlogiston, and the eminent chemiat Stahl, 
while recognising the essential identity of iron and steel, held the belief 
that the difference lay solely in the relative richness of the latter in Pl1lo
giiston. The developments of physical chemistry have led us to regard 
changes occurring in solid matter, such as ateel, as due to molecular 
disturbances. 

These modern views were foreshadowed in a remarkable manner by Reau
mur, who regarded steel as containing in its molecules Sulphurs an<l Salta 
which by heating were driven out from the molecules into the interatitial 
■paces, and that by sudden cooling the particular oonditions existing at any 
temperature were preserved. Bergman, to whom reference h11 already 
bren made as having established the fact that steel differa from iron in con
taining small amounts of Carbon, also conceived the possibility of the iron 
itself being allotropic at different temperatures. Although anticipating 
in a rem1trkable manner the views of modern workers, aa will be abown 
later, Bergman seems to have been influenced, in common with other 
writers of this period, by the necessity oí &dhering to the conception of 
Phlogiston. 

The Direct Combination of Iron and Carbon.-The verification 
of Bergman's sta.tement with respect to iron and Carbon quickly followed 
~hen Olouet, as pointed out by Sir W. Roberts-Austen, melted a small 
1ron crucible containing a. diamond a.nd obtained as the result a fused 
m~~ of steel. The question of the possible effect of furnace gases wes 
~li~1nated by Pepys, who, in 18ló, heated iron wire with diamond dust 
m vacuo, while later Clouet's experiment has been repeated by Sir W. 
~obe~-Austen, who used electrolytio iron and performed the opera,. 
t1on ,n vacuo. .As to the posaibility of direot carburisation of the iron 
there can be no doubt, but it would seem, as the result of this experi
me~t, t_hat combination does not take place until a full red heat is reached. 
Th1s <l1spo~es of the assumption m&de by Le Play and early writers that 
lht1 cementation of iron necessarily involves the action of Ca.rbonic Oxide, 
•n<l shows that Carbon may diffuse into and combine directly with iron. 


