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Yttrium has been mentioned as an alloying element for steel, but it 
is only found in combination with a few rare minerals, and consequently 
is only seen in the laboratory. It belongs to the same chemical group 
as aluminum, and if it were found to .be beneficia! to steel it could not be 
obtained in sufficient quantities for commercial use. 

Cerium and lanthanum have been combined with iron in the electric 
fuinace to make an alloy that will give off luminous sparks. The maxi­
mum sparking effect seems to be obtained with about 50% of iron, and 
this will light illuminating gas. The sparks are obtained by striking the 
alloy with steel similar to the way flint was used before tbe days of matcbes. 
Sorne such combination migbt be used for generating tbe spark in internal­
combustion engines. One sucb alloy was sold to tbe match trust and 
killed, as they f eared competition from its use. 

a. 

CHAPTER VII 

WORKING STEEL INTO SHAPE 

Rolling 

AFTER the iron ore has been reduced to pig metal, and this refined and 
combined with the other ingredients that go into the making of the dif­
ferent grades of steel, and then cast into ingots, the ingots are sent through 
slabbing rolls, as shown in Figs. 52 and 53. The slabs thus formed are 
then rolled into tbe numerous shapes that are used for manufacturing 
purposes. 

The slabbing mill, with a single pair of rolls and stationary table, 
which is used by many steel makers, is shown in Fig. 52. In Fig. 16 is 
shown the mechanically operated grip that has just brought an ingot from 
the soaking pit, and dropped it onto the carrier that conveys it to the rolls, 
and Fig. 17 shows the same ingot just as it has made its first pass through 
the slabbing mill. Af ter this the mill is reversed and the ingot pasi::es 
back through another section of the rolls to further reduce it. After 
sorne four or five passes back and forth through the rolls, during which 
time it is turned ovcr so a.5 to roll ali four sides, it is sent to other rolls 
that reduce it to commercial shapes. 

In Fig. 53 is shown the three high mill with tilting table. This has a 
double set of rolls, and for the first pass of the ingot the end of tbe table 
next to the rolls is lowered to receive it as it comes through. Thc rollers 
of the table are then reversed, and wbilc reversing the end of the table is 
elevated, as shown in the illustration, and the ingot sent back through 
tbe upper rolls. The rolls, as well as the tilting table, are controllcd 
from the platform of the pulpit, sbown to the right of the picture. In 
this design a much narrower mill can be used for the same number of 
passes tban in the design of mili sbown in Fig. 52. 

After slabbing the metal, various kinds of rolling mills are used to get 
the steel into the sbapes desired. Many times the different mills are 
combined so as to make the rolling operations continuous from the steel 
furnace to the finished product. In sorne cases the desired shape is fin­
ished before the metal has had time to cool off after leaving the fur-
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nace in which it was refined. In Fig. 54 is shown tbe metal being red~ced 
to rods in a wire mill, and the kind of rolls used. Here the rods run mto 
a track as tbey leave the rolls, and t!:iis guides them to the next roll tbat 
f urther reduces the metal in size. 

CRYSTALLINE STRUCTURE OF METAL 

Steel that has cooled slowly from the liquid state, as is the case with 
that which has been cast into ingots from the converter, furnace, or cru­
cible, forms into crystals wbicb do not show the same structure throughout. 

Fm. 54. - Rod mili with track and water-cooled rolls. 

The outer shell of the ingot will bave a clifferent structure from the rest 
of tbe mass due to its cooling quickly, and tberefore it is under strains 
until the center of tbe ingot has cooled. Tbe top of the ingot also has 
an area oj abnormal crystallization which is due to segregation. Tbere 
is, however, the same general crystalline character in tbe largest part 
of the ingot. 

In passing the steel between rolls, to reduce it to the sizes and sbapes 
wanted in the finishcd material, tbis crystalline grain is broken up and a 
new grain which is much finer takes its place. The best results are ob­
tained if the rolling is completed at a temperature just above its highest 
point of transformation, as at or just above this point a new grain struc­
ture is born which makes the metal more homogeneous. 

This formation of grain continues after the steel lea ves the rolls and until 
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it has cooled below its lowest point of transformation, below which point 
no more change will take place. 

In rolling steel it is frequently beated to from 2000º to 2400º F., and 
it would seem that this would seriously damage it. This would be so 
if it were not for the fact that the mechanical pressure exerted upon the 
metal by the rolls breaks down the large crystals formed by this high 
temperature, and reduces them to a small size. The final size of the crys­
tals is, therefore, dependent upon the temperature of the steel at the 
finish of the rolling process. 

Finished steel has a finer grain structure if the last rolling operation 
receives the metal at a temperature which is falling from 1650° F. to 
1400º, which are the highest and lowest points of transformation, than 
if it was finished at 2000° F., or any temperature above the highest point 
of transformation. On the other hand, if the rolling be continued after 
the temperature of the steel has fallen below the lowest point of trans­
formation, strains are set up which make the piece unfit for most uses 
until it has been thoroughly annealed. 

RULES FOR ROLLING 

Four rules migbt be established in rolling steels which will affect the 
final size of the grain so as to make it what it should be, and these are: 

First. -Tbe rolling operations should be continuous from the bigbest 
temperature employed down to tbe finisbing temperatures, as long waits, 
such as are generally made necessary when the metal is formed roughly 
to shape and size at a bigh heat, then allowed to cool and a littlc work 
done upon it at the lower temperature, are liable to cause a coarse grain 
that cannot be made fine by tbe last rolling. 

Second. -There are better results obtained if the steel is passed 
severa! times through the rolls with a small reduction in the size of the 
metal each time, than if a large reduction is made witb a very few passes. 

Third. - In rolling a large piece a great reduction can be made during 
tbe first pass through the rolls, and the amount of reduction gradually 
decreased witb each passage through the rolls until the finishing roll 
gives it just the right amount of reduction conducive to the making of 
the grain as fine as the steel will assume. 

Fourth. - The steel sbould reach the finishing roll so that the tem­
perature will be falling from 1650º F. to 1400° while it is passing through 
the rolls. It should not be allowed to go below 1300º until all the rolling 
operations have been finished. 
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HIGH AND LOW TEl\fPERATURES 

Steel is so mobile at very high temperatures that it yields to distortion 
by the crystals sliding past one another, but as the temperature decreases 
the mobility of the mass becomes less, and less sliding is possible. The 
crystals then crush against each other, and at the lower temperatw-es a 
crushing of the crystals only takes place. . . 

To obtain the very best qualities in a 0.50% carbon steel that it 1s 
possible to produce, the work of rolling should ~e com~leted just. at 
the time when the ferrite is separating from sohd solution. Rollmg 
the work below the temperature at which this occurs, which is while the 
metal is cooling from 1650° F. to about 1300º, greatly increases the brittle­
ness of the metal. Rolling the steel at a higher temperature lowers 
the strength, owing to the coarser grain which is given the metal. For 
steels of all other carbon contents it is logical to assume that the same 
rules hold good, but it is possible, although not probable, that further 
investigations may change them. 

Steels are rolled in a large variety of standard shapes, such as round, 
square, oblong, hexagon, octagon, tubes, and L, T, U, I shapes, etc., and 
can be obtained in nearly any special shape desired, providing enough 
is wanted to pay for the making of rolls. 

Casting 

APPARA'l'US FOR MEI/l'ING 

Casting steel consists of pouring the metal in a fluid state into molds 
which give it the desired shape. These shapes can be given most any 
kind of an intricate forro owing to the shape being given the mold by a 
pattern and cores. 

Many different methods are used for melting the steel, and sorne of 
these are the same in principle as those used for converting the blast­
furnace metal into steel. 

Pig iron and steel are melted together in the cupola, but this is not 
a normal product. It is a hybrid metal sometimes called semi-steel which 
is useful for special purposes, but fundamentally different from any kind 
of steel. It is a little better than cast iron, and is a very cheap mixture 
comparatively. 

The open-hearth furnace is used a great deal for melting steel, for 
steel castings, and might be considered the cheapest method of turning 
legitimate steel into castings. Scrap steel and iron are used in this fur­
nace, but they are meltcd under an oxidizing flame, and the metalloids 
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are almost entirely eliminated, thus giving a definite starting point from 
which a known and regular metal can be made by the addition of recar­
burizers. Both the acid and basic open-hearth processes are used for 
steel castings. 

The Bessemer con verter in small sizes, often known as "the baby Bes­
semers," is extensively used for making steel for castings. There are many 
modifications of these small converters, such as the Tropenas con verter, 
the Stoughton or long tuyere converter, and others. The Tropenas con­
verter process is largely used when making steel castings, and this if 
properly run gives good results in the castings. In the Bessemer con­
verter the blast is blown in at the bottom, while in the Tropenas process 
the air is blown at a low pressure upon the surface of the molten metal. 
Sorne four to seven inches above this set of tuyeres is another set, which 
supplies air to burn the carbonic oxide, the upper set not being operated 
until the blowing is well under way. 

The crucible process has been used to sorne extent for small castings, 
and to cast sorne of the special alloyed steels. Its condition of '' dead­
melt" gives a more quiet metal, generates less gas when the metal comes 
in contact with cold surfaces, and the castings are more apt to be free 
from blow-holes; in fact, a German foundry, by using special care in the 
mixing of the metal, melting it, and making the molds, guarantees castings 
free from blow-holes, and makes castings of any composition of metal 
from wrought iron to high-carbon or high-speed steels. 

This method produces the best steel castings, but it is the most expen­
sive way of making them. 

The electric furnace is just beginning to be used for melting the metal 
for steel castings, but it promises very good results as the phosphorus 
and sulphur can be reduced to a trace, and the oxygen and nitrogen can 
be very materially reduced. 

RISERS, GATES1 ETC. 

In making steel castings about 40% of the melt is used to supply 
risers, sprues, gates, etc., and there is consequently a loss in remelting 
these. 

The risers, which are sometimes called sink-heads, run from the 
top of the mold to the casting and are put on ali thick sections of the 
casting to feed the metal to it while it is cooling and shrinking. These 
must be kept from solidifying until after the casting has become 
solid. 

The sprue is the name given the opening into which the metal is 
poured, and this runs from a basin in the top of the mold to a pocket, 
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which is usually located near the bottom of the casting. From this lower 
pocket to the opening in the mold, which is to form the casting, are cut 
other openings so the metal will be able to flow in. Thcse openings are 
called g.ates. This arrangement is made necessary to prevent the liquid 
metal from tcaring up the mold, as it would do if poured dircctly into 
the opening that forms the casting. The metal left in these when the 
casting is poured has to be broken away from and chipped and sawed off 
of the casting. They are then remelted to ruake other castings. 

COMPOSITION OF STEEL CASTINGS 

Steels with various alloying materials and of numerous diff erent com­
positions are being used for castings to-day. The carbon content of 
these varies with the use to which the casting is to be put. Over 0.70% 
carbon is seldom used in castings, owing to its making the steel too hard 
to machine, and in complicated shapes the shrinkage cracks are Hable 
to become dangerous. 

In the ordinary steel castings manganese should not exceed O. 70% 
for soft castings and 0.80% for hard ones, a.s more than this is liable to 
make the metal crack when shocks are applied to it. Silicon may have 
a percentage of 0.10 in the soft castings, and 0.35% in hard ones without 
diminishing the toughness. Aluminum is used by many in making cast­
ings, as it has a great affinity for oxygen, and will remove the last trace 
of this from the iron. It also aids in dissolving the gases. It has a ten­
dency to make themetal sluggish, but it enables it the better to run through 
small passages as without it the metal foams and froths when it comes 
in contact with cold surfaces, thus impeding the flow and chilling the 
advance guard of the stream. Aluminum should oxidize out of the steel, 
and not show over 0.20% when the steel is analyzed, but it is better if 
only traces are left, as it decreases the ductility. 

Sometimes the phosphorus is allowed to be as high as 0.08%, but when 
the castings are to be submitted to physical tést the phosphorus and sul­
phur should be kept below 0.05%. 

The physical properties of ordinary steel castings should be above 
the figures in the following table: 

. Hard Medium Soft 
CBl!tings Caatings Castings 

Tensile strength in lb. per square inch ..... 85,000 70,000 60,000 
Elastic limit in lb. per square inch ........ 38,500 31,500 27,000 
Elongation percentage in 2 inches ......... 15 18 22 
Redug_tion of area per cent . ... .... . ...... 20 25 30 
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A chemical composition which has given good results for locomotive 
side frames analyzed as follows: 

Carbon ....... ........ . .. .............. . ..... . ... 0.27 per cent 
Manganese ...................................... 0.57 " " 
Silicon ..................... . .......... . .. . ..... . 0.26 " " 
Phosphorus ..................... .. ....... ....... . 0.048 " " 
Sulphur ............... ...... ..... . ........ ... ... 0.033 " " 

Test bars from this showed a tensile strength of 68,870 pounds per 
s~uare inch, an elastic limit of 36,450 pounds per square inch, an elonga­
t10n of 20% and alternating vibrations of 4707. 

V ANADIUM-STEEL CASTINGS 

As vanadium gave good results in rolled steels, it was utilized in steel 
castings. In one case the usual mixture gave a steel showing a tensile 
strengt~ of 68,580 per square inch, an elastic limit of 36,290 pounds, an 
elongation of 20%, and resistance to alternating vibrations of 4706. To 
the above mixture was added 0.22% of vanadium. With this product 
added the following figures were obtained: tensile strength, 77,160 
pounds per square inch; elastic lirnit, 46,450 pounds per square inch · 
elongation in 2 inches 20%, and resistance to alternating vibrations: 
14,971. 

It is in resistance to vibrational stresses that vanadium shows its 
superiority. The above tests were made on an altemating bending 
macbine by gripping the test bar rigidly at one end and bending the 
free end upward and downward t inch from its axis. It gave a total 
length of stroke of ¼ inch, and this at the rate of about 30 strokes per 
minute. 

Before adding vanadium in the furnace it is necessary to reduce the 
oxides in the molten metal, as vanadium has a great affinity for oxygen. 
If any of the oxides remain in the metal, tbe vanadium will scavenge 
them out and go off in the slag; but as it is too expensive to use for 
the bulk of the scavenging, the oxides should be removed as completely 
as possible by other materials before the vanadium is added to the steel. 
It will then reduce what oxygen is left to mere traces if the correct 
percentage is used. In order to be assured that enougb vanadium was 
used to seize all of the oxygen and carry it off to the slag, tbere should 
be enough put in the bath to show from 0.10 to 0.20% in the steel after 
it is made into castings and given a chemical analysis. If too small an 
~mount is used_, or it is _n?t properly mixed with the bath, it may go off 
mto the slag without seizmg ali of the oxygen and removing that from 
the steel. Thus the microscopic gas bubbles caused by the oxygen will 
not be removed and the cohesive force exerted between the molecules 
will not be strengthened. Thus the steel will not be benefited. 
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In usinO' the acid open-hearth furnace for melting steel, the vanadium 
· dded t; the mixture just before tapping. The slag is raked from the 
~; of the molten metal, the ferro-vanadium thro~ in a~d the whole 
allowed to stand a few minutes, so that the vanadium will tlioroughly 

mix with the metal. 
As about 40% of the steel melted for castings goes back to the ~ur-

nace, in the shape of risers, gates, and sprues, t~ be remelte~, the vanadium 
is lost in these, owing to its oxidizing out durmg the meltmg process. 

TITANIUM 

Owing to the difficulty of obtaining the ferro-titanium,_ up to the_ pres­
cnt time it has not been used to any extent in steel castmgs. Owmg to 
its great 

1

affinity for oxygen and nitrogen, it removes these from the metal. 
This should make the steel castings free from blow-holes, ~nd make a mo:e 
homogeneous metal. That it does increase the ~tatic ~nd d~affilc 
strengths, as well as the wearing qualities of steel, without mcreasmg the 

hardness, has been amply proven. . . 
The ferro-titanium is not an expensive alloying material, and,_ as 1t 

is best to add it to the ladle after tapping, it is easy to handle :''lt~out 
greatly increasing the cost of castings. Af ter adding the ferro-ti~amum 
the ladle of metal should be held about six minutes before pour1~g the 
molds in order to give the titanium a chance to do its work. This does 
not chill it, as migbt be supposed, as titanium has a tendency to retard the 
cooling of molten steel, and it will pour as freely and_ sm~othly at the end 
of the six minutes as a ladle full of ordinary steel w1ll d1rectly af ter tap­
ping. It also adds sorne good properties to iron castings. 

NICKEL-STEEL CASTINGS 

Nickel added to steel in percentages of from 1.50 to 3.5? c?m.bine~ a 
high tensile strength and hardness, and a very high ela_stic lir~:nt, w1th 
great ductility; therefore it is being used for steel castings w1tb good 

results. · ·11 
For sorne time it has been cast in large castings, such as _roll_mg m1 

gears and pinions, and it is now being cast by a few _fou~dries m small 
castings such as are u.sed for automobile parts. It ~s difficult_ to cast 
in castings that have a thinner section in any of the1r webs, r1bs, etc., 

than ¼ of an inch. . 
The ductility which lessens the tendency to break when º:erstramed 

or distorted, combined with the very high elastic limi:, make~ 1t valuable 
for such parts as crank-shafts on internal-co~bus!1on. engmes. These 
ba;e been cast of nickel steel and given satisfact1on m use, although 
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forgings are much better for this purpose. Front axles, of I-beam section, 
have also been used successfully on automobiles. 

Nickel-steel castings show a tensile strength of from 78,000 to 
88,000 pounds per square inch, an elastic limit of from 50,000 to 58,000 
pounds per square inch, an elongation in two inches of from 25 to 30% 
and a reduction in area of 40 to 48%. This brings the elastic limit u~ 
nearer to the tensile strength than in the ordinary steel castings as 
well as increasing this and the elongation and reduction of area. This 
would indicate a greater resistance to shock and compression and the 
rendering of castings more ductile and tough than those made of the 
ordinary steel. 

DIRECT STEEL CASTINGS 

In this process the metal is taken direct from the f urnace to a heated 
mixer where the proper materials are added to make the required quality 
of steel. The metal can be kept liquid as long as desired in the 
mixer, and its chemical properties adjusted by the addition of different 
materials. The mixer is kept full by transferring metal from the fur­
nace. When the metal is wanted for casting the mixer is tapped and the 
metal run into ladles, from which it is poured into the molds as in other 
castings. 

It produces a better and finer grained metal by the mixer reducing 
the gases which come in contact with the metal in the cupola or 
furnace. 

Castings of direct steel can be obtained with guaranteed physical 
properties as follows: tensile strength, 70,000 pounds per square inch · 
elastic limit, 35,000 pounds per square inch; elongation in 2 inches, 25%: 
and reduction of area, 40%. • 

These rastings can be forged, welded and case-hardened and will 
machine as easily as machinery steel. They can also be bent f;eely when 
cold before breaking. 

MANGANESE STEEL CASTINGS 

Manganese steel with the manganese ranging from 12 to 15%, and 
the carbon contents high, is being successfully cast and used for such 
parts as have to resist wear from gritty substances such as are encoun­
tered in rock crushers or in machinery used around concentrators. 

Manganese steel has the peculiar properties of being so hard that 
it cannot be machined in combination with a malleability which enables 
it to be headed cold when made into rivets, and a toughness which 
gives it remarkable ability to resist wear and shock stresses as well 
as cold bending. 
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When they leave the rnold rnanganese steel castings are about as 
brittle as cast iron, but by heating thern to about 1850º F. and quench­
ing in water, they are given their properties oí great toughness and duc-

tility. . . . b d 
Owing to their being too hard to machme, all firushmg ~~st e one 

hy grinding, but where it is desired to malee a fit b~ ma~hinmg, s~ch as 
boring out a hub, a piece oí metal that can be _rnachined 1s _place~ m _the 
mold and the manganese steel poured around 1t. By rnakin~ th1s pie~e 
with numerous fins the manganese steel will shrink around 1t so that 1t 
will be nearly as firm as a solid casting. 

The gases generated in pouring the metal are so low _that the molds 
can be rammed very hard and with a fine sand. In th1s way surí~ces 
are obtained that are nearly as smooth as finished castings, and but httle 
grincling is required when a finished surface is desired. 

Its shrinkage is about double that oí ordinary steel_ when cas_t, and 
it cannot be cast in any very intricate shapes, nor can 1t be cast m any 
section which is thinner than ¼ of an inch. 

When properly heat-treated manganese steel castings_ wi~ ~how a ten­
sile strength of 140,000 pounds per square inch, an elastic hrn1t of 55,000 
pounds per square inch and an elongation in 2 inches of 45%. 

CHROME STEEL CASTINGS 

Where a great hardness is desired such as tbat req_uired in tbe rnan~­
facture of projectilcs, chrorniurn is added to steel tbat IS to _be cas~. Tb1s 
gives tbe metal a mineral hardness tbat cann?t be obtamed W1th any 
other alloying material, and also refines the gram. . 

The uses to wbich these castings can be put is limited, however, owmg 
to tbe difficulty of rnachining. The. castings cannot be made _in any 
intricate shapes or thin sections, owing to the difficulty of rnakmg tbe 
metal flow easily, but for such tbings as projectiles no better steel has 
been found for casting, and its use is increasing. 

Forging 

For those parts wbich cannot be produced from the rolling-mill sbapes, 
or have not the proper strength when made in castings, forging is res~rted 
to and there are several different ways of turning out these forgings: 
by hand, under a steam hammer, in a hydraulic press, ?r in a drop-forging 
press. The cost of these diff erent rnethods of product10n depen~s largely 
on the number of pieces required of the same shape, but the size of the 
piece to be forged, as well as the components of the steel, have an influence 
on wbich is tbe best as well as the cheapest metbod to use. 
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FORGEABILITY OF DIFFERÉNT STEELS 

Sorne of the special alloy steels are very difficult to forge. Chromium 
steel is the rnost difficult of all, owing to its mineral hardness. If kept 
above 220º F., however, it can be forged successfully, and it should never 
be allowed to fall below this. Nickel added to this steel, giving nickel­
chrome steel, rnakes it slightly easier to forge, but even then the metal 
should be kept at a bright yellow color during the forging operations. 
As steel melts at 2500° F., this means that a forging of any size will need 
reheating severa! times before it is completely formed into shape. 
Nickel steels are more easily forged tban those mentioned above, 
but they must be handled carefully, owing to the tendency of fissures 
to appear. 

The vanadiurn steels are more easily forged than either of these, and 
if due care is taken to increase the heat gradually at fust - that is, 
this steel should not be plungerl into the heat all at once - no trouble 
will be cxperienced afterward. Titanium steel is similar to vanadium as 
to its forgeability, but it heats up more slowly and retains a forging , 
hcat longer. I t also has lcss of the "hot-short" property than other 
steels, and hence should forge well. 

Silicon in small percentages <loes not affect the forgeability of steel, 
but in large amounts it gives steel a fibrous gTain, and is thereforc used 
principally for springs. But in the last few years this steel has been forged 
into gear blanks to quite an extent. In this case the blanks should be 
rnade in the forro of forged rolls, and not cut from bars, in order to avoid 
the fibrous structure. 

The aluminum, tungstcn, manganese, and otber alloyed stcels are 
not used to any extent for forgings, as those before mentioned show superior 
qualities, and sorne of thc last named are much higher in price. 

Sorne of the carbon steels, particularly those that are high in carbon, 
cannot be heated to a temperature over 1800º F., witbout burning 
the metal, and when once burned it cannot be returned to its former 
state without remclting. A vanadium-cbrome steel will give as great 
strength as a nirkel-chrome, and can be forged as easily as a 0.40% 
carbon steel. 

The higher the carbon content the more danger tbere is of burning, 
and a steel with 1 % of carbon is very difficult to forge at all, owing to 
the comparatively low temperature to whicb it is possible to heat it, and 
the comparatively high temperature at which tbe forging operations 
must be finished without danger of cracking the piece, owing to its brittle­
ness. 'I'hus high carbon steel should not have tbe heat fall much below 
its highest point of recalescence, which is above 1650° F., during any 
of the forging operations. Those forgings will be strongest tbat are 
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finished just as the temperature reaches this point. The smith must 
also regulate the weight and effect of the blows so that the forging will 
be finished just as it reaches this point. This will preyent the formation 
of large crystals, give the piece a dense, homogeneous grain with the mol­
ecules holding together with a high cohesive force, and result in the 
steel having an increased strength. Any kind of steel can be forged if the 
proper temperature is maintained while passing it through the diff erent 
forging operations, and the forgings will be much stronger than steel 
castings, and in many cases stronger than rolled steel. 

Thanks to the electric and autogeneous welding process in combina­
tion with die-forging with either the drop hammer or the hydraulic" press, 
all of the highest grades of alloyed steel can be turned into forgings suc­
cessf ully, and their strengths and elongation retained, but this is almost 
impossible by the hand or hammer-forging mcthods, especially if welds 
are made necessary by the shape of the piece. One of the alloy steels 
that is being manuf actured into die forgings has the following chemical 
composition: chromium, 1.50%; nickel, 3.50%; carbon, 0.25%; silicon, 
0.25%; manganese, 0.40%; phosphorus, 0.025% ; sulphur, 0.03%. 

In the annealed state this shows the following physical characteris­
tics: tensile strength, 120,000 pounds per square inch; elastic limit, 
105,000 pounds per square inch; elongation in 2 inches, 20%; reduction 
of area, 58%. 

When properly heat-treated, that is, quenched in oil and drawn, these 
characteristics became: tensile strength, 202,000 pounds per square inch; 
elastic limit, 180,000 pounds per square inch; elongation in 2 inches, 
12%; reduction of area, 34%. 

EFFECT OF TEMPERATURE ON THE GRAIN 

The high temperatures, of from 2000º to 2400º, that steels are sub­
jected to when forging would seem to indicate that the metal is weakened 
by overheating, but such is not the case, as forgings show greater strength 
than the same metal formed into shape in any other way, unless it be 
the rolled steels. 

Steel, when heated to the above temperatures, coarsens in grain and 
the grain become~ crystalline in nature. This makes it so mobile that 
it yields .to distortion by the crystals sliding past one another, but as 
the temperature decrcases the mobility of the mass becomes less, and less 
sliding is possible. If then forged the crystals would crush against each 
other; and when cool the crystals themselves will crush. 

These coarse crystals, that are formed by the high temperatures, are 
reduced by the hammE'ring process in the drop-hammer press, or the 
squeezing process in the hydraulic press, until the crystalline structure 
is brÓken up and a new grain that is much finer takes its place. 
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If the piece is not allowed to cool below its highest recalescence point 
during the forging, and the forging is finished just as it reaches that point, 
or a little above it, a new grain structure is formed, that makes the metal 
more homogeneous. ThLc, formation of grain continues, after the steel 
leaves the press, until it has cooled below its lowest recalescent point, at 
which point it sets, and no more change will take place until it is reheated 
to the recalescence point. These two points occur in most steels at about 
1650º and 1400° F., but sorne of the special alloys show a wide variation 
from this. 

Thus it will be seen that if a forging is finished while it is too hot, 
the grain will be coarse and crystalline and the metal will not have the 
cohesive force that it should, and therefore the piece will not be as strong 
as a forging should be. On the other hand, if it is hammered, or squeezed, 
in a forging press after it has become too cold, the crystals will be crushed 
and the result will be the same, but if it is forged at the proper beat, the 
grain will be fine, dense, und l:¡_omogeneous, and the cohesive force will 
be greater tban was the case before it was forged. This will naturally 
increase the tensile strength and elastic limit. 

Many poor forgings are turned out by raising the temperature of the 
metal too suddenly. Certain molecular changes take place in the heating 
of all steels, and of the alloy steels in particular, which are liable to cause 
fissures in the core of the metal. Thcse may not show in the finished 
product as they do not always break through the skin or outer shell of 
the forging. Thus, hy heating suddenly, the outer shell becomes red 
before the core has had an opportunity to absorb any heat, and the outer 
shell expands, cuusing great strains on the core of the piece. In the 
case of a high percentage of nickel these fi.ssures become more pronounced 
than with the other alloys. 

Ata temperature of about 600° F., or a bright blue, most steels lose their 
ductility, and are not fi.tted to resist strains imposed upon them by the 
differential expansion of an unevenly heated metal. Therefore the rise in 
temperaturc from the normal to 600° should be a gradual one, but af ter 
this it may be brought up to the forging heat as quickly as is desired. 

To remove the interna! strains caused by working the metal, all forg­
ings, no matter how they are made, should be anncaled before using, as 
the shocks to which the forging may be submitted will concentrate at 
the point where these intemal strains are the strongest, cairsing it to 
break at that point. The case is very similar to the machinist notch­
ing a bar in order to break it. The heat treatment that is given the pieces 
after -they are forged is an important factor, if the greatcst strength and 
the best wearing qualities are to be given the metal, as the best forgings 
can be ruined by improperly heat-treating them afterward. 

Small forgings are usually tumbled, and large ones pickled in a diluted 


