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Files of the Jar Industries Boara.

Jar malking and steel making, historically at least, are inseparable.
Strangely enough the scientific development of the one has dejended ujon
the Hrogressive strides of the othor. The subject of making steel for
mnitions 1s treataed historically by ratid glances into the jast in order
that the striking chauges and developments in stoel metallurgy muy be
illustrated by the imsrovemonts in the so-called destructive implements
of var and in the constructive mcchanisms of the steel industry as smell.
Tetallurgy 1s defined as the science /hich treats of the »rosaration of
metals from their ores and their aaantations to the purposes for which
used. FMumitions are all regquirements of fighting forces - commercial
arnd non-commerciale.

These amateurish notes are prejared by way of mesking of record in
the office of the Assistant Secretary of war a few of the significant
contacts of the army and the Navy Jith tne steel industry and 1n order
that the students of this college may be oriented before their visit to
steel mills. Tne theme of this pajer is too big t¢ be attempted by any-
one outside of +the steel indu-btry.

Here 1s a su»er-mission which awaits accomplishment, here & theme
which jresents a great ojportumity to an oxecutive of the greatest of
great American indastries. Porticularly within the personal exoderience
of many outstanding leaders in the steel world there 1s mch to be re-
corded 1n the develonment of a theme vhich will serve to imiart the
breath of life into Industrial Prejaredness, wvhich will keep the spirit
of Patriotism alaive, ard carry an enduring inspiration from generation
unto generation of .mericans.
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Datos givon in marginal hcadings scorve to tio in certain dovclcepmonts
cf stoel with critical periols of umorican History. Thesc dates arc given
in botter chronclogical soguoncoe on Cnart I herowith.

Up_to Onristian Era

A ]

Aristotle states that iron formed the first currency. Prebably
1t was first reduced from its ores by the Hittites 3000 or 4000 years
ago. The first i1ron /ms smelted by bloang a charcoal fire containing
ore and shaping the metallic regulus principally rmpure wrouzght iron
by hammering. Its first common use was likely among the primtive
homadic Peoples around the segean and Black beas inm the form of more
efficient i1mplements of var than their bronze weapons. Primitive
American civilizations developed the use of bronze and copper hut
not of iromn.

Tore recently tne Greeks and subsequently the Romans became
somewhat proficient in i1ts metallurgy. The success of the tonquests
of these poeples depended in large mezsure on their instruments of
war which in turn gave a stimmlus to tne art of extracting and fashion-
1ng metals. Only small pieces of moctal, however, could be wrought into
shap6e.

Bofore 18292

The first real advance in this metallurgy, after thousands of
years, came about 1340 when iron makers of Central Europe succeeded
1n casting 1ron. They accomplished this step by a mew type of furnrce
built of masonry enclosing a vertical snaft in the form of two truncated
cones placed end to end resexbling tne modern »last furnace. Ore, flux,
and wood-charcoal were charged i1n the top and cir blown in at ths bottom.
The largesteastings during the sixteenth century vere t.o or three tons,
which permitted a great upward limt to the size of cannon.

Around 1775

The blast furnace developed with the use of cgke in 1619, follow-
ed about 200 yesars later by the use of the hot blast. Rolled sh°et
iron came in the first part (1728) and rolled rounds and squares (1783)
in the last part of the eighteenth century. Kot until the developuent
of the steam engine could saeet 1ron be produced co mercially.

Just as tne birth of iron 1s recorded thousands of years ago
i1n the crude weapons of primitive peoples so also the ancient origin
of steel 18 in evidence in the farous blades of Darascus, byria. Icon
was first hardened and stresmgthened sy the cruci¥le process or a
corbination of the ce entation and crucible processes. These uethods
for .aking steel were lost during the mdale ages, but around 1600
tho ceuentation process was revived in Belgiwmn and in 1742 the crueible
process J4as rediscovered in England.
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Events .ssociated with 1812

Prior to 1812 gun barrel tubes were made by hand frowm plates waich
ware bent into cylinders with edges overlapped and welded over & rmandrel.
about 1815 g Seoteh inventor, Willian Murdeck, conceived the i1dea of
screwing together old mmszet barrels in the fornm of continuous tubes
for cenducting coal gas for lighting purposes. The popularity of this
lighting system stirmlabted i1nventors to precduce tubes more rapidly and
at lower cost. Whereas the tube industry was first advanced by the
invention of the flint lock gun i1n 1640, the adaptation of thesc gun
barrels to the use of conducting gas for lighting purposes likewise
caused a revolution in the art of tube raking. \

Apcut the Time of Civil Yor - 18860

A phenomenal stride im guantity production of steel cccurrced with
tne invention of the Besserier Process. bHir Henry Besserer's onorgies
ware direcisd to thoe problem of steel making in an atterpt to i1wprove
the construction of guns. Bolicving that an advance in 2rtillory Jde-
sign ond construction dependsd upon the manufacture of better m.tal in
larger gquantity he esperimented at his cwn i1ronm werks in bt. Pancras.
Loter he erected a steel works at Sneffield wihnch began to operate in
1860 Row-a-days a Bessemer Cenverter, ath a capacity of 15 tons,
rigy troat 600 tons of retal i1n 24 hours, whereas an open-hearth
furnace, with a capacity of 75 tons, may treat 150. Tne largest electric
furnace 50 cate has a capacity of B0 tons. By corparascn crucibles
have & capreity of only 80 to 124 pounds. btoecl ingots for cannon
have increased in proportion te these rapid strides in tonnage 2 sct
of 1ngots for our rgjor caliber guns weirghing 180 tons.

Wo have shown by o very few of the many exaplos how the armes
z.¢ Kevios of the world have influonced and been influsnced py tho
doveloprient of tho Eron and stecl industry. A few instancos will 1ll-
ustrate the clese ccoperation which has always exasted betwoon cur
Lrry and Navy ard the Armorican Steel Industry.

In America the first i1ron works was installed on the James Hiver
in Virginmia (1619) and one hunared years later the first furnace using
hot blast was ouilt. Up to 100 years ago the capzcity of furnaces
rangad from one to six tons a day. Today the capacity i1s 100 times as
greate.

round 1898

The use of iron as & recognized unit of ship construction dates
back to 1818. ©Otesl came in ase betwoen 1870 and 1875. The American
Havy has pilonecred the seas with iron and steel ships. In fact the
first turret ship was the "Momitor" of Civil War fame with a oelt of
8" bairlt-up armor protecting 11" turret guns. The turret design is
sigmficant from a metallurgical stanapoint in that a race was startcd
in baval Ordnance between the suvremscy of gun and armor winilch was co-
flected favorably in the improvements roquired in stocl making.



Y LR T ~

‘9,.&:}; w N‘ﬁ
’{;&y“ P

4 signal influence on the steel inlustry resulted from the poild-
ing of four noval vessels, the Chicege, Atlanta, Beston and Dolphin,
because of the high quality of steel demanded. Encrmous cifficulty was
exporioncod in reeting the spoeifications, but in the end the nonu-
factarers learned the art of raking good steel. This was a typical ex-
arple of what we call an "gducaticnzl Order". The Chester Relling
Mm1lls, Chester, Pennsylvania, the Norway Iron and oteel Company, dSouth
Bostor, Tassachusetts, Park Brothers and Corpany and the Phecnix Ircn
Corpany of Philacelphia, Pennsylvania, sunplied the steel an’ the con-
tractor, John Roach of Chester, Pennsylvanie, built a rall to handle
certoin ¢f the material. The first ship builf, the Dolphin, was completed
in 1885, was volaced cut of corrussicn in 1921, and sold by the Kavy in
1922 ~ not a bad testi=wmnial as tc the duality ¢f this steel.

The Midvale Steel Works received fron the Army the first large
oerdor for steel gun tube forgings placed in the United States {1883).
Hers 1s ancther example of an "Educational Order" in that 1t did mmch
to 1ncroase the knowledge and experience 9f the Thdvale Company in the
manufacture ~f good steel. In 1887 the Midvale Steel VWorks satisfa-
torily completed a storn frame stoel casting for the Charleston weighing
6,720 pounds, ths first large stecl casting over attesmted. This pio-
neor Jork of the Navy in oncouraging tha stcel-castings industry lea te
tho use of large stool castings by the railroads for loconctive fra.es
and cther structural parts and conscquontly advanced by many years
tae lorge production of the stecl casting industry.

Whiie furthor tests of cast iron rifles were practically abanwenod
1n the United States in 1871 tno feoasibility of making séecl-cast guns
un to 10" ealiber, with wweight of casting 60 tons, ms conceded by 1887.
In this year tae Pittsburgh Stecl Casting Corpany and the btanuvard
Steol Casting Corpany starteu the 1mmfacture of stecl-cast 6 i1nch high
powered rifles for the Bavy. Beth Lrry and Navy Ordunance, howgver, were
a% this time, within the limit of appropriations provided py Congroess,
oncouraging the steel imcustry to still further progress i1n the mnu-
facture of high grade steel. The Otis Iron and Steoel Company of
Cloveland, Ohio, Jomnes and Laughlin of Pittsburgh, and the Treaton Ircon
Conoany of Irenton, Now Jorsey, were ongageld in fabricating parts of o
10" wire-wound steel gur. The Bethlehem Iron Company was ongaged cn o
Neval Order for 1,225 tons of steel gun forgings for 6, 8, 10 and 12
inch calibers. Up tc tac erd of 1887 the Tidvale steel Company had
turned out 320 tons of gun forgings for the kavy and 168 for the .r.y
and the Caubrie Iron works 17 toms for the Arry. Other corrwreial
stesl works ongaged on faoricating parts of built up forged steel guas
gbout this time wore tho Wost Point Foundry, the Scuth Beston Iron
#0rgs, the Nashua ptocl Company end the Firth-bterling Steel Coupany.
Expericace in tho matter of fabricating burlt-up ferged sts:l zuns
goanod by all those establishrents and applied te cariercial lines of
endeavor far cutworghted the relatively srall tomnages invelved.

4da
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A good example of the immedizte application e&f the techmcal ex~
perience of that time (1887} 1s given on page 104 "Gun Thaking i1n the
United States" - Birdme. "The method of i1mproving the quality of car
axles by treating by the so-called water tempering process at the
Cambria Iron Works is very largely due to the carse and research made
by the capable officers of that Company in studying the manifacture
of Ordnance metal."

Knowledge of the making &nd heat treating high-grade steels and
slloys and the development of heavy shaping mwachinory was confined to
the astablishments engaged on Ordnance work in spite of the fact that
thoe great mechanical and industrial rovolution was already well
launched and 1ts pregress nccessarily dopendent upon the use of steel
in steam engines, electric machines, zas engines and machine tools.

The first armor plant in this country resulted from the cfforts
of the Ravy persuading the Bothlehem Iron Company (subsequently \
scthlehom Stesl Corporation) te undertake the project. "In order to
satisfy ordnance requirements in the mamufacture of enormous gun forg-
ings, thick, heoavy armor plate and large stoel castings spocial ma-
chinery had to be designed. Naturally the cost of devclopmont was
borne by the Bureau of Ordnance but in tho cnd the Nation as a whole
honefited * * *, With a view t0 producing metal-cubting tocols which
would economically machine heavy armor plate anc gun forgings the
Bathlehem btecl Company developed the well-kmown 'Taylor-white' process
of treating hign-speed steel. [Lhis stesel 1s now used in metal-culting
teols that, by meny, are considered as having revolutionizeu machine
shop practice throuzhout the entire world * * *., The world was
searched for methods of manufacture of suitable armor plate, ana in
the secarch and subseguent laborabtory investigations of the effaect of
alloying steel with various other ingrodients and of novel heat treat-
ments of steel, there Were #scovored or evolved many of tho special
alloys of i1ron with mickel, chrome, vanadiuwm and other metals vhich
tosay arc of the utmost importance to industry in general. IThe Burcau
of Ordnance paid for many of those exporimonts, allowing great labora-
toros to be supported; thus pormitting this most important work to be
carried on to tnc highest degree of succoss. 4s a result of contimucd
experiment in the production of high-grado stools suiteble for Navy
purposses an impctus was given to this industry which carried 1t alcng
to the present day whero 1t now stands at the head of the stesl in-
dustry of tho world® -~ ® The U. 8. Navy as an Industrial Assot.”
Office of Kaval Intclligonce revised to July 1, 1924. While the
automobile industry fell hoir to this wealth of experience 1ts pho-
nomeonal growth created a 7:de ano ever increasing demand for high
grade alloy aetecls and thorcby served to enrich this ficld of
metallurgical rosearch, particularly in the past 20 or 3¢ years.

Great economies and strides in mass production throughout the
1ndustry have been effected in recent years by the integration of mines,
rallroad and steamship lines, blast furnaces, steel mills and colling
mLlls.

5,
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Yery Sketehy Outline Since 13917.

The very profitable influence of military ressarch and studies on
the groat e¢conomic fabric of this country which depends upon steel may
also bo 1llustrated by brief refercence to the work at the Vatertewn
Arsonal, Boston, Massachusetts, and recent developments in the industrial
mobilization plan for steel.

The testing machine at JWaterto.m Arsemal is one of the largest
ard mast efficient in this country. Under authority cf an Act of
Congross approved March 3, 1875, the testing machine was made available
for tho tests of motals and otner materials for irdustrial purposes. 4
machine capsble of exoriing and rmeasuring 2 strain of tension and com~
sression of 800,000 pounds was unhoard of up to that time. Comnercial
establishrents all ovor the Umited States have availed thenselves of
these tests and reports of the tests for half a century. These invalu~
able records constitute a peormanont contrabution be steel metallurgy.

For the past four yoars extensive tests have been conducted at
satertown Arsemal on the cold working of tubes from thoe interior by
hydraulie jressure. The primery purpose cof these exe riments i1s tc de-
velop rapnid production of gun and shell forgings. There is prom.se
even in the larger calibers that a single tube subjected to cold work-
ing =y roplace the forged stecel built un gun since an 1doeal condition
of stresses exists thrcughout tho retal to resist interior povder pross-—
ire. The inner layers are in & state of compression decreasing graduzlly
to zero at an 1deal place in the wll ¢f the tube. Outward fron this
neutral zone the metal 1s set in a state of tension increasing to a
mexirm at the outer surface. A factor 0f safety is gained beyond the
elastic limt of the metal depending prineinally upon the gap betwesa
the elasfic limit and the ultimmte strength of the raterial. In this
conmection secamless tubes have given very satisfactory results for
5 m/m shell. In a gencral way the physical qualitics of tho petal
are wmroved by stretching beyond the clastic limt i1n rmch the sane
way that wire is improved by drawing. This process has met with such
success that the Ordnance Deocartiont has adopted 1t as the standard
methed of conmstructing guns not to exceed 6" bore. The Navy has alse
nsad this method satisfactorily for guns up to 6" caliber. Their
machine 1s installed at tne vwashingfon Navy Yard. [This process of
ecld working has already received ccrmercial ajpplication for rims of
large fly wheels and for cylindors of high nressurc engines.

Dafects 1n steel, sach as slag inclusions, are readily developed
by applying intermal pressures much belcw the contemplated elastic
limits. The machine which 1s used for tglstgurpcse ray be readily
serfected s¢ that by a simple amd rapld/ g%ectlve guns and ammunition
may be eliminated before issue to the service. X-ray work being
developed at Wwatortown Arsemal serves a simlar purpose to locate de-~
fests and weak spots 1n the ratorial. In fact considerable X-ray
work of this nature for industrial purposes is now being done at the
Arsenal,

6.
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Anong the varioty of other problens im the retallurgy of stecl,
which will tend to 1wuprove tho quality of nectals for ordnance and com-
mercial purposes the followmng are typical:

(L) Baperirental work or centrifugal casting of steel ingots
for zuns so as to expedite procaction ard improve the homogeneity of
the sietals DThe rotation of tho mold creates considerable preéssure
on the riclten motal and arives non-metailic irpurities to the center
wnere tney are removed by o boring cperation. The tube 1s them treated
by the celd working process referred to aocve. It should be especially
noted that this »reccess i1s still i1n the experirental stage. Ancthor
wthod undor consideration is to build up the gun fron concentric
sgamloss tubgs and oxpand thowm to & pormanont sot by the celd werking
osrocosse  Tho latter 1ethed was suggested by Mre Ralph Dravo, an
Ordnance Dristict Chicf. Both these methods will expedite preducticn
by the use of standard .mchino teols instoad of special purpose machine
tools for the principal rackining ojnerations.

(2) Dotermnaticn of the effects of wvariations of sulphur and
phosvhorus in differont compositions of steel. fhis 1nvestigetion is
being conducted unaer the auspices of the Aperican Scciety for Tosting
Ttorials.

(3] Doterrnmation of offeet of addition of mdlybdenum to steols
on the physical properifics and alsc on the Charpy tost.
&

Rosults of thesc tests are particularly interosting in that
thoy suggost that melyblonum ray be satisfactorily substituted for
nickel 1n 21 earrgency for use in gun stoels or 8 18 now boing wonuc il
sutomnobile steels. 4

(4} Investigaticn of the Practicability of developing high speed
tecl steel, using molybleram as the principal allcy. Inis work is being
conducted 1n cooperaticn with the Clinax Folyblemum Corporaticn cf
America and promses te result in a mclybdenum high speed tcol steel
saperior to the commercial compositions. Elimnation of the necessity
of using tungsten in high speed 8taels will sglve cue ¢f our magor
»réblems 1n strategiec metorials.

(6} ZX~doy of motals.

On account of the picnner naturc ¢f this work the Jatertuwn
Arscnal first doveloped laboratory tochmique. Roalizing the practical
asplicatien of tho work to the stool inlustry as a whole te Jdevelep
internal defeets (not cthoraise discoversble in metal during manufacturc)
an’ tnersby improeve the quality of steel gererclly, the Ordnance Depart-~
rent has endeavered to sxpedite the recogmition and acceptance of the
method by private industry. OConsequently radicgraphic results cbtained
st the arsenzl have hoon proscated in loctares before technical soccieties
and colloges and publishod in techwical journals of wido circulaticn.
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Three years' experience in the X-ray laboratory indicate that the
radiographic method 1s a success and may be relied upon in commercial
practice to detect sub-surface defects in gross structure. Foreover,
Z~ray metall@graphy investigations permit of tnc measarements of actual
distance botween atoms with an accuracy of .l of an atom diameter under
ideal conditions. Such novel i1nvestigations are bouna to mesult in
greatly 1mproved stesls since a botter understanding i1s now possiolc
between clemental structures, chomical annlysis and physical propertics,
and the offects of heat trecatment, a2lloying constitucnts and other mak-
ing, snaping or trmating orocosses on these cleamoental structurcs. For
example, 1nvestigations already disclose that cold working produces
changes in the atome spacing such as arc also caascd by hecat treating
stoole.

While the vwatcertown Arscnal is contributing move than any other
individusl institution within the Lrmy to the dovelopment of the quality
of steel othor agenecies are also directly or indircctly active. The
Engineering and Rssearch Division of the Air Corps at Dayton, Ohio,
15 engaged on the perfection of airplane stesl construction design
and specificatiomns. 4 fruitful effort 15 being made to have com-
mercial sviotion zdopt Governmeont specifications largely witn a view
to standardizing parts so as to secure interchangeability and profit
by the sad experionce 1in this respect of the early growth of the auto
1ndus try. The Fodical Dspartment at the New York Depot i1s investi-
gabting the subjoct of stoinless stocls for surgical instruments.
Springfiecld Armory 1s tosting the rolative morits of carbon and alloy
stoels against crosion of rifle barrels. Rock Island arscnal 18
procuring samoles of stcel from the Imdlum Stecl Compamy and the
Firth-Starling Stcol Company on an investigation to provent corrision
of stegl recoil mochanisms of artillery., Ordnance Dgstrict Chiefs
are cooperating with outstanding industrial establishmonts as the
National Tube Company in the developuent of scamless tubes for guuns
and progectiles. The War Department Commodity Committoe on Ferro-
Alloys i1ratiated the i1rvestigotion vith the Climax Tolybderum Corpo-
ration of America on the practicability of substituting molybdenum
for tungsten in high spoed $ools, and has been instrumental in pro-~
viding Ordnatce funds to carry on rnvestigations by the Bureau of
Fanes for the purpose of utilizing local sources of mangeniferous ores
1n steel mgkaing instead of paving the industry dependent upen foreign
sources of supply {Sulletin 393, Bureau of IMines].

¥

Before explaining the cooperation betwcen the O0ffice of the
Assist-nt Secret-ry of IL.r and the stecl inéustry, tne indirect
contributions of the Army Enginccr Corps to the dovelopment of the
st2el industry desorve spocial montion in this historieal sketch.
Liout. George Washirgton Whistler, Corps of Enginccrs, introducod
1n the construction ond dosign of the pramtive Anerican locomotive
such superior style of workmanship thot Lo may well be considored
responsible for the rcal beginning of tho Amorican locomotive and
engine industry. Incidentslly he was the inventor of the vhistle
for locometivos. fhe first American buili locomotive, Petor Coopor
model of 1829, had boilor tubes improvised from gun barrcls. This
model was used on the Baltimore and Ohio Railroad upon /hich Whistlor
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was erployed 1828-1829 s#s an rsscecizte ongincer, having charge of tha“ﬁé
first mile of track laid on this rood, this being first track for
possonger cars put “own by any ccemary 1n this country. From this
garly start the railroads ncv roquire 28% of the oncrmous stoel pro-
duction of the United States.

In the first use of concrete in mass, Army Engincors lgid the
founczbicn in our fortificzticoms for tho subscquent aovelopmemt cn a
l~rge scale of stecl reinforced concrete througnout Anerica. Arny
Ergincers are responsible for the design and crection of that mester-
precs of coneretc and steel construction which will serve as an inter-
national medel for yoars to cone, the locks of the Panama Canal, tne
grgantic and .onlerfully balarnced gates of vhich Jeranded 60,000 tens
of steol. Current steel vnrchbloms boing studied by the Engincer Corps
in conncction 1th industrizl proparedness are illastrated oy their
planmng for the procurcment of high strength, light steel bridges.

For the past two years War Dopartment Courcdity Cormittoe #45,
Ircn an@ Steel, has rmintainod close contact with the industry in
develcpirg an  incustrial wmobilizatiom plan for iron and steel. The
first step consisted in adcpting the sare termnoloegy for the arnmy
and the Navy to “esigrate different classes of steel as used by the
inaustry - this in orcor that we might speak the same languagc. war
requ.ro.ents, inclulding osti ates for an "Euorgoney Fleet", are now
sno™n by the fourtoen vWar Departont Prccuremient Districts in the
nine corzorcial classeos of stcel, to b,

1. Steel forging billets and forgings.
2. Steel rounds, squares ard flats.

2. Structaral shapes.

4. Bheared and U I" Plates.

5. BSheets znd Pin Platss.

6. Tubular Products.

7. #Wire ana wire Products.

8+ Steel Haals.

9. 3teel and Iron Castings.

Tne next step :mas to show capacities of the steel mlls likensc by

‘rar Department Procuaremont Districts unacr the nine classes of steel.

The third and fimal stoep was to wesignate Yellowances" in short tons on
stoel mlls to cover thesc requirements in corsideration of ossential
civilian noeds. Bssentizl civilian nceds correspond to the rogquirzments
of the Railroad, Fcod and Fuel Ldministrations and the vital Domestic
Ron~Government requiremonts in the mnast wvar. It 1s proposed to suomitb
this plan upon completion to the Amorican Iron and Stoel Institute in
oreer that the full and united cooperation of tane indastry may be sccured.

It 1s bslieved that this plan will prowve of mutusl benofit to the
Governmont and to the stecl industry in the cvent of an emorgemcy, siace
requiremcnts will be intelligible and the industry w11l know in cdvance
vzt 1% 18 exoected to accomplish in the nmature of curtailments, pri~
oraitics and stimulated prodaction. Each steol mll wrll kunow 1ts
allotted mission in the goneral plan. Benofiting ny current contact
of the Office, issistant Secretary of .ar with the stecl industry and

9.
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by district surveys, 1t 1s cxpocted taat the pl-n may be gracually
serfected se as to irsure an cquitable distribution of the wr lcaa
witn rospect te casacities ane ficld scrvice of facilities nth diac
regard to such factors as Do er, lobor, transnortatsica and cor.ercsial
»ractice in the floy of rayv materials and semn-fimshed preodacts.

¥r. James B. 3cnner 1s the cfficial contact of oar office with
the steel irdustry. As Vice Chairran of the Cormuttee cn Steel Distri-
bation during the past .ar he m. charged with the allocation of
17,000,000 tons of Government regquire..ents in iron and steel. Through
h:s Jeod cffices Dr. John 3. Urger, anagor Central Rescarch Burcau,
Carncgie Stecl Corpany, aspearcd before the Iren. and 8tecl Corxruttoe
on Tay 29, 1926, and ansuwered technical qucsticns submitted by supoly
branches on the wctallurgy of stesl, such as Bngincer Corps physical
roquire wnts for hign strengtn steel for osridges ond Ordnance Delart-
—ant physical and chenical requirclLents for gun ard shell forgings.
Foreover, “r. Bonner has volunteered to furnish the steel commttee
with exjerts on any of the nine classes of steel as occasions demand.

Tho work of tho stecl cormttoe thus far has resulted 1n considger-
able cconomy 1n obviaiing the nccessity for many surveys on steel mlls,
saarticularly for strictly commercial i1tems. .ith our knowledge of ca-
pacities and requirements being sorfected from time to time the dis-
location and confusion whica occurred in the past war may ove cffectivsely
avorted. Among the numerocus difficultics which resulted from lack of
nlanning irn the world var tne cese of the d>rogectile 1s typical. Cross-
houls and deolays in sroduction nccessitated a2 complete resllocztion of
all orders feor Hrojectile stcel befors the ond of 1917. From Paze 122
"aimerican Industry in thoe wer' - 3aruch, tho following cxztract is
self-cxplanatory, "To i1llustrate L Buffalo stcol manufacturer was
meking an enormous tonrage of projectile steel to be shipped in par
form %0 a Cincinnati forge plant to be forged into projectile forgings,
vhich were 1n turn to be shipped bacsz to Buffalo for machining into
finished projectiles, A steel plant within 50 miles of Cincinmasti
vos meking projectile bars wnich were being sent to Buffalo for forgang
sod mechining* * *  Arrangements wmere made to have the séekl box
rolied in Buffalo shipped to a2 near-by plant and macmne shop for
finishirg, and ir turn tne Cincimnati forge man was supvlied by the
steel mills 1u nas district. There wore aundreas of changes of tais
eharacter, which, /mile difficult of solution, Jore fully justified oy
the traunsportation situation, woica had become s very important factor
in qur var program. Nany millions of ton-miles and an cnormous amocunt
of money and time werc saved by these transfers.' While similar con-
d:tions do prevail among certain inacustries in time of peace, they should
be eriminated i1n the event of = major war.

Exoggerated requirenents and an unbalenced program should be
gffectively slimirated as the steel plan 1s progrossively develoned.
Our Chiofs of Suoply Branches and their district Chiefs are mest
sirenucusly sttacking this problem. Taking the casc of the nreicctile
agein as one of the monv pxamples of the pest war, 25,000,000 shell
billets 75 m/m sre aveilable tho first year whereas only 10,000,000
had been machined and loss than 5,000,000 complcote rounds mamuf .ctired.
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Requirentns in steel are now ?éing coordinabe&’thh planned sroduction A .
of finished articles. 6,065,162 tons of wrojectile steel were rocords i
as our requre.ents on Sgoterbor, 1918. 4,199,099 tons were delivered i " of
in 1918. 2,000,000 tons or loss could have been utilized by us in 191%.

"0ur osrogra.u calls for noro steel than is being used by tnc entire allies

sub togother and in figuring tho nu.bor of guns which e will have st

tne froat next Fay and the raxirma rate of fire which we coculu hope to

do, the orogran soces entirely out of Droportion . * * * I would use a

little rore care before comverting over too nany rulls for the rolling

of progectile steel” - Letter fronm U. L. War Industrics Bosrd Fission

dated Paris Ocboboer 1, 1918.

Concluding this broad outline, charts are prejared which require
littlo by way of explanation, giving the praincipal .wthods of raking,
shaping and treating steel, and depict the flow of raw raterials.

Chart L - Bignificant Periods for Steel Fetallurgy
Ghart II - Takaing Pig Iron

Chart ILI - TaXing oteel (0Qsen Hearth)

Chart IV -~ Taxinz Steel (Bessemer)

Chart V - Taxing Steel (General)

Chart VI ~ Shaping oteel

Chart VIL ~ Iresting Steel

Chert VIII - Steel Distripation
Chart IX Strategic Raw Materials -~ Drawing 204,

Outstanding facts to military men in this historiesl survey aro
(1) The incentive of the stoel industry 1s to attain large scale pro-
duction most ocomomically. (2} The incentive of Lrmy ana Navy Engincers
18 to produce the best gquality of steol for battle efficiency. While
this military incemntive 1s not to be lost sight of in industrial planning,
parly mass production demands that wo adapt our regmirements as far =8
vracticable to commercial standsrds. Thrcover, industrial planmng
should not only assure tho adoquate mobilization of the stoel industry
but should rondor America self contained in the strategie materials wiuch
ontor 1nto the mammfacturc of steel aad 1ts alloys - principally ferro-
manganese, tungston and nickel. Fortumately, from the standpoint of
neticnal defenso, the cormorcial domend for high quality stocl 1s weoll
gstablished. with the gracual aavance of tho airplanc to the .tatus of
s maJor industry in tnis country it 18 to bo anticipated that marged im-
provemonts in metallurgy such as accompanied the growth of the automobile
industry may evolvo on a vide and souad cconomié basise.

The brief rcecord revealed by this historical outlino warrants
full troatwont by those in the steel industry who ars best qualified oy
knowledge znd exjerience to wevelop the subgect adsquately. Graduates
of tno army Incustrial College will have meny opportunities to help
perfect the s.eel plan during poace and will bo among those best gualificc
to facilitate 1ts exccation in an emrgency. Some of you may have the
opportunity to encourage the vnlacing of "Ecucaticnal Orders® sc thrt
the art of mamufacturing tochmicnl motorizl may be Kopt alive in the
steel i1ncustry. wn "Educaticnal Order” does not mean a profit-making

1l.
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schome for tne manufacvurcr. It, thercofere, Coos not mean the develon-
ment of a civilian industry dovobed principally to the mamfacture of

iar matorial. It doos mean, howevoer, reirburscment by the Government

for osnpenditures in rumming srill orders through privato shops s¢ s

to rorg ocut all "kinks" ana "ougs" in foetory plons @epared by the
manufacturcrs to insure the earliest possible preduction of such tochnical
1toms as Ordmance and airplaacs. Somo of you may nave tho opportunity

¢f ostanlishing /mr rosorves in strategie ferro-slloys, which is the

only safc policy unbil industrial planmng is prepared tc golve such
orcblems by altornate anu satisfactory methods.
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