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~ar nm/~ing and steel making, historically at least, are inseparable. 
Strangely enough the sclentlflc development of the one has depended upon 
the orogresslve strldes of the other. The sub3ect of making steel for 
munitions is treated hlstorlcally by raozd glances into the )ast in order 
that the strlklng changes and developments in steel metallurgy may be 
illustrated by the improvements in the so-called destructlvo implements 
of ,~ar and in the constructive mechanisms of the stool ~ndustry as ~ll. 
~atallurgy is defined as the science ~ch treats of the ~rooarat~on of 
metals from their ores and their aaaptations to the purposes for which 
used. FJun~tlons are all requlre~nts of f~ghting forces - comn~rc~al 
and non-commerolal. 

These alnateur~sh notes are prepared by way of mklng of record in 
the offlce of the Assxstant Secret~ry of War a few of the szgnlflcant 
contacts of the ~rmy a~d the i~av'y ,;ith tne steel industry and in order 
that the students of this college may be orlented before thelr visit to 
steel m~lls. The theme of this pa>er is too big to be attempted by any- 
one oatslde of the steel lndu~tly. 

Here is a suoer-mlsslon whlch awalts accomplishment, here a theme 
whlch 3resents a great op±~ortunlty to an executive of the greatest of 
great f~nerlcan indastries. Partlcularly v¢ithln the 2ersonal exoer~enee 
of many outstanding leaders in the steel ~;orld there is much to be re- 
corded in the development of a theme vhlch ~llll serve to im~art the 
breath of llfe into Industrial Pre)aredness, ~hlch ~ii keep the spirit 
of ~atrlot~sm alive, and carry ~n end~rlng insplrat~on from generation 
unto generation of ~mer~cans. 



Dates g~von ~nmargxnal hcad~ngs serve to t~o ~n certain developments 
of stool ,ath cr~tlcal per~ogs of ~n~rlcan H~story. Those dates are g~vcn 
• n better chronologzcal sequence on Chart I herewith. 

.U!o, t o  O n r z s t l a n  E r a  

Aristotle states that ~ron formed the flrst currency. Pr@bably 
~t was flrst reduced from ~ts ores by the H~tt~tes 3000 or ~000 years 
ago. The f~rst ~ron ~s smelted by blo ang a charcoal f~re conta~nzng 
ore and shaping the metall~c regulus prlnc~pally ~mpure ~ought ~ron 
byhm~mer~ng. Its f~rst common use ~s Ixkely among the pr~m~tlve 
homadic Peoples around the ~egean and Black Seas in the form of more 
efficient ~mplements of ,~r than thelr bronze ,,eapons. Primitive 
American c~v~llzatlons developed the use of bronze and copper but 
not of ~ron. 

~ore recently the Greeks and subsequently ~he Romans became 
somewhat profzclent ~n ~ts metallurgy. The success of the =onquests 
of these peoples depended ~n large measure on thelr ~nstrtunents of 
~r v~h~ch ~n turn gave a st~rm~lus to the art of extracting and fashion- 
ing metals. Only small p~oces of metal, hm;ever, could be ~ought ~nto 
shape. 

Before I@92 

The flrst real advance ~n th~s metallurgy, after thousands of 
years, came about 1340 when ~ron makers of Central Europe succeeded 
in casting Iron. ~hey accompllshed thls step by a he,4 type of furz~-ce 
bullt of masonry encloslng a vertlcal shaft ~n the form of t,~o truncated 
cones placed end to end resembling the modern blast furnace. Ore, flux, 
and ,rood-charcoal were charged ~n the top and alr blo~n xn at the bottom. 
The ~argestcgst~ngs during the s~xteenth century ;ere t ~o or throe tons, 
which pern~tted a great upward llm~t to the s~ze of cannon. 

Around t 7 7 5  

The blast furnace developed ~ith the use of coke in 1619, follo;;- 
ed about 200 years later by the use of the hot blast. Rolled sheet 
iron cm~le in the flrst part (1728) and rolled rounds and squares (1783) 
• n the last part of the elghteenth century. Not untll the development 
of the steam englne could sheet iron be produced co ~nerclally. 

Just as the blrth of Iron is recorded thousands of years ago 
in the crude ~eapons of prlmltlve peoples so also the ancient orlgln 
of steel is In evidence In the famous blades of Dar~scus, ~yrla. I~on 
,~as f~rst hardened and strengthened oy the cruc~%~le process or a 
combination of the ce ~entatlon and cruclble processes. These methods 
for maklng steel ~ere lost durlng the r~dale ages, but aro~nd 1800 
the couentatlon process ~as revived in ~olg1~ and in 1742 the cruclblo 
process ,~as rediscovered ~n England. 
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Events ~.ssoczated ~th 18!2 

Pr~or to 1812 gun barrel tubes ~re nmde by hand frou plates which 
were bent ~nto cylinders ~th edges overlapped and welded over a ~ndrel. 
~bout 1815 a Scotch ~nventor, ~,~lllam~urdock, conceived the ~dea of 
screwing together old musket barrels ~n the form of contlnuous tubes 
for conducting coal gas for izght~ng purposes. The popularity of th~s 
l~ght~ng system st~rzlated ~nventors to produce tubes more rapldly and 
at lower cost. ~hereas the tube industry ~ms f~rst advanced by the 
~nvent~on of the flint lock ooun ~n 1640, the adaptation of these 
b%rrels to the use of conductir~ gas for l~ghtlng purposes l~kewlse 
caused a revolution ~n the art of tube makang, 

A~eu~t the ~zme of Olyzl ~ar- 1860 

A phenomenal str~de ~n quantity production of steel occurred ~th 
the ~nventlon of the Bessemer Process. b~r Henry Besser~r's onergles 
~re dzrected to the problem of steel ~king ~n an utterer to x~aprove 
the construction of guns. Behoving that an advance in zrt~llery de- 
sign ~nd construction depended upon the manufacture of better ~tal xn 
larger quantltyhe experxmented at h~s ovum ~ron ~;crks ~n b~. Pancras. 
Loter he erected a steel works at Sheffield ,dnch began to operate ~n 
1860 ~o~;-a-days a Bessemer Converter, ath a capaclty of 15 tons, 
~my treat 600 tons of metal ~n 24 hours, ~ereas an open-hearth 
furnace, wzth a capacity of 75 tons, my treat 150. The largest eloctrlc 
furnace to ~ate has a capaclty of 50 tons. By comparison crucibles 
have a capacity of only 80 to 124 pounds, bteol zngots for cannon 
have ~ncreased ~n proportion to these rap~d strides ~n tonnage ~ sot 
of ~ngots for our ma3or cal~ber guns ~gh~ng 180 tons. 

L#o have shown by a very few of the 1~%ny exauplos ho~ the ~Lrmles 
a~Q ~ i~cvlos of the ~orld have in~luenced and been Influenced oy the 
development of the ~ron and steel ~ndustry. A few ~nstancos ~lll ~ll- 
ustrate the close cooperatlon which has ab~ays existed bet~/oen our 
Ar~Av and ~avy arzl the f~uor~can Steel Industry, 

In Amerlca the flrst iron works was installed on the James River 
in Vlrglnla (1619) and one hunared years later the flrst furnace uslng 
hot blast v~s oullt. Jp to 100 years age the capaclty of furnaces 
ranged from one to slx tons a day. Today the capaclty is i00 tlmes as 
great. 

Around 1898 

The use of iron as a recognlzed unlt of sh~p oonstructlen dates 
back to 1818. Steel came in use between 1870 and 1875. The Amerlcan 
Navy l~%s p~oneered the seas w~th iron and steel sh~ps. In fact the 
flrst turret ship ~as the "]~onltor" of C1vll War fame wlth a oelt of 
8" built-up armor protectlng Ii" turret guns. The turret deslo~n is 
s~nlf~cant fret: a metallurgical stanapolnt in that a race was started 
in kaval Ordnance between the supremacy of gun and armor ~nlch ~Jas ~o- 
flectod favorably in the improvements requlred in stocl n~%kano~. 



A slgnaI ~nfluence on the steel ~nlustry resulted from the o~Id- 
~n~ of four naval vessels, the Chlc~gO, %~!anta, Boston and Do l~hln, 
because of the h~gh quality of steel demanderS. Enormous ~ff~culty was 
experienced ~n naeting the spec~f~catlons, but in the en~ the manu- 
factarers learned the art of ~k~ng good steel. Th~s ~s a typical ex- 
ample of what ~e call an "Educational Order". The Chester 2offing 
IN~lls, Chester, Pennsylvar~a, the Nor~ay Iron and oteel Company, South 
Boston, ~Nassachusetts, Park Brothers and Co]many and the Phoenix Iron 
Company of Ph~laaelph~a, Pennsylvania, s~opl~ed the steel an~' the con- 
tractor, John ~oach of Chester, Pennsylvania, built a r~ll to handle 
certain cf the mater~al. The f~rst shlp built, the DolDh~n, ~¢as completed 
in 1885, was placed out of comruss~on ~n 1921, and sold by the Navy ~n 
1922 - not a bad testimonial as to the qual~ty of thxs steel. 

The l~advale Steel Works received from the Army the f~rst largo 
or~or for steel gun tube forg~ngs placed ~n the Jnlted btatos (1883). 
Here ~s another example of an "Educational 0r~or" ~n that it d~d much 
to ~ncroase the knowledge and experience of the ~dvale Company ~n the 
~nufacture ~f goo~ steel. In 1887 the ~hdvale Steel Works sat~sfa- 
termly completed a stern frame steel casting for the Charleston ~e~ghing 
6,720 pounds, the f~rst large steel casting ever atte,~ted. Thls plo- 
neor ;ork of the Nav V ~n encouraging the stoel-cast~ngs ~ndustry lea to 
the use of large stool castings by the ra~iroa('s for locomotive fra~]es 
and otho~ structural parts and consequently advanced by L~ny years 
the forge production of the stool casting ~ndustry. 

~'nlAe further tests of cast Iron r~fles ,yore practlcally abandoned 
In the Jnlted States in 1871 the foaslblllty of maklng s~eel-cast guns 
uo to i0" c~llber, ~;ith ~;elght of czstlng 60 tons, ~as conceded by 1887. 
In thls year the Pittsburgh Steel Castlng Cor~pany and the btanaard 
Stool Castlng Company startea the ~%nufacture of stool-cast 6 inch hlgh 
po~ered rlflos for the Eavy. Bo~h Lrr~f and Navy Ordnance, he,rover, ~ere 
at th~s time, wlthin the h~]it of appropriatlens provlded oy Congress, 
emcouragi~g the steel In~ustry to still further progress ~n the rm.nu- 
facture of hlgh grade steel. The Otls Iron and Steel Company of 
Cleveland, 0hlo, Jones an~. Laughlln of Pittsburgh, and the Trenton Iron 
Co1~oany ef ~renton, No~ Jersey, ,yore engage/ ~n f~brlcatlng parts of a 
I0" ~,ire-,~ound steel gun. The Bethlehem Iron Company v~as engaged on a 
l~sval Order for 1,225 tons of steel gun ferglngs for 6, 8, I0 znd 12 
inch callbers. Up to the end of 1887 the ]N_~dvale bteel Company had 
turned out 320 tons of gun forglngs for the l~avy and 168 for the .~r~y 
and the C%ubrl~ Iron ~orks 17 tons for the Array. 0thor co1~orc~al 
steel ~;orks one-aged on faor~c%t~ng parts of built up forged stool o~uns 
about thls tzme ~;ore the West Point Foundry, the South Boston Iron 
~or~s, the l~ashua btoel Company ~nd the Fxrth-btorl~ng Stool Co~pany. 
Exoer~onco ~n the matter of fabrxcat~ng built-up forged s~;1 guns 
gaxnod by all these establishments ~nd applxod to co~]orc~al Iznos of 
endeavor far out~e~ghted ~he relatively sr~ll tonr~ges xnvolvod. 

. 



A good example of the Immediate ~pplicatxon ef the techuxcal ex- 
perience of that txme ~1887) xs g~ven on pa~e I04 ,,~An V~kang ~n the 
Unated States" - Bir~xe. "The method of ~mprov~ng the ~u~laty of car 
axles by treating by the so-called w~ter tempering process at the 
CaMbria Iron Works as very largely due to the care and research made 
by the capable officers of that Company in studying the manAfacture 
of Ordnance metal." 

Knowledge of the ~ng and hea~ treating hagh-o~rade steels and 
alloys and the development of heavy shaping machinery w~s conf~nod to 
the sstablxshments engaged on Ordnance work ~n spite of the fact that 
the great mechamcal and x~dustr~al revolution was already well 
launched and ~ts progress necessarily dopendon~ upon the use of steel 
in steam engxnes, electr~o machines, gas engines %nd machane tools. 

The f~rst armor plant in thls country resulted from the efforts 
of the l~avy persu~dlng the Bethlehem Iron Oompany (subsequently 
~ethlehem Steel Corporatlonl to undertake the pro~ect. "In order to 
satasfy ordnance requirements an the manufacture of enormous ~ forg- 
xngs, thack, heavy armor plate ~nd large steel castxngs speclal ma- 
chxnery had to be des!gned. Naturally the cost of development was 
borne by the Bureau of Ordnance but in the end the Nat~on as a whole 
boneflte~ * * *. With a vlew to #roduclng metal-cuO~ing tools whlch 
would economlcall~ machine heavy armor pL%te ana gun forglngs the 
Bethlehem hteel Company develooed the ~Jell-kno~wn 'Taylor-f/hlte' process 
of treatlng hlgn-speed steel. 2h~s steel xs now used an metal-cuttlng 
tools that, by many, are consadered as having revolutlonazea machlne 
shop practice throulhout the entare ~;orld * * *. The ~orld ~#as 
searched for methods of manufacture of suatablo armor pl%te, ana xn 
the search and subsequent laboratory anvest~gat~ons of the effect of 
a!loying steel v~th various other ingredlents and of novel heat treat- 
ments of steel, there Were ~!sco~ored or evolved many of the spocaal 
alloys of iron ~ath nickel, chrome, vanadium and other metals ~hach 
toaay are of the utmost Importance to xndustry in general. ~ho Bureau 
of 0rdnance paid for tony of these oxyorlmonts, allowlng groat labora- 
tories to be su~ported~ thus po~m~ttang thas most important work to be 
carried on to the h~ghest degree of s~ccoss. As a result of cont~nuod 
ox~er~ment ~n the production of hlgh-grado steels suatsble for l~av~ 
purposes an Impctus ,~as g~ven to th~s industry whach carried it a~ong 
to the 2resent day where at now stands at the head of the s~eol ~n- 
dustry of the world" - " ~he J. S. Navy as an Industrial Asset." 
0ff~ce of Eaval ~ntellagonce revised to July i, 1924. ~/halo the 
automobxle ~ndustry fell heir to thas ~ealth of experience ~ts phe- 
nomenal gro~th created a ~zdo ana eve~ ~ncreas~ng demand for high 
gr%de alloy mteels and thereby served to enrich th~s field of 
motallurglcal research, pmrtxcularly in the past 20 or Z0 years, 

Great economaes and strades in mass production throughout the 
industry have been effected an recent years by the integrataon of m~nes? 
railroad and steamship llnes, blast furnaces, steel m111s and ~olllr~ 
mills. 

. 



VerySketch~0utl~ne S ~ n c e l 9 1 7 .  

The very profitable ~nfluence of m~l~tary research and studxes on 
the groat economic fabric of th~s country ~vh~ch depends upon steel may 
also be ~llustrated by brief reference to the work at the ~atertwwn 
Arsenal, Boston, ~ssachuse~ts, and recent developments zn ~he ~ndustr~l 
mobil~z~t~on plan for steel. 

The testing machine at Waterto,m Arsenal ~s one of the largest 
a~d mast efficient ~n th~s country. Under authorzty ef an Act of 
Congress approved Narch 3, 1875, the testxng machine was made zva~lable 
for the tests of metals and other materials for ~ndustr~al purposes. A 
mchino capable of exerting and measuring a strain of tension and com- 
pression of 800,000 pounds ~as unheard of up to that t~rae. Con~erc~al 
establ~sh~nts all o~or the Jn~ted States have availed themselves of 
these tests and reports of the tests for half a century. These znvalu- 
able records constitute a per~ont contribution ~o steel metallurgy~ 

For the past four years extenslVe t~sts have been conducted at 
~,atertown Arsenal on the cold ~orklng of tubes from the interlor by 
hydraullc pressure. ~he primary purpose of these ex~rlments ~s to de- 
velop raoId productlon of gun and shell for@ings. There is proz~se 
even in the larger callbors that a slngle tube subjected to cold ~erk- 
ing ~y replace the forged steel bullt up gun slnce an Ideal cond~tlon 
of stresses exlsts thrcughout the metal to resist ~ntor~or powder press- 
ure. The ~nner layers are In a state of cor~oress~on decreasing gradually 
to zero at an ~deal place in the ~ll of the tube. 0ut~ard from th~s 
neutral zone the metal ~s set ~n a state of tension ~neroas~ng to a 
max~mu~m at the outer surface, A factor of safety ~s ganged beyond the 
elastic l~r~t of the metal depending pr~nc~pally upon the gap bet,~een 
the elastic l~t and the ultimate strength of the r~ter~al. In th~s 
connection seamless tubes have given very satisfactory results for 
75 m/m shell. In a general ~y the physical qual~t~os of the ~etal 
are ~mproved by stretching beyond the elastic l~n~t ~n rm~ch the saue 
way that w~re ~s ~mprovod by drawing, Ph~s process has mot w~th such 
success that the Ordnance Deoart~ont has adopted ~t as the standard 
method of constructing guns not to exceed 6" bore. The Navy has also 
used th~s method satisfactorily for guns up to 6" caliber. ~he~r 
machine ~s ~nstalled at the ~ash~ngton Navy Yard, ~hxs process of 
~old ~rking has already received commercial ap21~catxon for rxms of 
large fly wheels and for cyl~nders of h~gh pressure engines. 

Defects ~n steel, sach as slag ~nclus~ons, are readily developed 
by applylng internal pressures ~ach below the contemplated elastlc 
llmlts. ~he machlne whlch ~s used for th~s puroose my be readlly 

e I~ - 
serfected so that by a slmple and rapld/~e~ectlve gums and ammumtlon 
may be eliminated before issue to the service. X-ray work being 
developed at %,atortown ArSenal serves a s~r~lar purpose to locate de- 
foets and weak spots in the rmterlal. In fact conslderable X-ray 
work of thls nature for ~ndustrlal purposes is now belng done at the 
Arsenal. 

. 



Anong the v~r~oty of o~hor problens ~m the notallurgy of steel, 
~#h~ch ~II tend to ~mprovo the qu~l~ty of metals for ordnance and com- 
mercial purposes the follo~Ar4~ are typ~c~l: 

(I) ~per~r~ntal uerk on centrifugal casting of steel ~ngots 
for o~uns so ns to eroe&~te proaact~on ard ~mprove the homogeneity of 
the ~net~l. ~he rotation of the mold creates considerable pressure 
on the r~iton metal and ar~ves non-~t~Ahc ~upur~t~es to the center 
where tney are re~oved by a boring operation. The tube ~s them treated 
by the cold ~ork~ng process referred to aoove. It should be espec~ally 
noted t.h~t th~s process ~s st~ll ~n the exper~nental stage. Another 
~ethoa under consideration ~s to build up the gun from concentric 
soaz~oss tubes and expand them to a permanent sot by the cold v~rk~ng 
orocess. The latter ~thod was suggested by ~. Ralph Dravo, an 
Ordnance Dr~st~ct 0h~ef. Both ~hose ?uothods ~ll expedite production 
by the use of standard ~ach~no tools ~toad of special purpose r~ch~ne 
tools for the prlncipal n~ch~n~ng operations. 

(~I Determination of the effects of variations of sulphur and 
phosphorus ~n d~fforont compositions of stool. ~h~s ~nvest~g~t~on ~s 
being conducted unaer the ausplcos of the AAner~can Society for Testing 
~tor~als. 

(~ Determination of effect of addition of m~lyb~enum to stools 
on the physical properties and also oz the Oharpy test. 

@ 

Results of those tests are particularly ~nterost~ng in that 
they suggest that molybJenum r~y be satisfactorily substituted for 
n~ckel ~n ~ em,~rgoncy for uss ~n gun steels or ~s ~s n~J being ~ono ~L 
automobile steels. 

(~) Investlgatlon of the Practlcablllty of developlng hlo~h soeed 
tool steel, uslng mo!ybJenam as the prlnclpal alloy. ~nls ~ork is being 
conducted in cooporatzon ~ith the Clln~x Nolyb&enum Corporatlon of 
Am~rlca and ~oromlses to result in a molybdenum hl@h speed tool steel 
saper~or to the commercial con%oos~tlons. Elimination of the necessity 
of uslng tungsten ~n h~gh speed ~eels ~ii solve one of our majo~ 
oroblems ~n strategic m~tor~als. 

(61 X-Ray of metals. 

On account of the plcnner nature of thls ~Jork the Jatertuwn 
Arsor~l f~rst developed laboratory tochnlcfae. Roallzlng the practlcal 
aopl~oat~on of the ~ork to the stool ir~ustry as a whole to develop 
internal defeets (not othor,~ise c~Iscovo~ablo in metal durlng manufacture) 
anO thereby Improve the quallty of steel gererally, the Ordnance Degart- 
neat h~s er~leavored to expedlte the recognltlon on~d acceptance of the 
method by prlvate industry. Consequently radlographlc results obtalned 
at the arsenal have boon presented in Ioctaros before technlcal socletxes 
and colleges and publlshod in toc~h~cal journals of ~wdo c~rculatzon. 
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Three years' experience in the X-ray laboratory ~nd~cate that the 
radiographic method ~s a success and may be rehed upon ~n commerczal 
practice to detect sub-surface defects ~n gross structure. ~oreover, 
X-ray metall~graphy ~nvest~gat~ons permit of tn~ measarements of ~ctual 
d~stance between atoms w~h an accuracy of .i of an atom d~ameter under 
~deal conditions. Such novel invost~gatlons are bouna to ~esult ~n 
greatly ~mproved steels s~nce a bettor understanding ~s now poss~slc 
between elemental structures, chemical ar~lys~s and physical properties, 
and the effects of heat treatment, ~lloy~ng constituents and other nr~k- 
~ng, shaping or treating orocosses on those elemental structures. For 
example, ~nvestzg~t~ons already d~sclose that cold working produces 
changes ~n the ~tom~c spacing such as are also caasod by heat treating 
steel. 

~n~le the ~;atortown Arsenal is contrlbutlng more than any other 
ind~vldual instltutlon ~thln the ~rmy to the development of the quallty 
of steel other agenclos are also d~roc~ly or Indxrectly active. The 
Engineering and Research Dlvlslon of the Axr Corps at Dayton, 0hlo. 
• s engaged on the perfectlon of a~rplane steel constructlon deslgn 
and spec~flcatlons. A fruztful effort zs belng made to have com- 
merclal ~v1~tlon adopt Government speclflcatlons largely wltn a view 
to stand~rdlzlng parts so as to secure interchangeablllty and proflt 
by the sad experxonce in thzs rosooct of the e&rly growth of the auto 
~duztry. The Ned~cal Department at thQ New York Depot ~s ~nvestl- 
g~tlng the subject of st~inless stools for surglcal instruments. 
Sprnngflold Armory ~s tostlng the rolatlvo morlts of cazbon and alloy 
steels against eroslon of rlflo barrels. Rock I~land ~rscnal is 
iorocur~ng samoles of steel from the Ludlum Steel Company and the 
~_rth~Stmrllng Stool Company on an invostlgatlon to prevent corr~slcn 
of steel recoil mochanlsms of ~rtlllery. Ordnance D~strlct Chlefs 
~re cooperating with outstan@~zg zndustr~l estabhshmonts as the 
~t~or~l Tube Company ~n the development of seamless tubes for guns 
and projoctzles. The ~,ar Dep~rtmont Commodity Committee on Ferro- 
Ailo~ ~n~ti~tod the ~Lvest~g~t~on ~th the Cl~max ~olybdenum Corpo- 
ration of America on the pract~cab~hty of substituting molybdenum 
for tungsten ~n h~gh speed ~eols, and has been ~nstrumental ~n pro- 
v~d~ng 0rdna~ce funds to cazry on ~nvest~gatlons by the Bureau of 
T~nes for the purpose of ut~hzzng local sources of mangan~ferous ores 
~n steel malu~ng ~nstead of having the ~ndustry dependent upon foreign 
sources of sup oly (~ullea~m 39~, Bureau of r'~nes). 

Before explaining the cooperation bet~,een the 0ff~ce of the 
Assxst~nt Secret~ry of Lr ~nd the steel ~ndustry, tne indirect 
contributions of the Army Engznoc~ Corps to the development of the 
st~ol zndustry deserve spocxal mention in th~s h~stor~eal sketch. 
L~ut. George Washington ~#n~stier, Corps of Engineers, ~ntroducod 
~n the construction end design of the primitive A~nor~can looomot~ve 
such superior style of worlumanshlp theft he may v~ell be considered 
responsible for the real bog~rmzng of the fnner~can locomotive and 
engine ~niustry. Inc~dentally he was the ~nvontor of the whistle 
for locomotives. ~ho f~rst American bu~ locomotive, Peter Cooper 
model of 1829, had bo~ler tubes ~mprov~sed from gun barrels. Th~s 
model ~vas used on the Baltzmore and 0h~o Railroad upon ~h~ch ~,~qlstlor 



~as employed 18Z8-1829 ss an ~ssoc~ate ongznoer, hav~ng charge of the ~ ° 
f~rst m~le of track la~d on th~s road, th~s being f~rst track for 
passenger cars put ~o~vn by any company ~n thAs country. From th~s 
9&rl~, start the r~lroads nc-~ require Z8% of the enormous steel pro- 
duct~on of the United States. 

In the f~rst use of concrete ~n mass, Arn~j Engineers laxd the 
feun~&~on ~n our fortifications for the subsequent aovelopmmnt on a 
l~rge scale of steel re~nforced concrete throughout ~.~uerxca. Arz~ 
Erglnoers are responsible for the deslgn and erection of that n~ster- 
p~ece of concrete ann steel cor~r~ct~on which w~ll serve as an ~nter- 
national model for years to cer~e, the locks of the Panama Canal, the 
g~gznt~c an@ ~on~erfully b~ ~lanced gates of ~xch @er~naed 60,000 tons 
of stool. Current steel oreb!oms being stud~od by the Engzneer Corps 
~n cormoct~on ~th in~ustr~al propare~h~ess are xllastratod ~y their 
planning for the procurement of h~gh strength, l~ght steel bridges, 

For the past t~o years War Department Coumodlty Committee #45, 
Iron an~ Steel, has r~xntainod close contact %~th the ~ndustry ~n 
developing an ~ncustr~al mob~i~zat~on plan for ~ron and steel. The 
f~rst stop consisted ~n adopting the sane terr~nolegy for the ~rz~y 
and the Navy to :~es~gnzte d~fforen% classes of steel as used by the 
~neustry - th~s ~n oreor that ,~e r~ght speak the same language. ~;ar 
requ~re~ents, xnclud~ng ost~ ~tos for an "Emergency Fleet", are now 
sno~n by the fourteen Jar De~t~nnt Procurement D~str~cts ~n the 
nxno co~zorcxal classes of stcel, to ~t. 

i. Steel forging b~llets and forg~ngs. 
2. Steel rounds, squares and flats. 
~. Stractaral s~hapes. 
~. Sheared and U E" Plates. 
8. Sheets nnd ~n Plates. 
6. Tubular Products. 
7. ,~re ann ~re Products. 
8, Steel Reals. 
9. Steel and Iron Cast~ngs. 

The next step ~as to show capacltles of the steel mills llke~se by 
~,ar Department Procurement Dlstr~cts unaer the n~ne cl~sses of steel. 
The thlrd and flnal step ,yes to aeslgnate "~ll~nces" in short tons on 
steel m~lls to cover those roquxremonts ~n cons~deratxon of essential 
c~vxlxan needs. Essentxal c~vxlxan needs correspond to the reqa~rpments 
of the Railroad, Food and Fuel Admln~stratlons and the vltal Domestlc 
Non-Government requirements ~n the past ~r. It ~s proposed to suom~t 
th~s plan upon completion to the American Iron ~.nd Stool Instltute ~n 
order that the full e.nd unzted cooperation of t~e ~ndastry m~ be secured. 

It is bolloved that th~s plan ~iiI prove of nTatu&l benoflt to the 
Govorr~nont and to the steel ~ndustry in the event of an emergency, s~nce 
requlremonts ,~ll be intel!iglble and the industry ~Iii k~ow In advance 
v_~t ~t is oxooctcd to accompllsh in the nature of curtallments, pr~- 
orltxcs and stlmulatod prod~ctxon. Each steel n~ll ~;lli know ~ts 
allotted nusslon In the general plan. Benofitlng oy current contact 
of the Offlco, ~-sslstant Socret~ry of ,~r ~Tlth the stool industry an~ 
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by d~str~ct surveys, ~t ~s e~2octed t~.t the pl~n may be gr%aually 
perfected so as to ~r~ure an oqu~fiable d~str~but~on of the ~r loaa 
~tn respect to caoac~t~es aria f~eld service of faculties ~th d~o 
regard to such factors as ~sc, or, Icbor, transportation and co~_]orc~al 
pract~c~ ~n the flo J of ra~ ~mater~als and se~-f~n~shed prodacts. 

Er. James B. Bonnet ~s the official contact of oar off~ce ~th 
the steel ~ndastry. As V~ce Cha~rrBn of the Co~n~ttee on Steel D~str~- 
batten during the past ~ar he ~ charged ~th the allocat~on of 
17,000,000 tons of Government requ~re~,ents zn ~ron and steel. Through 
h±s good offices Dr. John S. Unger, ~nagor Central ~esearch Bareau, 
Carnegie Stool Company, appeared before the Iron~ and Stool Con~L~tteo 
on ~y 29, 1926, and ans~,ered technical questions subnlttcd by supply 
branches on the metallurgy of steel, such as Engineer Corps physical 
require ]onts for h~gn strength steel for or~dges and Ordnance De)art- 
m~nt physical and cher.~cal requ~rouonts for gun and shell fcrg~ngs. 
]roreover, ~r. Bonner has volunteared to furnish the steel committee 
~/~th experts on any of the n~ne classes of steel as occasions demand. 

The work Of the steel con~ttee thus far has resulted In conslaer- 
able economy in obvla~mE, the necesslty for nmmy surveys on steel mills, 
oartlcularly for strlctly com~merclal Items. ~Ith our knowledge of ca- 
pacltlos and requlrements belng perfected from tlmo to tlmo the d~s- 
location and confuslon whlcn occurred ~n the past v~ar ~y co effectively 
averted. Among the numerous dlffzcultlOS ~;hlch resulted from lack of 
planning ~n the ,~orld ~Jar tile ccso of the projectile xs typlcal. Cross- 
hauls and delays in productlon necossltated a complete reallocatlon of 
all orders for projectile steel before the end of 1917. From Page 122 
"Amorlcan Industry in the ,;~r" - Buruch, the follc~ng extract ~s 
self-explanatory, "~o ~llustrato L Buffalo steel manufacturer ~s 
mal~ng an enormous tonr~ge of projectile steel to be sh~pped zn sat 
form to a C~nc~nnat~ forge plant to be forgea ~nto pro~ectxle forg~nss, 
~/h~ch were ~n turn to be sh~pped bac~ to Buffalo for machining ~nto 
f~n~shed pro3ectxles. A s~eel plant ~;~th~n 50 miles of Cxncxn~t~ 
~;as n~kln~ projectile ba~s wn~ch were being sen~ to Buffalo for forging 
and mach~n~ng." * * Arrangements ;ere made to have the s@e%l b~rs 
zolled ~n Buffalo shipped to a near-by plant and machine shop for 
f~n~sh~ng, and ~n turn the C~nc~nqat~ forge man was suppl~ed by the 
steel m~lls ~ n~s d~str~ct° ]~here ,~ore nundreas of changes of tn~s 
eharactcr, ~h~ch, a~lo d~ff~cult of solution, ~ere fully ~ust~fzed oy 
the transportation s~taat~on, ~n~cn had become a very ~mportant fact~ 
in our war program. 'Vany m~ihons of ton-n~les and an enormous amount 
of money und t~me ~cro s~vod by these transfers." ~T~le s~n~lar con- 
d~ons do prevail among certain ~naustr~es ~n t~me of peace, they shottld 
be e~m~nated ~n the event of a nnjor ~ar. 

Exaggerated requirements and an unbalsnced program should be 
effectlvely elln~nated as the steel plan is progrosslvely develooed. 
@ar Chlefs of Suoply Branches and thelr dlstrlct Chiefs are most 
strenuously attacklng thls problem. Taklng the case of the orolcc~le 
agoln as one of the m~nv ~xamples of the post ~,~r, 25,000,000 shell 
billets 75 m/m ~ore available the flrst year ~hereas only 10,000,000 
had boon machlned and loss th~n 5,000,000 complete rounds nmnuf~ct ~rod. 



• Requ~remtns ~n steel are now ~Ing coordinated~ ~th planned production j 
of f~nxshed artxcles. 6,065~I~2 tons of projectile steel ~e~e ~ rocordod~ ~ ~ ~ 
as our reqture~nts on Se~tenbor, 1918. 4,199,099 tons vcere dehvered ~ ~ ~j 
• n 1918. 2,000,000 tons or loss could have been ut~l~zed by us ~n 19L~. 
"Our ~ro~ra~ calls for nero steel than xs boxng used by tnc entire ~ll~es 
out together and xn f~oour~ng the nu~nbor of guns which ;e will have at 
the front next ~y and the r ax~nmu rate of f~re ,~h~ch ~e coula ho~oo to 
do, the prozrar~ soe~s entirely out of 2roportxon . * * * I ~ould use a 
l~t~io nero care before conver~ng over too ~any fulls re# the roll~ng 
of )roDoct~le steel" - Letter fron U. b. War Industries Board IW~ss~on 
d~ted Par~s Octobe~ i, 1918. 

Concluding th~s broad outl~ne, charts are pregared which require 
l~ttlo by ~,~ay of explanation, ~v~ng the 2r~nc~pal ,~othods of r~k~ng, 
shaping and troat~n~ steel, and depict the flow of ra~ r~ter~als. 

Char~ I 
~hart  I t  
Chart III 
Chart IV 
Chart V 
Ch~rt VI 
Chart VII 
Chars VIII 
Chart IX 

- S~gnlf~cant Periods for Steel ~etallurgy 
- Nakxng P~g Iron 
- Nak~ng oteel (0pen Hearth} 
- Nak~r~ Steel (Bessemer} 
- ~m=~ng Steel (General} 
- Shaping oteel 
- 2reat~ng Steel 
- Steel D~str~oat~on 
- Stratogxc Raw ~ter~als - Drawing 204. 

Outstandlng facts to milltary men in thls hlstor~cal survey are 
(I) ~he incent~ve of the steel Industr~ is to attain large scale pro- 
duction most econonucally. (2) Phe incentlve of ~rmy aria Navy Englnoers 
is to ~roduco the best qu&llty of stool for battle efflclency. Whlle 
thls mlhtary Incent~vs ~s not to be lost s~ght of ~n ~ndustr~al pl~rming, 
early mass production demands that ~o ~dapt our rOqu~romen~s as far %s 
practicable to con~nerc~al standards. ~oroover, ~ndustr~al planning 
should not only assure the adequate mob~l~z%t~on of the steel ~nd~stry 
but should render America self contained ~n the strategic m~ter~aAs ,;uch 
enter ~nto the manufacture of steel and ~ts alloys - principally fcr~o- 
~ngenese, tungsten and n~okel. Fortunately, from the standpoint of 
n~tional defense, the cor~morc~al do~nd for h~gh qual~ty stool ~s ~;olI 
establ~shed. ~,~th the graaual aavance of the a~rplano to the ~tatus of 
a maDor zndustry ~n tn~s country ~t xs to be anticipated that nnr~ed irn- 
provomo~ts ~n metgllurgy such as accomoan~ed the gro~th of the automobile 
industry may ovoivo on a ~z~de and sound ocenomac bas~s. 

~ho brlef record revo~led by thls h~storlcal outl~ne ~va~rants 
full treatment by those in the stool industry who are best quallfled oy 
k~o~;ledge ~nd experience to ~ovelop thQ subject adequately. Graduates 
of the ~rmy In~ustrlal Colleo~e ~¢IiI have mamy opportunltles to held 
perfect the s~eel plan durlng peace and will be among these best quallfle< 
to facilitate ~ts execat~on in an emergency. Some of you may have the 
opportunlty to encourage the olacing of "E(lucatlonal Orders" so that 
the art of manufacturing tochnlc%l mctor~l my be kept al~ve in the 
steel in~ustry. ~n "Educational Order" does no~ mean a proflt-maklng 
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scheme for the manufacturer. It, tl~erofore, does not moan the develop- 
ment of a olvlllan industry devoted prlnclpally to the m~nufccture of 
~nr m~torlal. ~t does moan, ho,~evor, relmbursomont by the Govornmcnt 
for o~oendltures in runnlng sr~%ll orders through prlvato shops so as 
to 1or~ out all "k~nks" ana "ougs" in f~ctory plons ~eparod by the 
rmnnufacturors to insure the sarllest posslblo preductlon of such tochnlc~l 
items as Ordnance an@ alrplanes. Some of you may nave the opportunlty 
of ostaollsh~ng ;ar roserves in stratoglc lotto-alloys, ,vhlch is the 
only safc pollcy untll industrlal planning is prepared ~c solve such 
problems by alternate ana satlsf%ctory methods. 
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