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ABSTRACT 

In accordance with a directive from the Bureau of 
Ships to investigate the effects of composition, micro­
structure and melting techniques upon the physical pro­
perties of gray cast irons, the literature in the field 
·was comprehensively reviewed and prominent gray-iron 
metallurgists were· interviewed. From information obtained 
from these sources, the unusual engineering Droperties of 
gray cast iron which. cause it to be a very useful material 
for certain applications are described briefly and suggestions 
are made for various projects which are believed to be 
most beneficial for improving the properties and technology 
of gray cast iron. Broad headings of these projects are 
influence of alloys, constitution diagram, Maurer diagram, 
test bars, stress relief, gating and risering, correlation 
of electric furnace and cupola irons, classification of 
cast irons, effects of gases, and acicular irons. A list 
of those projects upon which some investigative work has 
been done is included. 
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AUTHORIZATION 

1. An investigation to determine the effects 
of composition, microstructure , and melting techniques 
upon the t ensile, impact, and fatigue properties of 
gray cast iron was authorized by BuShips Ltr. to NRL, 
Q/P Castings (334) dated 25 October 1943, Gray Cast 
Iron - Aut horizat ion of I nvestigation. 

STATEMENT OF THE PROBLEM 

2. The Navy has considered cast i ron to be too 
brit t le for ~pplications on combat vessels. However, 
the r api d expansion of the Navy during the war was 
seriously handicapped by the inadequacy of steel forging, 
casting, and welding facili ties to keep pace with 
mili t ary plans. It was soon realized t hat by proper 
applications of the engineering properties of cast 
iron, i dle i r on foundry capaci ty could be used t o 
alleviate conditions in the overtaxed steel industry. 
As t he Navy became mor·e famili a r with appr opriate uses 
for gray iron, i t became apparent that the many ad­
vances in iron t echnology duri ng the past twenty year s 
had estab~ished some desirable engineer ing properties 
which can not be obtained in any other material. The 
versatility of gray iron can be appreciated from the 
wide range of products made f r om it . At pr esent some 
of the more important items i nclude diesel and gasoline­
engine crankshafts , camshafts, cylinder liners and 
sleeves, blocks, heads, pistons and piston r ings ; as 
well as crankcases , exhaust manifolds, flywheels, gears, 
housings , pump and compressor parts, valves, beds for 
machine tool s, dies , pi pes, and fitt ings. These cast ­
ings range i n size from piston rings weighing a few 
ounces to ponderous 62 t on turbine castings. Although 
the Navy has l imited t hese applications to auxiliaries, 
landing craft, etc. , i t i .s possible that s e rvice r e­
cords may eventually .justify the use of gray iron in 
fighting shi ps. 

3. I n addition to an interest in direct mili tary 
uses t he Navy is also interested in civilian applicat ions 
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for gray iron. Industrial progress in times o! 
peace has provided a firm foundation for war pro­
duction. Since war· production creates critical 
shortages of essential civili an as well a s military 
raw materials, subst itutes occupy a domingnt position 
in the war economy. During the emergency gray iron 
castings became important substitutes for other 
mater ials of construction fabricated by forging, weld­
ing, stamping, drawing or rolling. 

4. Realizing the important role of cast iron in 
war product ion, tpe Navy authorized the Naval Research 
Laboratory to survey the field of cast iron to deter­
mine a progra..11 of experimental work which would be 
beneficial to the Navy. This report is an account of 
that survey. Some experimental work ha,s been com ... oleted 
and will pe reported in the near future. 

SURVEY OF STATUS OF GRAY CAST IRON 

5. A firm foundation for planning this program 
was first established by conducting a thorough review 
of all the literature concerning cast iron since 1930. 
This background of pawt experience, research, and 
development was supplemented by conferences with many 
of the leading cast iron retallurgists in the United 
States.· Included ,in these conferences were: 

A. P. Gagnebin, Research Metallurgist, International 
.Nicke:i Company. 

Dr. Tracey c. Jarrett, Chief Yetallurgis.t, .American 
Hammered Piston Ring Company. 

A. I. Krynitsky, Metallurgist, National Bureau of 
Standards. 

J. T. Mac Kenzie, Chief Metallurgist, .American cast 
Iron Pipe Company. 

F. G. Sefing, Metallurgist, International Nickel 
Company. 

James s. Vanick, Metallurgist, International Nickel 
Company. 
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Advisory Committee of t he Gray Iron FoW1ders' 
Society, Incorporated: 

T. E. Eagan, Chief Metallurgist, Cooper­
Bessemer Corporation 

A. J. Edgar, Technical Secretary, Gray 
Iron Founders• Society, Incorporated. 

R. A. Fp.nn, Research Metallurgist, .American 
Brake-Shoe Company. 

W. W. J;,evi, Chief Metallurgist , liY"nchburg 
Foundry Company. 

D. J. Reese, Metallurgist, Int ernational 
Nickel Company. 

6. Inspection vists were made to the Grove City, 
Pa., pla.Dt of the Cooper-Bessemer Corp., the Baltimore, 
Maryland plant of the American Hammered Piston Ring Co., 
the I'fow York City offices and the Bayonne, N. J. la.bora.: 
tory of the International Nickel Co. , the Engineering 
.Experimental Station, Annapolis, Md., and the Bureau of 
Standards, Wash:j..ngton, D. C. 

7. From this background, there follows a swmnary 
of the engineering properties of gray cast iron, the 
advantages of fabrication, the more recent improvements 
of .gray cast iron through research, and the research 
projects most worthy of attention at t he Naval Research 
Laboratory. 

Ehgineering Properties .of Gray Cast Iron 

8. To proper ly use cast i ron, a thorough underst~nd­
ing of its fundamental physi cal properties is necessary. 
The characteristics of t he basi~• -stress-strain curve for 
cast iron differ consid er ably from that of steel. Unlike 
steel, gray , i ron does not follow Hooke1w law exactly. 
Cast iron deforms el a stically and plastically as an 
initial load i s applied. The a.,~ount of permanent set 
reITains constant at any load level but the ratio of 
dtress to plastic strain decreases as t he load in-
creases. Thus, the modulus of elasticity is not constant 
but proceeds from a maximum at the lo~~st loading to a 
minimum at the point of f aiiure, and the yield point is not 
well defined~ Essentially all of the plastic strain takes 
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place in ~ first loading cycl e so that in subsequent 
loadings iron acts as an elastic material. An increment 
of plast i c f low will t ake place however when an applied 
stress exceeds that of any previous maximum stress . Cast 
iron has relatively low ductility as compared with steel. 
It does not elongate much in tension, bend greatly when 
loaded transversely, withstand strong shearing forces, 
nor endure high impact stresses. 

9. Engineers usually design struct ures and machine 
components on the ~sis of the yield strength of the 
material involved. Since there is no distinct yield point 
as indicated by 11drop of the beam" during the application 
of load in a tensile t est of cast iron aµd since it is 
difficult t~ obtain the yield strength of cast iron by· the 
offset method with conventional extensorneter equipment, 
tensile strengths are usually the only strength values re­
ported for cast i rons. Flinn and Chapin have shmm that 
the yield to tensile r atio of cast irons may be as high as 
0.9 when the yield strength is measured by intersection of 
the stress-st rain curve and a line draW11 parallel to t he 
tangent modulus at 0.1 percent offset.Y Therefore, it 
would appear t hat cast i ron is better suited on the basis 
of yield strength f or certain applications than might be 
believed. 

10. Cast iron behaves as a ductile r ather than a · 
brittle material in its ability t o deform very slightly in a 
plastic manner at all l evels of st r ess. By this so-called 
property of 11crackless plasti city" gray cast iron is enabled 
to carry occasional overloads without cracking by redistribution 
of sudden concent rations of stress by plastic flow. 

ll. The compressive strength of cast iron is usually 
two or three times greater than its t ensile strength whereas 
for steel these t wo properties are about equal to each other. 
For gray iron the rang.c of compressi ve strength is 70, 000 
to 200,000 pot.mds per square inch. 

12. The presence of graphite in gro;y iron is accountable 
for a number of its unique properties. Flakes of graphite act 
as insulating voids and break up the structure to make a hetero­
geneous JM.teritl. This condition gives gray iron a superior 
capacity for damping vibrations in machinery and consequently 
for minimizing the potent ial danger of allowing critical 
harmonic stress to be concentrated in local areas. 
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13. Compared with steel, the inipact resistance and 
endurance limit (f~tiguo strength) of iron arc reduced 
much less by the presence of necessary or accidental 
notches, such ns oil channels, keyways, fillets, screw 
threads, tool ncrks, etc. For example n raditl hole in 
a cast iron specimen reduced tho endurance limit only 13 
percent compared t o a reduction of 67 percent in stoo@ 
under similar conditions. This notch insensitivity of 
gray iron is att ributed to graphite flakes which act as 
many notches dispersing stress concentrations from my 
one location. 

l h. The ability of graphite in gray iron to absorb 
the expansion and contraction of thermal shock nukes it 
especially suited for i ngot molds, clies for glnss molding, 
certain furnace parts, rolling-mill rolls, etc. 

15. Grny iron is used extensively for applications such 
as piston rL~gs, cylinder liners , brake shoes, dies, etc.,_ 
where the surface of the part i s subjected to rolling or 
sliding friction. The particles of graphite in iron act as 
lubricants by themselves. Moreover, as these f r i2blc particles 
are worn or chipped away in service, the resulti ng voids serve 
to hold oil or other artifici.nlly applied lubricants at the 
bearing surface. For theso rocsons, gray c~st iron is 
particularly resist ant to galling and siezure bet ween moving 
parts . 

16 . Frc~ this review of the physical properties of 
cust iron the importuned of making a detailed annlysis of tho 
critical stresses to which the metal will be exposed is obvious. 
·The m t ::mgible key to improving machines and structures by 
the use of cast iron is a willingness on tho part of designers 
to u.ndcrstnnd the limitations and advantages of grey cast iron. 

17. Gray iron castings arc relatively in0.xpcnsivc. Pig 
iron und scrap iron, the basic raw nuterials, arc cheaper than 
other metallic mJ.terials. Moreover, th_c molting equipment, 
-such as the cupola a.rid o.ir furru:i.ce, arc cheaper to install",. 
mintt.in, and operate than corresponding equipment for steel 
foundries. 
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J.e. Tho properties .of gray cast iron 2.ro conveniently 
insensitive t o the presence of the impurities 1 sulphur and 
phosphorous, in the range genorally encountered in raw materials 
of this country-. While specifications for stocl generally 
limit t hese two olemonts to a mnxi.mum of o.bout 0.05 porcoot, 
specificntions for gray iron usu.::i.lly allow at lrost 0.10 
percent sulphur mid 0.20 percent phosphorus. 

19. Tho exceilont fluidity of iron coupled with low 
s hrinb.ge permits o. wide range of intricate D.nd hollow shapes 
with various cross-sections to be cast with success . Several 
examples arc engine blocks, steam chests, crankshafts, radio.tors, 
etc . 

20. A major factor in the econorrw of fr.bricn.ting gray iron 
is its excellent mn.chineabil1ty attributable to graphi t e which 
permits higher turning speeds and heavier cuts ,vith r educed · 
tool wear. 

Recent Progress Through Research 

21. Si nce about 1930 the interest in cast iron research 
has been slowly increasing until today a number of' organizations 
have s et up l ong r ange pr ogro.rns on · this subject. A few of 
the more Lmporl,o.nt gr oups a r c the U. S. Buroou of Standards, 
Bnttolle Memori al Inst itute, Intematinnnl Nickel Company, 
<2ndAineri cnn Bmkc Shoe Company. A number of othor companio-s 
and universiti es are similarly engaged . As u result, m..1.Ily 
old theori es have been supplanted by newer ideas and many 
heretofore u.rioxplD.incd phenomena have boon carefully i nvesti­
gated. Foundr-f practi ce is constantly being :improved but this 
progress is very slow nnd often continues unnoticed. Fortunate­
ly, progrcssi ve f oundrymen · usually publish swDinn.rics of new 
development ro.ado within their pilinnts. 

22. The direction of cast iron rese~rch at proscnt is de­
ter-mined by the needs of the indu:;itries sponsoring tho work and 
is na.tur;::.lly influoncod by the profit motive. &.ch company de­
signs its research to sell its products. For cxrunplc, 
considerable resc~rch has been conducted by tho alloy manu­
facturers on t he effects of alloying elements in iron, c,nd, 
naturally, data. showing the advantages of n.lloys o,ro published 
whereas other date. 1nay be hold without publico..tion. Even tho 
research at th0 Fb.ttellc Memorio.l Institute is instigated and 
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sponsored by industrial orgQniz~tinns. Tho Grny Iron 
Fo1.mders '. Society, Lrl.c., has fostered on unbii:.scd program 
t o cnccuragc grey iron research for theses in vQrious 
coll-2:gcs nnd universities by offering prizes for tho bost 
papers. Subjects suggested by the Society for investigation 
include: 

Creep VQlucs of gray iron at 600 - S00°F. 
Elongation of gro.y iron. 
Impact vo.lucs of gray iron. 
1<£9.chiric~bility of gray iron. 
Mojulus of elasticity of gray iron. 

23. Since graphite is the constituent of grny cast iron 
which most distinguishes its metallurgy.~ it is not surprising 
that much of t he rcsoo.rch has been on the subject of graphite. 
The origjn of graphitization during tho solidification of 
cast iron ho.s been traced to nucleation which ITi.:iJ'- be accelerated 
by certain elcrr.cnts such ~s silicon . For optim.mn properties 
in grey iron, tho gro.phite fl2.ke s should ho.VG a random distribu­
tion. However, t he graphite flo.kcs often as:::u.inc an undesirable 
dendritic distribution referr,ld to as Types D, E, outBctiform, 
or grain-bounda:FiJ graphite which precipi tates in-~~e a.ustenitc 
grain boundaries c.nd creates planes of wcalmcss .'V Research 
and practice h~vo s hovm that increasing the timo ;).nd tempera­
ture of holding iron in tho furncce causes more of the graphite 
nuclei to be dissolved so that t ho tendency for grain boundary 
graphite to form is greatly increr,sect.Y The recent practice of 
inocuJ.~ting molten iron with flake graphite, fcrrosilicon, 
calciu:it silicide, silicon metal, or o.lloy combinations of silicon, 
nickel, chromium, manganese, titani um, zirconium, aluminum llnd/or 
coppor has been successful in altering, modifying, or olim.inatL-rig 
grai..., boundary gr apbite, free ferri te, iron carbide, and related 
irregularities in structure and physical properties. Those 
elements act as graphitizcrs, deoxidizcrs, and/or dcgasificrs. 
Tho inocula.t ing .:.~ddition may va.r-y from 0.10 porcont to 0. 75 per­
cunt or more of t he total v;eight of the metal o.nd i s nudG to 
t he molt or l D..dlc f rora two to thirty ~:iinutes boforG pouririg.516/7 / 
Thero arc t hroe t heories which have been proposed to cxpb.in the 
functions of inocula.nts. They o.re known a.s the "graphite nuclei" 
theory, tho 11 sili cc.tc slime11 theory and 11gQs" thcory.8/9/ Papers 
have been writ ten to prove or disprov9 all throo theories so 
t hat there is not D. unnnimous acceptance cf :'.ny of thorn. 
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2L~. The American Foundrymen 1 s Associ::.tion sponsored 
a project to cln.ssify tho m,my sizes and sm.pcs of graphite. 
As a r esult a set of standard charts now identify five 
dif fcrcnt typos of gro.phi. to flukes, Types A - E, QJ].q eight 
difforent sizes of graphite flakes, Sizes 1 - 8. l:Q/ 

25. The recent investigation of R. A. Fli..11..~ and D. J. 
Reese has revetled a substantial :L~provemcnt in the fll.D.trix 
of cnst iron. They discovered that cast irons with ar1 effective 
carbon below 3. 6 percent and a min:imu..-n of o. 50 pcrcmt molyb­
denum and 1.5 percent nickel could be given a.,.YJ. aciculnr matrix 
by austempering. Irons so treated have tested as high as 100,000 
pounds per square inch in tension, have excellent fatigue 
resistance ranging from 18,000 to 25,000 p.s.i., and are 
especially s uit~d for cast crankshafts and other highly stressed 
Iil<lchine parts ,}/ 

26. Since tho mjor portion of nll cast iron is produced 
in tho cupolo., improved practice in this type melting unit has 
broo.d benefits. Recent developments such .:i.s using larger 
percentages of stool in the ch~rgc, ccntinuous t~pping into 
a heated forehc~rth, installation of kindling tuyc.res, and use 
of a hot blast with controlled moi st ure content hnvo made it 
possible to produce 2.75 P3 r cent car bon iron on a~~rodl~ction 
bD.sis and even lower percentages can be foresocn.fill2/ 

27. From this background of recent progress in tho metallurgy 
of cast iron, n critical ano.lysis CD.n be nlildc of tho important 
chrumels into vrhich future rvsearch should be directed. 

Reconnn~:riq_~d Fields for Future Rcse~rch. 

28. Beco.use t h er e h~s been pro.ctically no inspir.:i.tion 
for fund.:unont nl r osearch in the field of the moto.llurgy of cast 
iron, the effects of vnrinbles have frequuntly been observed 
without detcrmino.tions of basic causes. In spite of centuries 
of use, the b~sic principles of tho metallurgy of c~st iron 
still herder on the occult. 

29. Inf 1uonc~_C?f:..Jl.11£rs. The influence of the alloys on 
the physico.l properties of cast iron arc sununo.r:i.zed in the Cast 
Met3.1.s Ho.ndbook and the Alloy Cnst Iron Ho.ndbock. Est1:..blishing 
those effects of specific alloys wo.s only o. n1c;ttor of routine 
investigation. Howcv-or, ascertaining tho rt;ason for these 
cf f ects is importo.nt work which is the key to predicting 
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accurately tho influence of each clement in 2.ny cl.loy 
corubinc:.tion v.r.i.thout resorting to tho l engthy n.nd expG."lSivo 
syst em of trial and error. 

·,. 

30. Constitu~i~n DiagrDJU. The present iron-curbon 
constitution diagram is n ot particulc.rl y useful to . tho 
metallurgist whc is concernE;d wit h cast iron. Gray iron 
is a t ;rbri d which may solidify in the st.able iron-graphite 
system or in tho raet2..stc.blo i r on-iron co.rbido systCJ:i or in a 
dombination of both. Ther0 is an ever-growing need to lmow 
more about t he control of those systems by variations in 
chemical composition, melt i ng practice, inoculation, and 
cooling rate . Careful work is needed on t ho liquidus-so1idus­
eutectic zono of cast iron. ' For exo.mplo, there i s needed a 
practical working iron- co.rbon-silicon- tcmperc.turo di rJ.gram 
constructed for i rons cont a ining mangc.neso, sulphur, .2.nd phos­
phorus in amouhts corrnnon to the industry. 'rho effects of 
molting practice, inoculation, and cooling rQte on t his diagrara 
should then be thoroughly explored. · Once ostnblished, the 
functions of other a l loying elements could be s tudied more 
logically. Corollary with thi s project, Q better underst/llld­
ing of the mochomics of graphitization in t \c freezing zone of 
cast i ron m:i.ght be derived . Likewise, knowledg0 of the rate 
of i ron solidifico.tion or skin growth would D.id t he metallurgist 
t o cont rol rr~r c accurately the quality of his castings . 

31. Maurer Di.:1gr~~ The original M:rnrcr d ie.gram, a plot 
of carbon versus silicon for various cross- sections vrlth com­
pletely pearlitic a,trices, h,s been antiquated by t he wide- spread 
pr::.cti ce of inoculation. A hew revised diagrnrn of t his type 
for inocu1~tcd irons would be very us.eful. 

32. Test Bars. During the .~1r there h,1s been consider able 
criticism of Nn.vy -·specifications and t ests for cz:.st iron by 
the foundrie s. A l ong r.'.l.nge progre:.m to iJri.provc t he quality and 
typo of stnndti.r'Cl a r bitration and tensile test bo.rs would go f a r 
toward stopping the r_.jection of m.'.U1.y good castings and acceptance 
of m2 .. n.;, poor ones a.rising from ncn- r opresento.tive t ests. An 
c:x:c".ctj.dg f oundry technique should bo developed to pr oduce sound 
t cst-bnrs which yield consistent values in physico.l t esting. 
Thero is n. growing noed f or 2. good imp!2ct t est c.nd spocinen to 
rcplc.ce tho present on0s designed primarily for steel. Closely 
r0lat cd arc problons inhorently ch~>.r£:.ctcri<>tic of i ron, rn:tmely, 
r educing t he section sensitivity of c o.st il'on t1.rid correlat ing 
tho physicdl properties of cQstings and t est bars of vc.rying 
cross-section. 
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33. Stress Relief. As a result of section sensitivity, 
castings with intricate shapes are apt to be weskened by 
mny nas c.::st 11 stresses. Similarly, many castings arc warped 
when the skin is removed by IM.chining. Allow1ng the co.sting 
to age as long as a year before machini ng usualfy rel ieves 
this inclination to warp; B0cause of these tendencies, stress 
relief heat treatments ar-e very pcneficial for mny gray iron 
castings. However, there is practicalfy no inf orri.1.::.tion avail­
able on the proper stress relief cycles for the ma.n.y plain 
and alloy irons requiring treatment. The relD.XD.ti on rro.chinc 
at t he Naval Roscarch Laboratory is ideal for obtaining these 
data which i ndustry needs . The effects ·of stress-relief treat­
ments on the physical properties of irons would be a valuable 
adjunct to t he project. 

34. Gating and Riscring. By t ho use of insulation around 
tho risers of non-ferrous castings foundrymen have boon able to 
reduce the sizo of risers and to produce custings with less . 
porosity and with fewer tucks and draws. Perf.c.ction ··of a riser 
insulator for cast iron and studies -of the·foed.ing capacity 
of risers for gray iron castings would be cqualfy valuable. 
Since no two foundrym.en ever agree on the proper way t o gate 
and riser tho snmc casting, proper techniques need to be 
established. 

35. Correl ation of _Electric Furnace Jil£ __ gupola Irons. 
Foundries lk1.vc always been reluctant to accept and apply to 
cupola irons the results of laboratory r esearch obtained from 
elect ric f urnace irons . Although both irons U.'1.Y have the same 
chemic3l coBpositi on t hey do not have the s<-1..rnc solidification 
characteristics or pb.ysical properties. Irons molted in the 
electric f urno.ce ho..vc a stronger tendency to solidify with 
Type D and E grain boundary graphite than cupola irons . The 
reasons f or the differences between cupola end electric furnuce 
irons deserve thorough study and a knowl edge of t hem would be 
very helpful in the practical appilication of laboratory research. 
A few of t he questions which warrnnt b.ttention arc: 

Can electric furnace irons be made comparable to cupola irons? 
What superheat temperature in tho electric furnc.ce would 

be equivalent to that of the cupola? 
Do gases in the cupola act as motal inocul~ts? 
Can the cupola atmospher0 be duplicated in electric furnace 

melting? 
In what way do the microstructures and physical properties 

differ in irons of the same composition from cupola :.md electric 
f11rn ,..~P.? 
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36. Cln.ssificD.tion of Co.st Irons. Conside r~blc confusion 
exists in the co.st Tron industry bcco.use no work('blo or comr;:ton­
ly accepted system of clnssificaticn ho.s been ost2.blishcd for 
the numerous plain c;:i.rbon and ~llloy irons which ;:.re produced. 
M::i.ny of those gm.des ho.vc identical or very similar properties 
and it is believed th~t specifications could be sirnplificd end 
st o.nd.:1rdized to a lo.rge extent by clo.ssifico.tion in much the 
same wey that the Society of Automotive Enginoers standardized 
the cle.ssification of c.:i.rbon and alloy steels r..nny years ago. 
Procurement of gray iron castings in times of emergency would 
be expedited considor<lbly b.;;r cor,1.~on usag<;; of ::. siraplo nnd workable 
cl~ssific~tion system~ 

37. Effects of Ge.~~• The effects of dissolved go.sos in 
mete.ls ha ve always been diffic;:ult to establish. Although the 
important i nfluenc~ of H2 and CO on the properties of cast iron 
is renlizod, i t is not c,loar how these gel.sos bring about their 
effects. Hydrogen i s derived from water vn.por D.nd fo.vors the 
form-:ition of fluke gm,phi t e ari.d inhibit-a ferrite fonn2.tion, 
Carbon monoxi de i s formed by tho reduction of silic.::. by carbon 
or by the roncti on of cnrbon ·with air. It pronotcs 'l)/ p e D and E 
grain boundary gr aphite and ferrite. A systematic study and 
correlation of t ho ini'lucncc of furno.cc c..tmosphorc and l ining, 
slag and mot2-l composi t i on,ntj.ting practice, and ro.w r,10.terials 
on gases i n c::-.st iron ,voulcl, be c vulunblc addition to t h8 knowledge 
of tho mctoJ.lurgy of e n.s t iron. · 

3e. Aciculur Iron. For a cultitudc of importunt upplicutions, 
such as c ran_~shnf t s, -t he use of nickel-molybdonu~ nlloy cast 
irons with n.n aciculcr nntrix has been o,ccorJ.pnniod by m...'1.ny production 
problems. Although this typo of matrix c2.n be obtained fror.i. electric 
furnnce i ron with lov-r cu.rbon content, it is very difficult to 
produce i n tho higher co..rbon ;irons i;1:~dc in tho cupola. At present 
cupol~ iron ccst ings nust be air-cooled through the outectoid zone 
to obtain the desired n1.J.trix, Alloy combL1ntions -vrhich would 
co.use the forn<'.l.tion of the nciculn.r structure in c.:,stines of high 
cnrbon iron cooled in the mold would open~ broo.d field to the 
m,.1.jority of foundries viaich opor:1tc cupolc,s. Tho f avorable 
effects of bor on on hD.rd0n2.bility of steel morits nn investigation 
of its influoncc on 0,ciculi.1.:r-type co.st irons. 
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CONCLUSIONS 

39. As a rosult of o.n extensive litcro.ture r0vicw o.nd 
nur.i.erous conferences vdth exp0rienc:ed raeto.llurgists, it is 
believed that o. brond progro.m of fundamental rcso<-1.rch on 
gro.y iI·,m should include such projects as tho influence of 
alloys, the constitution diagram, the l&~urer di2gr:J.m, t est 
bar, stress r oliovine, go.ting and risoring, corrclntion of 
electric furnace o.nd cupola irons, and effect of gQscs. 

40. Rcsca.rch Work on Grny Iron Now in Progrc_ss n.t NRL. 
The following gray iron resenrch projects D.rc now in vnrieus 
sto.e;as of devel opment at tho Naval Resco.rch Labor.::i.tory~ 

a. Mode of Solidificnt,ion and &te of Freezing cf Cast Iron . 
b. I r.tprovcd No.vy Test Bo.r Spccificntions f or C:1st Iron. 
c. Stress Relief Treatment of Co.st Iron. 
d.. Procedures for Molting Cast Iron in Oil Fired 

Crucible Furnaces. 
c. Insulating Riser Sleeves for Fer1·ous Mato.ls. 
f. de.ting and Risering. of Grey Iron Co..st:ings~ 

-12-



1. 

2. 

3. 

6. 

8. 

10. 

11. 

12. 

Bibliog:r:aph.v:_ 

R. "· Fl inn a nd H. J. Cho..pin, Ductility ,:::.nd Elc.sticity of White 
Gr.:i.y Irons, ;;rnoric.::m Foundrymcn1 s ,.ssoci2.tion , Preprint No. 46-13, 1946. 
Th0 c~st M0t.2ls I-f.:J.ndbook, 19hL:. Edition, Published by i,.morican 
Foundrymcn1 s ,.ssocio.tion, p~ 404. 
n. ; •• Flinn 2.nd D. - ,T. Ro,::isc, 'l'he Development m1d Control of Engineer­
ing Gr;1y Cr,st Iron, Tro.ns. ;JUorican Foundrymon1 s ;.ssociation, Vol. 
49, pp. 559-602 (1941). 
R. G. McElvrco, Dco.xido.tion fct. Grc~phi tization of Cast Iron, Trans. 
,·1moric:.m Foundrymon1 s .. ssoc:Lc.tion, Vol. 46, pp. 341-3li-9 (1938). 
G. F . Com:.. i:,ock o.nd E. R. Starh.--vrcathor, Comp.'lr.:itivo Effects of 
k,·~c . .',dditions of Ti and· Si to Gray Cast Iron, Trans. :.morican 
Foundrymen 1 s .:,ssociation, VoL /+6, pp. 353-369 (1938). 
V. H. Schnee and T. E. B::crlow, Cu- J,l...;Sj_ c1.lloys for Addition to 
Cast Iron, Trci.ns . :.mcriccm Foundrymon I s ;,ssocintinn, Vol. 47, 
pp. 725- 739 (1939) . 
C. O. Burgess and R. ~-I. Bishop, J1l tor-ations in Gast Iron i,ccompany­
ing Uso of n Str ong Inocu.lc.nt of Si-Mn-Zr T<Jpo, Tr::-.ns. J,mericnn 
Foundry.men's :.ssoci.::-.tion, Vol~ 52, pp. 671-705 (19l1.h). 
;,lfrcd Boyles o.nd C. H. Lorig, Notes on the Under cooling of Grny 
Co.st Iron, Trc.ns . ;,.,moric;:m Foundrymon 1 s ;,ssoci::,tion, Vol. 49, 
pp. 769-781 (19!-0.). 
S. C. Ea.ssari 12nd R. VJ. Lindsay, Somo ·F;J.ctors Influencing tho 
Grc!.phitizing Bchnvio:t of Cast Iron, Trans . : ,rn.orico.n Foundrymcn I s 
,.ssociation, Vol. ·49, pp~ 94-116 (1941.). 
The Co.st :Mctcls !fo.ndbook, 1944 Edition, Published by ;,,m.orican 
Fou..'1drymen I s ;,ssoci:-.cti on, · Pl ate 1 & Plate 2. ;,STii Designation: 
/1247, 1942 .-~3TM Sto.nd.::-.rds, Po.rt 1 .• 
W. W. Levi, Cupolc, Opcr0:tion nnd Control, ;,.roorican Foundr-ymnn, 
Vol. 9, No. 2, pp. 46-54 (Fob . 1946). 
c. H. Lorig ilnd V. H~ Sclmec, Gray Iron Foundr-y Pro.cticc Moves 
For wc.rd, The Foundry, Vol. 68, No. 5, pp. 90- 1, 1 61, 164, 166, 
(May, 1940). 

-13-



DISTRIBUTION 

ORI (1) 
BuShips (5) 
BuAer (1) 
BuOrd (1) 
EES (1) 
NBS (1) 
No.vShpYd, Boston, Mnss (2) 
NavShpYd, Brooklyn, N. Y. (2) 
NnvShpYd, Cha rleston, s. C. (2) 
No.vShpYd, Mo.re Islc..nd, Co.lif. ( 2) 
NnvShpYd, Pearl Harbor· (2) 
NnvShpYd; Philadelphia, Pn . (2) 
NavShpYd, Portsmouth; N. H. ( 2) 
NnvShpYd, Portsmouth, .Ve.. ( 2 ) 
NavShpYd, Bremerton, ~'Jb.sh ~ (2) 
NavShpYd, Termintl Islruid, Calif. (2) 
N::wShpYd, San FrD.ncisco, Ctlif. (2) 
NGF - (2) 
NTS Newport, R. I. (1) 
N;J3 ~ Dioeo, ~J.j_f. (1) 
u.S.N::i.vy Mct tls Laboratory, Munhn.11, Po.. (l) 

- d-


