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August 13, 1945

Dr. Jazes B, Conant, Chairman
National Defenso Reseursh Cormdttee of the
Office of Scientific Research and Development

War Metallursy Division (Div, 18), IDLC

Final Report on "Improvement in Gu: dteel In:ot
Practice {0D=34=3): #Part II = Plant Experirents"

The attaclied final report submittzd by Re F, liehl,
Technical Reprorentative en HuiC Rescarch Project liil=37, haz
been approved by represeatatives ol the lLizr MNetallur:ry Comaitiee
in chargze of the work,

The flrst section of this report presents o coanparison
between the boro quality cf exporimental seamloss sun tubes zade
from ingote caet ' in a standard 20" x 23" in:ot rolia and those cast
in tho same mold ':ith a carbon intert in the cottom, The second
section compares the quality of the steel in basic open Laaith
ingots cast by dircet pouring through a 2" nozzie ani b basket
pouring through 13" and 1-3/." hozzloes,

3 g W -

I recoumend accoptance as a satisfactory final ruport
on a phase of the work vader Contract CHlisr-755 with the Carnccle
Instituto of Technology.

L o e P e i e D

3
Eespectfully suteitted,

\\ i (]
\_> Y wdc { Cean—r
Cli-de Miliaus, Chief
war Metalluryy Divislion

Znclosurce
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Liaison Officer with NDBC as (D-34e3, and to the projsct duigmtod by the War
Metallurey Division as NIEC Research Project MO39,

The diltr!.'bution of this report is as £011ovst ; .

Copiss Yo, 1 thru 7 - Dr, 'Irvin Stewart, Exscutive Secretary, OSRD
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Copy Yo, 12 = S, D, Heron, Member, Divigion 18, IIRC :
Copy ¥o. 13 ~ Zay .Jeffries, _ilonbnr. Division 18, NIRC
Gopy Yo, 14 - R, F, hh]q hb'r. Division 18, e
Copy ¥o. 15 - R, 0. 1‘01!3. Chairman, Sub-Committee for Divieiloa 18, FIRS
Py—Sab-Cosmittes for Division 18, LIRC
Copy No. 17 - ' J. l. Jackyon, Staff Alde for Dv, 18, Offico of the Chairman, ITRC
Copios Lo, 18 thru 40 - Dr, Tranklian S, Cooper, Senior Iialson Officer,
Liaison Office, OSRD
Coplos Yo, 41 and 42 - Dr, Franklin 8, Coopor, linison Office, for npcci-'.l
tn.n-iql!.on tc 7, Hardy and to tho Urnicn of South Africn
Copy No. 43 - L." K. Adams, Chief, Division One, NIRC
Copy Yo, 44 - La.y Departmont, Offico of laspection of Faval Materinl,
Muchall=Pittoburgh Ames. Attat Commandor C, B, Egelor
Copy No, 14 - R, ¥. Mehl, Technlical Representative, XIEC Rosoarch Froject NPLe3?
Copy Yo, 45 - J, ¥. Spretaak, Inveatigator, NDRC Rescarch Projoct IRC-39
Copy No. 46 = C. 7, Sawyor, Invostigator, EDRC Rosoarch Project NARC-39
Copy Lo, 47 - £, Wells, Investigator, XDRC Reeearch Project XKRC=39

Projesct liaison Officors

Copy lo, 48 = Army Service Forces, Commanding Genernl, Whtertown Arscanl
dttnt Diroctor of Iaboratories

Copy Mo, 49 - Xavy Department, Buresu of Ordnance
Adttat 1%, Comdr, B, D. Mills, Jr.

Mombors of the Project Committce -

50 = Joromo Strauss, Chairman Copy Jo, 5 - C., X, Sizs -

51 - O, I. Brown Copy Mo, 56 - Gilhort Solcr

52 - John Chipman Copy ¥o, 56 - B, T, ®hlton

53 -« L. R. Johnson »  Copy Bo. 57 - Cole 8 l, Connes,
Ccasultart
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The first saction of the repgort summarizes the comparison between the
§ors guality of experimontal 40 rm seamlos3 gun tubes made from insots cust
in e otundard 20" x 23" incot rold wnd 10 the same mald with a earbon insem
in the bottom. The work wes dons on busic olectric ;uﬁ steal, althcuch it
wa3 orizinuslly plunned for the basic cjpen haumi pricticu. In ths latier
practice ths rejectinas of s:nrmless sun tubes for hore delonls Jroa Sae
bottoms of inzots wuz tuice the combin:d wejietions for ukus frmos the
middles and tops of ingots. irevious work by RiCed? hosd indicated thut b

high rajectiona of the boiton tubes was not sririly cu2 40 ron-~utalile

ineclucions but prathwe: to tiie innorent weualness = Lhe stoyewuprs o this popt
5r the inzot. This weuknose Wis thou:rlht to se aasuciated wleh oha Moone of
tae s2lidificution™ foawmed by selidifiecsution Urom the role »ulla ol I

the vottom of the mold. he objeet of tias curbon insert wus to puateicl b
cone in the portion of th: in.o+ whileh i normally erofpel olfl,

The uze of the carbou iasurt was suztusatul in crai:iy rsairicting th
cone of solidificwticn. How.ver, boeause of ta- abs:mc; sf Llavirnal leps tn
tubus aude from tila haut of tasie eliasric stuel, no compuriscn wae obLtaln o
on tn; hot workinz charegteristies of theme two typeas of insosts. Cn thu buuls
of the distributicen of =mmull fen-setullic inclusiens, ths speeinl inscis wap
gaperior in the bottom unl nuxt to bottom cuts, wialle tie stanzasd isn ;oL
supsricr in the Liipd cut from the betsom {wlght cusa por standord iagos
soven pur 3peclal inpot). Thus it appoured thut tho Use of the eurton ius
becupht Jbout s.disiribution of fon=motuliles in sho boitom hul? 27 the

Tne ton half of thoy insot wau wwharzud in this rospect %y the carbon o

RESTRICTED
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ey

Further work on thu use of lnsulutlng ingurts in ingots for soumluss
Jun tubus with the basle c¢luctric pructics of Froducer B do.as not gppueur
to bu warranted. Howevur, in thu ovunt ef a return 0 tho forner busie opun
henyth practice the insulutod bottoa lngot mald i3 probubly u stop in the

right ¢lrection bicuuse of the changes in lnget structury us obgurved in

thiy uxp-rincnt.

The suveond sucetloh of thu repost suraurlzes a comparinoa of ateel gquality
in busic open hvarth {ngota for 75 mm k-3 gun tubos cast by dir.ct pourlng
throush 4 2" nozzle und by buskot pouring throush 1 1757 i 1 3/4" snozzles.

A 1 1/2" nozzls la busket pouring 1s too small for custing a lurz3 cpen hoarth
houte The chanme from direct to basket pouring did not sisnificuntly chane.:

tho rmuero guulity, mlero eleonlinass, tronsverse ductillty, or bors guality

{bory defeets),
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SECTICH A - PLANT INGOT EYPERDMENT RESTRICTED

1. Introdu n _

This 15 a final rcport on the plant cxperiments which were conducted as part
of the program of NIRC Rosearch Projoet mc-'-39. This projgct. ms carried out under
tho general supervision of the Tar lotallurgy Committee and under the immediate
supervision of Jerome Strauss, Rosearch Supervisor for Gun Steel Research, War
Hctellurgy Committee,

Frevious studles by IRC<39 havo demonstratod the mferior performanceo of
bottum thirds of ingots in tho production of seamloss gun tubes(l), The tubes pro-
ccssed from ingot bottoms contributed more than two thirds of tho total rejcetinns
for hore dofocts, NRC-80 has demonstrated tho high froquency of ocewrraice of
quenich cracking in the 75 am seamless gun tubes processed from the bottom thirds of
l.rxgot,(2) N

There are othor examples of inforior porformanco of ingot bottoms in procecse
ing or in porfermance in which the material is subjocted to complex stresses, Thus
it appears that ingot bottoms ere inkcrently loss cble to withstand imposcd strecses
than are tho other parts of tho irgot. Studies have indicated that this inherent
weckness appoars to be related initially to the primary erystal structure of the
ingot. Docroasing cleanlincss of tho stoel scens to accentuito this wealgess,prob-
ably because of the loeation of non-metallies in plones of weslmess in the priacry
structure. Procossing of tho solidifiod ingot also secns to affeet the quality of

tis bottom thirds of ingots for seamleoss gun tubcs(”.
The primary structure of incots cast into a closod bottom e~ast iresn mold

is a result of solidifieation from the wolls 2nd frou the bottom of the ingot,
The result of this directional heat abstrzetion is a directionzlity in the growth
and therefore the propertics of the steel, evidenced by columnaxr erystols

and by less porfeet clignment for some distonce beyond the esluanar zone,

Tho directionality from tho bottom of the mold is accentusted by the undere
coolirg at this position, due mainl: to the faet thot the air g2p is lenst

(1) Final Roport, "Improveaient in GuA Steol Ingot Practices (0D~34=3): Part I = Stre
tistical f‘.nd Lr.bor:xtor) Studies",05RD No.4122,Serial ilo,d-343, 1isaued as of

August 28
(2) Pro es3 ﬁo t "Prevention of Craeking in Gun Tubes (OD=24=3)",06RD Yo, L5%
ﬁ 06, issucd =5 of January 13
(3) F:lnal R ort "Control of Besie Open Hoerth Holt.ina Practice for tho Menufieturo
of ¥ t Gun Tubos (0D=-34-3)", CSRD lo. 4497, Serinl Mo, L-520, issued as of

“Degembor 19, 1944

RESTRICTED
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to bu due to the intersecticn of ths directional growth from the betiom ond

from the wells of tho mold, forming the "cone of solidificaticn™ observad ia .

Lol
effective at this position. The inhersnt wasknzss of ingot bottams appuur

inzot suctlons.

From thuse consldurctions it wus decidsd te cust seuweral expsrimontul
insots ir. nolds with carbon ins.rts ia the botton, which woerw to b procussed
into ssurless Sun tubus. Tos inasrts wero go docrsas.s the rute of Licut ab-
gtragticn throuzh thy hottaﬁ of th: nold, thoredy docroasing columnur cor dir-
vetionol crystallizution Iron thu bottnm of the mold.. It wis shought that
in this muaner tho inheront weokouss of tile bottom could bo restrletod withidn

thc bottom crap.

.2. Ths Origlasl Plons
Arrun:uuunbs Vel muds witk Producer G to cast 1:00%5 in molus with eur-
bon ins.rts using tasie opvo heurth gun steul. Severel typ s of iprats
ineludsi in the pro<ran. Tho spoclel ingots {from rolde with
tar: to ba proceszad intos sou-lioss muin %ubus olons wils the b
naut. Compurison of th. ingots was to be pede in turmc of
owvehiunlcal propertisa, und bors laspecticn of Lhe pun tubus.
Unfortunuat.ly befors tie oxporinmintul twnoota could be jour o
was 1gsucd to the offoet h.t futurs cun atocls = b redo Lln %
{1;ctr1c furnue.. accepdiizly, new jplius h;u to be foratlatad for the sxperi-
roft. Although &t wus rnot Zpoun hiw hasie oluntrie =t.ol weuld purfira in
dvmlesas qun tube pragustion, v wana folt tiot oad # : Caunlly

ingtructive for Jloet™ie stiol ca it weuld be Yor op

}. Iho naparimant

Al the tima, Froducoer ¥ was miltiwug basie wl.otrie

dustlion of L0 mm scunluds gun subus, oriul 28 War
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producar to cust several specinl in20%s %o be procasscd.into gun tubus wivh
the buloneo of tho heate The compurdison butwgen the rezulzr sud speclul in-
grts was to by mada on ths 9ume Lisls us praviously discussed., The inzos
used for this qua slze wus ¢=:8% in a 20" x 23" x 71 1/2" roetunguler plues
buttom crut iron mold. Fisurs 1 13 o sisteh of this ingst mold,

The ingurts for the exparimuntal nolds wers mechined from blochs of o~
. 80 w3 to £1% suuzly in ‘he btottom ef thu mold., Qurben wan s lectad in
prefepcnec to o refr:etery ln order to wlininate the possibiliuy of proviie
ing 5 souree of axovcn:ius ucnemoetullle inclusicona. the {nsert premee wes
threu inchos thieky euleulutions indleut.d thut no ddition.l inaul.tin-.
srfeet would by obtudnod with sroutor thieksusz, Th. fnnepta M
tion wilch visended into the plwe hole of the rmoln., It wsa Lhousnt

n

projection would be of Jda in proveetliar the insues Trom opleine fn th. =

mosisan

The thormal ecnduetivity of tidz motas win purpersicd to Lo oup)

5 BIU/Ur.fag. £./%F/ft. Lt roon L.meraturo. s photerr.ph 0F en
s:rts is ineludee i Ficur. 2.

¥

Thic method of 7l eing curbon incerus in ingot L-ld'ltf B
r.ular ylant preecle., agine: $t i3 tou eumbesscnn .nd coatly.
wiis Luopted Zin ly for itvs capodiuncy in c.urry.ins il
and Wff.ctivs mothod of eht. ining h s JIfect i3 th.
roolds with v stool contulnin: o rofractor
Y1ZU3 re urt( } In wiied Praduc.pe W's ingo

(2) Pourlsg of ths Sheddul Mest

Jusfe sl.ewrie ko .y 263564

Frosrsgy pomcrt, "lLooroveaont in Gun Stedl 1n"ot Proctices (Ch=3i=3)",
(oD No. 334 Tbunal Ho. 1=20%, issuad as of puebruary 29, 15944,

\"\ RESTRIC
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w13 Sloi coulud ty burying in .shes for s.ctiomin: und exumination of tho
Jteatd gsction,
Tie ledlo ehioniatry was the followinm
G.75 0,015 oC.Cl4 2,44 1,05 0.4 0.11
Othur dote on the holt wer. tho following:
Tipping tonpirature JC10°F
CEJld in 14l 11 minutue

rouring tunpurltur. 28L5%

Totul pouriang timy 32 minutus

Hozzle sive 1 5/4L inehs

olding tine buforo noving
invots 2 hwurs

(b) C.cbon Chusks on th: Inguis

Ths earbon qontint oF th. lazgcsr wis chock
pesition.  The chamicll spoelflcaticn colled i
V.54, e roaulés of tle gurben chaeks oo

It is uvident th.l lhers wos unonw
ximatuly 0.05% in ths ap.eiil lnsote. [fuis ¢
diutrihui;d cthrougaiut the ingot,. =zoanainas

ug.s indieuted thot ~t lo.st ) 172 ircl r

spilled of , prab:bly oxpl ining thoe inusus

in thesw gpeelal dngses. Althonen tais

foly toLL il th ci.l insuts

-

vvidonee would o LennLer
{e) Precoss. ¥ L LTS

Shortiyv bufovo Holt S035uh wcs
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san tubis wes diseontinusi, This aotlon necesaltuted 3 chang? ln the nrfocelure
for thie speci:l hoat since it was pl.nr.-)d L0 procass th; entire heut inte L0
m aswulasy sun tubss.
1t was naext dseddsd to proesas thils koot into biliete to bo weud in Ll

prouuction of 37 mm forzed and bored zun tybea, Tiis order eslled for 7 1/:%
squsrs billots in multiples of 550#. Th: mininum i0ld stremsth wnd tronever.
r-duction of urun specifl.d.wus 120,000 nel yo3. wnd 352 R0

The inzets wure rollsd into 7 1/0¢ squupe billots 12 1/2% loaz. oo nuel
billeta wsrs obtuined fram uach in<ot, dueh of wilch produeccd four 5507 nulticl o,
fhua thore wors faur 5504 multinlas fros the top hul® wna four from tho bdatto
iell 01 sueh inscet, with the cacention of tau uspecisl iarcus whiall sroduccd snly

thrso hotics multiples becouse of tho uwas or cuphon Insorts,

{d) Prulimin.ry Trapsveras Tunsile T:ots

In all, bhottom soetions of four diffiront nfotad vier.
gpacial und two st ondurd incots, uleo on: top tust fron wdch
roria; 11 toste frea 7 172" squap? te 4" pound, ono inch and o
silews wore eut, hout troatod, wald testals Thi posults op. tubul

Tho pusults = pear to b rrntle fron lpsot o
incots uipour Lo huve mosw wdvanbagee in Rave Mo
Lot Lukerent low jutl:'.illt.y nS 3 dwut casroetosristice,

(9) Exsmin.tion of split Inot

Spaeinl ipcot Moo 13 wun burid in wshies Tor alow enolin
loaslvudinully, noehilned md
1 tae ctehol Buction,
Ta: seetlon shows th. ollninution
the botttom of h. tngct ol Llnoat enanilts
vien from wh. bottom of kv ingon with

Peon. of solldiviestien®, [he lpsurt thas ] obiol

RESTRICTED
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There wag o contwr lin: region of porosity starting from shout
onu quarter of thu ingot heizht from the bottom. This poreosity was ruch

finur thon ths typical "harringbonc®™ pecrosity fourd in other lnzots ox-

cmined Ly NRC 39 and consisted of several rather fine lines., Ko ovidence

of tois porosity wus discernable on ctech tests from the 7 1/2" squure billets,

appurently huving boen welded up by thu hot rolling,

{f] Zrocussing of Squars 3illets into Svamleas Tubug

Sincu the problem of ruj=ctions for borc dofuets wia sevory in the
3surlcas zun tubus and not in thuy forcod tubes, it wis bellovod that the
valus of tuis experiment would bo lost if thy huut wure to bu procuescd into

fariaps. Jecordingly, stegs were tukun to seeure a portion of tho st which

would 3ive u rvod compurison betweun thu two typos of intots, o1 jrccodsiy

into 40 mn scanloss tubes. The plereing was to bu donu s o gpechul Job by

Proluc.r ., sines sceumlesg gun tube production hod buun suspandeds  Tho tubcs

1 g, gy

wers thun to bo atudicda for wteh quualisy end for boro quelity by mouna of en

ID stup down test, vxzpdning 2rd notine wuy bore dulceta obsoryd through th

b

borascope.

Ths bottom 7 1/2" square x 12° billut (four 5504 suluiplus) wus

obtuir.d frem stund rd inzots Wonme 2, &, 14, 15, 15, =l 18 und Crom apacial

'y\-'- S BT e el

iniots (threo 5504 multiplua) Nos. %, &, 3, 10, 11 eni l

'

tep billot (four multiples) wis obiuln:d {rom sponicl ineots los

S, e

"

1l znd 12 uas 3 chocx sa posralble agetirlcration or cunliiy 1n o%
th: lpsots us ¢ reoult of the usy of curben ins.ris.  2uch 540 muliipieu w
sufficient to muke & &40 mo cuaperimenecil scliless Subee o tetul of 62 suek
mul:ipleos was scluetvd for the epeci.l stuiy.

TRy twslso Foct Billets worw susge forged 9y Doodusor 3 froe 7 L/2w

squars to & 1/4™ rouni. Tho rounds woru shiypul %0 Fpcducar .o whore Sho biliut
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* Sege out up intc the multiples and hc;t ﬁiircod 1ato t.nl;lng 'l. 3/4" 0D and

1 1/4" ID ss in tho rezular 40 mm pmc.t.lcs. No upsetungl w:s dons on ths
tubes us r.hley wsre not intsnded to be mode into gﬁn tﬁbel.‘ ‘.'Jter thia opar.-
tion thsro remainod 55 tubas, scvsn being lost bucsuso of lnsufficiont length
of sam? of thu originul billots.

(2) Hewt Treatmuot of Tubes

The tubus wers next shipped to Producsy ¥ for heat trustnent in
ordar to estublish o maorincbhility conparablo to tiat of ths reTulnr svenless
"tubus, This wus don. in ordcr to pruvent surfscs murks on the bors surfic.
‘dus to the ootion of u pooror rechining st:el. |

The auet troatmunt eonsisted of normulizing froa 1700%, watur
quano'nfn.?. from 1525°F, and temuuriAz ..t 1150°F, Th. rang: durired on yicld
strensth was 100,000-130,000 pai und on drinsll hardniss {ram 24l=30.

Aftar host troati-nt, a mecro steh disc was cut  from cuch tuhs und
tht tubus wurs cut to o length ol 10C inchuo. Brinaell hurdnuzy recdings ware
taken on uaoh .steh disc; the avarazs hardness was J17 with o o of 293=-30.0,
A linited numboer of tunsilo tusts wury tuk.! on thi tubus with th: jcllowtin
rusults:

Y. 8. T. 5.
2B2 135000 152500 -
4B 137c0c 157000
531 © 143000 154.00

128 ' 130500 145000

1583 139000 157500

© Ths tubus wure pusbered secording to ingot wumbur, nillet {toy A, bottom 3},
and multiple aurmboer. The dosizmation of turas from an injot fram top to

botton of th. ingot vould bu, for Jsxanmpl. fror imsot No, 2, th. fcllowizg:

RESTRICTED
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2A, 2A1, 242, 243, 2B, 281, 2B2, 283. It iz evident that thu Brin:ll hurd-
neas and yleld strength valuog wero gsomewhat sbove the Elcsimd TafiZu. Mo
ductility figurcs were available from ths tunailo tests.

Thu tubos in 100 isch lsngths wers then saipped to Waturvlict
arsonul for machining requirsd in the ID stop down tosts.
4. Results |

{a) Maero Zteh Tusts on lisat Treatod 'rubcé

Etch tosts mads on d1scs cut from each of the 55 hwat trected tubus

wors exumined mainly for uvidonce of wall hrucks in tho vicluity of tho bora

surfuco.
The utch tusts woro unifornly cocd. o few of the tubep showed
sugecstions of amull wall brocks at the bore. They were tho folloalne:

Tubs MNo. 1nzot Typo A.nurks

LB Standard Siveral srull wall brocks oul
to about 3/8" from bor.

4Bl Stund-ad Suagestion of fow smsll wull
Lreuks within 1/68" of vose

103 Sp.cial Suszusticn of two asull wall
brichs

1141 Spueinl Suzz:gtion
bro.k 1/8%

The rorcdndor of thy tasts nihoward 3aziur-ctn£y telug 2nd no Lladless
tions of IJ vull breaks.

In mozt cunez thare was smie uoubt if th: marks cbgerved wors .etus
ally wall brocks. Bicuuae of this doubt and sl uniformly o264 ta3ts, o

vantage could by cllimod by onc inzet typoe over the othur co this buasia.

(%) The 1.D. 3tcd Dodun Toss
The maln objestive of this siudy wus to compurs th

made from the swandard a2nd spoclal inszvs on the basis 20 scsurs.ngs of
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dofucts in thaAmacq1p?d botus of the.finishod gun tubes. Beetuse of tho
terminuticn of tho ssumless gun tube ?rogium. it becamu nocegssry to impro-
vige « procudure which would accomplish thc same canpariéun.

It was deeicsd to methine tho Eorcé initially to = dizmetur of
1.574 inchos, wiich corrsaponis to the dicmeter Er the tcps of tho luplds in
w 40 mm tub:.  Thu tubis wers bored und roam finish:d for cxaminoticn. i
rifling or O0.D. machining wis doac on the tubas; & smdoth bere wus oxumined
in every eacu. The hores weore thon cerefully uxanined by means of n boerece
cope nnd ony bore defucts wers noted oad rotud ws to thelr sovoriny.

This proecdurs 'n;.s roponted for dizmutor of 1.419 L::ch'-:. whiceh
cerreuponds to th: dlagmuter ©f thy areoves in o 40 mm tube. Tho bors our-
ficis wire -.3uin oxoainid for scfe€is,

Tau ryaults of thu first bor. ;xuﬁiwatics “rz rreg.osatad
in Firure 4. The lasots whien contributed thoces Yor tiais study =od Ui
tiplug of thagu inpsto aru Lere ropresented. Tho 55 tubus wxwminod bow
the _Jrc'pp--r poaitionzl blocke, rating nurmbers bus .l con tho defiets obseresd.
Tau numbor is thoy totul of i lufeets pruoscnt with thvi? weishiviny us Ju
from « clusa{rie;ﬁion ehurt.‘l) For arxample, in o perticulur tubo o.ovin:
tarce.Cluss I aefuete 2ad uno Clusa 1T defeet, lts indeX aumbor woula bo 5.
Ho seeoount wWLs tuken us 0o the position of occcurrsnco zleong thy lunzta of
Lube, Tho3e tubus h4vin} copatine of zere nnd mo visibiu bire dulsel.

The ravinzs ars surssariecd os follmws:

rositicn Inaste Vype STIPaZ0 Rutiige

—————

All Bottcrn Tabes Standari &40
Aall 3ctrom Tubus pacizl 5.1
~ll Top Tubas Spicial 3.2
(1) RAuvis.d Progress Aport, "Loprovoment In Gun Stoel Ingoet Fractice ((L-34=3):

Clicaifleation of Bore Dolicts in Scamloss Gun Tubss," 05 ‘lo. Sui2, Scrizl Ko,
=156, revised March 20, 1944
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dofucts in the machined borss of tho.fiaished gua tubes. Becuuse of tho
torminuticn of thas ssumless gun tube ﬁrogfum. it detane hucessary to impro-
viss u procedure which would acccmplish the same comparison.

It was dueidad to muthine tho bores initially to « diuneter of
1.574 inchies, which corr:sponis to thu dimmeter Br the tcps of tho lipds in
& 40 mm tubs.  Tho tubas were bored und rearm finished for cxamineticn, 1o
rifling ano.D._machining wos Jdonu onm the tubos; u smooth borc'mas uxaniacd
in evary e€acu. The borus wore then curcfully exurmined by meuane heyos-
cope und ony bore dofects wers notod zad rotoed s to thelr scve .

This proceduro w;s ropected for o dameter of 1,619 ineh:s, wiich

eorresponda to the dienuicer of thu zroaves in o 40 mm Lubu.  Ths bors sur-

fuevs wore wgaln uvxepined for awfects.
Tiau ruaults of the fiwst bors cexuminuticn wurs pres.ntod sropuieslly
iu Fipura 4. The fmsots which contributed tuocs for tals ctudy ond tho mul-

tiplus of thasu ifapcts ors Lore sopregentod.  Tho 35 tubus omondned kovo in

1
i
4
v

the proper pasitionul bloeks, rating nurbars bos.d cn ko duloois Sbaurrsl.

W

T pumbur is thy totul of tis defuets prusvat with tholr walehiving ue Julsul
from o elussifieszion churt.‘li For oxample, in o« portiecul=zr tubo uuviag

tirve Cluss 1 aufoets zoa uny Cluss 1l Jefeet, its index aumbor would bu 5.

A B S

o zeecunt wus tuben 43 to thu positicn &f cveeurrdnes zleng thy lunst. ¢f tLa
r >

tube, Those tubus duvine o potines Of zerc Led no visible bops defsct.

e

The ratiaga are surgsarized oo follous;

roslticn vet YN w¥sPnle Rating

A1l Botteor, Tabes Standar 4.0
All Bzttom Tubus
all Top Tubusn Spocial 3.z
(1) Rovis.d Progress Acpart, "Leprovumcns in Gun Stucl Ingot Frastiee ((0=34-3)1

Clicaification of Borc Dof.ety in Scamlces Gun Tubze,® 057 ‘o, Sui2, Serial Mo,
I—Bfl‘ revised March 20, 1944 .
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Pesiticn : 120t ngg avaraze anting
Extrems Botton Tubss . o Stunderd - 5.0

" " " Speeizl . 3.2

Next to Bott.@ Tubss Stendand 4.8

ol ” o Specicl 3.3

Thi;d frun Bottom Tubes Stznawrd 2.5
" " r " Spucinl 8.5
Cn the oversll uv;rﬂg;s for tho battem tubes tihe stindcrd dnoct

ghuowed un adventzge <f cne index numbor.  The uverupu of =11 the ton tubus
from the spoelnl inzots wus abiut cn: fadax pumbor lower thun thot for th
stund.rd tubds. Thais dndlentod S4%ut the usc of earbon inaorts a4 oot bring
cbout o deturioration cf bere quality of tutes m.dy fron tho top Bl of tiwe
1uzcets,.

2 Conolderins thu tubus by multiplus «f the fngot, the agtrorms bt
tubcs shewsd an cdvantnzo of 1.8 inlex mumbors £or the sprelil fncots. Tho
tuhus from the nuxt to bost.om multiples slso showed cn Jlvaatose oF 1.5 iniog
numberg for ta. 3puci:l'1n; ts. Howdver in tubes mule e sl lasd ralii-
plud from the uitromu bittoms ingisated o defipite zdvontuge £ the stuanduvd
inzet 06,0 dndoex nurbors. IS will b: potod thut tubu 125 hod o rotine of 17
vhicl eececunted £or ong indux rwiber {a the wvortse,  Tule Subs wor choeorel
independently by tw) chserv.ra,

Tho avfuets noted In thesy tubed wore 11 ammldl spots ofuh but o
fow bolng Jw.sed davers onough to be Julzsd ze Closs II. They uup.urel t
dus {n genercl to nonemotullds inclusicns, clsher ouwnzingus o
the duocxtiution preecss 1a stoclroking, Thupe wne n. aviLuie

tubug of intornal laps whieh woro the enusc Jf rojeeiicn of muny
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seamless tubes gos wag indicuted by the al=bst conplate c."baoaco of wall tra.ka
‘in the ét:ch tests. This indicataed that the hest fxuc'l. gooa:“::ot working ehar-
meteristics, and by the sume toron this eliminatod tﬁe possiblnt): of a cor~
parizon of the hot working chiracteristics of the bottoms of th2 two typsa

of in:otz, which was tho primury objective of th: experiment. Thus tho cun=

-

puriscn betwesn the rogulur and speciol ingots rugolveld Lts:2lf on 3 tusis of
dofects muinly duu to nop-mstailice inclusions,

Tho rosults of the sscond inspustlicn st o diameter corx.'ao;udr..!in: Lo
tho :roovas in o 40 mn tudbo ar: pregented sruphically in Pisure 5, Th. ro-

sults are summerized zo follows:

Position Ingot Typo Avarase fintiae

All Bottom Tubos " Standard 1.25
All Bottom Tubes Zpueizl 1.70
£11 Top Tubes Spaei-l " 0.56
Extrems 3otton Stonasnd 1,69

" " Lpcelul _ 0420
Noxt to Bottem Tubus

LA o Spuelal

‘Third from Battow Tubes Standerd

4
¢
!
!
¢
:,

L LIS " " auoeio

o =

® spre

It is immediatoly ovldont tha swurell fruguency

wad ennkelduarably luos in the 3scond inspuetion us eonpurad to bl
avelngd Matings wure In senoral soversl nusters lew:r th.n ln o
lutlon for the clanatur sorrsgsondla; to the topy of ths lanla,

Tha averall neersge for the bottam tubusn weadn showsd

wnntese of 0.45 of an index number for the stiusdurd Ingst. Th

for tho tubcs from the tops ef speciul ingzots was durinit.ly 1

RESTRICTED
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"tho bocttoms of both ingot typeo, indieyting esuin that the use of curbon in-
] surts did not briaz ﬂbéut-n:dcporiorntion of bere quality in the tubes fror

Wi e Y

T 1] i e YTy P

-

‘the top half of the ingotc, _
Considering the results bty inzot multirles, the cxtrema botton
=ings saowed an'ad;untugo of 1.40 1qdex aumbors for the irsertod inzoits. Only
ons dufoct was obacrved in the five bottom guns cxanined from thoe speciul in-
Zots.In the tubes from multiples nuxt to the bottom um advantazs of 1.27 ine
dox numbers is indicatud for thi otundurd ingots. In the tubus from multiplus
third from the bottorm an uwdvuntagy ol 1.0 index aurmbor i3 notod for the etund-
ard 1n¢ota€
Th hore quulity <cnorally was execllent., Thao dufeeta werce asain
srall spots due malnly o non=mutellic 1nc1usio;s; The first cvidonee of
interuul lups oceurrcd in tube 103, which had thune lups along 2 four inel
lungth of the tube. This 15 the only uvigences of lupa fFUhd in thu yhtips
study.
Tiu usu of the curbou lavert npparensily his brgurhh cbuut o rediv-
trivution of npon-mutullles in the boltom half of tho Lneob dn cddition b
dturing the eryst.l gtructurs ws diacussod osrlier in thoe roport, Thu
bottom tubes (2/7 of totul helsht of spuelsl ingoss) wore improvesg in turn
cf nbn-motnllics, but thu tubes from Lhe third pudtiples fron the bition wap
inferior in the spueiul insots un comparcd te the steondlrd ingows. Thto -
Jistributicn of nenenctullies ald rot renifost 105418 in the
inzct. Tho sbsunce of invornil loaps 46 thodv tubed indletted
types lind sutiafistory Lot werking chorweteriatics.
Tha seneral Rizh qualiiy of Lhe bers sUrfwcaesd s o reed In th

studius indieuted taut tosie zleetrie atcul molted ond sreeczagl Lnte rounds

with prictinua w3 uscd by Prolucer 3 shoeuld produce wory sstisfictary =.turisl
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for th. menuficture of scamless gun tubua. his conelusicn iz substuntiatud
b7 th record of this stecel in thoe production of 4O mn s-omluas tubic. roe
ducar B steol was uscd in tho lust 25 huats for LO mm tubi-w in the sourloas
progrus. The overull averagd rojuctiona for :ll causes amountod tu 6 Iee
suriably low figure of 0,93, comparsd to approaim-tely 1?;8 for basie spun
hourti astual,

Bacuuse of tho unifemly geod puerformunes ef tiis .;r:'.-!:.- cf bousie
vloctric stou:l, it =ppoars doubtful 1 th wse of insuicted dottem ingot
mslds would b3 warrantcd ia thla p;':.-ct.icc. T purfermutiec or hasle open
howrth Inpots in scanless gun tubu producticn docenstratod thut ths lossas

L ozun tubes from taa boetton of ingota was twico the luss:g of sudss froa

thoe riddle wpd top of thu in7cts, A5 was previously indicated, thess !
lessus appeurad to by astociated with the "eong of rolidifientics® wiicl
results from direetionad aclidification fr.m s sidc wmlls orl &

£ the m:ld, Th: prorsat axpirincnt doacoatratod thut the cuns

i
¢

inte tho scetion of thy ingut that was erepnaed off by the us,
sults,  alticush fupth.r crsirimontstics op bozie sluvgtric s
appuny to Lo in ordir, 1t doos scom te Le tiho richt st.ep 1ol
tho provicous b.-:si'c opun auudth practice ig instilled in il

Suamless jgun tubos, Oviiop footors mopy haowve sfflertud

S Al T T, B

sun heurth stoal suen 43 Lo dilforsnt typ f fneet

» e

¥3 20" x 23" roctiimulir) wnd goasibly Sif“ur onewn Ln

tivw ingits to rounis for plors
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5. Conclusions :

1. . The 'use of the carbon imsert ia insot molds employed in the produc-
tica of 40 mm seumless gun tubes did briag sbout the desired de-
crease la rute of heat whstractioa through tho bYottom of the in:ot
a8 evidenced by the almost complete oliminatioa of tha colusnur
growth froz the bottom and tho absence of thw “ecne of solidifi-
cation®,

Rclloed rounds from rogular ingots had somuvwhat higher transverse
ductility at a givea yiold strexsth., This is not belioved to bo

siznificant.

The uteh tests on the heat treated tubes wero uniforsly ool

‘Suggustions of wull bruaks were found only in twe tubos from
astunserd injots and in w5 tubus from gpecizl insots, but proeb-
ably none would hove buen pojeetod for this reason.

The amull dofucts cbserved in ths ID stup down tusts wers nmeinly
thu rusult of non-mutullie inclugions. 7Th. compurison buluoun
thu two typ:s of injots thus wus bsscd op distribution of nos=-

metalliea rathur thon on the hot working charweteristics, asn

only on: isolatid cuse of iatern.l laps was observad. The ro-

Jeetions ut the rwehinsrs feor thuss srell pone-motellie inelusions

Nus tueen inaigsificant.

Thu usu of thu in3urt iiprovad tho bottorm twd %ubwea frer the insot,
but thu tutcs third from tno-battem from thy standurd

definisuly superier, indicating thet o roldishrivuticn
netullies in the ingot wus brourht abous by the use of

insurts,
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The curbon inscris did not ud7ersuly effcet the quaiity of the

tubus made from the tol half cf the ingot, '

Busic uslectric stesul made and processed by thoe practiec guch s

followed by TFreduser B should Surnish vury satisfuctory matorial

for the production of suanlsss gun tubeos,

i
i
¢
t
4
i
4
i
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POVRING EZPLRIMERT
1., Intreduction
Heut No. 128366 of basic open hoarth CreNi=lo steel for 75 rm U3 scune
less gun tube ubplication was melted by Producer C %o study the cffects of
nozzla size and of a change frem direct to basket pouring on the alero und
macro quunlity, and on trunsversec duétility of the product so produced,
The fnollowing data wero obtained by the perscanel of Froducer € nnd
wera rmade avallablo to NRC-39 through thzir ccoperavion,
2. 3taol dsking
Heut 128866 wue meltea by Producer € in a busic open hoarih furnuce. The
stonl was of the SAZ 4335 grude with the followins composition: G-0.34, e
0,83, pP-0,024, $-0.015, 51-0,.30C, Cr-0.85, Li-1.97, Lo-0.33.
The full nddition cf cilizon was rmode in the ladls uddict a3 ecaleiva-slii-
con, wtwunting to approximut:ly 3 lbs, per ton; 150 lbc, of oluiinum, or L.l
lba, por ton were elso udusd to the ladlo aa stlex uluninus auring tap.  The
tupping tomperuture wes 3010°F, Thu cust Jominy huprdunadblliliy wing the Joilowgqe:
Disuunee 1715 174" 1/2% 3/07 1% 1al/L" \-1/0% L-5/i" on
Re 52 ; 51 1 L0 i Ly i3

3. Pourin= Practice

-0-.:

The ladlu wag squlppaed with 2 2% rosvzle was tne brsmo b sias oquin, =4

1 1/2" und 1 3/4" nozzles, The stuncl vus Jousd 15 227 x 209 x 71" ineot molis,

Four 75 mx =3 tnbas wora obtalned Crom suel fnsot. The follewin: tabulnti

suowa the ingot number, the nozzlo aizus, end %toundint ime wehon baskst or

direet pouring wead used,

RESTRICTED .
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Ingot llo.

1

at this time, the lalle stroum checked 29007,

2850°F,

Inzot lo.

ladle
Yozzli Sizo

e
p
p
o
g
Py

leile
Moz=le Size

7
3
?
10
11
12
13

Isgots o,

creessively long heolding tim: in goupinz

2v
20
om
2
o
o

2'

1L cthrcush 30 wsre pouwred direesls

Basket
Nozzle Size

11/3" ‘

1 3/4"

11/2

1 3/e"

11/2"

1 3/L"

6%y and uh

Baasket
Hozzla Gine

1 1/2m
13/Ln
11/zn
i
1/zn
3/
1/

rom She ludl,

- Teening Time
Uinutog

3*
s
an

1* 3o-
2' 30"

1 10"

DulKat aury

Teexmling Tin

winutaes

20507 |

2'30"

w1

butadsu ©

Mo firat 13 inprots thiroush the baoe

ket with small nezzles.
It wus conclud.d that th
Loo soull for castinzs o lurd.

L.

The t2

tul touming tiny wis L hour nnd 4L siautes,

1 1/2% nezzle for beskst pourine iz dafinit.ly

open hesrth haut,

Teu3ile toat resulta ¢
ingots, and in Teblo IV for th

SUNS wWovy

13845 pourad direetly Trom

cbtuined pur tngot, dosignowu:d AZ und 3
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currsaponding to the bottom of tho imgot. Thu spucificatioa called for a
ninimum yield strength of 110,000 psi end a minizmum transverse reduction of
arve (RAT) of 35%.
The overall avernge propertios for the two typss of ingots urc ng follews:
Basket Pourod Dirvet Pourad
YoeSe = 113400 Y.S. = 114700
RAT = 47.3 RAT = 49.0
Tho change from direet to basket pouring did rnot significantly improve

th: stuel quality with rosp.ct to transvursy ductility., The diffurcnco bu-

twoen thu RaT averugys of 1.7% «s given above la not sigrificunt and mey bo

due uvntirely to sampling error.

5. Etch Quality

According to Producer C macro 2teh tusts on the whole wore uxgupticned’:
acund. The maé¢routch ratings ca both the blooms and the burs wore csrofulls

annlyz«d by Producer C uul it wis found thet thore wus no significgant aiffar-

unen in macrostch quality botwrcn the dirvet pourdd wnd b'uskut. poursd .nauts.
This unalyeis is illustrated gruphically in Figure 6. 1n rozurd ta ricro-
clicalincss, the producer reportod that thore was no appurcat diffurvico bue

twocn the two pouring methods.

6. w Quelity

Only threo tubes from tbis heat wesw Pujectsd for dore dofucts in the finmal

faspection et tho maeckimer, Thus: twbos are listed bulow «ith thoir inzot pusi-
tion and reason for rejection, )
Tube No, ot 1840 Defect
J717798 No. 8 e 'roj.) . Stringurs on r.coil {03)
J718093 No. 12- -Botton Porsus mtal 4°0™& Lt 12:00

J7181438 No. 18- Top Porous metal 5°9™ME at  5:00
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Insots Nos. 3 end 12 wers buikel LOUrud urni Imzot Mo, 18 was dircet

poursd, - Beewusy of the low numbor of rejuetlons, no conclusiona ean to drawn

48 40 thu effeet of thu pouring motloas oo bore quallity.
7. Qapelusiany
1. Al 1/2" nozzle in bugk.t pouring is too smell for ecasting 4 lireo

op.n bourth heat.
The chunge from dirset %o basz.t pourin: old nst signifie.atly
1uprove the wtool nuility with rospoet Lo treasvorse ouetilivy,
o aignificant diffurene. wos noted ik she mamerpotel quulity of th
two typ.s of lnicts.

Ko eonclucions could be druwn on Va0 couparstive boje gulity {(bor

duf.cis) of tubis muds fron the twe typae of insuta.

o e &

S 4

- L N T Yy Sl



http://www.abbottaerospace.com/technical-library

RESTRICTED

P .
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Carbon Checxs on Ingots of Yeut 263506

Iagot No. . Top Chack Jotrom Ciieck Inzot Pvpe

- 0.336 - 0.338 Standurd
0.350 - 0,354 : 0.314 - 0,328 "
0.348 - 0.350 0.33% = 0,340
0.31.5 - 0,30 0.334
0.392 = 0,393 0.7
0.3%0 = 0.39% 0.378

0.380
0,372
0.366
0.398

0.363
8.333 i o
I Buried
Standurd
"
"
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Tadla- 11

kssults of Freliminory Trionsverse lensils Tusts on Rect £63566

Inzot !o.
Lhd le _Bﬁ O-Z'é Y.S. Te Se &Bhl % Ell. ‘rm'ltntlﬁ_

« dusignuten top and c bottom

© 6" »d x 1" slicss

ot
-

C3-5tundurd 135000 149000 206 9.5 1625%-.r.

I 130000 142560 6.5 155007-1.C

C9-Inaurt 135000 148500 10,6 1175%F-drax

" " 135G00 . 1L 3000 Yo 1175% =rudr.w
L3 - C7 Ratusts

C3=5tundard : 117500 125000

-,

T

" " 120000 134000
CY-5t .nd.rd 119560 134,00
" " 122500 137660
All-Insurt 137000 14160

d s 1265060 141500

!
3
i

Cll=Ina-rt 1:0600¢ 139500

-

" ! 1235CC 140500

T

" o 124,000 137500

Cli=st.ndard 122500 136000

Ly

" u i 122000 136660

averoie of 211 Ons Ineh 531ic.8

L4750 13825 2.l

1275G0 141122 <1.7
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{Cor.t.inuerl[

Iazot No.
snd Tope BBl 0.2% Y.3, T. S, Ray % &

6" Rounds by 18" Longth frosted §olid

C3-3tundard 269 116000 1320C0 4.1
255 112500 " 127506 13,1 1625°%7-.Q.
255 115000 127500 29,2 1l 1550°F-4. Q.
202 113500 129500  27.5

all-lins:rt 31 1275C0 154505 ‘ 1150%7=z0dr

oflf e 311 122050 1510¢0

0ll-Inssrt c2 126500 14,1560

" ki e 123500 1/,5000
MY =stendard ; 127000 H50e
= 127500 LaL500
Cl7-3tandurd 135000 15405
" 1 132500 1.,90CC
Riseste
Sllslnsert 132080 154500
LI 134600 15100C 1625%4< 1,2,
Cll=-1nsort 131500 143500
" B 1=35C0 14,6000 . 11.%
AlY=3tepdued 127¢00 145500 11359 e mudpes
127500 T
1276G0 14500 3

126500 1.0 e L

ur.es of of Round 5 13" Lons Aesulta

. ce—

125250 143150 312

126000 14,524 2549
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-
[

.ot msgulta .= Heut 120860

'B"s'r.ut Pour.d

Ztch Quelity rfourin:
inwt cut  Y.3, TeSs 1 Rructurs Arazch lazzly Pr.otice

1 33 1M000 134000 1/z2 ¢ Basret = 1 1/3°
112360 132000 4% 1/ ¢
110060 131600 1rreg.
1100CC 121660 1/2 ¢ - -
113600 1/2 ¢ Falr  Goou

115600 X /2 C anull wall
Tea Dol ber

11C0G0¢C ‘ /2 G Tulr  Good
11730u  13CC0 52 1/2 C  Inclineur bor
110600 133 1/~ ¢

11,000 1( ¢ Irsu:.

112008

122000

116CL0

116040

115500

115u u

114000

11560
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T2l IV

Teat pesults = iont 128866

Dircet Dourad
fteh fuslivy Touring
Yoi, LS. Frueturs: Broach lkuzzl:s Proctics

1106000 132CGC0 Irra:s, o - dl ruct=z¥

114000 1330C0 Shear -- -
116600 1340600 1/2
117000 135000 1/2
116600 134060 1/2
116000 1340060 1/2
116006 133000 1/2
117000 13,600 1/2
116060 133000 Irres,
116000 134000 y 1/2
116000 133500 1/2
113000 133C00 1/z
116006 133000 3 1Tr:%.
115000 133000 52.1 1/z2 ¢
111000 133000 Lo, Irres,
114000 132000 L5.7 IrTar,
11500C 133000 43,9  Irrc:.
114000 131000 43.9  Trres.
116006 132000 LR,9  Irroc.
113000 131000 43,9

113600  1310C0 41.9

11300¢ 131000 LWLY

114060G 132000 52,1

117000 134000 48,1

115000 132000 50,5

11600C 132000 52,9

112060 132009 43,3

115000 133000 52,0

116000 13508C 51,3

116Ge0 134000 52.1

111000 134600 52.1

114060 1340.0 L9.7

Gauaaan

833!13!133’:
2 33 23 32 2 31 3 3

» Di
L]
"
"
"
"
L]
L]
”
"
"
”
L]
"
"

I 3% = =
- 3 0%
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Fig. 1 = Producer 3's 20" x 23" x /1 1/2" rectengular
mold for sun steels.
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Pig. 3 ~ 20" x 23" 9plit ingot from
carbvon inserted mold, Macroetek.
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ABSTRACT:

Bore quality of experimental 40 mm seamless gun tubes made from ingots cast in a standard
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Prevtous work indicated that high rejections of the bottom tubes was not primarily due to
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ingot, assumed to be assoclated with the cone of soildification formed by solidification from
the mold walls and bottom of the mold. The object of the carbon insert was to restrict

this cone in the portion of the ingot which i3 normally eropped off. The use of the carbon
ingert was successtul in greatiy restricting the cone of soiidification, and brought about
redistribution of non-metallics in the bottom half of the inget. The top hall of the ingot wus
unchanged in this respect. %

DISTRIBUTION: Copies of this report obtainable from Air Documents Division; Attn: MCIDXD

DIVISION: Crdnance and Armament (227 2, 2. | SUBJECT HEADMNGS: Gun tubes - Producuon (47421.5}
SECTION: Guns (23— /
Y ] \ \ 0
AT! SHEET NO.: R-22-2 -8
Air Documenty Divislon, Inelligencs Deparmment .+  AIR TECHNICAL INDEX w:;gm-rmm Alr Foeca Baza
Air Materiel Command

a Cayton, Ohio



http://www.abbottaerospace.com/technical-library

e THIS..DOCUMENT PROVIDED BY THE-ABBOTT-AERSSPAGE —_———

TECHNICAL LIBRARY

UNCLASSIFIED PER AUTHORITY
OSRD LIST #11 Dated 4-8 March 1946

@ Y orbmenw & SAEeL


http://www.abbottaerospace.com/technical-library

