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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 Reprofuntative en NUIC Hesecarch Project Niil=37, hac
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,

i
4

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

o o T i B

3
Eespectfully suteitted,

\\ i (]
Cli-de Miliaus, Chief
war Metalluryy Divislion

Znclosurce
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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
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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
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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 3uﬁ 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 way tuice the combirnad vejuetions for inbus f=es the
middles apd tops of insots. irevious work by RiCed? hos indicated thut th

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

inclucions but rathes to tihe innoprent weukness o0 Lhe stoycwuare o thila pege

of the ingot. This weukrpoas #tis thousht to be woscciatod wled oha "eone 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

eong in the portioa of th: in.os wileh i8 normally erofipel ol'f.

Lt g

The uze of thy carbon iasurt was suzcusstul i greatly psusrictineg tn

cone of solldificatien. How.ver, boeause of tia- absonee 27 lntirasl leps tn

tubus aude from tila haut of tasie eliasric stuel, no compuriscn wae obLtaln o

on thu hot workinz charucturisties of theme two tyres of insostg. Cn thu Luusls

© T B, WP

of the distributien of =mnull nen-setullie inclustens, ths spe¢inl inrcia wap

N

gaperior in the bottom unl nuxt to bottom cuts, walle tie stanzasd i ot
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 in
becupht Whout s.ilatridution of nonemctnliies in thu bottom hul?f of thy

Tne ton half of thoy Insot wau wwehkarzud in this respect %y the carbon in
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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 axperiment.ll

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 gquzlity, mlero elconlinaess, trQASVursc ductillty, or bore quulity

{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 rt "Control of Besic Open Hoerth Holt.ina Practice for tho Manuficturo
of ¥ t Gun Tubos (0D=-34-3)", CSRD lo. 4497, Serinl Mo, L-520, issued as of

“Degembor 19, 1944
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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

Arruniuuunbs Vel muds witk Producer G to cast 1:00%5 1n molas with ¢ur-
boa ins.rts using tasie opva hewrth gun steul. Severel typcs of ipprals wer
ineludsd in the prosran. Tho szoclal ingzots {from rolde with curh 3 rind
var: to ba pooces3ad lats soa-liss muin tubus alons wilh the Lol
naut. Compurison of th. ingots was to be pede in turmc of
owvehiunlcal propertisa, und bors laspecticn of Lhe pun tubus.

Unfortunat.ly befors tie oxporinmintul twoota could boe jou
wad 1saucd to the offoet hot futurs un atecls wrp b redo in
{1;ctr1c furnue.. accepdiizly, new jplius h;u to b fopatilatad for th
eent. Although &t wus rnot ZXpoun hiw hasie luntrie =t.ol weuld

dvmlesas qun tube pragustion, v wana folt tiot oad

.
-
e

ingtructive for .luctorie stanl ca it vweuld b

Je Ino napisimant

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

dustlion of L0 mm scunluds gun subus, oriul 2L wal'y
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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-
gnts wms to by mad2 on Lho sume bisls us pravioucly discussed. The inzos
used for this gua slze wus ¢:8% in 4 20" x 23" x 71 1/2" roctungaler plus
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-.

SUfeet would by obtuin.d with router thiekawss,

tion wilch visended into the plwe hole of the rmoln., It wsa Lhousnt
rrojection would be of Jld in provopting the insuet Trom plsins in th

The thormal ecnduetivity of tidz matoidsl won purpericd to Lo upproed

5 BIU/Ur.fag. £./%F/ft. Lt roon L.meraturo. s photerr.ph 0F en

s:rets is ineludce in Ficur. .
Thic method of pl eing curbon ingerus in 1ngot &o
r.ular yplant proecle., gins: 1t i3 oo eumberscns
S waoptee Cin,ly for its capsdiengy in curcyin.
WIr.oetivs mothod of eht. ining wh ; JITeot 1
roolds with v stool contulnin: o rofractor
¥1TU3 reo urt( } In wiied Praduc.pe W's ingo
(u) Pouring of sh: Suweisl Moot

A 263560

Prograss Funcm, "Lurov.aont in Gua Steol ingoe Frictie (Co=3tm3)m,
(oD No. 334 Tbunal Ho. 1=20%, issuad as of puebruary 29, 15944,
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w:a slok conlud by burying in ashes foer s.ctiopin: und exkumination of the
Jteatd gsction,
Tire ladlo eivnistry wis 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.rbon Chocks v th: Ingues

Ths earbon qontint ofF th. lazgcer wis
pesiticn.  The chomicll spoeificaticn ool
V.J50, s rosulss o Ll euLrt

It iy uvident th.y tlsr
2imatuly 0.054% dn thy ap.edll lonote. lais e
diutrihui;d cthrougaiut the ingot,. =zoanainas
ug.s indieuted thot ~t lo.st ) 172 ircl £
spiiled of f, probzUly oxpl oindng the snusu
in theaw gpeedzl in:sts. AlLh
fole to.u il th

vvidonee would o

{c)
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san tubes was disenntisued, This wotlon necesaltuted 2 chaig? ia thy ~rocwelure
for thie specizl hoat since it waz plinrud L0 process th? entire heut inte L0
m aswulasy sun tubss.

1t was naext dseddsd to proesas thils koot into biliete to bo weud in Ll
prosuction of 37 mm forzed and bored :;un tubos, Tiis order esllwd fer 7 1/0%
squsra billots in nultiples of 55CF. Th: minimum 10ld atrensth und traney:n

r-duction of urun specifl.d.wus 120,000 nel yo3. wnd 352 R0

'
HEFLLN

v 1nzcts wuro rollad into 7 1/2* uquurs billots 12' 1/2% loas. o
hilleta wors obtuined from wueh in-ot, ouch of wilch produecd four 5507 nulticl o,
fhua thore wors faur 5504 multinlas fros the top hul® wna four from tho bdatto
el o7 wsaeh inset, with the caception of tha speeisl iascousn which aredu

thrso hotics multiples becouse of tho uwas or cuphon Insorts,

{d) Prulimin.ry Trapsveras Tunsile T:ots

In all, hottom soetions of four diffirent nfo%ta viere tuated, *.
spoeisl und two st.ondurd incots, uleo on: top tugt fron edeh Lyps tneot,
roria; =1l tsste frea 7 472" squap: te A" roand, oas ineh ond Si-hson
silews wore eut, hout troatod, wald testals Thi posults op. tubul

Tho pusults = pear to b rritic fron ipsot
incots uipour Lo huve mosw wdvanbagee in Rave Mo
Lot Lukerent low ju&tillty nS 3 dwut casroetosristice,

(3) Exermin.tinn of gplit Ine

Spaeinl ipcot Moo 13 wun burid in wshies Tor alow enolin
lonzivudin lly, nr.ochlned ol
' tae etehol Buction.
The seetlon shows th. olintracion
the boittom of ho tnact o leost ¢na
tien from wh. bottom of shs inzon with

Peon. of solldiviestien®, [he lpsurt thas
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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
valuw of tuis experiment would bo lost if thu huut wure to b procvesad 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

< g, gy 5~

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

boraceope.
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 n ediition th

*

tep billot (four multiples) wis obiuln:d {rom spenicl ineots Nos. 5, o, 8, 10,

-

1l znd 12 s 3 choex oa posralble qetarloration or cumlity in %, top asulr orf
th: Ipsots us & result of the ugy of curbon ins.rio. Zuch 2500 multipivu w
sufficiciy to make & &40 mon caperimentoil scl:lesa “ubu.e G tetul of 62 sueh
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 oxicr to privent surfsc: murks on thc bory sarfic.
‘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:
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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.

LBl Stundod Suapestion of foaw amcll wucll
bLreuks witkia 1/8" of voso

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 most cuses thare was snis uoubt {f ths marks chbgesrved wors Letu~
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.

(%) Thoe 1.D. Step Doun Tout
The maln objestive of this siudy wus to compurs th

made f'rom the standard 2nd spoclal inssvs on the basis 270 sesurs.nds
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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 dueicad to muthine tho Eorcé initially to = dizmetur of
1.574 inchos, wiich corrsaponis to the dicmeter Er the tcps of tho luplds in
w 40 mm tubs. Tho tubcs wors bored und rearm finishaed for cxaminetien. i
rifling or O0.D. machining wis doac on the tubas; & smdoth bere wus oxumined

noevery €acu. The hores weore thon cervfully exarined by meuns of n boerecs
cope nnd ony bore defucts wers noted oad rotud ws to thelr sovoriny.

This proecdurs w;s roponted for dizmutor of 1.419 iﬁch'u. 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. ;x;ﬁiwatics Lr: Lres.at
in Firpure 4. The lasots whien contributed thoes ror tais stud)
tiplus of thasu lnpsto ary Loere ropresented. Ths 55 tubus ux
the gr&prr poaitionzl blocke, rating nurmbers bus .l con he dar
Tau nurbor iIs tho totul of ¢ iufeets pruoscnt wit! thvi? weishiviny us Ju
from « clusa{rie;ﬁion churt.‘l) For arxample, in o perticulur tubo o.ovin:
taree-Cluss I aofserg 2nd wno Clusa 11 Jdefeet, lte indeX aumbor would b
Ho seeoount wWLs tuken us 0 tho position of occurrsnco uleong thy lunzgva of
Lube, Tho3e tubus h4vin} copatine of zere nnd mo visibiu bire dulsel.

The potinzs ars surasariced s follos:

rositicn o] SaTIPa30 Ratiine

All Bottcn Tabes 3t ands 4.0
All Bctzom Tubus el 5.1
all Top Tubus 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 Qr the tcps of tho lipds in
& 40 mn tubs.  Tho tubas were bored und ream finished for cxamineticon, i
rifling or 0.D. machining wos Jdonu on the tubes; u amooth 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

@ g Wy

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

D

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

" L T o Specicl 3.3

Thi;d frun Bottom Tubes Stznawrd 2.5
" " r " Spucinl 8.5
Cr tho ovurall 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 tubes m.dy fron the top Bl of i
1uzcets,.

g Conoldaerins thu tubus by multiplus = the {ngot, the agtrorms bost
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 aefuets notud In thosys tubod wore Il amdl apots ofvh but
fow balng Jw.sed davere onouzh to be julzsd ze Closs II. They cup.urel
Juo in gensrel to nonemctullis inclusicns, ctsher ouwrzincus o3
the duoxtdation proecss 1a stoclnukine, Thure wie 5o avi.

tubug of intornal laps whieh woro the enuac of rojoesicon of o
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seamless tubes gos wag indicuted by the al=bst conplate .:.'Eaeaco of wall trauka
‘in the etch tests. This indicatad that the hest 5::('1 gooa"::ot working ehar-

acteristics, and by the sume toren thia eliminatcd the possiblliiy of o com-

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 rogolved its2lf on 3 tusia of
dofucts nmuinly dus to nop=-rmstailie inclusions,

Tho rosults of the sscond inspustlicn st o diameter corx.'an;udr..!in: 40
tho :roovas in o 40 mn tudbo ar: pregented sruphically in Pisure 5, Th. ro-
sults are swwuerized oo follows:

Position Ingot Typo Avarase fintiae

All Bottom Tubos " Standard 1.25

All Bottom Tubes Zpueeinl 1.70

£11 Top Tubes Spaei-l " 0.56

Extrems 3otton Stonasnd 1,60
" " Ly selul

Noxt to Bottem Tubus Su.nlard

LA o Spuelal

‘Third from Battow Tubes Standerd

[
¢
i
H
i
:,

L LIS " " auoeio

o =

It is immediatoly ovldont the swerell fraguency »f bor

™ #rn

=1y
4

wad enkelduarably luos in the 3scond inspuetion us eonpurad to th
aveImss futingad wure in seneral soversl nusters lew:r th.n ia ths Sir
1ation for tha dianatupr corregiondia; to thy top ¢ the lonla,

Thy ovirall neerege for the bottorm tubud wealn showsl
wnntese of 0.45 of an index number for the stiusdurd Ingst. Th

for tho tubcs from the tops cf spociul inzols wao
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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

Sl T [y

- varew

-

‘tho-top hulf of the ingotc.
Considering the results bty ingot nultirles, the extrema botton
=un¢ saowed an'ad;untugo of 1.40 index numbers for the ir3zertod ingols. Orly
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 1nqota€
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 frUhd in thu yhtips
study.
Tau uBu of the curbou lnvert npparessly his brgufhh 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-natallics, but thu tubes from Lhe third pudtiples fron the bition wap
inferior in the spueiul insots un comparcd te the steondlrd ingows. Thto -
distrivution of nen-nctillices did rot eenifest 125518 in the upper half of thoe
inzct. Tho sbsunce of intornil loaps 46 thodv tubed {nddented thus bolh
types lind sutiafistory Lot werking chorweteriatics.
Thy seneral Rizh qualiiy of Lhe bera surf<cuesd s o reed In vh
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 éo;nluas tubic. roe
ducar B steol was uscd in tho lust 25 huats for LO mm tuﬁ-'.-c 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 bisie 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}ucticc. T purfermutiec or hasle open
howrth Inpots in scanless gun tubu producticn docenstratod thut ths lossas

£ zun tubes from bao botton of inwota was twico the luss:s of tudas froa

thoe riddle wpd top of thu in7ots, A5 was provioucly indicated, thess 4
lessus appeurad to by astociated with the "eong of rolidifientics® wiicl
results from direettona aclidification from ths sidc wmlls ord

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

i
¢

inte tho seetion of thy ingut thnt was erepnaed orff by ths us
suIts.  altiacuch furshor craorinonteticn on biozie slocurle s
ppunr t2 be in ordsr, 1t doos scom te Lo tho richi sty fn7uls

tho provicus brusic opun Leerth prueties ig instillod in th pr

Suamluss gun tubus, Oviiop fortors moy Love offser

S AP ol N . MDY

punt hearth stool suel 3 Sl dilforene typo of i

&

¥3 20" x 23" roctinrullr) wnd poasibly SifSur new

tiu Ingcots to rounds for plo
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5. Conclusions :

1. . The 'use of the carbon imsert ia insot molds employed in the produce
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 <wo tubes 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 thy tubcs third from tho-battom rom ths 8tandard 1nsota wore

F

definituly superier, indicating thet o rodissrivuticon of

-
oCn=-

netullies in ths lnzot wus brouriit abous by the use of whe eurbea

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
[
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 slurpinue auring tug.
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 $¢ 5 51 1 W0 b i i3

3. Pourin= Practice

A et

The ladlu wag squlppaed with 2 2% resvle was thRe brame b as ofquin, :4 wi
1 1/2" und 1 3/4" nozzles, The stunl vus yoursd 45 227 x 26" x 71" ineot molis,

[

Four 75 ms =3 thbos wors obtalned trom zuel fnscot.  The follewins tabulnti

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

direet pouring wead used,
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ladle
Yozzli Sizo

Ingot llo.

1

At this time, the lalle stroum echecked 29009 sad uk

2850°F,

leile
Moz=le Size

Inzot lo.

e
p
p
o
g
Py

7
3
7
10
11
12
13

Isgots o,

creessively long holding tim: in gourinz <h:

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"

Baasket
Hozzla Gine

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

‘rom % he

ludl,

- Teening Time
Uinutog

3*
s
an

1* 3o-
2' 30"

1 10"

DulKat aury

Taeming Tim

winutaes

20507
AL
X
1115%
I0L0"
Lt
203"

buta

ey
wi

Ulu

firat 13 insots throush the baose

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 henrth hout,

Tuu3ile toat
iagots, and in Teblu IV for th

SUNS wWokd

results ure b

cbtuined pur tngot, dosignowu:d

ebulntod
13845 pourad direetly Trom

as 8, al, B2 und @




RES'I:IIC‘.I,C.TED

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% us 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 'ro’; . Stringurs on r.coil {03)
J718093 No. 12- -Botton Porsus mtal 4°0™& Lt 12:00

J7181438 No. 18- T3p Porous metal 5°9™ME ar 5:00
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Insots Nos. 3 end 12 wers buikel LOUrud urni Imzot Mo, 18 was dircet

poursd, - Beewuss of tae low numbor of rejeetions, 5o conclusions e¢an bto drgwn

48 40 thu effeet of thu pouring motloas oo bore quallity.

7. Qapelusiany
1. Al 1/2" nozzle in busk.t pouring i3 too smell for casting 4 lare
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 tyn.s of lnicta.

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

duf.cis) of tubis muds fron the twe typae of insuta.
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Carbon Checks on Insots of feut 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 0.334 = 0.340
0.342 - 0,36 0.3 -
0.392 = 0,393 0.7
0.3%0 = 0.39% 0.378

o 0,340

0.372
0.306
0.393
0.363

8.32c

Svasderr)
Bl
"
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Tadls-11

kssuits of Freliminory Trionsverse Jensils Tuats on Hect E63566

Inzot !o.
ul‘.d l! E

Cl=Standurd
" "

C9=Inaurt

Ci=5tundarl
L [ ]

CY-St.ndurd

L] . ]
aAll=lnsurt

w L ]
Cll=Ina-rt
L] L]
Al7=5tnGerd
L} L]
Cli=st.ndard

LJ "

Stund.rd

Inzort

Bl

0.2% Y.S, Te S

ERT

« dusignuten top and.g bottom

© 6" md x 1" slicss
14,90CC
11,2500
148500

135000
13C000
135000
135G00 143000
L3 - C7 Ratusts
117500 ' 115000
120000 134000
119560 134000
122.')u0 1.37GC0
137000 14160C
126560 141506
12600C 139500
123500 140500
125000 139000
124,000 137500
122500 136000

122000 136600

20.0

L3.4
L3.4
309

13,08

averoie of 211 Ons Ineh 531ic.8

L4750 13825

1275G0 141122

sl

-1.7

% El. Treitnent

Fe5
He5
10.C

Ted

1625% ..
15;‘ 'OF'..'J- 1:,0
1175%F=draw

1175% =redr.w
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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

L 255 112500 T 12730¢ 13,1 1625°F=i.Q.
C5=Insert 255 115000 127500  29.2° 1550%F-.%.
LI 202 113500 129500  27.5 115097 =i
all-ins:pt 311 1275C0 154505 ‘ 1150% = podr w
oy 31l 122050

0ll-Inssrt c2 126500

" K e 123500
Al7=3tundard i 127000

= 127500 LaL500
Cl7-3tandurd 135000 15400C
" 1 132500 1..50C

Hiseste
Hllelnsert 134380 154500
" " 135600 12100
Cll=-1nsort ‘ 131500 143500
" =t 123500 LLE000 1128
Alf=3vepdayd 1274L00 14,5400 11353 ~red e
I
1276G0 14500 3

126500 1.0 e L

2 " v 0 B L e .
% a5 of o Round & 137 Long HResulta

. ce—

125250 143150 312

126000 1,42 2549
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Fig. 1 = Producer 3's 20" x 23" x /1 1/2" rectengular
mold for sun steels.

RESTRICTED




RESTRICTED

Fig. 2 = Side view of curion lisert,
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Pig. 3 ~ 20" x 23" 9plit ingot from
carbvon inserted mold, Macroetek.
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ABSTRACT:
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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
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