
_  

PHOTOGRAPH THIS SHEET 

LEVEL 

LüftmtToa;/? /MSt/O/*^ 

DOCUMENT II 

INVENTORY 

IDENTIFIOfriON 

Tlus document has Loen approved 
for public rcleaee and solo; its 
distribution 1* unlimited. 

DISTRIBUTION STATEMENT 

ACCESSION FOR 

NT1S GRAÄI 

DTIC TAB 

UNANNOUNCED 

JUSTIFICATION 

D 

Qynec, i^3^ 
BY 
DISTRIBUTION / 
AVAILABILFTY CODES 
DIST 

Ä 

AVAIL AND/OR SPECIAL DATE ACCESSIONED 

UNANNOUNCED 
DISTRIBUTION STAMP 

DATE RECEIVED IN DTIC 

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2 

•««••*.    FORM     .__ , DTIC OCT 79 70A 
DOCUMENT PROCESSING SHEET 

if 

' 



Best 
Available 

Copy 



CO 

^BO^oW 

INDEXED 

WATERTOWN  ARSENAL 
LABORATORY 

MEMORANDUM REPORT 

NO. WAL 316/39 

2 3/g« BOUOT "BSSISTAL" KA2 18-8 oTAlNLSSS STEiiL BAES. 

P.O.   2975      GRUÜIBLS STüüL GO. 

BY 

a, a,   CART12R 

I      i 

DATE 1^ December 1932 

VATIRTCfWN ARSENAL 
WATSRTOWN. MAI«. 



iHVEXao 

RSPOBT  NO.   316/^9 

^.m  VL9   1R-8 STATNLBS3 3T3EI BARS. 
2   3/8"   ROUND  «R«1ST3TAL"  KA2   1«  « a-A 

P.O.   2975     CRUCIBLE  STEEL CO. 

BY 

H.  G.   CARTER 

1932 

. 



PU«  HO. 31ü/39 r>«cnT9t«r U,  1932 
V«««ytyV n \r»onal 

P.0,a97&   : r-uolülo ntael Co« 

PurpoiM» 

Ph» parpoi« of thla Invoa'clgatlon vi«a to aacertaln the 

e«i;s« of Xon^ltJUälnal tuilr line ncrackaM which appaar©«. on 

tho «urfnce d »rlr»g oolfl «orklrje and mchining.   For pur« 

posoe '>f ld-'tntiflcafclcn in fchla roport tiwe flrat bar ssviö- 

altfced will bo eallad :"o« 1 and the aeoond  bar autmlttoti 

Mo, 2. 

historical 
aMMMaMMHMMnnipinaiiwaiM 

::43ir«  "io« 1.    During cold •s-ork fry longitudinal «tr«tch* 

ln£,  fin© lonsltudlnal cracka or ^Ir Unas (up to 3/4"'   In 

lan^th) appo«r*fl on th® surfwca, w^lch a«vrraod to opon up and 

MHMaat nor« muaarwia aa tte cold working progrtaaad«    cold 

working was »topped at 10$ (böfor© th« total d^airad cold 

work of 3C$ waa obtalaad).    Vim but w»a than atr«fs r©«- 

lleve<S bf aosiklng »t SOO^C for 9 iioura ajid naohlMd hopli% to 

roKov« tbi! cracica Uofor© continuing the oold working«    It 

waa found Uxat as oach cut «aa taken the a« surface er« oka 

ware nmoved üut naw on« a appaared«    A a this condition con» 

tlnued after several cuta the tier wee rejected end epeol» 

Tsena were taken for testa and exaiDlnaslon to aecerteln the 

cause of th^ee cracka« 

i    i )t_iiiJ L 

.   ■* ^,.  .   . 



Bar» ^0« 2^    K* th» »urfaoo was »ömewbab rotitihg It ««• 

d«^l<5od feo Mohim l/B* off the diaaMlHir befor« ^old work- 

ing«    "»urlng this raarhlnlng fin© hair lino lormlteudlnal 

"cramui^ appoarod on orto side of  tiim oar at lnt«rvalt of 

3W to W apart along the ontlrc longth of the oar,   th«a« 

llnea or craoks wero thought to be slnllar to those appear- 

ing In Dar ^o« 1«    fbese "orcuke" were looa nwrseroue out In 

so,..-, aaeos 3" long«    Due to the ^xporlenoe wlta oar He« 1 

this    mr was axao r»?jo tod end 'jpcoi-aona wore out frotn one 

end for «icaalrietloat 

Concluslotiß 

150 •! Bar 

!•  This bar apparently cont«l«Pd very ^aany ailnute ^»llow 

oublc trj stale of ZlroenliSB nitride whloli w re i^enerally die- 

trluuted and also atv-grfiuated In shert very closely peeked 

ebeloii* 

2m    It was aegrogatod ttaro^chout and .>andod for ahout 

l/2" free» the outald© forming oonoontrlo rlngp» 

3«    iXie to the 19i cold ^ork ^»ery aiany slip planes ap- 

peared prl.olpelly In vhat proi^^ly woat* at one time the 

dendrltee« 

4*     ?hese slip planes were not ssiooth eaged uat t,eaw- 

toot^od.    nils Irregularity of the edges was oeused by thm 

precipitation of oarbldes» 

• a • 

, 
■ 



^rou^it about; by oold working Ana »oaklng at SOO^C or V^Jtth» 

•r ttbe ifewil »»t iv uattallj •i'ii«lfelt« to cold worii and dO0o(; 

■tr«ln r^Ildvlng is ui^mtwn« 

ft. ^.m »urföc* eracVlns »pptttrinc durlrjg oold teork and 

aft«r «uüs^qv^nt rm 'hining «a« unciautimidly du» to tbe o-atn» 

of cuölo cr:;atai8 of ^IroonlMa fiitrlA» and to tht aog^Ä*5«^ 

atKi ^andod oondltloo of Uw Btcül» 

vo« 2 Bar 

1.    TJ» tp«oiM»f) fi««« %nla ^oar contalnedno ZlyooalOB 

ülti'ltlos arid only tb« «wwiX ■acranli of oulphldost 
of 

ü,    Tno «truotMVt had a»dl\«a slaod gyn,!^ fwlnnod, aua- 

tosdtct« 

3,      lioro «:^I«! A flM »Up pifenißO  UidlCtttlilg taut   tlffl 

final rolling »t Vtm salll «*• dor« *t a rolfttlvoly lew tosqp- 

•ri.tur«» ©■iorsbf ••ttlog up aotrifö ttmlns« 

4»    Thft »lip pltmot woro &».•»»rail/ atyolisht »Wed aiiow» 

ln4i tba* oar old« proclpltatton >^ad not boert gfftht« 

6»    ^'o o^lanAfelon of the^ oraoklae, was fou-d In this 

•pocljwtu    TR a« nuoh as tho orarks wor« fo«KMl lr,tsf»4t%sn%lf 

In tiie bar it I» po««l->l« Ihstt fehs »psotnön taken did not cot»» 

tain a ormcked sons« 

, 3 - 



Ploroiiftoplo Vjcimlmtlon 
mtmmmmnmitm   A« i      — 

7'Ongltudlnal and trunaverso to :-tlom> vcr« cut from tht 

■p«clr»n« • o«. I «nd 2 uhloh Md be^n provloualy macro-otcrÄd. 

Tb»«« •♦otlon» w«re ptH»p*x*4 for telcroicoplc Btudlcs, 

Fig» 1 nlomn «t X100 a typical aagregatlon of Inolut^ 

la th* wj'aii&vej-öo t*uotl n of l>o* 1 bar« C6£~'' 

Fig* 'd ohowa at X100 a bad chain Ilk» aorei'ßt taar 

tu« aurfttoa in tha longitudinal section of üo.l ba^ ,    :68-3 

<-!£»• 3 und 4 ahow at X1000 the c\ible crystals i^fure 

and after XO minute holllng In bOi Potaaaim TV/droxlde,    The 

oublo crystals are    lr- onlum    Itrlde,  the gray Inclualona are 

unldntlfled sulphides In ^o. 1 bar« C68-C-7 

Fig« fi shows at X100 the sngregnted condition of the st^el 

of l«o«l bar. C68-e 

Pig« 6 ahotss at X1OO0 the slip planes In ?lo, 5 1»er» Pr** 

olpltste oaroldea nake the sides of these plane« •••»•toothed". 

coe*9 

Pig« 7 showa at XlOO s typical short casln of Inclusions 

in no* 8 bar. 066-11 

Fig« 8 shows at XI00 the metilun: alsed grains of twinned 

•«•tenii* of No. 2 bar. C6S»18 

Fig. 9 shows at X1000 slip plans« in Üo. S bar«    The sides 

•f these plane« are ataaight showing that the precipitation of 

earbidea haa not boon great. C68-13 
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..    , „„Itl- froc attack =n ■-■xluslM» •"» 

I^etpectfully sutolttod, 

n. o. Cartor 
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rig. x* 

XXOO   ün»tah»d HQ, X Bar» TwuwvtrM 6««tl«A»   Sbowli^ fcypiMX 
■•irtQiited area« of Inolualom «iiloh «r« ao«tXy Zlroonltn 
UUrWb. --• CO-« 

t   .  . 

Fig« 8« 
XXOO   DartdML So« X Bar» Lang Saotlon.   ShaviMg a bad chain 
•agragatlott af InaXutlona «hleh ara maatXy zlroonlu» litrlda. 
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tlwn to to« Zlrcdnluiii Til trie« • 



PH 

uS S^liSSt Siw-wy to owro«* th. ««.»phott. flaw of 
th« Botil "tarla« polUhln«. —-• 

\ 

fmkm 
F!g. 6* 

x.i?f px^ice^g ä ^u^tsnrM^10-- sssr 



PI«. 7. 

1X00   QMtthtA Ho. 8 Bftr, Lon« Motion.    Typical group of 
inoiutioM«    .. ..w.      ^, _ cee-xi 

^ » 

ftr-i: -■Ä 

Fig. 8» .     ^ 
XlOO   P«C1. •toJMd W. 8 BMT, Tf«ne^«Vt« Motion.    Mdlun •!••& 
t«l»Md atiitonlt« o*nt«lnlng a f«w slip pUa»«   Hoto MMU rottnd 
blMk doU •«% pl«t Msulting fro« attaok on Inoluolc«» of sovorol 
ottohlMO ond light pollohlag noooooary to o/wrcomm %\m «unorpbou» 
flow of «ho «•%•! during pollohlng« C68-12 




