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This ->rel:.nu.nar‘r report contains the essent.la'l observaulo.ls and
conclusions by the National Bureav of Standards of a broken airerart anpine
¢vlincer submivted in accordance vith a letter, cated Jwe 3, 1/.)\.3', from
the Durean of air Commerce. )

Tae cy llnf‘er, viiich ras suonidied ia tihree pleces, sho"'ao to . - :
characteristic types of failure. One type of failure vas a fat:.uae firacture
which originated on the to-side of tle hold-dorn flonge, in the dnvediate
vicinity of the clearance.space cut into the fillet in the angle bobwcen the
flange and cylinder wall. The clioracteristic markings of a fatiguo fracture
vere pla:n_nly evident on the. surfoces of fracture in the hold~coun flange,
vhich vas completely gevered in a direction at an mgzle to the exis of the
cylinder. The :shape of these markings indicated that the origin oi the
‘f«'—l‘tl ue fracture was most prouebly in the clearance cut, as stabel hoved

The fatigue fracture had progressed from. the flange tnrou zh tlie exlinder wall,
aad extended. around the cylinder ih a diagonul dlrect.lon , i‘or b5 ‘rm.: 'mtely
one-wurtn of the c:l.rcumference. o : S - - :

The remainder of the. fx-e.ctxrect surraccs shored the cnar‘..uwri..at;,cs
- of failure under excessive’ tensile load, gonbined | vith benc’:m o.L h;s_
_c:. Tinder. walls ‘and. batterlnb oi‘ tie suxiaces oi ﬁ'acture. :

_ The fact’ t.hat t.he cvllnder barrel vas bent chushedr ana ’:c:m v E B
evicence that 'bhe materlal wes ductile c.nd not orlttle. : A

The fa,ct that the fmcture through the holf‘-down flange in & ouctua -
',neta= had ocourred w.thout any deformation atv ‘the point of fracwro S
subsL;a.Ltlatmg evidence that: the orig ginal fracture vas 2 fatigue- ct:*re, ,
: jorlr’mc.t:mg at a p mt of localized maximum: stress, md a6 vancm;; _vn der the
ate and had: nc:t ‘soeurred as: the result of a smgle -

c_ tne netdl Squenly. e

_hold—-c«ovn i‘l;nge it thc c;fllnder 2
“red 1o be 1/4-inch ragius o tho - -
c—-z;tooz;, _ancf i‘ound by ingioe oJon tg be_‘ :
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i accordance  vith the drawing, lovever, ab each hole for the hol
studs, the fillet lac been out wack, apnas ently to make cle warce ;q tit‘n
nub, so taab practically all of ' £illet hac scen out away. Tt : o
well-lmorn fact that stresses coross an aborupt ehange in ucci.;:r.m ;a fog!
groeter toan when a mors gradual, caemge in section is rovicded _~ Fe i ch
acequate Iilldk, A s LI

I adcdition to the StI‘E’.SS--J.“CL:LS.Ln“ efiect cc.uS(.d Lz cutting .:c.cl: into

tae fillet, o furtier, and possilly more severo locolizcd stras
coircentiration efiect vas causwd 3, the rough machined surfree o -’:.he
clearance cubs at the stud hoies, b we of the bolt holes i svwiage of
the clsovance cut contained a {issure “hich vas much deever ond laiior thra
the veors end gouges found elseriicre on tle rouahl,f machined clooreice cute,
ALL other surfaces of the eylincer sriiich had Leen finished waith nociuine
tools appeared feirly smaoth, own vhon observed wncder lov DOV rw”mi‘muv ti
Observec at the sane magnification, the metal at the surfaoce i the o \.urmof
cuts was torn end rough, This type of surface, i parts suchcth to
regeateq stresses, 1s knovm to reduce greatly the resistonce of e u‘t. Lo

fatizne foilure. ' ' :

A specimen for chemical ﬁnalys::.s of the steel 1as eut Irom +i ¢ ‘Lop
portion of the c¢ylinder borrel., Thac results of the chemicnl c.n.a.,lv sus ond
t e composition specified in protit end ‘hltnCJ sircraft Company Spceifics ‘c.ion
FunlB5 (SaB 4140) vere cs follovs:-

rratt ar‘ Lhitney airceraft Comony . Results of analysis wr Notional-
Specificetion PLALGS (SAk 4140y Burvou of Stondics
0.35 to 0.45 percent G:'.rbon R 0440 Durcent
50 to 80 0w : Mengenese o 75 C
050 Yexdmam U _ . Sulphur R WoR
JOLO 8 "o . Prosphorus . less . then .04 -
Vot spceified - . - Jilieem . - R M
30 to 1.10 pereent’ - G;zr-omun ¢ N
L5 10 .25 f. N o 'bdenu.u o DR

CL lie rcsults -.Jf the chc wica (,nalu sis snm cd tnut the steal ccan_u)rn.aa
- %o the recuirements for chcmmal composition as givend an Prottend ¥ ‘itnrs‘
. narcralt Compary S}JClelcutlot‘l P Ll&j’, for clworn1um~mo.ybﬁenu~1 GLOT

4140)

The dlmcnsmns of the cylmccr, 1 so . far &8 uhc"* *,erc cheeled ‘“b tlje o
' BLroL.u_, coniormed within the: pcmu_ttcd tolurmc:cs, tnrthc ruimnbmws L;:L
Cin 't.ne agarov »d drah:m of - thc. cﬂmdex‘, No. 0218'04 T S

vithout cuttmg aw.y port.lons o.f the c;}lmdcr i’rom tnc “x.u_t. m-x;cm it’“

‘ ced, was to be preserved intoct s suc:m"utcd to. this Burcew, it:voes
pismie to ;nake arL: ldentatioa hérdress; test by the stondard Hx‘maﬁl metmf

' , - '«the holu—r?o, ,L.i'lz)nrxe,,. e drineld numbor obtoined was
yrénee, the low cad of The .ras 0_286
_thc e l:mder,”no‘ 6—21.@4
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Vickers numbers, uogrol imately L.OleClC. t te B 1*‘1(;11 1mnaers, oa‘sn J_ned”';.
on spceimens used for Z’T.th.llo‘éf\,.i'}ﬂlcrCJ‘C&"‘IlﬂLDlOﬂ verc’as Tollows; RS

“t Loy

1. Specimen of ¢, linder -2ll ¢losc to origin of fc.'t'i*‘ué i cLurc;—-
' Vickers Moo 30 ky locd on 1369 diamond p}’ruﬁld ' '
267 ' '

264
1292

2. Specimen from cylinder vwall, slishtly above hold-dorm ,flan SE =
Vickers Ho. 30 kg lood on 1360 diomond Dyru*u.d ' :
303

311

3. Cross—sectlon of nole-—_-ao‘m £1a nrc, same 1load ond di‘;mbnd:-f -
Vickers Ho. 301 : o B

Although the Vickers r1um‘:>\,r's obtained on onc S‘)Lc:um:n fron ‘cm ,
. c‘frl:mc er vall were slizghtly hisher then those obtained on other sachncns,
tac Vickcrs numbers likewisc shoy; cc’ tiat the stecl co:uorvuud to ‘.Jc,ggcpl_flcci_'
"rcqu:r.rcmcn‘ts for hordress, ' IR

Tt ves not practicable to obiiin speeimens for tcnsllc. tcsts, ingest
tcsts or otnor typus of stron:ta tcsts. :

Uncer the caption frhysical biropcrtics" the rrobt and Thitac: Spoei-
fication PLA 185 stetes Mk eferial cr.dbiting Physical defch,s sucn ag-
scams, tears, grooves, l.':lmmmblm 15, slivers, pitiang ——— 1.-;111 be Te-

" Jected.i 1\,1,0 CVldt.«l’lCC of sucn Q“ILCtS &re iound in tho .fc.llCG Ly 11*1r_cr.,

_ reta llobrapnic‘ ¢X aminutioas'zc Coma d on spoeincas dut fI‘O_-] mrtlons
~of the eylinder closc to the point of “origin of the futlguc frac mrc , from.
Cportions closc to the coursc of tic fatigue frh cture, -0
~.renotc from any of the facturc el Surfc-CCSQ
i'rcnovcd from thc c;yhnder ;nd preporcd i‘or mx,t&_llo org

) The' s
cmeballic mclus:.ons for ‘the mast “}d:'t ’f‘..lI‘l_Y umiomly GJ.S'LI‘IQ’ \,8
a fairly unnorm sizg. - Rach of two of the spucimens c::,a.mm:.c cond s
 &lsc one Or-moere: lorge non—am,talllc inclusions of o sizc not nor Lo i
“"in alloy or plain.carbon stocls of & thtwr tonsidered so 'blS.LE‘CuOI‘} for
-~ parts of aircraft” engines, ‘such. as crun ﬁhc fts . copﬂbctm'“:,rods, u,c., hlc‘--,_'_,
-r;,aro sub;;cctea to f‘a‘tlf’uc struss\, ; : _ .

m 1Ld
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P ﬁif?ro,sw?mt"r“ of the stecd, as luwll ¢ by suita blc "itcn:."; of g
-the polished spccimens, vas ratuer. COTISS gre. e ¢y 2 Gonditdon 1ldeh is -
~not nccessarily detuermintal to tic physical: ‘)rop\,rt:.a-S, end wey o '

rc‘.a:;-sira.ble for rcasons such as Hroviding SutlS.LﬂC'Lﬁr:} J,mQh:L.m__w.

. ,,1'.1.‘1{115‘5., S

T the onimion of this Bu__,_(_‘__u, at lcast 't-"‘D f?CtO!‘S GQ"trl'lJl"t i ‘tmtho o
failure of tids cylinder. Thest vere:—. , S TR

-«

1. Thi clezrance cuvts in sae ©iliet at the bolt holca
Tiidell produced a region of T stress concentration,

2+ The zecentuction oi‘ this stress. econcontration b
Tl rou bﬂ. machining of these clesaioncs cuts.

these foeotures are knom couscs of fu.ta."ue i‘g:a.lurt. an m.rts Sl cct trv o
alternating stresscs., That ey verc major factors in cousing wic. fb.a.lum. '
‘0of +this cylinder is confirmed i3, the existence of fatipgue frhct TS :
originating in the clcarance cuts ¢t two hold-~dovn stud bolt holcs :m 'hhc ;
fl...nw:: of snother cylinder of tﬁxc S dcsx,,n from '*not.hcr ong:um. . ,;3

_Jn the opinion of this Buroau, ‘the large nm—m.hllic :LmJus:Lons
'.f.‘ouna in two of thc sprecimens cxomined may heva constituted & third f;.c‘hor ,
contrmut:mg to the failura. Hovever, no evidoned Was found of the ¢ snod

‘of -large non-mctollic inclusions ot the point of origin of tic I ti:;uo ‘
frocture.

Ho cvidenec was obteined, it tac cxomuwetions wnd tosts poriomed
ot Whe lationzl Burcou of Standorcs on the moterial of the submibted
_eylinder, of any departures, cxecsding the o reitted toloronces, fram,
tho.speoific requircments given :m the approved dror g of tng cyl,ﬂmer, :
No. G=21804 and Pratt ond Lhitney Smc;.f:.c trlon, Ph 185 (S. A féa-D}
.cnr'ummn—-holybdcnmn stccl. - .




