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Origin of Proble~: 

In a letter dateà November 17th 1941 1 

M:r.o K. So Ra.wline, As::1istant Chief.' Inspecter {Materials), 

Briti h Air Commission$ ashi gton, D. c., requested the 

radiolo~ical examinution of an aluminium alloy casting 

which had been rectified by weldingo One casting was 

submitted. 
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I . was sta tod thr.t thi?. castin0 1:1u"L)mi tted, ma.:'e 

in modif'ieâ. 12 per c,ent si.:.lcon nJ.loy, is one of a quan':;i :,y 

of 20C w·:ù.-:.:.1 haù 't een ma ,h5.:-1ed bE lore the e:i.•ror in the 

ce.st~nc was disc<:vcred. Insirle the cs.sting nt the bottom 

are "~o saddl0 1.;0E ses which recoi ve the bearin g surfe.ce~. 

Them, two bos:'les v e1•0 o,i.J-: of a1icnment in t:1e original 

cast:.:.t;. CJn~1sq1.~uJtl;i' tlrn firm who are machining th0 

cast: .... "g drL.l6d ~ lt=-..1 ge 'J.o:'..e r:tgri; throuc:)1 che bottom of 

the c e.~tin ... ..;, ,:el.dod 1n t,'-e two bo r.1es in co.~rect alignn1e11c, 

mx1 "C.-i':H1 cl,),:,X1 .ho outer wall s of the ClâlStlng by vreld:t:-:-,g. 

Surr.li.s metal v; .. r., ~hei. 2,rou,.1è of:-::, as can 'be seen from 

visual exPm:i..natic,L. I·,of'or~? gr•ant.:.nt.., pennission for the 

use o.:.' thi .. , c 11st:.r [, i t w a ::1esirod that an x-ray sur7ey 

of th· a.rea E: 10l: è be mu.Je, to detcr•m:i ne the serviceabil:l .,y 

of thE weld 

1.::he cnJt.inc is a pe.rt of the exactor controla 

Brea:{ô,ovm of .:;bEJ bcsses v,o,:ld ne11 eiy result in upsattin·; 

the f':a.111:n ati n ,i.' the=: t·:r,"Jttle settings of the engine; 

it 13 u:ride.r•o .-;uc . t. r.·, ... h p:tlo,J ·,muld still '.Je aule to 

main :.::.ri 001 ro1 of tn'"' ~î.rc1afto If., howev·3r, a piece of 

the ·1> 11 o~· t.c..e C[ s.,lr _: · e.:>e to fall out ln flight the 

hyd:.1 1.uJic J. .. ,l, .. i.a · :r1,.,1, tli'is ce.stln.~J cor.tains wo,_üd be lost, 

resïi_ting -n los-; cr control of t.·L,._, engins. The e.ctua.l 

pres,;,rre e::c:œted on ·tha 1..1osst.is in service is esti·nated to 

be :not more tnan two pour.i.d.3. 

~-1:taL :~mr.~t::! ~. 

'The x~~·ny e·rnm:i n.i t :.on, co.Pried out by :~. V!. Ball 

(on ï.~an i:'J.:;" tl1• ·r.-';~_onal Ressa.rch Labora.tories, OttawH.i, 
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(X-Ray Exruninat_cn, cont 'd) -

shoued in the or-igino.l casting mo.:ny ga.s catTitiea, 

a co:isjder ble p1nhole po.'.'onit.y, and also., on one 

aide., many inclusions cf ·1eary r etals. The section 

of ·che casting ~rhich -:mf! r•ec·cifl0d. by walding 

appea.red to be st>tis.fa.ct0 .,y for the purpose. The 

joininc; of the ~a.stin6 and thE', .,,:elded part showed 

unif or:mly homo0 <:m3..)US st r 1.ctur ~ The welded portion 

1s almost compl tely frce from pùrosity, but there is 

one are a where ..,l'.e !neti::!.l 1. s thinner than. is desire.ble o 

Fisures 1 to 4. show some copies (~1atural 

size) of the six r.::tdi oo•aphs the. t were exa:nined. 

Due to the diff tculty of' obta~.ning a clear photo3raphic 

rep:i.~o ~uction of 1"adiogra.p.1.s of complicated castings, 

beca.use of J.argtj diI'ferences ln the density of t!1e 

films, it w,:,s :1.,cessa.1•y to ma.ke direct printa. 

{ Cont inued on next 
:page) 



(X-Ray Jx•u;1· nation.,,) 
(cont'd = ) 

E:J.._g_ure 1. 

I .A:)IOGRAPH OF THE CASTING" 

{ ... wte: Thla is a p:r>int of radioc;raph; consequently ~ 
-ëâ,r:~tie.s f\~)pa•::-,:, as ·iv~1:.te spots e.nd heavy density 

a:.:-'3as ( r.PJ.<;h ao ~ 1J.de:r appea1~ faS black spots c} 



(X-Ray Lxarnlnation,) 
(cont 1d - ) 

R1 D!OGRAPH OF 'l1FiE CASTING o 

Dar•k spots 
Vf.ni te spots 

~ heavy metal inclusionso 
porosity and gas cs:llitiea o 



(X-Ray Exa~ination ) 
(cont'd - ) .. Page 6 ~ 

RADIOGRAPh OF '1.HE CROSS-SECTIONED CASTING., 

Whi-1-;e pots 
Ds.r1~ spo"è;e 

cavities and porous areas? 
- heavy density areaso 

F.ADIOGRAPII OB' T:.:IE .,.ŒLDED AREA~ 
This sh01.·;s the non-u..'liform:tty of the welded 

metalc 
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(X-Ray Examination, cont'd) -

X-ray examination ma.de to examine t 1'..- ., 

serviceabi.J.ity of the weld shows tbat the casting :ttself 

would not be considered to be of satisfactory quality, 

due to porosit~ and had beon repaired by solderinso This 

was confirmed by qualitative spectrographie aualysis, 

which demonstrated that the inclusions of heavy metals 

shown in the radiographs were essentially an alloy of 

zinc and tin. 

From the results of tbis radiographie examina

tion i t was felt that the welding could be c onsidered satis

factory but some doubt wa.s created concerning the casting 

itselfa Accordingly, on November 22nd, 1941., a telegram 

was immediately dispatched to Mr. K. So Rs.wlina in Washington., 

as follows: 

11Re TC/44309 welded aluminium alloy casting radiographie 

exEi..mina tion shovrn submi tted casting originally very porous 

which waa repaired by soldering stop Questionable in view 

of importance of this part whether this condition is not 

more hazardous regardless of any welding as performed stop 

Thickness of material replaced by welding not uniform also 

th.in but looks to be best part of the castingo" 

Due to the service which this partis toper-

form, as stated in the latter of request, a complete examina

tion of this casting was considered advisable~ 
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fil)pearanc~of the Cns~J1~ 

The cross-section of th8 custing is shown 

in F1.gl.:".re 5 o 

CH()S3,uS:•-CTION OF 'l'HE CASTING o 

(Appro .. dma tely 1/3 size) • 

Upon v.ts11~.ï exenü'!atiori of the casting afte:i.• 

cross-sec.tioaing, the gas c..:J.v~.ties were vsry clearly 

shciwn on the machin<56. SU1"'.f.1: ces vnc~ jn the s awed sect;:on 

sur.-fa.co. 

Con si de· •5.ng the conG_ t ions under· w:1ich t:ne 

weJ.ding ha.d te bo do· 1•3 » ~-t :i.s rea~;o1.~ably sat:-.sfactory-. 

Somo vor--;y loosely e.tte.ched flux. was knocked. 

off during the sén'ing oper atio:;1. 

• 0 
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Chemic:,gl Analysi,!:!_ 

Silicon 

Copper 

Iron 
Mane;anese 
Magnea1um 
Nickel 
Tits.nium 

Per cent 

4~90-5.0l (5 determinations) 

1.23-1.31 (7 determinations) 

0.,70 
0 .. 10 
Ool4 
0.01 
Oo02 

·---·-----·-----------------
Physical Testa: 

Tenaile Test -

A specimon for the tensile test was eut from 

the casting, the vn.'le surfaces belng left in the ne.a cast" 

condition. 

The following results were obtained: 

Ul-cj.ma.te ten~ile stress 
Elongation :ln 1 inch 

12.,700 p.s.i. 
1 percent. 

The frs.ctured nurface shows holes and non

metallic inclusions. 

Hardness Te~ -

Microstructure: 

Original casting 

Welded section 

:B1irj'ure 6 o 
_..c;i. -

Xl00 1 unetchedo 
Welding bo~n::1a.ry o 

Yt.1.00, u..t1etched o 

Section in ,eld are 0 o 
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{Micx•ostructure., cont•d) -

Figure 6 :Jhows that the v1elding joint is 

satisfaetoryo Fi0u:::e 7 snov,s sone poroaity in the welded 

section and the micl~ostructure indicates that a high

silicon aluminium alloy weldin6 rod was used. 

Figure Q.:. 

XlOO., unotchedo 

section of the oric;inal c• sting 
{rcmote from the woldcd tu•0a.) o 

Fip;uro 9o 

XlOO., unetchedo 

Materlal as oast., near 
the soldered locationso 

FigU!"es 8 and 9 show the microstructure 

normal fo:::: a. low-s:tlicon nlur.i.Lnium alloy with copper 

content o Figur•e 9 shovrn considerable porosi ty a.nd gas 

cavitias., similar to those repalred by solderingo 

~ish Specl.fica.t:tor:.s for AlunJ.ini~ Alloy,s DoToDo272 and DoToDa2?6~ 

,Çhenical Ap~bysis: 

Sllicon 
Copper 
M!lgnesium. 
Iron 
Titanium 

4.5-505 
1,.0-1. .. 5 
0.4 ... 0.6 

006 ma.x.o 
0.25 ma.xo 

( Gont~_nued on next page) 
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(British Specifications for Aluminium 
Alloys D.T.D~272 and D.ToD.276, cont•~ -

Tensile Tests: 

DoToD,272 - Sand cast 
- Chill cast 

D. T .D .276 •· Sand cast 
- Chill cast 

Ultimate 
tensile stress, 
__ _.Q.,._!.S .1 o 

24,640 
29,120 

33,500 
38,500 

Elongation in 
2 inches., 
percent -------

2 

This specification is similar to the following 

u. s. specificatioüs: '!ï1eder•al QQ - A-601; AoS.T.M. B 26-37T 

Alloy N; s.A.S. 322; Alcoa 355; etc. 

Discussior~l:t":::11ults; 

Radiographie and visual examinations show that 

the casting ia very poor. 

Chemical analysis shows that the casting was not 

ma.de from modified 12 percent silicon alloy, as stated in 

- the J.e-:-;;er, but fro:m a beat-treatable low-silicon aluminium 

alloyo Th.is lloy is considered suitable for leak-proof 

castini.~s :'or aircraft and automoti ve parts. The analysis 

conforms to the sp ,ci:,icatlon wi th the exception of ma;;nesiumo 

The spec:tmens for tensilo tests taken by cutting 

from castings show lower physical propertios tha.Y1 regular 

caat test spe,~~.mens~ In this case., howevor., porosity of the 

castj_:ng was undoubtedly responsible for the low physlca.laa 

The p1•esence of an except:'I. Pna,l number of non-metallic 

inclusions wo.uJ.d also aggrava te this condition. 

The hro•dw3ss of the casting, as deter.mined 'Ili th 

the Vlckers tiardne~s tester, is normal for this type of alloyo 

(Continued on next page) 
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{Discussion of Results, ccnt'd) -

'l1he micro-ex.am:i.nat;ion shovrn that the welded 

area and the join.ing possess satisfactory structures. 

The microstr~wture of the casting (Figure 9) shows 

p0l"0 sL;y cavi ties and larger gas ca.vi ties o 

Hardness tests and micro-examination show U1at 

the w,sldini; was done wi.th a high-silicon aluminium alloy. 

Conclusions: 

l,. The consid0rable pinhole porosity a.ml 

many ga.s cavi. ties in a casting :intended for a. pa1•t the 

f'ailura of which would cause loss of control of the engine 

should be sufficlent reason for :tts rejectiono 

2 o The cher~ical composi tian used fo1"' thb1 

partis considered satisfactory, but regardless of 

composition a p:rope1° foundry practice is necessa.ry. 

3o The a.ppend:tx following descriùes a method 

whi ch -Jould us us 1d ln a 100 per cent inspection for .. 

porosl ty defects of alumL1ium alloy castings o This method 

has been obte.ined i'ror-I the li tere.ture and ha.s not yet been 

ohecked in these laboratorieso 

JWM:PESo 

coooooooooooo 
00000 

0 
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APPENDIX. 

"Non-Destructive Testing of Light Metal Castings.:r 

(Abstra~from METAL INDUSTRY, London, England ) 
( vol. 59., No. 19, November 7,_ 1941.1....P• 296.) 

Recon:rmended Procedure: 

(1) Treatment of the casting in a solution of 

2 per cent runm::mium acetate, 15 per cent 

potassium dichromate and 83 percent water, 

for h.alf an hour at 70 to 80 degrees Co; 

(2) Rinsing in running cold water; 

(3) .Dipping in hot water to expedite drying; and 

(4) E..."taminat:lon of any spots after 1 to 4 hours 

in daylighto 

The etching solution is contained in a 

5- to 7~mrn.-thick pure aluminium container, or an 

ea.rthenvmre container may be used. The rinsing tank 

should likewise b0 of a.luminium or earthenware, a s 

iron is attacked by 0.n1r.1onlum a.eetate. 

The test will show up micro-porosi ty, crack:s 

and surfa.ce pores., as well as cold-shuts, by the forma

tion of yellow dichromate spots • 

JVJM:PES. 
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