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nat ion of Cast -Ingo In Frontr 40E Aluminium Alloye 

Ori.ala_of Material and. rielf.lAi,;_ of InvuLiel: 

On March 2nd 9  1944, a letter (File /To. 902-38-1 

(AMAE DAI))  was received from tYe Department of National 

Defence for Air s, Ottawa e  Ontario 9  describing a number of 

sample castings which had been. received at t1aee:0 Labora-

tories the previous day. The castine were of Front,..er,  4C3 

aluninium alley and consisted of two lots  of  test bars  and. 

two typical cestings It was reported that one set of four 

test  bars ha  d been artificially aGod fer 1G hours at56° 

(160° Co) and that the second set of five barn had been aged 

at room temperature fer  an  unspecified time, 

•  It was req-aested tbat samples be tested to de -:.er-

mine (a) whether this materiel cc,nforuis to ir2). Spec'i.ftzatin 

AN-A-1T,  and (b) its general suitabil -fty for cast aircraft 

compoxients0 
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Macro-Examination: 

Figure 1 illustrates two test bars, one machined 

and the other unmachined »  and the two typical captine 

received, 

Fliwre  1 

TEST BARS AND CASTINGS, 
AS RECEIVED. 

M.Layemination: 

All nine to.st bars and the tar.) castings were 

radiographed at the National Research Laborat;ories  by Mr. 

W. le Morrison. Examination of the radiographs showed all 

the samples to be scui-sd castings,  free  from porosity, 

shrinkage, and other dofects. 

• Chemical ,:ALLtLe.: 

Throe pieces of the broken teet bars were prepared 

for chemical analysio and the resulting sample analys,sdpwIth 



AS 
FOUND 

SPECIIIUCATION 
AN-A-17 

ce 

61.8 
79,6 

5,0 
400 
4,5 
6,0 

85,7 
8107 
C6.2 
C5,3 

6,8 
4.8 
4.8 

10.0 
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(Chemical Analyeie, contfd) - 

the following results: 

Zinc 
Chromium 
Magnesium 
Titanium 
Iron 
Copper 
Mangeste  se  
Silicon 
Nickel 

Aluminium 

5.10 
0.43 
0,64 
0.19 
0,29 
0,09 
0,05 
0,14 

. None 

4,75-5.75 
0.40-0.60 
0,40-0,60 
0.1E-0.25 

1.0 MaX0 
0.4 max. 
0.3 max. 
0,3 max. 

detected. 
• Remainder4b .  Remainder,  

elIMI11101■11011MNIMM•••■••••••••••■•••••••••••••• 

By subtraction° 
0111•1 

Melle19.111-1122.2e111: 

The . fol1ow1n3 table lists the results of tensile tests 

on t he test bars. The hardness values shown were determined 

on transverse sections of the test bars, using the Vickers 

machine with the 10-kilogram lOed, and are the average of at 

.least three readings. 

:proof stress,: of area,:per cent in: 
p.s.i, 	: per cent:2-in.gauge 

: length 

rjaFie: 
V.P.N., 
(10-kg. 
load 

: Area e  :Maximum 
No. :sq. in. : stress, 

p.s.i. 

atura r2_22.asth unmachined 

3 	0,199  38,000 	25,000 	19.1 	800 
6 	0.237 33,600 	23,300 	 8,9 	7.0 

Naturally agedi_glugpien,th machined  - 

5 	00174 34,500 	24,700 
7 	0.189 36,200 	26,100  

	

00191  37,400 	26,100  

	

5.2 	 - 	7.0 

	

10.6 	705 

	

9,4 	9,5 

78a 
'77.6 
81,8 

Artificia117 et,e02-11.1Ine2.2111-3b" FolleallE2-112611.1jenàbe 

1 	0.170 35,800 	28,200  

	

0,166 36,500 	29,600 
4 	0.166  35,500 	29,100 

	

9- 0.170  34,100 	28,600 

Armelvy  Aeronautical Secification AN-A.17 - 

ZC00 	20,000 (min.) 	 3.0 (min.) 
(min.) 
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Micro-Examination: 

Transveree sections from two test bare s  one which 

had been naturally agod and one which had been artificially 

aged, were prepared for metallographic examination. Fi3ures 

2 and Zà s  photomicrographs at X250, show the unetched structures 

of the  naturally and artificially agod materials  reweectively0 

t.Phe grey constituent is apparently a magnesium-zinc  compound. 

Figures  4 and 3 9  photomicrographs at  X100  ehow the structures 

of the naturally  and artificially aged materials respectively 

after etching in 0.5 per cent hydrofluoric acid,  The  magnesium 

zinc constituent is still visible at the grain boundaries. 

rerialF4Pi77171771M377--) 
(2..22Ati:4)_21_, _lit_s_.)aes 6 and 70) 

Discussion: 

Of the two typical eastinge received,one was made up 

of  fairly heavy sections while the other had a thin seation 

connecting two heavier sections* Since  the radiographic and 

microscopic examinations showed the material to be sound s  it 

may  be assumed that the castability of this alloy is good. 

The chemical analysis shows the magnesium content 

to be slightly above the 0060 per cent maximum specified. 

However s  this  slight amount should have no deleterious effect 

on the  properties of the alloy. Otherwise s  the alloy meets 

the Chemical requirements of Specification AN-A-17 satisfactor-

ily. 

The mechanical properties of the alloy, as determined 

by tensile tests on the cast test bare s  are above the specifi-

cation limite  of AN-A47* Little difference could be observed 

between the naturally and artificially aged bars. The latter 

tended to have slightly higher yleld  strengths than  the  natur-

ally aged bars. Also, the hardness  of the artificially aged 



(Discuesion e  contgd) 

bars was slightly higher e  being e107 to 86.2 VcP.N. as opposed to 

77.6 to 81,8 V.P.Nc for the naturally aged bars. The fractures 

of all the test bars showed the material to  te  mound ;  as was to 

be expected from the radiographic examination. 

Microscopic examination revealed no difference betWeen 

the naturally and artificially aged material. The grain size 

shown appears to be somewhat large, indicating a  rather high 

pouring temperature. 

From  the results oe these-tests it appears that 

Frontier 40E aluminium  alloy wou:d be euitable for cast air-

craft components at normal temperatures whether artificially 

aged at 350 0  P. or naturally aged at room temperature. It is 

said that its corrosion resistance is about equal to that of 

the heat-troatad  4  per cent copper-aluminium alloy. It is 

known that  aluminium alloy:gill th high zinc content should not 

be used at temperatures much above normal, as their high-temper ,  

ature properties  are  not satisfactory. 

CONCLU3ION3; 

1. The samples of Frontier 40E aluminium alloy 

submitted conform with the chemical and  mechanical property 

requirements  of U.S. Specification AN-A-170 

2. The castability of the alloy is satisfactory. 

3. The  alloy should  bc suitable for cast aircraft 

components,provided  the corrosion is not severc and  the 

operating temperature not  far above normal temperaturesQ 
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x250, unetchedo 

NATURALLY AGED i'dATERIAL, 
Grey constituent; magneeium-zino compound. 

IMO 

Figure  3. 

fr- 

X250; unetched. 

ARTIFICIALLY AGLM MATERIAL. 
Grey constituent: magneelum.zinc compound° 
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