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that the extrusion had bheen made by the Bohn Aluminuwm

and Brass Corporation for use as & Lysander apar boom.

It further added that aifficulties had heen oxperienced

in oblaining straight members with uniform tensile pro-

perties mnd suggested that faulty heat treatment or a

straining of the member on straightening alfter solution

heat treatment might have been responsible for the troubla,

Through Wing Cowmeander Johnscn hr. Marsden requested

that the material in the extrusion be exawined in order

to determine, if possible, the cause of the diificultles

encounteraed.

gpeaification Regquirementgs:

The extrusion was manufactured to the require-

ments of Spceification 2-1=40. It interest we
compare the pertinent requirements of thils specillcatlon
with the similar requirements of Specification L-40, which
Speecification 2-1-40 replaceds

Chemical Reguirements =
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. (gpecification Requirements, cont’d)

Mechanical Requivements for Extrusions Greaten
than &/8% in Thickness:

Specification Ultimete 0.1% Proof Klongation,
tensile gtress, % in 2
stress, DoSodo inches
ReBodo

I 40 and
2=T,=40 60,500 47 ,Q00 10

Heat Treatment Requiromeints:

=40, » Ueat uwniformly at temperature unot less

than 5109 ¢. and not more than 535° (¢. and quench in water,
Apge by heating between 155° ¢. and 175° ¢. for 10 to 20
hours. Aging mey bo accelerated by heating, for not more
than 2 hours, between 1956° (. and 205° C,

Reledl, = Heat uniformly at a temperature not less
than 495° ¢, and not more than 5358° (. and gquench in water
or oll. Age by heating for requisite period hetween 185° (.

and 1859 (.,

Chemical Analysigs

Drillings were taken from the L{ 139 sample and

analysed, The following resullts were obtalneds

Copper, Magnesium, Ivon, Silicon, MNenganess, Nickel, Titanium,
Polo DeBo S Dalle Polo PoCo PaCo DoCo
4.28 1.44 0.20 0,028 Q.64 None 0,006

detected,

Tongile Testsg

=

ngile test bars were machined from bothh recelved

samples and from a plece of Sample LC 139 that had been
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heated o HL0® ¢, im a salt bath; guenched in wabter, awnd
drawn at 1B55% (. for 186 hours. ALl tensile btest bars
were broken in an Amsler Universal tesgting machine. The

following »esulis were obtained:

Ultimate 0.1% Proof Elongation in
Specimen stresa, Stross; & inches,
RoBedo . cnReBodo Bole

LG 1d 76,400 51,000 16.5
LO 276 TH,RBO 81,000 18.98
LG 139, heat

treated TH, 250 54,000 Broks outslde
gouge markg.

o &

Microscopic juxawmivabtion:

Pour samples wore cub from Sample LG 139, two
from the cutside and two from ths middle of the extrusion,
the samples in cach location being Immedliately adjacent.
ne of the outside samples was heabted to BIB® C. in a salv
bath, gquenched in water, and then sged at 1865° (. For 15
hours. One of the samples from the middie of the extru-
sion was heated to BLO® ¢, in a salt bath, guenched in
wator, and aged for H days ab room btemperabture., A gpeclmen
cut from the heat treated tensile vest sgpecimen, the two
heat treated samples end ths two "as recelived® samples wero
then given a motallographic polish, the last two spesclmens
beling polished so that both transverss and longlitudinal
sootions could be sxemined., Flgures 1 and 2, photomicro-=
graphs ot X500 magniflcation, were chtained respectively
from waetched transverse and lomgitudinal sections., In @
greator part of the section, the inclusions arve gaparated

as ghown in Figure 1, bub arsas in which the inclusions are
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(Microscoplc Mzamination, contid) -

clustored, ag shown in Figure 2, are common. Ths majority
of the inclusions gshown arve the (Cu-in-Fe-ALl conaifituent
although soms Cupls particles are alse present. At higher
power a large mmber of very small, watery incluslons

may also be distingulshed. These may be the ol ALl-Ng
gonatituent. The particl@s do not show up in Pigures XL
and 2 bocause they lack alze and dsefinition. The specimen
that had been heated to 5aB° ¢. was burnt, as thers was
fuged material around the grain boundarien, The specimen
that had been heated vo L0 . appesred to be sound,

ALL specimeas were bthen etcohed in Xeller's
reagent (hydrofluoriec 1 part, hydrochlorlie 1.5 parts,
nitric 2.5 parts, water 95 parts) and re-exemined. The
structures of the transverse and longitudinal sectlons of
the Yag recelved" material from the centre of the extru-
slon are shown respectively in Pigures & and 4, while
Figurss & and 6 raspectively show stfuuhupe of the trang-
verse and loagltudinal sections of the "asg received”
material in the oubtside of the extrusion., ALL four
photomicrographns are at X500 magnification. Mabsrial in
voth centre and oubslids of the extruslion appears to be
Line-grained, althcugh thers ave aress in whleh the graln
size ia difficult to develop. The large white inclusiona
ghown in FMigures & and 4 are (udlp. None of these inclu-
sions appears in Pigures & or 6 but there wore somé Cudlde
particles in the materizl in ths outaide of the extrusion.

The black etehing particles present in all photowlcropraphs

.‘!
».u

are the Cu-lin-Pe-Al constituont. The small light stching
prarticles that eppear in clusters srse consldered to be ths

ol pl-Mg consbituent. These particles do not appésr o
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{(Microscopie bxamination, cond'd)

be as numerous and are certsinly less clustered in the
metal on vthe outside of tha extrusion.

Pigure 7, a photomicrogeraph nt X800 mapniiil-
catlon, shows the atructure of the specimen that had been
quenched from 510° ¢, and then eged at room temperature
for § days. This photomicrograph was obtained from an
area immediately adjacent to the area from which [Filgure
4 was obtained. Although the grain size is only developed
in one area, it appears no larger than the grain size in
the "as received” material. The amount of black etching
Jusin-Pe~AL partlicles, large light etching Cudlg particléas
and small 1light etching ot Al-ig particles appears to be
about the same ag in the "as receivedy sample. The sample
from the heat treated tenslle test specimen had a struce
bure simlilar to that shown in Figure Y.

The structure of tho sample guenched from 8359 Q.
and drawn a8t 155° C. is shown at XBOO magrification in
Figure 8, IFused material inay be seen along the graln
boundaries., The number of the insoluble davk elching
fu=im=fe=41 inclusions is about the same as in the other

amples examined., There does not appear to be any Cudlo

or ol Al=Mg ineclusions in thig material.

DISCUSSTON ;

a2 e,
o R AR S LA R v

S0

Speciflcation Rsgquiramonts -

Chanpes made in the composition reguirements
when Specification B-L=40 superseded Specification L-40 are
gulte important, for the changing of nickel from a compulsory

to an opbtlonal consbtituent alleows for the uge of a quite
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(Discussion, contid) -

(Specification Requivements, cont'd) -

different typo of alloy. Vhen nickel is present in a
wrought copper-aluminiuvm alloy, on heating & Cu~-Ni-Al
compound precipitates, while in a nickel-=fres copper-
aluminivm alloy the precipitent is CuAlg. The latier

compound melts at a lower temperature than the Cu-Ni-Al

congtituent, consequently burning commences at a lower

<r

temperature in the nickel-free alloy., A& duralumin type
alloy whiash would be allowsd by Spesification Ll =40

has a fusion peint of 540° (., while an alloy of the
composition speeified in Specilication L-40 has a fuslon
polnt of 530° C. (psge 155, Heat Treabtment of Aluminium
and Tts Alloys, by Budgeon). A solution heat treabtment
temperature which might e quite satisfactory for the
nickelmbea;ing alloy, then, might produce burning in the
nickel~free matovial. In addition to this, the two alloys
regquire different aging treatments, an age hardening at
room temperature being recommended for the duralumin type
slloy while the nickel-bearing alloy must be artificially
aged at betwsen 155° ¢, and 1¥B° C. As a rogult the

latter alloy remains soft alfter heat treatment while fhe
durglumin type alloy starts to age almost immediately.

e absence of immediate age hardening in the nickel-bearing
alloy Qrobably has some effect on the amount of work needed
to atraighten after quenching and consequently on the
amount of waeping that occurs on the machining of a
straightened and agoed member.

The dursiumin type alloy and the nickel-bearing
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{(Discussion, cont'!d) «

{Specificatlon Requirements, gontld) =

alloy are guite definlitely dAifferent materials, then,

and should recelve different heat treatmonts. Specifie
cation 2-1-40 18 unsabisfactory in allowing a nlckel-
free material and then specifying a heat treatment svited
only t0 a nickel-bearing copper-aluminium alloy.

Chemical Analysis -

The alloy in the extrusion is Aluminum Company
of America alloy £24.3, which has the lollowinyg average

composition;

Sopner, Silicong Hangenease, MNagnesiom,
Bele w2l Rebe PoCe
o - 0.8 1.8

The copper content in the extrusion exceeds
the meximun specified in Speeificatlon 2B-L=40,

The Aluminuwm Company of America recommend
heating 24-3 metal bebtween 488° ¢. and 5009 ¢, for the
solution heat trecatment, the recommended temperature range
being even lower than the 500° (. = 510% ¢. range advo-
cabed for 17-8, the duralumin alloy. ¢old water is recom-
mended ag a guenching medium. The Aluminum Company
speciiy a room temperature aging for 24-8 material and
atate that 24-3 metal ages even faster than 17=3; the
duralunin alloy,

Tt way be seen that the heat btreatment speciiiled
in Specificetion 2-0[~40 is widely at vaviance with the heat
treatment advocated by the Aluminum Company of Awerica Tor

their 24-5 alloy,.
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Tenslile Tasts -

The tensile properties of both the Pas recelvad!
and heat treated metal weet the gpecification requirements.

S

If, however, the wetal had been heat treated at the upper
limits given in Bpscification 2-L=-40 the properties would
have been poor as the metal would have been burnt.

Microscoplice Dxamination -

The irrvegular grouping of the incluslona in
the specimens examined indicates wmicroscoplce lrvegularities
in compositionQ\ The clustercd condition of the of Al~Ng
particles is gspecially marked. One would expect This
constituent to be in solubion but apparently & highex
temperature is nceded to effect tils, as the constituent
is only in solution in the metal quenched from 535° C.

»

The burning fovnd in the matorial quenched from
B3BC ¢, i3 bto be expecited, as a nlckel-free alloy should
not be heat trested to this temperabture. The sbssnce of
burning, along with the satisfactory teunsile propertlies,
in the heat treated test bar shows that satislfactory
properties can be produced 1f the mehal is heat treastsd
near the minimum temperabures spscified.
The fine grain size of the "as recelved" material

shows that the extrusion temperature was sabtisfactory.
The material could not have been severely cold worked in

strajghtening aftsr the quenching operation as there was
no marked grain growth in the heat treated metal. The
presence of o Al=Hg particles in the specimen aped at room

temporature shows that the elevated btemperabture aging was

not responsible for the precipltation of this constituent,
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gonclusionsgs

The Ailficuliles encountered in the manie
facbure of a satisfactory Lysander aspar boom are consie
dored to he due to Specification 2-L-40 allowing for the
use of a nickel-{rse alloy without specifiying a proper
heat treatment for this maberial, The specification
allows for the use of Aluminum Company of Americs 24-9
alloy, the materisl in the speecimens examined, but the
gpecified heat treaiment for this alloy is incorrect,
as the solution temporature prangs is glven at 5109 (.
to HBAHY . when it should be 488° (¢. to 500° (¢. The
aglug treatment is also incorrectly specified, ag 24-3
alloy should be aged at room Lemparabure for Ilve days,
while an avtificial aging For 10 to 20 hours ab 155° C.
to 185°% . 18 specified. An oll quenching after solu-

2.

tion neat treatment is also allowsd, whereas 24-3 material
ghould be water-guenched. It is trus the material
examined hag satisfactory properties, but the investl-
gation shows that these properitles can be produced by

heat treating near the minimum tempervatures apecifised,

L

As it wes definitely shown thot burning occuwrs at 53D° (.,

o)

it ie not surprising thet the btensile properties im this

>

material weres found Lo be very srratic.

Warping 1a liable to be encounbtered in the
solution heal treatment of any aluminium alloy. This wmay
be avolded %o soms extent by packing or heat treating
in jigs. The inevitable atraightening that follows the
qusnching oporation should be done vefore the metal

ages. Thoe nicgkel-bearing copper-aluminium alloy reguires
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artlficial aging; consequently there 1s no difficultby

in stralightening it before aging tokes place, The

24-5 alloy allowed by Specification 2-L-40 ages sven

more rapidly than duralumin, so it should be stralightened
inmediately after guenching as s delay would rssult in a

Al

greater invernal stralining of the metal and consequently
g groater amount of warpilung when the member isg finigh-
machinad. Such trouble woeuld he avoided to some exbentd
by the use of & nickel~copper-sliuminiuvm alloy., It is

2leo possible that warping after machining would be

veduced 1f the menber were extruded more nearly to size.

OGoOOOOOGGo0
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£500., X500
Transverss aecticn, Longlindinal section,
unetehsad s mnetehed,
XEO0C. X500,
Transverse sechlon, row centrs Longltudinal sectlon, Ifrom
of axtouslon, centre of extrusion.
Bhehed in Kellevls veagont. stehed In Keller's reagont.
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X800,

K300,

Transverse section, from Longi tudinal section, from
ocutslde of exbtrusion. outside of extruslon.

Figure 7. Figure 8.

XH00, #HQ0 .

Transverss sectlon from
specimen quenched in water
from 535 €, and aged 15
hours at 155° C.

Loengituvdinal sectlon from gpeclmen
£

gquenched in water from 510° ¢
and sged H days abt room Temporatiure.

P s e

(NOTI:  ALL specimens ebched in Kellerta reagent.

GSFPES.



