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TECHNI CAL NOTE NO. 843 , 

A SUMMA.RY OF RESULTS OF VARIOUS INVESTI(}ATIONS OF THE 

MECHANICAL PROPERTIES OF ALUMINUM ALLOYS 

AT LOW TEMPERATURES 

By E. O. Hartmann and W. H . Sharp 

SUMMARY 

The available sources of data on the mechanical prop
erties of aluminum alloys' at low temperatures are listed 
and a summary of the material to be found in each source 
is given. There is included a discussion of the results 
of recent tests of aluminum alloy s 'at low temp eratures 
made at the Aluminum Research Labo r atories. 

l. 

SOURCES OF DATA 

Oohn, L. M.: 
E1sk. , u. Masch., 
vol. 31, May 1913 

Temp erature 
(OF) 

70 
-110 

An d erun g en der physikalischen 
E i g ensc h aften von Alum iniu~ 
und dessen Le g ierun g en unt e r 
b e sond erer Berficksichtigung 
des Dura1umins. . 

Tes t s of an a lloy of the 
dura1 um i n typ e in which CO z 
s~ow was use d as t h e coolin g 
medium g ave t h e follo wing re
sults: 

Tensil e stren g th 
(lb/sq in.) 

62, 40 0 
6 7 , 3 00 

Zlon g ation 
( p ercent) 

(l ) 

20.0 
22.5 

lGa g e leng th not g iven, prob a bly 11.3 fi. 
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Sykes, W~ P.: " 
T r an s. Am. Ins t . 
Mining and Me tallur
gicq.l ~l;ng., vol. 64, 
1~20. pp. 780-814 

Anon: 

Temperature 

(oF) 

77 
-300 

Reports of the Light 
Alloys Sub-Commit .tee~ 
Rep '. No. 6, B~itish 
A. C .. A. , 1921, pp . 91-
106 

Effect of Temperature, Defor
' m~tion, Grain Size. and 
Rate of Loading on Me chan
ical ' Properties of Metals~ 

. ' .. . ' 
This paper describes the 

testa of an aluminum alloy 
con taining 3 percent copper, 

~: O.42 perce~t iron, and 0.21 
percent silicon in the form 
of wire 0.025 inch in diame
ter. The results were as 
follows: 

Tensile ' strength 

Annealed wire ' Cold-d:r"aw"n wir"e 
( 1 b / s q in.) ( 1 b Fs q ni:. 5 

23.000 
37,000 

50,000 
63,000 

Report or the· Effect of Low 
Tempe rature · on Som'e Alumi
num Casting Alloys. 

The followin g paragraph 
is quoted from the summary 
of tests made at the National 
Physi c al Laboratory in Eng l and. 
Sand-cast and chill-cast alu
minum alloys of the types com
~only used du ring the Wor ld 

.. War (1 914-18) for aircraft
en gine castings were used in 
these ' tests. " 

WTbe results of the tests 
indi~ate cle arly that there 
is no marked decrease in the 
strength of any of these al
loys . \vh'en . the~ are exposed to 
low . tem.peratures, either while 
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Guillet, Leon, and 
Cournot, Je a n: 
Revue de Metallur
gie, vol, XIX, no, 
4, Ap ril 1922, 
pp. 215-221 

Temperature 

Strauss, J,: 

68 
.. 310 

Trans. Am. Soc, 
Steel Treati I1g, 
vol. 16, no, 2, 
Aug . 1 9 29, ' pp. 
191-226 

'. ~ . 

the alloys are . at the low t~m
peratures or when tbay are sub
se4ue~tly allowed t6 regain 
ordinary temperatures. On the 
contrary. ' it is ' found that at 
these low temperatures the al
loys are markedly stronger, but 
that the strength becomes nor
mal when they are again raised 
to ordinary atmospheric tem
perature." 

Su r 1 a va ria t ion des . pro p r i e t e s 
mecaniques de quelques metaux 
et alliag es aux b a sses tem
peratures. 

Hardness and impact tes~s 
made On a dur a lumin t y pe alloy 
with liquid air as th e cooling 
medium gave the followin g re
sult ·s: 

Brinell 
hardness 

number 

101 
129 

Impact resista~ce 
of Mesn ag er specimen 
in Guillery machine 

(ft-lb) 

5.0 
5.6 

Metals and Alloys for Indus
trial Applic a tions Requirin g 
Extreme Stabiiity. 

Tenoile tests on duralumi n, 
in which liquid air wa s used a s 
the cooling medium, gave the 
followin g results: 



4 NACA. Technica,l ' N.ote Nq. 843:' 

i 
Ten ,s 'i le Temp'erature Yield Elongation Reduction 

strength 

.. 

6 . 

7. 

: strength in 2 in. of area 
(OF) (1 bj s q in. ) ( ,~ b / s CJ. in. ) ( percent) (percent) 

70 . , 57,0,00 
-:-310 71,8.00 . 

Schwinni ni , W. ·, and 
Fisch e r, F.: 
Zeitsc h r. f. Metall 
kunde, Bd . 22 , No.1, 
Jan. 1930, pp . 1-7 

35, 40 0 26.5 27.0 
42,700 28.0 28.7 

Versuche ~ber d~n ~influss 
der Tem pG.catu 'r ' auf Kerb

, z abigk e i t ,. u.o. d' Har'te von 
Alu~iniuffilegie run g eri. 

, . 
Repo r t ~n hardness and 

imp ac t tests 6n notched bars 
of La u t a l a nd 99 .5 percent 
alumi num . The following 
t able summa riz es the results: 

Tem p er a ture Br:inall 
h a:cdHess 

numb er -

Impact 
strength 

(m- kg /em a ) 

99 . 5 , :perc~n.t 

aluminum 

Lautal 

G~ I 'd n e r, W. r A'.', : 
Z e its c hr: ., f " 'M'e tall -
kunde', Bd~ ' 22; No .8' , 
Aug. 1930, pp. 257-
260 " " " 

'68 
-105 
-306 

' 68 
-l05 
-30 6 

30.4 
36.0 

' 110.0 
': U.5.0 

4 .0 

6.1 

1.5 

1.7 

Uber die Kerbzah igk~it 
eini g er Aluminiumlegierungen 
insbesondere be'i ,tie'fen 
Temperaturen. 

This auth or found improve
ment in the i mpact behavior of 
a few aluminum alloys at 
-75 0 F. 

----------------------
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8. Pester. Fr.: 

9. 

Ze itschr. f. ' Metall
kunde, Ed. 22. NO .8. 
Aug . 1930, pp. ·261-
263 

Templin, R. L., and 
Paul, D. A.: 
Sympo sium On Effect 
of Temperature on the 
Properties of Me t a ls. 
issued jointl y by 
A:S.~ . M~ and A.S. M. E . 

1931 

Die Festigk eitsei g enschaften 
von elec k trisch en Leitun gs 
drahten bei tiefen . Tem pera 
turen. 

Pester found increases 
in tensile strength for alum
inum conductor wire at _7 6 0 F. 

Mechanical Prope.r.ties of Alum 
inum and Magnes i um Alloys at 
Elevated Te mp eratures. 

Tests made at the Alumi
num Research Laborat ories on 
various aluminum alloys cooled 
in a mixture oT solid CO a 
and e th er gave the following 
results : 

Alloy I Tem?erature ,: Tensile Yield I Elongation 
. ' strength i ·strengtn -. in' 2 in. 

, ( oF) I(lb/sq in ' )J(lb/Sq' in.) (perc ent) 

70 · 280 
- llO 

.. 2SH Ro'd 70 
-11 0 

38H Rod 70 
- 110 

17S- T Rod 
70 

- 110 

No . 4- sand cast 70 
) - 110 

No . 195- 4 sand 70 
cast, heat - 110 
trea ted. 

10ffset = 0 .1 percent . 

i - (1-) . 

!I I 13 , 250 
I 1 5 ,130 I 

23 , 460 
24, 720 

28 ,730 
31 , 9~O 

68 , 000 
70 , 000 

20 , 050 
20 ,180 

35 ,145 
.36,830 

, . 

4 ,1 50 
4 ,150 

19 , 700 
2l , 350 

25 , 300 
28 , 200 

45 , 500 
46 , 500 

8 , 000 
8 , 000 

'2-3 ,250 
:25 , 20Q 

16 . 0 
16 . 0 

10 . 0 
12 · 5 

15 ·0 
16 . 0 

4 . 5 
5 · 0 

4.5 
4 . 0 
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10 . Matthaes, K.: 
Zeitschr . f. Metall
kunde, Bd . 24, No ~ 8, 
Aug . 1932, pp. 176- ' 
180 

11. ' Johnson, J. B., 
and Oberg, Tu re: 
Metals and Alloys, 
vol. 4, no. 3, 
March 1933, pp. 25-
30 

Dynamische ,Festigkeitsei g en
schaften e~niger Leicht
metal1e. 

This author found in
creases in impact streng th 
for some aluminum alloys at 
-110 0 F and nO chan g e from 
room temperatur e values at 
_290 0 ,F. 

Mecha nic a l Propertie s at 
Minus' 40 De g rees of Me tals 
Used in Aircraft Construc
tion. 

In tests made in tha 
mech a nically refri g er a ted 
col d roo m at ~ ri ght Field, 
duralumin rod and for g ings 
showed the follo wi ng results: 

Temper a ture Tensile 
strength 

(lb/ sq in .) 

Yield I Elonga tion I I zod 
strength in ~n ' I impact 

Endur ance 
limit 

(lb/ s q in . ) 
(3 ) 

(lb /sq in.) (percen t) , ' (ft - lb) 
(1) I (2 ) 

Forg ing 
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12. Schwinnin g , \v . : 
VD r Zeits .c hr . , 
Bd. 79"Nr . 2, 
Jan. 19 35 , pp . 35-
40 

Die Festig k eitsei g en s dhaften 
der Werkstoffe bei tiefen 
Temperaturen. 

The res u lt s g i v en in t h i s 
pap er are t abu l ated as fol lows : 

Temper a - ' Tensile Yield I Elonga- Fatigue 
ture strength strength , I' tion strength , 

Alloy set ,::::.'0. 2 in 25 cm 

(OF)~/Sll i n .) 
percent I (percent ) 1106 cy cl es 

(lb/sq in .) / ' (lb/sq in~) 

Pure a luminum 68 21 ,000 18 , 600 14 12,000 
(99 . 5 percent ) - 40· 23 ,000 

h ard dr awn 

Aldrey 68 42 ,000 
- 40 44 , 500 

Bondur , 68 64 ,000 
- 40 65 ,000 

Duralumin 681 B 68 61,500 
- 40 63 ,000 

Dura l umi n DM~l 68 71 ,000. 

13 . 

- 40 74 , 000 

Boone, W. D., 
and Wi shart, H. B . : 
A.S.T. M. Pro c •. , 
vol. XXXV, pt . II, 
1935, pp . 147-155 

19 , 800 11.3 12 , 800 

37,000 12 · 7 16 , 000 
38 , 000 11. 6 13,500 

43 , 000 18 . 3 20 , 000 
48 , 400 19. 9 16 , 300 

49 , 000 I 16 . 9 18,000 
49 , 600 15 ·0 18 , 000 

I 57 ,000 16 . 3 20 , 000 
I 

56 , 000 . i 17 .1 20 , 000 

~ J 

Hi gh -Sp ee d F a ti gu e Tests of 
.Seve r a l ~er rou s and Non

- Ferrous Metals at Lo w T e m
p er atu r es . 

Rot at in g - be a m fati gue 
tests made i n t he cold room at 
Wri g ht Field on duralumin sp ec
imens indic a te the follo win g : 



8 

14. 

NACA Te c hn i ca l Note No . 843 

Tempe r ature Endu r an c e , limit 
based on 50 , OOQ , OOO c y cles 

(lb ! sq i n .) 

80 
-40 

Moore , H . F .• 
Wishart , H. B ., 
and Ly on, S. W. : 
A. S . T.M . Proc ., 
vol. XXXVI , pt. 
II , 1 93 6 , pp . 110-
117 

, Tempe r ature 

70 
- 40 

1 7 , 000 
21 , 000 

Slow-Bend a nd Impact Tests 
of No tc hed Bars at Low 
Temperatures . 

Tests mad e on 17S- T 
rod in one of the c old rooms 
at Wright Field h ave shown 
the following results: 

Slow bend tests 
ener gy f o r 
fracture 
(ft-lb) 

,'I n • '00 
13 . 82 

Impact tests 
ener gy for 
fra c ture 
(ft - lb ) 

(1 ) 

1 8.10 
1 9 .60 

lIzod test, s p ecimen with 45 0 V notch, 0.01 -
inch r adius . 

15 . Bungardt, K. : 
Zeitschr . f . Metall
kunde" Bd. 30 , No.7 , 
J u ly 1 93 8, pp . 235 -
237 

DY,n 'a'mi,s che Fe s t i gk e its e i g en 
schaf ten von Leichtmetall 
Le ~ ierungen bei tiefen 
Temp eraturen . 

Tests made in German y 
on dura lumin rod and sheet 
showed the fol l owing re 
sults: 
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Temperature Endurance Netched bar 
limit impact 

(.oF) (lb/sq in. ) (m-kg/cm;(d) 
( 1 ) 

68 23,000 0.96 
-85 27,000 1.3 2 

lRetating beam machine using 
20,000,000 c y cles. 

9 

1 6. - :N A C A An n u a 1 Rep .0 r t s : 
1936, 1937 The Twent y -second and 

Twenty-t h ird Annual Reperts 
of the Nat ienal Advis or y 
Committee fer Aero nautics 
cemment briefly en a pro
gram .of tests carried out 

17 .. 

,. 

Resenberg, Sa muel J.: 
Res. Paper 1347, Nat. 
Bur • .of Standard~ 
Jour. Res., vel. 25, 
ne. 6, Dec. i94d, 
pp " 673-701 

by the Natienal Bureau of 
St andards in ceeperat i.on 
with the Bure au .of Ae renau
tics on various aircraft 
metals at sub-zero tem pe r a 
tur.e"s. .~h e pro g ram invelved 
what appear s te have been an 
extensive study of preper
ties and impact resistance. 
The follcwin g quctaticn is 
taken fr6m the · Twenty-t h ird 
Annual Report , page 32: 

liThe .only impcrtant 
adverse effect .of lew tem
perature, down te _ 80.0 C 
[-112.0 FJ, is the decreased 
impact resistance of fer
ritic steels, which is in 
marked centrast to the al
uminum allcys and the aus
tenitic steels." 

Effect .of Lew Temperatures 
.on the Prcperties .of Air
oraft Met a ls. 

The conclusiens of 
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Gillett, H. W.: 
Book prepared for 
Project 1 3 of the 
Joint A..S .T. N.
A.S.M.E. ~esearch 
Com'm'ittee on Effect 
of Temperature on 
Properties , of Metals, 
Au g . 1941.,' AlIlerican 
Socie~y foi Testing 
Matirials~ Phi l a: , Pa . 

this , report include the 
following quotat ion: 

liThe effect of sub
zero tem p eratures dovn to 
-78~ C [-109 0 FJ was de
termined on the tensile, 
hardness, and i mpact pro p 
erties of metals commonl y 
us"ed in a ircr aft construc
t ion • . 

liThe te nsi le proper
ties and the hardness of 
all materials were gene r
ally imp rove d at low tem
p eratures . The 
impact resistance of the 
aluminum-b ase alloys was 
not decreased; n 

Imp a ct Resist a nce and Ten
sile Properties of Metals 
at Subatmospheri c Tempera
tures. 

Th is book summarizes 
data, both publ ished and un
published, from numerous 
sources. Tables 125 , 133, 
and 134 d e al specifically 
with aluminum alloys, and 
the text, in reference to 
t h ese tables, states: 

"All t h es e non-ferrous 
alloys are shown to have 
very closely the same prop 
erties at _40 0 F as at room 
tempe rature. 

" No deterioration in 
'p rope rties is met at ":'105 0 F 
in these wrought alloys •. 
the <ietermin at ions at -105,0 F 
could be ' t ake n as chec k ing 
t h e room tempe~ature fi gures. 1I 
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TESTS ON SOLID ROUND RODS AT -120 0 J 

In all the foregoing investigations the materials 
were in the form of small laboratory specimens. In order 
to demonstrate the ability of the various aluminum alloys 
to withstand severe shock loads at low tem p eratures in 
larger size pieces, a series of tests were made on 2-inch 
solid round rods subjected to the blow of a 500-pound tup 
striking at the center of a 36-inch span . All tests were 
conducted under the outdoor impact test to wer at Aluminum 
Research Laboratories and for the low temperature tests 
the specimens were cooled to a temperature of -120 0 F by 
use of a mixture of dry ice and kerosene . Fi gure 1 shows 
the six specimens following the low temper a ture drop 
tests. The height of drop used in each Case and the per
manent sets, both at ordinary temperature and at low tem
perature, are given in the following table: 

Height of drop i Bermane n t set 
Alloy of 500-lb tup Ci n o ) 

Cin. ) Rod at 75 0 F-rRod at _120 0 P' 

27S-T 120 4 5/s 4 3/ 4 

l7S-T 96 4 1/ 8 4 3/ 16 

61 S-T 96 5 1/ 4 5 1/4 

A17S-T 84 511 8 
5 5/ 1 6 

53S-T 84 5 5/ e 5 3/ 4 

5 2S-1;4 H 72 6 6 

CONCLUSION 

On the basis of the foregoing test re s ults, it Ca n be 
concluded that aluminum alloys, in gener a l, either rem a in 
unchan g ed or show an imp rovement in streng th and ductility 
when ex p osed to low tem p eratures. 

Aluminum Research Laboratories, 
Aluminum Company of America, 

New Kensin g ton, Pa., December 10, 1941. 
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