






minum-copper-iron alloy of the present investigation 
are about 1 X 10- 6 greater than those reported by 
Kempf for an alloy containing 9.9 percent of copper 
and 1.1 percent of iron. 

In an inve tigation of the physical properties of 
aluminum alloy at elevated temperatures as one 
phase of research by ational Advisory Committee 
for Aeronautics on aircraft engine materials, determi­
nations of the linear thermal expansion of samples 
of rolled aluminum-copper-magnesium, aluminum­
copper-nickel, aluminum-silicon-magnesium, and alu­
minum-copper-nickel-magnesium alloys were made. 
The chemical composition and heat treatment of 
these samples are indicated under F , G, I , and J of 
table 1. 

The observations obtained on heating and cooling 
the samples of aluminum-copper-magnesium, alumi­
num - copper -nickel, aluminum - silicon -magnesium, 
and aluminum-copper-nickel-magnesium alloys to 
variou temperature between room temperature and 

00° F (427° C) are shown in figures 6 to 9. The 
expan ion curves indicate that the linear thermal 
expansion of the samples increases with temperature. 
The contraction curves of the samples aged at 700 ° F 
(371 0 C) and at 00° F (427 ° C) lie closer to the 
expansion curve than the contraction and expansion 
curves of the samples aged at lower temperatures. 

F, G, I , and J of table 1 give coefficients of expan­
sion and coefficients of contraction of the heat­
treated aluminum-copper-magnesium, aluminum­
copper-nickel, aluminum-silicon-magnesium, and 
aluminum-copper-nickel-magnesium alloys. These 
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FIGURE 7. Linear thermal expansion (in millionths per unit 
length) of aluminum-copper-nickel alloys containing 4.0 per­
cent oj copper and 2.0 percent Of nickel by weight. 

Sample 1776, solution heat· treated at 960° F (516° OJ for 1 hr, quenched in 
water, and aged at 340° F (17 1° OJ for 10 hr; 1776A, same treatment as sample 
1776, then aged at 700° F (371° OJ for 100 hr; 1776B, same treatment as sample 
1776, then aged at 800° F (427° OJ for 500 hr. 

coefficients were derived from the expansion and 
contraction curves in figures 6 to 9. The average 
difference between the coefficients of expansion of 
the samples aged at 700 ° F (3 71 0 C) and at 800° F 
(427 ° C) compared to the corresponding coefficients 
of the samples aged at lower temperature is ± 0.6 X 
1O-6jdeg C, but the average difference between the 
coefficients of contraction of the samples aged at 
700 0 F (371 0 C) and at 800° F (427 ° C) compared 
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FIGURE 8. Linear thermal expansion (in millionths per unit 
length) of alwninum-silicon-magnesium alloys containing 
12.2 percent oj silicon and 1.2 percent oj magnesium by 
weight. 

Sample 1779, solution heat·treated at 960° F (516° OJ for 1 hr, quenched in 
watcr, aged at 340° F (171° OJ for 12 hr; 1779A, sarue treatruent as sample 1779, 
then aged at 700° l' (37Jo OJ for 100 hI'; 1779B, samc treatment as sample 1779, 
then aged at 800° F (427° OJ for 500 hr. 
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FIGURE 9. Linear thermal expansl:on (in millionths pel' unit 
length) oj alumimtm-copper-nickel-magnesium alloys con­
taining 3.9 percent of copper, 2.1 percent of nickel, and 1.4 
percent of magnesium by weight. 

Sample 1777, solution heat·treated at 960° F' (516° OJ for 1 hr, quenched in 
water, aged at 340° F (171° OJ for 10 hr; 1777A, same treatment as sample 1777, 
then aged at 700° F (371° OJ for 100 hr. 
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FIGURE 10 . . !,ortion of ternary diagram i ndicating the effects 
of composttwn: ( per~enta~e. by weight) on the coeffic ients of 
lwear expanswn (w mtllwnths per degree centigrade) of 
annealed alumi num-copper-nickel alloys f or the range 200 to 
3000 C. 

O. From data in figure 2; () . authors (24.3); Willey an d F ink (24 .2); e Kempf. 

to the corresponding coefficients of the samples aged 
at lower temperatures is only ± 0.2 X 10- 6/deg C. 
~~e coefficie~ts of expansion of the aluminum-
~l~con-magnesmm alloy containing 12 percent of 

sihcon are nearly 15 percent less than those for the 
a~uminum-copper~magnesium, al umin um-copper­
lllckel, and alummum-copper-nickel-magnesium al­
loys containing about 4 percent of copper. 

Th.e dimensional changes of the samples of 
a~umlllum-c<?pper-~~gnesium, ~ l umin um-copper­
lllckel, alummum-sihcon-magnesmm and aluminum­
copper-ni~kel-magnesi1!m alloys at r~om temperature 
a.fter heatm!S a~d COOllllg during the thermal-expan­
SlOn determmatlOns were less for the samples aged at 
700 ° F (371 ° C) and at 800 ° F (427 ° C) than for 
those aged at lower temperatures (last column of 
table 1). 
. Figure 10 indicates average coefficients of expan­

Slon of annealed aluminum-copper-nickel alloys for 
the range from 20.° to 300° C. Values obtained by 
Kempf [2] and WIlley and Fink [9] are included in 
the t.ernary diagram. Coefficient of expansion of 
ll:lummum-copper alloys were taken from the straight 
~me (20 0 to 300 0 C) shown in figure 2. The curves 
m figure 10 were derived from the data shown in this 
ternary d.iagr.am. Each curve (or straight line) 
called an Isodll,1 represents a constant coefficient of 
expansion for various ternary compositions for a 
definite .temperature range. 

. The IsodIls for t he annealed aluminum-copper­
lllckel alloys are nearly perpendicular to the alumi-

7 Tl?e word "isodil" was d9ri ved in 1931 by Hidnert, from Hiso" (Greek 1808, 
meanmg equal) and from the first three letters of " dilatation". 
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FIGURE l~ .. Portion of ternary «iagram indicating the effects of 
compos~twn. (perce!!tage by wetght) on the coefficients of linear 
expanswn (tn mtllwnths per degree centigrade) of annealed or 
heat-treated aluminum-si licon-copper alloys for the mnge 
200 to 3000 C. 

O. Authors; •. [rom data in figure 2; ct. from data in fi gure 3' () Barber (1949)' e . M aresca (1936). • • • 

num-nickel side of the t.e~·nary diagram, and indicate 
the effects of composltlOn on the coefficien ts of 
expansion of these alloys. 

The coefficients of expansion of the heat-treated 
aluminum-silic?J?--magnesium alloy containing abou t 
~2 percent of silIcon :;tnd 1 percent of magnesium are 
m close agree~ent wIth tJ;te coefficients of expansion 
reported by WIlley and Fmk [9] for an annealed and 
a heat~t~'eated alloy of approximately the same 
composltlOn. 

T able 4 gives coefficients of expansion of alumi­
num-copper-nickel-magnesium alloys investigated by 
Bollenrath [8] and Barber [12] . The mean of the 
coefficients of expansion of these alloys for the ranges 
from 20 ° to 100° C and from 20° to 200 ° Cis 0.7 X 10- 6 

s~aller than the mean of the coefficients of expan­
SlOn of .the samples of the aluminum-copper-nickel­
magnesmm alloys of the present investigation for 
the correspondlllg temperature ranges. For the 
range from 20° to 300 ° C, the corresponding differ­
ence between the means of the coefficients of ex­
pansion is 0.3 X 10- 6• 

Figure 11 indicates average coefficients of expansion 
of annealed or heat-t reated aluminum-silicon-copper 
alloys for the range from 20 0 to 3000 C. Values 
~eported ~y Marcsca [15] and BarberS [12] are 
mclud~d III the ~ernary diagram. Coefficients of 
expanSlOn of alummum-copper and aluminum-silicon 
were t~lmn from the straight lines (20 0 to 3000 C) 
shown m figures 2 and 3 . 

, Barber reported values ranging' from 20.6 to 21.6XI0-6 for 4 samples containing 
11.0% of slhcon and 5.0% of copper. The spread of the values is large and ap­
parently nom mal values were reported for the chemical compOSition .• Accord­
mg~y •. the average of his values (21.2 x 10-6), indicated in figure 11. was ignored in 
den vmg the curves. 
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TABLID 4- . Coefficients oj expansion oj aluminum-copper-nickel-magnesium alloys by othe'r observers 

Ohemi cal composi tion (by weight) I Average coeffi cients of ex pansion pcr degree centigrade 
Observer Date 'J' rcatrnent --------------------------------

A I • Cu Ni M g Si Fe 20° to 100° C 2)° to 200° C 20° to 300° C 20° to 400° C 20° to 500° C 
------- --- ---- -----------

% % % % % % 
Ann ea led at 520° 0 for 24110urs and Bollenrat ll. ___ 1933 92.5 4 2 1. 5 ------ --.-_. 23. 2X lO--< 23.8XlO--< 24 .6X lO--< 25. 5X lO-< 26. 2X IO-' 

cooled to room tem perature in 16 
hours. 

W rought, quenched from 511° C in 
fairly hot water, and aged at 

21. 4 22.5 23.8 ------------ ------ ---
BarbeL __ ____ 1949 92.21 3. 76 1. 85 1. 33 0. 45 0.40 

room telnperature. 
Same treatment as pl'eceding, then 21. 5 22.7 23. 6 ---- -- -- ---- -----------

viveu stability beat treatment at 
300° O . 

• By difTereuce. WEIGHT 
o 10 

J The isodils for t he annealed or heat-treated alumi­
num-silicon-copper alloys are nearly perpendicular 
to the aluminum-silicon side of the ternary diagram, 
and indicate the effects of composition on the 
coefficients of expansion of these alloys. 

Coefficients of expansion of a cast and of an an­
nealed aluminum-coppel'-tin-zinc alloy containing 
about 2 percent of copper , 1 per'cent of tin, and 1 
percen t of zinc are given in table 1, K . The coeffi­
cien ts of expansion of the annealed sample for the 
temperature ranges to 200° C are less than the 
coefficients of expansion of the cast sample. 

A comparison of the coefficient of expansion of the 
ample (1205) of annealed aluminum-silicon-copper­

manganese alloy 9 from 20° to 300° C with the isodils 
for annealed aluminum-silicon-copper alloys in figure 
11 indicates that the addition of 1.1 percent of 
manganese and n early 1 percen t of iron to a ternary 
aluminum-silicon-copper alloy containing 20 percent 
of silicon and 3 percen t of copper , reduces the coeffi­
cien t of expansion . 

The effects of additions of copper and nickel to 
aluminum-silicon alloys are indicated in figure 12, 
which was prepared from the data shown in table 1, NI , 
and in figure 3 · and from data by Bollenrath [8], 
Bungardt and Schaitberger [16], and Barber [12l_ In 
every case except one, the additions of copper and 
nickel caused a decrease in the coefficients of 
expanSlOn. 

The effects of Lhe addition of 4.2 percent of nickel , 
3.1 percent of coppel', and 1.1 percent of manganese 
and of 4.4 percen t of nickel, 4.1 percent of copper , 
and 1.4 percent of molybdenum to aluminum-silicon 
alloys are also indicated in figure 12 . These addi­
tions caused a decrease of about 2X 1O-6/deg C in 
the coefficients of expansion. 

g Also containf. nearly 1% of iron. 
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FIGURE 12. Effects oj additions of two or three elements (Cu, 
l j , Mn , and Mo, percentage by weight) on coefficients oj I B 

linear expansion of aluminum-silicon alloys. 
Coemcicnts of expansion of aluminum-silicon alloys represen ted by straight 

lines from figure 3. e, AI-Si-Cu-Ni alloys; 0 , AI- Si-Ni- Ou-Mn alloys; . , 
Al-Si-Ni-Cu-Mo alloys. 1. Cu 7.2, Ni 7.2; 2. Cu 9.9, 1 i 4.0; 3. Cu 9.8, Ni 3.9; 4. 
Ou 1.0, Ni 1.0; 5. Ni 4.4, Ou 4.1 , Mo 1.4; 6. Cu 8.0, Ni 4.1 ; 7. Ou 4.0, Ni 4.1; 8. Cu 
4.5, Ni 1.5; 9. Ni 4.2, Cn3.1, Mn 1.1; 10. Ou 1.5, Ni, 1 pcrcent by weight. 1, 2,3, 
5,6,7, and 9, authors; 4, Barber (1949); 8, Bungardt and Schaitberger (1939); 10, 
Bollenmtb (1933) . 

219 

1 6 

1 40~----~--~~----L---~~--~----~----~~~4~O 



5 . References 

II] P. Hidnert, Thermal expansion of aluminum and various 
important aluminum alloys, Sci. Pap. BS 19, 697 
(1923- 24) S497. 

I2] L. W. Kempf, Thermal expansivity of aluminum alloys 
Trans. Am. Inst. Mining Met. Engrs., Inst. Metal~ 
Div. 104, 308 (1933) . 

'[3] P. Hidnert and W. Souder\ Thermal expansion of solids 
NBS Circular 486 (1950) . ' 

'[4] F. C. Nix and D. MacNair, The thermal expansion of 
pure metals: copper, gold, aluminum, nickel, and iron , 
Phys. Rev. 60, 597 (1941). 

'[5] C. S. Taylor, L. A. Willey, D . W. Smith, and J . D . 
Edwards, The properties of high purity aluminum, 
Metals & Alloys 9, 189 (1938) . 

[6] P . Hidnert and W. T . Sweeney, Thermal expansion of 
beryllium and aluminum-beryllium alloys Sci. Pap. 
BS 22, 533 (1927) S565. ' 

[7] Metals Handbook, Am. Soc. Metals, p . 1156 (1948). 
[8] F . BOllenrath, Ausdehnungsmessungen an Aluminium­

Gusslegierungen filr Motorkolben, Metallwirtscbaft 
12, 85 (1933). 

[9] L . A. Willey and W. L. Fink, An interferometer type of 
dil.at.ometer, and some typical results, Am. Inst. 
Mmmg Met. Engrs., Iron and Steel Div. 162, 642 
(1945). 

[10] Metals Handbook, Am. Soc. Metals, p . 1159 (1948) . 
[11] Broniewski and Smialowski, Sur les aJliages aluminium­

silicium, R ev. Met. (Mem.) 29, 542 (1932). 
[12] C. R. Barber, Some physical properties of aluminium 

alloys at elevated temperatures; Part 2 Linear 
thermal expansion, Metallurgia 41, 15 (Nov.' 1949). 

[13] W. Broniewski and L . Sliwowski , Sur les alJiages an t i­
moine-etain, Rev. Met. (Mem.) 25, 312 (1928). 

[14] Metals Handbook, Am. Soc. Metals, p . 1166 (1948). 
[15] C. A. Maresca, Dilatazione della leghe leggere per 

stantuffi di motori a scoppio aile temperature d i 
funzionamento, L'Industria Meccanica 18, 1 (1936). 

[16] W. Bungardt and G. Schaitberger, Vber die thermische 
Ausdehnun g von Gleitlager-Legierungen, Z. Metall­
kunde 31, 240 (1939). 

WASHINGTON, July 18, 1951. 

220 

( 


