










Thermal Expansion oj Some Bronzes 85 

The ternary diagrams in figure 5 show the influence of additions of 
tin and zinc on the coefficients of expansion of copper-tin and copper­
tin-zinc alloys for three ranges of temperature. The effect of different 
contents of tin and lead in leaded bronzes is shown in a similar manner 

PERCENT TIN 

2 4 G 8 10 14 
PERCENT TIN 

FIGURE 5.-Portions of trianJular diagTams indicating the effects of composition on 
the coefficints of expansion (in millionths per degree centigrade) of copper-tin and 
copper-tin-zinc alloys. 

C=Cast. 
CA=Cast and annealed. 
CR= Cold-rolled. 

I-I = Hot-rolled. 
I-IA = Hot-rolIed and annealed. 
I-ID=Hot-rolled and dl'Rw.6. 

in figures 6 and 7. These figures are based on the data in table 2 and 
previously published results of the author [6, 7, 9]. These diagrams 
show, in general, that the coefficients of expansion of the bronzes 
increase as the content of these addition elements is increased. 
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FIGURE 6.-Portion of triangular diagram indicating the effects of composition on 
the coefficients of expansion (in millionths per degree centigrade) of copper-tin 
and copper-tin-lead allays between 20° and 100° C. 

C=Cast. 
CR=Cold-rolIed_ 

H=Hot-rolIed. 

HA = Hot-rolled and annealed . 
HD=Hot-rolled and drawn. 

X=Treatment unknown. 
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FIGURE 7.-Portion of triangular diagram indicating th., effects of composition on 
the coefficients of expansion (in millionths per degree centigrade) of copper-tin and 
copper-tin-lead alloys between 200 and 2000 c. 

C=Cast. HD =Hot-rolled and drawn. 
CR= Cold·rolled. X ='l"'reatment unknown. 

H=Hot-rolled. 
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The limiting coefficients of expansion of different bronzes for three 
temperature ranges are given in table 3. 

In cases where comparison was possible, the data presented in this 
paper were found to be in good agreement with the results of other 
investigators. 

TABLE 3.-Ranges of coefficients of linear expansion a of various bronzes 

Alloys 

Copper-tin (0 to 15.0% tin) _________ _________ ____________ _ 
Copper-tin-zinc (8 to 12% tin, 2 to 4% zinc) ______ ______ _ _ 
Copper-tin-lead (2.0 to 11.6% tin, 2.1 to 26.6% lead) ____ _ _ 
Copper-tin-zinc-lead (5.0 to 6.7% tin, 2 to 5.1% zinc, 1.5 to 

7.5% lead) . . 
Copper-aluminum (7.3 to 10% aluminum) ______________ _ 
Copper-silicon b (3.0 to 4.4% silicon) ____________________ _ 

Average coefficients of expansion per degree 
centigrade 

20° to 100° C. 20° to 2000 C. 20° to 300° C. 

X 10--
16.B to IB.O 
17.B to IB.l 
17.2 to 19.0 
17.8Jo l B. l 

16.2 to 17.1 
17.20 to 17.4 

XIG-' 
17.2 to IB.2 
lB.l to lB.5 
17.3 to 19.9 
18.1 to lB.4 

16.3 to 17.3 
17.5' to 17.B 

XlO--
17.6 to IB.6 
lB.5 to lB.7 

16.8 to lB.2 
lB.Oo to lB. 1 

• Data from previous publications by the author [6, 7, 9] were also used in the preparation of this tahle_ 
b Con tain 1% manganese. 
o Coefficients of contraction of a cast 4.4% silicon hronze were found to be 16.3XI0-6, 17.3Xl()-o, and 

17.9XI0-- for the ranges 1000 to 20° C, 200° to 20° C, and 300° to 20° C, respectively. 
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Works Agency, Work Projects Administration for the City of New York 
under the sponsorship of the National Bureau of Standards. To date, 14 tables 
have been made available through the National Bureau of Standards. These 
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Legendre functions (MT15), prepared by the Bureau. 

MTl. TABLE OF THE FIRST TEN POWERS OF THE INTEGERS FROM 1 TO 1000: 

(1938) VIII + 80 pages; heavy paper cover. 50 cents. 

MT2. TABLES OF THE EXPONENTIAL FUNCTION e%: 

The ranges and intervals of the argument and the number of decimal places in the entries 
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- 2.5000 to 1.0000 
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Interval of x 
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o to 2 at intervals of 0.0001. 
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(1940) XXVI+444 pages; bound in buckram, $2.00. 
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Logarithms of the integers from 1 to 50,000 to 16 places of decimals. 
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MT8. TABLES OF PROBABILITY FUNCTIONS, VOLUME I: 

Values of these functions to 15 places of decimals from 0 to 1 at intervals of 00001 and from 1 
to 5.6 at intervals of 0.00l. 

(1941) XXVIII + 302 pages; bound in buckram, $2.00. 
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MT9. TABLE OF NATURAL LOGARITHMS, VOLUME II: 

Logarithms of the integers from 50,000 to 100,000 to 16 places of decimals. 
(1941) XVIII + 501 pages; bound in buckram, $2.00. 

MTlO. TABLE OF NATURAL LOGARITHMS, VOLUM!! III: 

Logarithms of the decimal numbers from 0.0001 to 5.0000, to 16 places of decimals. 
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