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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
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Frcure 5.—Portions of triangular diagrams indicating the effects of composition on

the coefficints of expansion (in millionihs per degree cenligrade) of copper-tin and
copper-tin-zinc alloys.

C=Cast. H=Hot-rolled.
CA=Cast and annealed. HA=Hot-rolled and annealed.
CR=Cold-rolled. HD=Hot-rolled and drawn.

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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Fraure 6.—Portion of triangular diagram indicating the effects of composilion on
the coefficients of expansion (in mallionths per degree centigrade) of copper-tin
and copper-tin-lead alloys between 20° and 100° C.
C=Cast. HA=Hot-rolled and annealed.

CR=Cold-rolled. HD=Hot-rolled and drawn.
H=Hot-rolled. X=Treatment unknown.
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FrcuRre 7.—Portion of triangular diagram indicating the effects of composition on
the coeflicients of expansion (in millionths per degree centigrade) of copper-tin and
copper-tin-lead alloys between 20° and 200° C.

C=Cast. HD=Hot-rolled and drawn.
CR=Cold-rolled. X="Treatment 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® of various bronzes

Average coefficients of expansion per degrce
centigrade
Alloys
20° to 100° C. | 20° to 200° C. | 20° to 300° C.

X10-8 X10-6 X10-8
Conpactin (0Ito E5006 tin) et o oo ml tin o e 16.8 to 18.0 17.2 to 18.2 17.6 to 18.6
Copper-tin-zine (8 to 12%, tin, 2 to 4% zine) . ___.________ 17.8 to 18.1 18.1 to 18.5 18.5 to 18.7
Copper-tin-lead (2.0 to 11.6% tin, 2.1 to 26.6% lead) ... _. 17.2 to 19.0 17,3 00519:9 15 3C et J) e
Cop[:yerl-tilg)zinc-lead (5.0 to 6.7% tin, 2 to 5.1% zinc, 1.5 to 17.8 to 18.1 Al 7o b8 ) (BRI i

7.5% lead).

Coppgr-aluminum (7.3 to 10% aluminum) .. .. ._________ 16.2 to 17.1 16.3 to 17.3 16.8 to 18.2
Copper-silicon b (3.0 to 4.4% silicon) ... ... ... 17.2¢ to 17.4 17.5¢ to 17.8 18.0¢ to 18.1

= Data from previous publications by the author [6, 7, 9] were also used in the preparation of this table.

b Contain 19, manganese. o

e Coefficients of contraction of a cast 4.4% silicon bronze were found to be 16.3X10-5, 17.3X10-5, and
17.9X10-¢ for the ranges 100° to 20° C, 200° to 20° C, and 300° to 20° C, respectively.
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