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Abgract

This work indude prepare five dloys of bronze (Cu-5wt.%Sn, Cu-10wt.%Sn, Cu-
15wt.%Sn, Cu-20wt.%Sn, Cu-25wt.%Sn).These dloys were then subjected to tensile
tests to determine the tensile strength (MPa) and e ongation(%) for each aloy. Tensile
tests were paformed according to ASTM-EBMATLAB language was used to determine
the mathematical modd for tensile strength and elongation with respect to aloy
composition.MATLAB results showed tha there is a multiple linear modd between

tensile resultsand aloy composition.
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Introduction

Bronze are generaly considered
aloys of copper containing tin and can
certainly contain other eements [1].
Chemicd, civil, mechanical, materials,
aerogpace, and biomedical  engineers
need to predict the tensile strength of
metal parts as a function of their aloy
composition [2]. A modd is a
representation of something constructed
and used for a particular purpose. We
use modds constantly in all walks of
life because they present a simplified
view of the world which highlights the
parts which interest us [3,4]. In this
study we conclude the multiple linear
modd which interest us in engineering
metdlurgy.

The multiple linear modd can be
described as follows. Supposethat y isa
linear function of the two or more
vaiablesx,, Xa,.... For example:

y=atag X ta X (1)

To find the coefficient values of ag, a,
and ai to fit a set of data (y, Xn X2) in
the least squares sense, we can make
use of then fact that the left-division
method for solving linear equations uses
the least square method when the
equation set is overdeermined. To use
this method, let n be the number of data
points and the linear equation in matrix
form asfollows:
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Wheregégflgl Xz, andyy; are
thedata, i=l.......n. The
solusion for thecodficientis
given by a=X/y [5,6].

Experimental Procedure

The material provided for this
study was in the form of
commercialy produced copper
and tin. These materids was
subjected to casting to prepare
five-aloys of bronze as shown in
Table(1).

Table(l) wt.% of Bronze Alloys
X,(Sn)wt.% XACu) Wt.%

5 95

10 20

15 85

20 80

25 75

The samples then wee
subjected to tensile tests. Sub-
size standard tensile bars were
machined from the castings
according to ASTM-E8.
Aschematic depicting a finished
tensilebar isshownin Figure(l).

Resultsand Discussions

The tensile strength
and dongation data for alls
are repoted in Tablg2)as
fdlows:

Table(2) Tensile Results

Alloy Tensle |Elongation(%)
(MPa)

CubSn |510 57

Cu-I0Sn |520 68

Cu- 532 70

15Sn

Cu20Sn |540 73

Cu255n |551 77
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A corrdation  between  mechanica
properties and aloy composition can be
discussed asfollows:
1. Tensile Strength and Alloy
Composition

The tension strength (y) required
to bresk a bronze bar is a function of the
percentages X] and X2 of each of two
dloying dements present in the metal.
The Table(2) gives the pertinent data
and the linear modd obtaining from
these data using MATLAB language is
(y= 0+ 7.04 xi+ 5 x,). The script fileis
shown in Figure(2). The vectar y, is the
vector of tensle drength values
predicced by the modd. The scaar
Max_Percent_Errar is the maximum
percent aror inthefive predicaions

Figure(3) and Figure(4) illustrate\
thetensile strength as afunction of thef
percentage X) and X2 of each of two
dloying dements present inthe bronze ;
2. Elongation and Alloy Composition

Inthe sameway the corrdation of t
the alloysis represented by (y) as as
function to the percentagexi and x, off
each of two dloying d ements present inf
thebronze Thelinear moddl is(y=0 +|
1455 X, +0.555x,) andthe sript fiji' is
shown in Figure(5). Figure(6) ancj
Figure(7) show the accordaional
dongation a a function of
percentage Xi and X, of each of
aloying dements present inthe bronz
Condusions
1. A multiplelinear moded of tengjj
strength of bronzedloysis:

TensleStrengh  (MPa)=
7.04(wt.%Sn) +5(wt.%Cu).
2. Tensilestrength change linearly i
function to the percentages of Sn
Cu
3. A mutiplelinear modd of dongtj
of bronzealoysis.
Elongation (%)= 0+ ] AS5(vd J*

+0.555(wt.%Cu).
4. Elongation change linearly
function to the percentages of Sn|
Cu
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Figure(1) Schematic of machined tensile bar (astm-e8).
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XI=[S 10 15 20 29" ;x2=[95 90 85 80 75];
Y=[510 520 532 540 551]";

X Jones(3ize(xr)) X' x2;

Ay

yp =Xd |
Hax_Percent_ErrQr=10Q*iax(abs((yp-y),/y))

» Dronze
|amng: Rank deficient, rank = 2 tol = 2. 1174e-Q13,
> In e:\HATLABGpS\ uork\ bronze. n at line 4

Max Percent Error =
0. 2632

Figure (2) Script file of tensile strength data
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XI=[5 101520 25]:x2=[95 90 85 80 75] "
y'=[57 68 707377]"
X'=[Qnes(size(xI")) xI'x2:

Xy

X"

HaxJercentJrror=10Q*iaax(abs( (yp-y)),/y))

» bronzel
Warning: Rank deficient, rank =2 tol = 2.1174e-013,
> Ine\MTLABGpSWork\bronzel, i a line 4

HaxercentError =

5,2632

Figure(@) Script file of dongation data.
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Tin Percent-Tensile Strength Relationzhip
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Figure(4) Tin percent-tensibe strength relationship,

Copper Percent-Tensile Strength Relationship
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Figure[5) Copper percent - 1ensile strength relationship
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Tin Percent-Elongation Relationship
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Figure(&) Tin percent-elongation relationship.

Copper Percent-Elongation Relationship
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Figure( 7y Copper percent-elongation relationship.




