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Abstract

The use of Cu-AlD; composites for the applications which need théenas with high wear resistanc
thermal and electrical conductivity is the key iimapon for studying wear behavior of Copper -Alumaimeta
matrix composites. This study describes the opuketfor formulating a correlation for weartgaof Cu
Al,O;MMC's. Two types of samples viz. electrolytnd atomized copper powder samples prepared L
route are employed for this research. The 2kfadtorial design is used for designing the wegregiment
The wear correlation is established by regressimtyais and ANOVA. It isoncluded that regression mc
is not best suited for modeling the wear rate sintaractions are dominant.

Keywords: Copper-Alumina MMC's, PM route, Wear, ANOVA.
Nomenclature

We- Wear rate of electrolytic copper, mm3/m.

C - Composition, % AlOs.

L - Load on sample, Kg.

V- Sliding velocity, m/s

1. Introduction

Composite materials have conferred new dinogissito engineering, not possible using trawmi# materials.
They can be designed to assure broad combinatibrzroperties, able to fit the functional and ecdatad)

requirements of a given application. Efficientiteclogy — powder metallurgy, of composite materies able to
join together the high electrical and thermal cartiity of cooper with the thermal stability dfigh hardness of
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alumina to work in synergy in numerous amgtions from the modern technique, requiringaarhigh as
possible electrical/thermal conductivity assodatéth a high stability at electric arch, high éoyg wear and
corrosion resistance and, certainly, a competitiost [1]. In some of these applications, likéeceodes for
electrical resistance welding, Cu.@k composites are already applied — assuringreageerformances than
the presently used materials, e.g. than Cu-W coitgsobut being still considered as —speciall materials due
to their high cost determined by the compkochnologies of elaboration. For other amians, like
medium and heavy duty electrical contacts eledtrodes for electrical discharge (erosiamchining, great
deals of R&D efforts are focused on replacithg existing materials in order to increabeir durability
and viability and reduce cost [2]. Finallytldrd category consists of potential applicatiolise in some
components of turbo-jet or internal combustion eagj of nuclear energetic equipment, heat exchargger, where
it is supposed that the application of Cy@dcomposite materials will have outstanding beng¢8jsin recent years
there has been great deal of interest in partieuksinforced MMC's, in particular those based oistxg copper
alloy. Copper reinforced with extremely firexd uniform alumina dispersions has shownarkable thermal
and mechanical stability. Application of this madétis in the conditions which need high wear resise along
with good thermal and electrical conductivity. Tgresent work focuseson predictingwear behaviaopper based
composites containing 5%, 10%, and15% alumina bigiwtewhich arefabricated by using powder metallcadi
route.

2. Composites Fabrication Procedures

Electrolytic copper powder with an averagertiple size of 45um is used to fabricate composites viz.
electrolytic samples designated as EICu. Calciratlmina powders (Make- Alfa Aesar, USA) haviparticle
size of less than 10im is used in this investigation as reinfoneat. For making Copper composites with
5, 10 and 15 wt% alumina, the copper powdedry mixed in a blender rotating atpaed of 30 RPM for
half an hour using ethanol for dispersing reinfaneat. Compaction is carried out on Amsler Swissversal
Testing Machine. During cold compaction the inteobthe die was rinsed with zinc stearate andaeto provide
lubrication. The compaction was carried out at 38 & 450 MPa. After full application of pressutke load was
held at for 30 seconds and then removed. The sigtef green compacts was carried out in tubulatesing
furnace (3KW) in hydrogen atmosphere at 800°C §6@& 75min. followed by furnace cooling. The iopidm
compaction pressure and temperature for copperimducomposites is selected through literature weVig.

3. Wear Experiment Procedures

The samples fabricated by PM route are tested &arwn a DUCOM make pin on disc testing machin8taswvn
in Figure-1. Standard procedure is used ferfggming the dry sliding wear test [4-7]inRype samples are
tested for wear and wear is recorded. The machikiéear and friction monitor TR -20 Ducdnis a pin-on-disc is
used for testing the wear of Cu®kcomposite pins. During testing the pin specimen kegs stationary while the
circular disc was rotated. The wear test was caroigt as per plan. The wear specimens were testedr udry
(unlubricated) conditions at room temperature icoadance with ASTM G99 standard using a pin oisc dliding
wear testing machine. The apparatus consistedséf 52100 steel (RC55) disc of diameter 215 mm asetbunter
face. The test sample is clamped in a holderhetd against the rotating steel disc. The surfacghness of the
counter face was maintained constant by polishiitly 400 grit paper. The Disc was polished fmmstant time
(about 5 minutes) for all Experiments ensutimgroughness of previous test has been obtairfeestsurface of
specimen was used each time and before essthbbth disc and specimen were cleaned waiétone to
remove any possible traces of grease and othfacsucontaminants. Every time new track radius wsel so that
pin was exposed to fresh surface of counter fadee reading of frictional force was takenredily on the
display of load call. The readings of Tengpere rise of the specimen was taken byertimgy a
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thermocouple wire in the drilled hole of sampledigplayed directly on the control panel. It isid&sle to ensure
same level of cleanliness and roughness of thesdigace to ensure repeatable result

: Dimk spocimen

E . Displacerment sensor
- Fresssuricect ocylirsafess
: Holder S Compressor
P LD s Lomad cell -

- Mrim apecimen

00n>

: FPorasonal computcar

Figure 1: Pin on disc testing machine

4 Factorial design

Factorial design (2 used for analyzing wear is a composite desigrichvhas been initially proposed by Box [8].
There are numerous advantages associated thdthuse of factorial design in conductingeximents. It is
more efficient than the conventional one-factd a time experiments commonly employed rbgearchers,
and also enables to study both, the maid iateraction effects among the factors. FemthHfactorial design
gives combinations near to optimum whereae-fantor at a time procedure does not giv@inmm
combinations. 2factorial design adopted in this study repnés an eight-experiments, where the experimental
points are located at the vertices of a cube awrshio Figure-2. Four experiments represents ancddatre point

to the cube, repeated four times to estimate the puor. The complete experiment consists of l@eaments

divided in to two blocks, each block containing skperiments and one combined block is considered fo. 1 to
12) [9].

Figure 2: Composite design.

This method classifies and identifies the pararseterthree different levels viz. low, centre anghiln this
experimentation, 12 tests were carried at theseldewor each block the model equation for surfaear are
obtained by using the analysis of variance tecteniand regression coefficient for (i) First blocksof tests (trials 2,
3, 5,8, 9 and 10); (ii) Second block of six testgls 1, 4, 6, 7, 11 and 12) and (iii) Combinétbck of twelve
tests (trials 1 to 12). The trials 1 toaB at corner points and obtained by varyiiglh and low values of
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the parameters. Centre point trials viz. 9 to 12 alrtained by keeping parameters at center valsiehawn in

figure-2.
Table 1: Coding of variables for design of experitne
Parameters High Medium Low
Composition 15% Alumina 10% Alumina 5% Alumina
Load 0.5Kg 0.5Kg 0.5Kg
Speed 2 m/s 1.5 m/s 1 m/s
Code +1 0 -1

For first, second and combined block, the regressaefficients are calculated by using ANOVA. Highealue of
regression coefficient gives best wear modeuation. The MINITAB software is used fogression
analysis as well as for finding best fitsed on regression coefficients. Table-2 shdtes experimental
observation during wear test conducted as perrattiesign.

Table 2: Experimental observations

N’I(;I;lal Composition %alumina Loli(; n Speed in m/s We;;ﬂ*}:ﬁ n
1 15 0.5 2 0.000027525
2 15 0.5 1 0.000043254
3 15 0.5 2 0.000015728
4 15 0.5 1 0.00002752
5 05 0.5 2 0.00023485
6 05 0.5 1 0.000417
7 05 0.5 2 0.000064787
8 05 0.5 1 0.00011338
9 10 0.5 1.5 0.0001402
10 10 0.5 1.5 0.0001567
11 10 0.5 1.5 0.0001526
12 10 0.5 1.5 0.0001485

Figure-3 shows variation of coefficient of frictiofictional force and wear rate for trial numbeoflEICu sample.
It is clear from figure-3a that coefficiemtf friction is almost constant. Figure-3b icalies that frictional
force is also almost constant, slight variatiobésause of vibration of samples during the test.
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Figure 3: Output from display unit of pin on diseav test machine.
5 Postulation of Mathematical Regression M odel

It is found from the functional relationship betweeesponse (wear rate) of the fabricated samplek the
investigated independent variables can be repreddyt

W = K& S 1)
Where W is a response wear rate;
C, L, S are the factors composition, load and istjdielocity respectively.
Equation (1) can be written as,
IN(W) = In(K) + In(C) + In(L) +In(S)  (2)
This may represent the following linear matheméticadel,
N = Po Xot Pr Xot P2 Xot B X3 3)

Wheren is true response of wear rate on logarithmic seée 1 (dummy variable); X X,, X3, are logarithmic
transformations of factors composition, load andirsty velocity respectivelyfo, B1, B.andfzare the parameters to
be estimated. Equation (3) can also be written as,

Y1=Y —g = bpXo+ by Xq+ BXo+ X5 4)

Where Y lis estimated response and Y is measureat nate on logarithmic scaleis the experimental error andb
values are the estimatesfbparameters. The ‘b’ values i.e. b0, b1, b2, b8aitee estimated by the method of least
squares, the basic formula is,

b= (X"X)'X"Y

Where ‘X’ is a calculation matrix and {X)is variance matrix.
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Table-3 shows the values of variables hormalizetbgarithmic scale obtained as,
X1=[In(C) —In(9))/[In(9)- In(3)] and so on.

Table 3: Normalized input and output parameterbgarithmic scale

X X2 X5 Y (EICu)
-8.61897E-05 -4.3095E-05 -2.34487E-05 -10.50041588
-8.61897E-05 -4.3095E-05 -1.000041231 -10.04842084
-8.61897E-05 -1 -2.34487E-05 -11.06006799
-8.61897E-05 -1 -1.000041231 -10.50059754
-1.00004E+00O -4.3095E-05 -2.34487E-05 -8.356563545
-1.00004E+00 -4.3095E-05 -1.000041231 -7.782424336
-1.00004E+00 -1 -2.34487E-05 -9.644405592
-1.00004E+00 -1 -1.000041231 -9.084765549
-3.69141E-01 -0.36909744 -0.436860422 -8.872440583
-3.69141E-01 -0.36909744 -0.436860422 -8.761177409
-3.69141E-01 -0.36909744 -0.436860422 -8.787690439

MINITAB is used for analyzing the wear data for regsion. The output of MINITAB for third block @&ICu
samples is shown below.

rRegressiomn anmnalysis: v{(AaATtCu) wersus X1, X2, >x3
The regressHdiorn equation His

Y(Atcug = - 9.7 — 168 X1 o+ 1A.13 ox2 - O. 531 X3
PFredbd ot or coef sE Ccoef (=
ConsTanc -9 . 768605 O, 349 —29 .14 O. 000

>CA — A . 85763 O. 3741 —3 .48 O . O02

X2 . 1L2890 O, 3IFAaL 3. 02 OoO. OLFT

>xX3 —-—O. 5302 D. IFFTF2 -1 .41 O. LO7F

S - O. 5348171 R—Sq =— 79. 3% R—sqCadid) — 7L. 5%
ArnalysHdis of wariance

Source D ss M= = =
rRegress ion = 8. 7620 2. 9207 AO. 27 OoO. O0O0s
rRes diduall Error = 2.2882 O. 2860

TotTtal AR A . OSO2

Sour ce D= seq sSS

> m B S.81L50

>xX=2 T 2. DTODT

>xX=3 X O. 5673

5.1 Calculation of regression coefficient

Regression coefficient,’Rs given by, B= 1 -YSbA (Yi —=Ym))

Where, Sb 3 (Y —Ym)?

Y = estimated response on logarithmic scale. Nieasured response on logarithmic scale.

Ym — mean of measured response on logarithmic scale
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From the MINITAB output Bs tabulated below for various blocks. Th e blodttwhighest value of
regression coefficient gives the better correlation

Table 4: Regression coefficients and b values ifferént blocks

Type of
sample Block bo b, b bs R>
-9.6901 1.0287 -0.0651 -1.6749 0.769
ElCu _9.9895 -1.6250 1.0933 -0.8526 0.791
-9.8398 -1.6499 1.0610 -0.4589 0.752

Thus it is cleared from the Table-4 that for El@mgples regression coefficients is highest corredipgn
to second block (Trial nos. 1, 4, 6, 7, 11, and H&nce the best regression equation is

Y1(EICu) = - 9.99 - 1.62 X+ 1.09 %- 0.853 % (5)

Replacing Y, (EICu) by In(We) and X X, and Xin terms of normalized logarithms of C, L, S andtéking antilog
of equations 5 and 6,

We= 0.001818 C“*°9.099%5 1699

This is wear rate estimation model.

6 Results and Discussion

Main Effects Plot for Wa
Data Means

c L

-
—

0.0002S
0.00020 A
0.0001S
0.00010 -
0.00005 4

\
.

-
W4

0.00025 A
0.00020 A
0.00015
0.00010 H
0.00005 -

‘\

1.'5 2.'5

Figure 4: Main effect plot for factors
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Interaction Plot for Wa
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Figure 5: Interaction effect plot for factor inteti@ns

It is cleared from Figure-4 that compositidtas the highest effect on final wear propsr load has
significant effect but speed has comparativielss significance. Figure-5 reflects that thisrstrong interaction
between composition and load,composition and spHselinteraction between load and speed is nefgigib
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