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A Study on the Friction and Wear of Bronze
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ABSTRACT

The effect of bronze smtered friction matenals on fiictional and mechanical properties 15 studied with the
content(8~ 18 wt,%} and shapes (flake and miegular) of graphite that is used as solid fubricants to meet diverse
characteiistics such as low coefficient of fiiction, low wear rate and high bendmg strength The content and
shapes of graphite are optimized by statistical experiments Friction test was carried out measwe friction
coefficient, temperature dependence and wear rate. As a result of expermments, the density, hardness and bending
strength with a shape of flake graphite are lower and decrease rapidly than that of mregular, as the content of
graphite mncreases up to 18 wi% After friction test, coefficient of friction is 03~04 and wear rate is 032~
298%107cnVkg - m When the content of graphite ncreases, coefficient of friction mcteases i a shape of flake
graphite and decreases 1n a shape of uregular graphite
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1. Introduction preduced which rely on sintered metal clutches or
brakes to produce the force wvital to therr operation and

The studies of smtered metal fiiction have been  control.  These smtered metal fuction mateiials

steady progressed and avalable the early 19309 composed of three mamn components like matix, solid

Today such copper based and mon based sintered lubricant and friction modifier mgredients All of three

fuction materials are being used 1 the heayy MAIN components have an important effect on the

wndustries Trucks, tractors, tanks and anplanes are now ftiction performance In particular, solid lubricants have

an 1mportant effect on mechanical and physical
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15 extremely much used as solid lubricant It 15 know,
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fiiction materials are nfluenced by the particle sizes,
shapes, content of graph;te”hs] In this paper, using a
shape of flake and irregular graphute that particle size
15 constant, the influence of a shape and content of
graphite on friction and wear of cooper based sintered

fitction materials was mvestigated

2. Experiment

The experimental procedures are detaded i Fig 1
Specimens were prepared from commercial powder
Atomized tin powder was chosen as hgud phase
sintering agent to strengthen the matrix In addition,
silica was used as fricton modifier and a shape of
flank and wregutar graphite as a sohd lubricant The
particle size distribufions of two shapes are similar
each other According to the composition given
Table 1, powders were mixed m a V-cone mixer for

30 minutes Graphite was added 10 munutes before the
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Fig. 1 Flow diagram of manufacturing processes of
friction materials

Table 1 Compositions of cu-based sintered friction

materials
Graphite | Copper | Tin | Silica | Iron | Theoretical

density
wits with | wi% | witd | wi% (g/em’)

8 765 | 85 6 1 6313

10 747 | 83 6 1 6 049

12 729 | 81 6 1 5804

14 710 | 79 6 1 5579

16 693 | 7.7 & 1 5370

18 675 | 1.5 6 1 5176

end of the mixmg cycle wn order to reduce the bwid
up of a barner layer on the matrix metal particle The
presence of the barrier layer on the matrix metal
particle would obstruct the formation of interparticle
bonding dunng sintermg!™” The mixed powders were
compacted mto a cylindeiical shape n a floatmg die
using a 100 tons hydraulic press
of 4

specimens The green compacts were placed on cooper

The compacting
pressure tons/fem’  was mamiained for all
eletroplated backing plates and sintered for 60 minutes
at 840 in nutrogen atmosphere The sintering pressure
was 25 kgr/cmz. The density of compacted and sintered
specimens was measured using oil 1mmersion method™
The Rockwell hardness was measured usmg 1/2 mnch
dhameter steel ball indenter at 100kgr load

The bending strength was measured with 13 % 32
mm spectmen using bending strength test apparatus'’
Before friction and wear test, the uneven surface were
ground flat in order to mcrease the mitial contact alea
with the
test were performed with 25X 25 mn specimen on a

mating fixction surface Friction and wear

cast won disk using a constant speed friction tester
under 5 keden™, The rotating friction disk was heated
by external heating system The testing temperature
was taised from 100T to 350 at 50T

Wear rate was measuied m terms of the decrease of

mterval,

the specimen thickness after S000 cycles test
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3. Results and Discussion

The density with a shape and content of graphite is
shown in Fig. 2. The density with increasing the content
of graphite reduces linearly regardless of shapes of
graphite. The porosity of compacts added §~18 wt.%
14~18%, 12~14%
respectively. The difference is probably due to apparent
density of graphite. The apparent density measured with
Hall Flowmeter™ is 0.41 g/om in the case of flake
graphite and 0.77 g/ew in the
graphite. As shown in Fig. 2, the sintered density

flake and irregular graphite is

case of irregular

improves with increasing green density and the porosity

reduces with increasing the apparent density of graphite.
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Fig. 2 Green and sintered density with the content

of graphite

The hardness decreases with increasing the content
of graphite, as shown in Fig. 3, The difference of
hardness on a shape of graphite is little at 8 wt.% of
graphite, but is remarkable at the higher content. The
main causes on the difference are probably due to the
strength  of

porosity of specimen and a particle

B Fig. 4 shows the bending strength with the

graphite
content of graphite. When the content of graphite is 8
wt.%, the bending strength is 20-23 kg/mi. With
increasing the content of graphite, Krysin and
Lebedeval reported that hardness of sintered friction
materials increased with the bending strength decreases
10~12 ke,  After

friction test during [0 minutes at the temperature of

linearly and then decreases to

100°C, Wear rate and coefficient of friction with the
content of graphite are shown in Fig. 5 (a) and (b),
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Fig. 3 Hardness with the content of graphite
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Fig. 4 Bending strength with the content of graphite
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respectively Wear iates are about 1354-~265 cn/kgm
When the content of giaphite mcteases The wear rate
of flake praphite 15 relatively lower than that of
nregular graphite.

The coefficient of firction was obtained by averaging
3 values measured foi two munutes durmg test In the
case of flake graphite, the coefficient of friction 1s
about ¢3~04 and similar to that of 8, 10, 12 wi%
added irregular graphite The coefficient of friction of
flake graphite have high values than that of megular
graphite  above 14 wt% To

properties at high test temperature, the friction test of

mvestigate friction

8, 12, 16 wt% added graphite was carried out during
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Fig. 5 Friction properties with the content of graphite

10 minutes at the test temperaiure of 100~350C From
Fig 6 and Fig 7, we can see the vanahons of wea
rate and coefficient of fiwction with test temperature
The wear rate of flake and wregular graphite have the
same tiend When test temperature of about 2007 and
decreases remarkably at the temperature of above 30
0T as shown i Fig. 6. The shdmng surface was
exammed by XRD (X-Ray Diffracton) and surface
oxides like CuO and SnO; afier prnding of surface
fayer can be seen mn Fig. 8. AT the high temperature
of above 3007 wear rate seems to decrease as a
result of the formation of a protective surface oxide
layer like CuO and Sn(; The range of coefficient of

friction 18 03~04 and the vanation of coefficient of
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Fig. 6 Wear rate of specimen with 8, 12, 16 wt.% added
graphite as a fanction of test temperature
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fitetton with the content of graphite have the same

trend as shown m Fig, 7
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Fig, 7 Coffiction of friction of specimen with 8,
12, 16 wt% added graphite as a function of

test temperature
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Fig. 8 XRD analysis of sliding surface

4, Conclusions

Specimens added flake graphite have lower density
and higher porosity than irregular graphite Higher
compacting pressure needs to reduce porosity of
specimens added flake graphite

. The hardness and bending strength of specimen

added flake graphite are lower owng to porosity

In friction test, the wear rate of specimen added
flake graphite 15 shghtly lower than ireegular graphite,
but the coeffictent of friction is relatively gher

At lugh test temperature of above 300°C, wear rate
decreases rapidly because of the formation of a
protective surface oxide layer, but the coefficient of
friction 15 higher than that at low test temperature
coefficient of friction 18 03~0.4 and wear rate 15
032~298% 107cn/kg - m  When the content of
graphite ncreases, coefficient of friction incieases m
a shape of flake graphite and decreases m a shape
of mregular graphate.
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