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ABSTRACT

Brass alloy is widely used because of some attractive properties such as high electrical and thermal
conductivity. But its fatigue performance is not very well explored in literature. Thus, in the present
work, particular emphasis was given to the fatigue behavior of brass of composition 70%-CU and
30%-ZN has been investigated with the aim of studying the factors such as annealing, corrosion
and surface roughness which influence the fatigue-life of brass materials. The endurance limit of
the specimens have been determined by testing under different loads on the fatigue testing machine
and the life cycles of each specimens has been taken after failure of the specimen. Endurance limit
is defined as the alternating stress that causes failures after some specified number of cycles. This
study or investigation with the aim of studying the factors such as corrosion, annealing and surface
roughness which influence the fatigue-life of brass materials has been investigated.
Annealing was done by heating the specimens at temperature of 480 °C for 1 hours and then
allowing the specimens to cool in the control atmosphere for 3 days. Fatigue test for annealed
specimens was done and change in the fatigue endurance investigated .The specimens of groove 1
mm was prepared and the endurance limit of the specimens have been determined by testing under
different loads on the fatigue testing machine and the life cycles of each specimens has been taken
after fracture occurs on the specimen. Corrosion attack was obtained by immersion of specimensin
an salt water for 14 days in order to investigate the effect of corrosion on the fatigue-life of the
material. The corrosion agent was a solution of NaCl with a PH close to 6.5-6.8 and solution
concentration of 38%.Fatigue test at a revolution of 2800 R.P.M at room temperature and without
environment humidity control was carried out on the pre-corroded and non-corroded specimensin
order to investigate the corrosion effect on the fatigue  endurance.
Finally, conclusion is listed concerning change in fatigue-life behavior due to annealing, groove
and corrosion attacks of surface of the brass materials
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INTRODUCTION

Most of engineering failures about 90% are mainkg do fatigue in which the components are
subjected to fluctuating or cyclic loading such saaspended bridges, rails, or airplane wings.
Though the fluctuating load is normally less thha yield strength of the materials, it results in
fracture behavior which is more severe than thhtesed from static loading. Fatigue failures are
therefore unpredictable, and provide high-riskatitins, if the operators are not aware of material
behavior when subjected to fatigue loading. Fatigulere is defined as the tendency of a material
to fracture by means of progressive brittle cragkimder repeated alternating or cyclic stress of
intensity considerably below the normal strengtlthdugh the fracture is of brittle type, it may
take some time to propagate, depending on botmsiteand frequency of the stress cycle.
Nevertheless, there is very little, if any warnibglow failure if the crack is not noticed. The
number of cycles required to cause fatigue failtrparticular endurance strength is generally quiet
large, but it decreases as the stress is increased.

A good example of fatigue failure is breaking antkieel rod or wire with your hands after bending
it back and forth several times in the same plaoc®ther example is an unbalanced pump impeller
resulting in vibration that can cause fatigue f&luThe purpose of studying basic fatigue

mechanism is to understand the process leadingtipué failure. Without information about these

mechanisms it is difficult to design materials witmproved fatigue resistance. The fatigue

resistance is measured by the number of cycles (aterial can resist an imposed load before it
fails. Cyclic loading in general has no repeatattgons or in situations where overloading occurs
as seen in figure 1(a). However, in order to ingase the fatigue behavior according to

engineering purposes, a simple relation betweasst@nd number of cycles failure (time) can be
expressed in a sinusoidal curve. Fatigue behavionaterials can thus be practically described
according to the parameters given as follows;

e Maximum stressdmay)

e Minimum stressdmin)

«  Stress rangeAG= Gmax - Smin)

* Mean stress =ofhax + Omin)/2

« Stress amplitude Sfax- Omin)/2
+ Stress ratio =dmin/ Gmay)

PROBLEM STATEMENT

It has been estimated that at least 75% o all macand structural failures have been caused by
some form of fatigue (Richard G. Budynas, 1998)igu® failures occur most often in moving
machinery parts, example shafts, axles, conneobidg, valves and spring. However, the wings and
fuselage of an airplane or the hull of a submaaresalso susceptible to fatigue failures because in
service they are subjected to variations of strAssit is not always possible to predict where and
when fatigue failure will occur in service and besa it is essential to avoid premature fractures in
articles such as aircraft components, it is comnmmdo full-scale testing on aircraft wings,
fuselage, engine pods and others. This involve @tiog the particular aircraft section or
submarine hull or car chassis in jigs and applyayglically varying stresses using hydraulic
cylinders with specially controlled valves. Accardito the problems stated above, there are two
main problems related to this research which are:

1. When component breakdown down time is inev&abl
2
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2. Unable to predict the time for preventive maiatece
OBJECTIVE OF RESEARCH

The objective of this research is to investigatehmnvarious factors which influence the fatigde li
of a Brass material.

LITERATURE REVIEW

Hani Aziz Ameen et. Al studied the effect of short and long cracks fasbralloys specimens
exposed to bending cyclic load was investigated, tdst applied on a group of standard specimens
until its fracture, data taken could be drawn asive between stress and number of cycles (S-N)
curves which gives the fatigue limit. Results oh¢ai theoretically and experimentally, that were
concluded decreasing in the applied load causeasarg the age and applying high loads in the
beginning and at the end given almost smaller nurapecimen age and the quick growth of short
cracks followed by quick growth of long cracks, tthahe values taken from the theoretical
equations were always greater than experimentabeuwf cycles of failure.

G. Li et. AL® This paper reviews expressions to quantify fatitiie¢éime for four copper alloys,
Cu-Ag-P, Cu-Cr-Zr, Cu-Ni-Be and Cu-AD;. These property models were needed to simulate the
mechanical behavior of structures with copper camepts that were subjected to high heat flux and
fatigue loading conditions, such as molds for thatinuous casting of steel and wall in a fusion
reactor

W. Knapp™ analyzed the results of a study of the effectsrafngsize and environment on the
fatigue life of OFHC copper specimens.

Tests conducted in alternating torsion on specinoérieo different grain size groups showed that
an increase in specimen grain size results in eedse in fatigue life at both high and low strain
amplitudes. Similar tests under low and high hutgidhowed that humidity has a negligible effect
on fatigue life for either high or low strain ampltie and for large or small grain size. The effefts
elevated temperatures were found to be more complex

Ahmad Fitri Bin Zainal Abidin ! Investigated about the endurance limit of aluminbnass and
mild steel that had been done at the surface ofpleeimens on different surface roughness. The
endurance limit of the specimens have been detedniy testing under different loads on the
fatigue testing machine and the life cycles of eggbcimens has been taken after crack occur on
the specimen. The different surface roughnessgmi different life cycles. Then, comparison of
the result needs to be done to get the best miatenadifferent surface roughness to create a good
choosing of materials in industry.

MATERIALS AND METHODS

Test Equipment

Fatigue Machine :-The rotating bar fatigue testing machine is showihe figurel.Two separate
test bars can be clamped at same time , one atesalcdf revolving shaft , one end of the test bar i
fixed in clamping sleeve , the other being loadedugh a bearing with dead weight.

The number of revolutions are read off from theofatton counter, actuated by the shaft, when
rupture occurs in one of the bars, the bearingvegidht fall down , where as the clutch disengage
the corresponding revolution counter when the ottest bar breaks , it's revolution will be
disengaged and at the same time current supplytisftthus causing the machine to stop.
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Figure 2:- Fatigue specimen.

Materials and equipment

a). Fatigue specimens

b). Micrometer or vernier caliper
c). Permanent pen

d). Fatigue testing machine
Specimen Preparation

Material

The material selected for these experiments wassBiiehe specifications of this Brass are
Copper: - 70 percent.

Zinc: - 30 percent.
This Brass was purchased in the form of rod of @i@m19mm and length of 290mm.
Alloy Modulus of Elasticity, §  Onset of 1'yield Yield stress
(Gpa) Ocritical (MP&) Go_z(MPa)
Cu-70%,Zn- 110 47 96.3
30%

Brass has higher malleability than Bronze or Ziflge relatively low melting point of 906G to
94(°C ,depending on composition and its flow charastiermake it a relatively easy to cast. The
density of Brass is approximately 8.4 to 8.73g/cm

THE HARDNESS TEST

Hardness may be defined as resistant of metal dstipl deformation (usually) by indentation.
Hardness is one of the most basic mechanical prepeasf engineering materials. Hardness test is
practical and provide a quick assessment and gwtean be used as a good indicator for material
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selections. The main source of error with indeatatiests is the strain hardening effect of the
process.

However, it has been experimentally determined udino "strain less hardness tests" that the
effect is minimal with smaller indentations. Suddinish of the part and the indenter do not have
an effect on the hardness measurement, as lorfgeasdentation is large compared to the surface
roughness. This proves to be useful when measuhaghardness of practical surfaces. The
indentation techniques used in experiment involkiadd hardness test.

The Brinell hardness number (BHN) is expressechaddad P divided by the surface area of the
indentation. This is expressed by the formula,

P
TXDx.5x(D—,/(D?—d?)
Where, P= is the applied load (kg).
D =is the diameter of the steel baii).
d =is the diameter of the indentaijomm).

EHN =

Generally, the metal surface should be flat withomide scales or debris because these will
Significantly affect the hardness values obtainkdgood sampling size due to large steel ball
diameter is advantageous for materials with highifferent microstructures or micro structural

heterogeneity. Scratches or surface roughness Wwame small effects on the hardness values
measured

Figure 4 —Brass specimen indentation after Brinel &rdness test.
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Annealing

The machined and polished specimens were then ladhéa groups of 5in a furnace at
temperature of 490*c and constant temperature istaiaed for 1 hour. And then cooling was in
control atmosphere of furnace for the three days

Figure 5 - Muffle furnace

Figure 6 -Annealine fatigue test pieces of brass raials

Groove

The machined and polished specimens were thencvgf 1mm is made at neck of 5 test pieces.
Introduction of groove in specimens act as strasers.

Figure 7 —Groove (1mm) fatigue test pieces of brassaterials
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Corrosive

Corrosive environment have negative effects ongtati properties of the materials as they
accelerate faster rates of both fatigue initiatoi propagation. Corrosion attack was obtained by
immersion of specimens in an salt water for 14 daysrder to investigate the effect of corrosion
on the fatigue-life of the material. The corroseyent was a solution of Na@iith a PH close to
6.5-6.8 and solution concentration of 38%.Fatigest &t a revolution of 2800 R.P.M at room
temperature and without environment humidity cdnwas carried out on the pre-corroded and
non-corroded specimens in order to investigatetmmosion effect on the fatigue life .Humidity has
a negligible effect on fatigue life .The relativarhidity (19.5% t0100%) has only a negligible
effect .

Figure 8 —Corroded fatigue test pieces of brass matial

Test Procedure

a).First of all tensile tess done for determining the mechanical propemieBrass materials, such
as strength, ductility, elastic modulus, Poissaatf and percentage reduction in area. The tension
test first requires the preparation of a tegecimen, as shown in Fig.9 & 10. The specimen is
prepared generally according to specifications.idalfy, the specimen has an original gage. Length
(lo) generally 50mm (2 in.) and a cross-sectional é¢ausually with a diameter of 15 mm (0.578
in.).lt is mounted in the jaws of a tension-testmgchine equipped with various accessories and
controls so that the specimen can be tested atreiff load and rates of deformation.

Figure. 9- Specimen mounted on the jaws of Tensitesting machine
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Original 1%
gage
length, J'q
,_.K I
Fracture

Figure. 10- Tensile test specimen dimension

b).For conducting fatigue tests measure dimensbhsass specimens provided as shown in Fig.8
and record in tables 3 . The distance from the &atito the minimum diameter of the specimen is
99 mm, the bending stressgan be calculated the bending stress for afo@d) is shown in

equation 5 bending stress
_ MY

|
Where,

M = Moment of N mm (= PI)

| = Moment of inertia in mmI{xD"%64)

Y = Extreme fiber distance (D/2)

Putting all the values in the above equation redtiaehe form, we get

32X PX9.81Xx99
O’:
m™ X DA3

Where P is load in Newton
D is Diameter of the specimen in mm
c). Conduct the fatigue test at room temperatuirggube fatigue testing machine.

d).The fixing of test bar in the fatigue testingahime is done as follows. The nut is unscrewed and
the clamping sleeve is removed. If necessary shdield tight by the fork operated by means of a
lever at the front of the machine. The cover isedj the weight holder is unhooked by means of the
handle and the bearing housing with the bearimgnsoved. The test bar is inserted in the sleeve
which is placed in its position and fixed looselyrut.

e).Fit one end of the specimen to a motor andhét dther end to a bearing hung with a known
weight, indicating the stress applied to the speaim

f). The revolution counter is set at zero and wesiglorresponding to the desired load are placed on
the weight holder.
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g).Care should be taken that the load should nosupplied when the bar is stationary since
deformation exercising has an adverse effect onetht.

h).Start the motor to rotate the specimen at ataahspeed. The revolution counter is used to
record the number of cycles to which the specinada.fRecord the result in table 3.

I). Change the weights used and follow the expeminreb. Again, record the results in tables 3.
j).Construct the S-N curves of the Brass specimens.
k). Investigate fracture surfaces of broken fatigpecimen and sketch the result in tables 3.

[).Same above fatigue test process is repeatethéoAnnealed specimens, Groove specimens and
Corroded specimens. Again, record the resultshlesa3.

RESULT AND DISCUSSION

THE TENSION TEST
Original dimension
Diameter = 15mm

Gauge length = 50mm

Yield point = 2Ton
Maximum load = 5.8Ton
Breaking load = 4.5Ton
Final dimension

Reducing diameter = 7.6mm
Gauge Length=2mm

Sr. no. Load (Ton) Extension (mm)
1. 0.4 4.5
2. 0.8 9.0
3. 1.2 14.0
4. 1.6 22.0
5. 2.0 32.0

Table 1:- load v/s extension for Brass materialamsile test.

* Yield point =19952.75N

* Maximum load = 57862.99 N
* Breaking load = 44893.69N
« Original area = 176.#fim*

e Final area = 45.2Gm?*

(1) Yield strength = 112.91 kfm*
(2) Ultimate tensile strength =327.44h#n*
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S.NO

Specimen  Cross-| Weight| Maximum | No of | No of| No of | No of
diameter| sectional (kg) stress cycles cycles| cycles cycles
(mm) areas| (MPa) under after after after
(mn) normal| annealing making| corrosion

condition| process| grooves

(Imm)
Specimen 1 10 78.5 33 327.6 0 0 0 0
Specimen 2 10 78.5 18 178.15 30000 13000f 18000 25000
Specimen 3 10 78.5 15 148.38§ 140000 70000] 43000 132000
Specimen 4 10 78.5 13 128.61] 400000{ 300000; 260000 430000
Specimen 5 10 78.5 10 98.95 1200000] 800000] 692000{ 1110000

(3) Breaking stress =254.05Mn"
(4) % Elongation =15%

(5) % Reduction area =73.4%
(6) True fracture stress =989.61mith”

(7) True strain at fracture =1.36

(8) Engineering strain at fracture

€=1In(1 +e)
Exp(e) = (1 +e)

€ - Engineering strain

Exp(1.36) = ( 1¢)
e = 2.896 (conventional strain)

e- Conventional strain

* Poisson ratio (u) = 0.3096
» True fracture strain, with change in area

=1.36

» True fracture strain in change in length

In this case, the fracture strain determined flength value is incorrect because Necking Produces
a very non- uniform strain along the length of specimen.

Scatterplot of LOAD(TON) vs EXTENSION( INCH)

3.0

40

EXTENSION( INCH)

80

GRAPH 1 - Relation between LOAD (TON) and EXTENSIQNCH)
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BRINELL HARDNESS TEST DAR

TABLE 2: BRINELL HARDNESS TEST

“‘D” “d” “W” is BHN
diameter average| load on NO
of steel| Measured| indenter
ball (mm). Diameter in (kg).
(mm).
10 3.52 1000 99.5
10 4.0 1000 76.3
P
BEHN =

nxDx.5x(D—,/(D?—d?)

Where, P= is the applied load (kQ).
D =is the diameter of the steel baiiy).
d =is the diameter of the indentafjomm
(a)P=1000kg, D=10mm, d=3.52mm
1000

]

BHN = -
nx 10x .5 x (10 — /(107 — 3.522)

(b)P=1000kg, D=10mm, d=4.0mm
1000

BHN =
X 10 X.5 X (10 — /(107 — 4.0%)

FATIGUE TEST DATA
Table 3: Fatigue data of Brass specimens
Experimental data from the curve-fitted resultsev@bulated, and graphs are plotted as follows:-
» Stress v/s No of cycle for general normal condition
» Stress v/s No of cycle for annealed condition
» Stress v/s No of cycle for rough surfaces
» Stress v/s No of cycle for corrosion surfaces
» Stress v/s No of cycle for all conditions

The effect of various factors on the fatigue-lifettoe Brass materials will be investigated with the
help of graphs.

11
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Scatterplot of stress vs N
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GRAPH 2 - Relation between Stress and No of cyateter Normal condition of the specimens
Where

N is No of cycles under Normal condition of the @peen under Normal condition of the
specimens

400

300

200

—Seriesl
100

0 T 1
0] 500000 1000000

No of cycle (N2) after annealing process
GRAPH 3 - Relation between Stress and No of cyafies Annealing process of the specimens

Scatterplot of stress vs N3
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GRAPH 4 - Relation between Stress and No of cyafies making Grooves on the specimens
Where
N3 is No of cycles after making Grooves on the Bpens
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Scatterplot of stress vs N, N2
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GRAPH 5 - Relation between Stress and No of cyateter Normal condition and after Annealing
process condition

Where
N is No of cycles under Normal conditio
N2 is No of cycles after Annealing pees condition

Scatterplot of stress vs N, N3
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GRAPH 6 - Relation between Stress and No of cyateer Normal condition and after making
Groove on the specimens

Where
N is No of cycles under Normal condition
N3 is No of cycles after making Groove on the specis

Scatterplot of stress vs N, N4
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GRAPH 7 - Relation between Stress and No of cyateter Normal condition and after Corrosion
of the specimens
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Where
N is No of cycles under Normal conditio
N3 is No of cycles after making Coroospf the specimens

Scatterplot of stress vs N, N2, N3, N4
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N4-After Crossion of Materials
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GRAPH 8 - Relation between Stress and No of cyefiests of various factors on the fatigue life of
the Brass materials

Scatterplot of stress vs N4
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GRAPH 5 — Relation Stress and No of cycles after@3ion of the specimens

Where
N4 is No of cycles after Corrosion loé tspecimens
MICROSTRUCTURE EXAMINATION

After the fatigue tests were completed, one frachebatch was selected. Cracking proceed along
grain boundaries type with some semicircular shapacks. The slip is present only at the surface
as shown in the figures

14
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Fig — Scanning Electron Microscope (SEM).

-

Figure 1- Fracture fatigue specimen Normal condisarface under microscope
"

Figure 2- Fracture fatigue specimen Anneal condisiorface under microscope

N

Figure 3- Fracture Groove fatigue specimen surfacker microscope

15
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Figure 4- Fracture fatigue specimen Corroded candgurface under microscope

CONCLUSION

Detailed experimental investigations on the varitactors which influence the fatigue-life on the
brass materials have been presented in this papeEn the results it is evident that the Annealing
has a significant influence on the surface hardmessto which hardness decrease and ductility
increase which leads to decrease in fatigue-lifthefmaterials.

Groove in a specimen under uniaxial loads introdubeee effects:

I.  Thereis an increase of stress at the root of thevg
II. A stress gradient is set up from the root of traoge in towards the center of the specimen.
lll.  Triaaxial state of stress is produced.

The above three effects leads to decrease theidaliig of the materials .One of the best ways of
minimizing fatigue failure is by the reduction ofcadable stress raisers through careful design and
the prevention of accidental stress raisers byfalamgachining and fabrication.

Corrosive environment produce pitting of metalfsces. The pitting act as notch which leads to
stress raiser and have negative effects on fapgoggerties of the materials as they acceleraterfast
rates of both fatigue initiation and propagationichhleads to decrease in fatigue life of the
materials. Humidity has a negligible effect ondat life .The relative humidity (19.5% to 100%)

has only a negligible effect
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