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1. INTRODUCTION

Aluminum and its alloys possess low density, higérinal conductivity and high resistance to cornosi
These material have low melting point and high ilitict The mechanical properties can be enhancedallmying
and cold working. The major alloying elements anagnesium, silicon, copper, zinc [1]. Recent aitenhas given
to alloys of aluminum and other low density matisrias engineering materials for applications inogpace,
automobile and defense etc. Here AL7075 aluminulmy gP] with major constituent as zinc is considgrer
design and analysis of connecting rod, becauss bfgh strength corrosion and wear resistancequties.
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716 S. Sudindra, G. P. Prasad & Madeva Nagara

Table 1: Chemical Composition of Al7075 Alloy

Cr Cu Fe Mg Mn | Si Ti Zn Al
0.18-0.28| 1.2-2.0 050 2.1-2|]9 0.30 0/40 0,20 5l1}6Balance

Generally, SiC, Al203, TiC, TiO2, TiB2, MgO and BR] are reinforced to aluminum matrix and widespréa
literature. The reinforcement of,8 increases the hardness, wear resistance, strpragibrties. Boron carbide {B) has
high hardness, thermal, strength properties maikisgitable for Aluminum metal composites (AMC)uBies shows that

B,4C reinforced AMCs possess superior mechanical ptiegecompared to unreinforced alloys.
Generally the heat treatment follows this basiteps
Stage 1.The metal is heated to attain the uniform tempeeat
Stage 2:Soak and hold the metal at required temperatuiidiane.
Stage 3:Cool the metal to room temperature.

The T6 heat treatment of Al7075 composites is athfii enhance the mechanical and tribological gmags [4],
and it is found from the literature that the strigvear and hardness properties can be enhancesrfgrcing ceramic

particulates to heat treated Al7075 base metal.

The connecting rod acts as an intermediate lirtkalosmit reciprocating motion of the piston to rgtenotion of
the crank shaft. The main parts of the connectingare the shank, the crank end with two halvesptkton end, the two
bolts, nuts and washers. The piston end (small snzt)nnected to piston and crank end (big endhecacrank, the motion
of the connecting rod is a combination of transkatand rotation [5]. The connecting rods shouldbéght weight and
possess higher strength to ease the accelerattbdexacceleration and to transfer forces of higlgnmitade. It is found
from the Literature that the Suitable Cross Sect#on The Connecting Rod Is | Section [6]. The Catimg Rod Is
Subjected To high forces transmitted from pistaedatly to the connecting rod during power stroke] aertia forces due
to mass of reciprocating parts and its angularlacaton. The inertia [7] force acts transversatyoonnecting rod causing
bending moment on it. The angular accelerationegafrom zero at piston end to maximum at the crani.
The connecting rod, can be treated as a columnpiittends and Rankine’s theory is used to evalilegeéuckling load,

maximum stresses and maximum deformation inducéiteirtonnecting rod.
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2. METHODOLOGY

Stir Casting

-

Evaluation Of Mechanical Properties

Tensile, Compression, Wear and Hardness
Tests

-

Design Of Connecting Rod
Determination of 1, b, tand d

.

Modelling And Finite Element Analysis
To evaluate deformation, stresses and strain

.

Comparision Of Composite Connecting Rod With Conventional Connecting Rod
Comparison of Weight, Stiffness, Deformation, Strain and Stresses

Figure 1

The ingots are subjected 16 Heat treatment process to increase dfnength, hardne and wear properties.
The test specimens will be preparednfi these ingots. The composites having 3, 6 & 9%iof E,C separately and in
combination will be made by the same proce [8]. Prepared samples will be machined as per ASTMdstals tc
conduct the tensile, compression and wear testqdov the effet of B,C particulates on properties of Al7075 al
An high speed motor bikengine connecting rod is considered for designrxywknc the specifications of the engine,
pressure acting on the pistsrcalculated and by neglecting the ttt force the same force is transmitted to conneatirag
The connecting rods subjected to alternative axial tensile and comfwedsads since compressive loads higher than
tensile loads theannecting rod is designed as a strut to withstanzkling loads. Tie design of connecting rod is carr
out to evaluate design parameters like length, hyittlickness of the rod and diameter of bolts coting end caps
The model of the Connectingd is developed in Solid Ed and Finite elemenanalysis is carried out using Ans
Workbench.A comparison is done between the conventicforged steel connecting rod and the AL7075 compc
connecting rod for the parameters suclweight, stiffness, maximum stress, maximatrain and maximum defoiation

induced.
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3.STIR CASTING AND SEM RESULTS
3.1 Stir Casting

The characteristics oAluminum alloy is in its high specific strength and dampiapacities. The stir castir
technique will be adopted to prepare the cast csitg® The known quantityf AI7075 will be melted at 75°C in a
graphite crucible using resistance furnace. Thaeaddiquid will be agitated with the help of stirm® form a fine vorte.
3g of degassing tablet {Cl¢-solid hexe chloroethane) [9] will be added to the vortex dinel slag will be removed fro
the molten metal. £ particles will be preheated at around #°C for 3 hrs to make their surfaces oxidi [14].
The preheated & particles will then be added into the vortex atidced mechanically atO0 rpm for 5 minutes. Before
pouring the molten metal to mould, 2g of cover fillNaCl 45 % + KCI 45 % + NaF 10 ¢ [15] will be added to the
molten metal to reduce the atmospheric contaminafitlle molten metal at a temperature of °C will then be poured
into the mould preheated at 36D [10] and will be allowed to solidify to obtain ingots.

3.2 SEM Results of Heat Treated B Reinforcedal7075 Composite

-

CIIRC 10.0kV 8.2mm x250 SE 05/13/2019 “. ' Joopm

Figure 2: Base Meta Figure 817075+ 3% B,c

CIIRC 10.0kV 7.9mm %1.00k SE 05/13/2018 50.0pm CIIRC 10.0kV 7.6mm x1.00k SE 05132016 ' ' ' ' ' 'sgoum’

Figure 4. AI7075+ 6% B,C Figub Al7075+9% B,C

CIIRC 10.0kV 8.6mm x250 SE 05/13/2019 200pm g 1 200pm

Figure 6: Base Meta Figure AlI7075+ 3% B,C
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GIRE 10.0kV-8.0mm x250 SE05,

Figure 8: Al7075+ 6% B,C Figure AI7075+ 9% B,C

3.4 Microstructural Analysis

From the microstructure observation the casted ositgs were grounded using different grit sizecsiti carbide
papers. Once the polish is done the specimens asbes thoroughly and then allowed to drying anch tviped with
velvet cloth. This specimen with suitable etchantiergoes electro etching the process is calledeKelreagent. The
polished specimens are observed in scanning efeatioroscope to get the microstructure of compesiiéhe stirring
process breaks the dendrite structure into equahdpit also helps to improve the wett ability aimdproves the
incorporation of particles uniformly dispersed iratmix. Microstructure shows uniform distribution bbron carbide

particulates and very segregation, agglomeratigradicles and porosity at few places.
4. DETERMINATION OF DENSITY AND POISSON'S RATIO BY RULE OF MIXTURES

Table 2: Determination of Density of the Compositef)sing Rule of Mixtures

Volume Fraction (V;) | Density of the Composite ¢) (kg/m°)
My
Heat Treated Al7075 Composites _ Pf p = piVi +(1-V5) pm
Vi =4 Vp ey (kg/m®)
Pf Pm
3% (60g Bc) (2kg - Al7075) 0.03236 2800
6% (1209 Bc) (2kg - Al7075) 0.06270 2791
9% (1809 Bc) (2kg - Al7075) 0.0912 2783

4.1 Determination of Poisson’s Ratio of the Compdsis using Rule of Mixtures
v =viV¢+(1- Vi) vip= 0.3192

The density of AI7075 composite and Poisson’s ratmevaluated from the Rule of Mixtures, it isriduthat the
density of 9% BC reinforced heat treated Al7075 composites is32@@nt which is much lesser than the forged steel
having a density of 7800 kgfmDue to decrease in density, the mass of theAt@675 composite connecting rod is lesser

and hence it is easy to accelerate and de-acaelbetengine which is much essential in high spaeithg engines.
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5. MECHANICAL CHARACTERISATION OF HEAT TREATED
AND UNHEAT TREATED COMPOSITES

5.1 Mechanical Properties oHeat Treated Composite

YIELD STRENGTH ULTIMATE STRENGTH
350 400
301.4 3457
301 2048 — 350 . .
B 300 2567 z 2784 305.1 311.3
2 = 300 :
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0 U
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+3%BAC  +6%BAC  +9%BAC +3%BAC  +6%BAC  +9%BALC
Composition Composition
Figure 10: Yiel8trength Figure 11: Ultimat@ensile Strengtt
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Figure 12: CompressionStrength Figut3: HardnessNumber
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5.2 Mechanical Properties of UnHeat Treated Composite

Yield Strength {Mpa)

3
Il

Compression Strength {Mpa
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Figure 14: Yiel8trength
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Figure 15: Ultimaté&ensile Strengtt
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Figure 17: HardnessNumber

Table 3: Strength and Hardness Properties of Heat
Treated B,C Reinforced Al7075 Composites

1 Al7075 221.2 278.4 665.8 74.1
2 | AlI7075 + 3% BC 256.7 294.1 701.3 79.2
3 | AlI7075 + 6% BC 277.8 311.3 772.5 86.4
4 | AI7075 + 9% BC 301.4 345.7 854.1 97.8
SCOPUS Indexed Journal editor@tjprc.org



722 S. Sudindra, G. P. Prasad & Madeva Nagi

Table 4: Strength and Hardness Properties of un-Heat
Treated B,C Reinforced Al7075 Composites

" . UTS | CompressionStrength | (Hardness
Sl. No Composition Yield Strength (Mpa) (Mpa) (Mpa) BHN)
1 Al7075 174.7 2134 598.3 63.4
2 Al7075 + 3% BC 186.9 234.1 645.7 70.1
3 Al7075 + 6% BC 191.3 246.5 711.2 75.2
4 Al7075 + 9% BC 223.4 271.8 803.2 86.8

5.3 Wear Test Results and Stres$train Curve For 9% B,c Reinforced Al7075 Composite

Tensile tessand compression tests are conducted 1ASTM [11] standard gecimens at room temperature
universal testing machine (UTM), the test was catell for 2 specimens and the average is takenaftlt eompositions
The ultimae strength and yield strength is investigated qisitiess strain curv of tensile test, and compressive vyi
strength was obtained from compression tehe hardness was evaluated from Brithédirc Ness test (BHN). The results
are tabulated in Table &d Table ¢ It is evident from the Table 3 and 4 that the yistcength, ultimate strengt
compression strength and hardness of $,C reinforced heat treated composites are higher ¢hiaer compositions ar
un-heat reated composites, this is bece due to the increase in bonding strength betweemdinforcement and matr
which exists up to 15% addition of,®, it is found from the literature tt bonding strength can increa up to 15%, but
there is a decrease in wear properties due toormation of agglomerates if the addition of reicfment exceeds 9¢
The strength properties and wear properties of $,C reinforced heat treated compos is much higher than other
composition and the stress versus strain curvéotted for this corposition and found from the trend line of the the

Young’s modulus of the composi®e124 GPa (as shown in Fig 19).

1 -
WEAR TEST Stress V'S Strain
6.00E-01
5.00E 04 220
5.00E-04 1.20E.04 200 /\
o 4.00E-04 — =
= 3.10E-04 £ g
= 3.00E-04 2 30E-04 __2_ #
@ a
= 2.000-04 g 100
e
W
1.00E-043 50 /-/
- 1C
0.00F+00 Y 12“""_/
0
AI7075  AlI7075  AI7075  AI7075 ' ' ' ' '
+3%BAC +6%BAC +9%BAC 0 005 01 015 02 035
Composition Strain {mm/mm)
Figure8: Wear Rate Figurg9: Stress Strain Curve for 9% E,C

Reinforced Al7075 Composite

6. DESIGN OF COMPOSITE CONNECTING ROD
6.1 Engine Specification of aligh Speed Race Bik

Bore*Stroke =80mm*62.1mn

Compression ratio =10.91
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Maximum Power =34Ps@9700rpm
Maximum Torque =27.3N-m@7700rpm
Displacement =312.2cc

Pressure calculations

Density of petrol =737.22kg/m3
Temperature 60F =288.855K
Mass of Petrol =Density*Volume

=737.22107°*312.21073=0.23kg
Molecular weight of Petrol=114.228g/mole
Gas Equation, PV=mRT
P=((0.23*72.786%288.55)/312.2)
Pressure P=15.483 MPa

The pressure P = 15. 483 MPa acts on the pistonnagtécting the side thrust the same force of niadai
77826.46 N is assumed to be transmitted to theemiimy rod. The compressive yield strength obtafneah testing of the
heat treated EC reinforced Al7075 alloy composite is used forigesand analysis, and found to be 854.1 MPa. The
connecting rod is designed as a Strut to withstarukling load, and by adapting Rankine’s theoryj [d2d a FOS of 5 the
critical buckling load is evaluated. The |- Secttwawing L« = 3.2 |, hasthe equal strength to resist buckling loadsiabo

both the axes.

6.2 Design of Composite Connecting Rod

6.2.1 Design of Cross-Section
Thickness of flange & web of the section =t
Width of section B= 4t

The standard dimension of | — section

4t

- -

‘O
—_

Figure 20
I- cross section

Height of section H = 5t
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Area of section, A= 2(4txt) +3txt

A =11t

M.O.| of section about x axisyl = 1/ 12 [4t {5tF-3t {3t} %] = 419/12][f]
MI of section about y axis;l = 2x1/ 12[tx {4tf*+1/ 12{3t}t°] = 131/ 12[f]
Lo/ lyy = 3.2

Length of connecting rod (L) = 2 times the stro&rdth

L =2x62.1=124.2mm

P =15.483 MPa

o= compressive yield stress = 854.12 Nfmm

Buckling load W = maximum gas force x F.O.S

F_c= ((n D"2)/4)P=(n X (80X [(10) ~(-3) )"2)/4x 15.483X [(10) ~6=77826.046 N
Wpg = FXFOS = 77826.496x5 = 389132.23N

W_B= (c_c A)/(1+a(L/K_xx )"2)

Radius of crank, r = stroke length/2 = 62.1/2 208inm

Ky = | o 1A, K= 1.78t

The heat treated 9% ,8 reinforced AlI7075 composites have high yield regth, ultimate strength and
compressive yield strength hence this materialdgamaximum compressive yield strength of 854.1MPeonsidered for
design

F_c=((r D*2)/4)P=(n X (80X [(10] ~(-3) )"2)/4X 15.483x [(10) ~6=77826.046 N
By substitutingse, A, a, L, K, on W then

t’= 44.823, t = 6.695mm, t = 6.7mm

Width of section B = 4t = 4x6.7 = 26.8mm

Height of section H = 5t = 5x6.7 = 33.5mm

Area A = 11t =11x6.7x6.7 = 493.79n7m

Height at the big end (crank end) 3#1.1H to 1.25H

=1.1x33.5 H=36.85mm

Height at the middle, H = 5x6.7 = 33.5mm

Height at the small end (piston end) = 0.9H to B.750.9%33.5

H; =30.15 mm

Impact Factor (JCC): 7.6197 SCOPUS Indexed Journal NAAS Rating: 3.11



Design And Analysis of Connecting Rod Material Made Byc Reinforced 257
Al7075 Alloy Heat Treated Composites

6.2.2 Dimensions of Big and Small End Bearings

F.= (ﬁ)Pmax

4

P, = (M) 15.483 x 106

P.=77826.046 N

P. = d,l,(Pp),

d,, = diameter of the piston pin; |, = length of the piston pin

(Py)pranges from 10 to 12.5 MPa

(1—1’) =151t02
d

p

Let (P,), = 12.5 and Iet<;l> =15

p

dp = 65.7 mm; lp =98.61 mm
P = d.l.(Pp),
d. = diameter of crank pirl, = length of crank pin

(Pp). ranges from 5 to 10 MPa

(;—) =1.25t01.5

Let (P,). = 6.5 N/mm?* and Iet(;l) =13

P
d. = 89.1 mm;l.=124.fmm

6.2.3 Determination of Diameter of Blots

_ 2 cos26
P .. = Mwr [cos@ + - ]
2N 2mx7700
w=(5) =270 = 806.34 rad/s
60 60
. l 124.2
Crank radius, r{—) =—=
2 31.05

m,= 2+0.18 = 2.18 kg

P, =218 x (806.34)% x 31.05 x 1073 [1 + ﬂ

max

P, =55012.9 N

max

nd?
P =2 (%57 ot

Leto, = 80 N/mnf
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md?2
4

55012.9 = X x 80 x 106

d. =20.923 mm

d =% =26.153 mm

0.8

6.2.4 Determination of Thickness of Big End Cap

_ (Pimax>!
My = ( 6

[ = diameter of crank pin + 23(thickness of bush) + nominal dia of bolt + 3(ctewe)
| =89.114 + (X 3) + 26.153 + 3

[l =141.014 mm

55012.9%141.014x1073
6

M, = ( ) = 1293.169 Nm

op = "2 = 90 X 10°N/m?

Y = tz—c(tcis the thickness of big end cap)

bet, . .
I = izc(bds the length of crank pin = 124.76mm)
124.76Xt3 -
I=TC=10.396><10 3xt3
_ 1293.169Xt,
Ob = 7x10.396x10-3x¢2
(2 = 1293.169
€ 7 90x106x10.396X1073x2
t. = 26.288 mm

Table 5: Tabulation of Connecting Rod Dimensions

SI.No Design Parameters Dimension (In Mm)

1. Thickness of connecting rod (t 6.7

2. Height of section (H = 5t) 33.5

3. Width of section (B = 4t) 26.8

4, Height at big end (H2 = 1.1H) 36.85

5. Height at small end (H1 = 0.9Hl) 30.15

6. Inner diameter of small end 65.7

7. Outer diameter of small end 92

8. Inner diameter of big end 89.1

9. Outer diameter of big end 115.38

7. FINITE ELEMENT ANALYSIS

The analysis of connecting rod is done using AN®¥8ware. Initially the 3D CAD model is preparedtire
Solid Edge software and exported to ANSYS WorkbencRara solid format. The exported connectingisodonsidered

as isotropic homogeneous material with Young's nhegiltE = 124GPa, and Poisson’s ratis 0.31, which are evaluated

Impact Factor (JCC): 7.6197 SCOPUS Indexed Journal NAAS Rating: 3.11
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from the mechanical tests, and denpity2800 kg/mfound from the rule of Mixtures. The connecting isdlesigned as a
strut to withstand buckling load and inertia loAdcompressive load of Maximum magnitude 132839.38.3 acts on the
small end of the connecting rod during compresstooke and the crank end is fixed. A fine mesh weétha hedra element
size of 3mm is used for discretization, the numloénsodes were found to be2, 30,678 and the nundfexlements are 1,
34,522.

7.1 Analysis Results of 9%RBc Reinforced Heat Treated AlI7075 Composites

0.000 0.100 {m) LX 0.000 0.100 ¢y \'V/,X
Figure 21: Equivalent Vonmises Stress Figure 22: Total Deformation

0.000 0.100(m) \fo 0.000 0.100 {m) u'x
Figure 23: Maximum Principal Elastic Strain Figure 24: Maximum Principal Stress

7.2 Analysis Results of Forged Steel Connecting Rod

0.000 0100 (m) * 0.000 0.100 (m) 2t
L [ S|
0.050 l: o 0,080 o

Figure 25: Equivalent Vonmises Stress Figure 26: Total Deformation
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0.000 0.100 (m) & 0.000 0.100 (m)
— —
0.050 o 0.080 "

Figure 27: Maximum Principal Elastic Strain Figure 28: Maximum Principal Stress

8. RESULTS AND DISCUSSIONS

Table 6: Analysis Results of Forged Steel ConnectirRod

Design Parameters Maximum Minimum Mass
Equivalent Vonmises Stress 297.85 MPa 3.39 MPa
Maximum Principal Elastic Strain  1.59 mm/mm 0.1mmim 4.08 kg
Maximum Pricipal Stress 333.33 MPa 139.74 MPa (Qasgion)|
Total Deformation 0.0349 mm 0.003 mm

Table 7: Analysis Results Of 9% BC Reinforced Heat Treated Al7075 Composites

Design Parameters Maximum Minimum Mass
Equivalent Vonmises Stress 117.42 MRa 13.70 MPa
Maximum Principal Elastic Strain  0.919 mm/mm 0.1 fmmm 1.4158 kg
Maximum Principal Stress 132.4 MP4 5.52 MPa (Cosgon)

Total Deformation 0.02 mm 0.023 mm

It is evident from Table 6 & 7 the stress, stralaformation and mass of 9%Breinforced heat treated Al7075
composite connecting rod is less compared to imEspart forged steel connecting rod, andin Isigdeed engines inertia
(mass) plays an important role, due to lesser t@ssonnecting rod made from these material caantideal choice. Due
to inherent property of damping in AlI7075 compasitee material can absorb higher shocks and vilmatcompared to

forged steel connecting rod.

9. CONCLUSIONS

 From the Mechanical Tests it is observed that thatyield strength, ultimate tensile strength, coeapion

strength of the heat treated Al7075 compositesushnhigher than un-heatreated Al7075 composites.

» The loss of material due to wear in the composgdess and suitable for connecting rod where higlar rates
are involved. Since the aluminum possess good dapgliaracteristics it can act as a good vibratimh shocks

absorber.

» Inertia plays a major role in high speed engined hence an attempt is made to reduce the weiglheof
connecting rod without compromising the stiffnesss found that the Mass of 9%,B reinforced heat treated
Al7075 Composite connecting rod is 1.4185 kg arnfdmeation is 0.02 mm, compared to forged steel ecting
rod of 4.08 kg and deformation 0.0349 mm.
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From the analysis it is found that the equivaleohiises stress, maximum principal elastic straiaximum
principal stress and total deformation in the 9% Beinforced Al7075 Composite connecting rod matesi less

when compared to forged steel connecting rod.

The equivalent Vonmises stress in the 9% Beinforced heat treated Al7075 composite conngatod is
117.42 MPa which is much lesser than the equivafenimises induced in the forged steel connecting2®7.85
MPa, hence the connecting rod made of this mateaia withstand high buckling loads without faduand can

be a suitable material for connecting rod.
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