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ABSTRACT

The Connecting rod is a high volume production from automaobile Side. Connecting rod is subjected to more Stress
than other engine components. Failure and damage are als@ more in connecting rod, So stress analysis in Connecting
rod is Very important. In this study,detailed load analysis was performed on connecting rod, followed by finite
element method in Ansys-15 medium. In this regard, In orderto calculate stress in Different part of connecting
rod, the total forces exerted connecting rod were calculated jand then it was modeled, meshed and loaded
in Ansys software.

The maximum stresses in different parts of connecting rod were determined by Analysis. The maximum pressure
stress was between pin end and rod dinkages and“between bearing cup and connecting rod linkage. The
maximum tensile stress was obtained in lower half /of pin end and between pin end and rod linkage. It is
suggested that the results obtained ¢an be.useful to bring about modification in Design of connecting rod.

INTRODUCTION

Connecting rods are widely used‘intvariety of car engines. The function of connecting rod is to transmit the thrust
of the piston to the crankshaft,and as the result the reciprocating motion of the piston is translated into rotational
motion of the crankshaft.hlt consists of a pin-end, a shank section, and a crank-end. Pin-end and crank-end pin
holes are machined topermit accurate fitting of bearings. One end of the connecting rod is connected to the piston
by the piston pin. The other.end revolves with the crankshaft and is split to permit it to be clamped around the
crankshaft. The two parts are then attached by two bolts. Connecting rods are subjected to forces generated by mass
and fuel combustions These two forces results in axial and bending stresses. Bending stresses appear due to
eccentricities, ‘crankshaft, case wall deformation, and rotational mass force. Therefore, a connecting rod must be
capable of transmitting axial tension, axial compression, and bending stresses caused by the thrust and pull on the
piston and\by “Centrifugal force (Afzal and Fatemi, 2003). A connecting rod is subjected to many millions of
repetitive cyclic loadings. Manufacturing technology of this machinery and also its quantity must be reached
to optimum level. Above statements show the importance of stress analysis in Connecting rod for
optimizing them. In this regard, dynamic stress analysis in connecting

rods of this tractor was studied

LITERATURE SURVEY

The connecting rod is subjected to a complex state of loading. It undergoes high cyclic loads of the order of 108 to
109 cycles, which range from high compressive loads due to combustion, to high tensile loads due to inertia.
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Therefore, durability of this component is of critical importance. Due to these factors, the connecting rod has been
the topic of research for different aspects such as production technology, materials, performance simulation, fatigue,
etc. For the current study, it was necessary to investigation finite element modeling techniques, optimization
techniques, developments in production technology, new materials, fatigue modeling, and manufacturing cost
analysis.

This briefliterature survey reviews some of these aspects

Webster et al. (1983) performed three dimensional finite element analysis of a high-speed diesel engine connecting
rod. For this analysis they used the maximum compressive load which was measured experimentally, and the
maximum tensile load which is essentially the inertia load of the piston assembly mass. The load distributionson the
piston pin end and crank end were determined experimentally. They modeled the connecting rod cap separately, and
also modeled the bolt pretension using beam elements and multi point constraint equations.

In a study reported by Repgen (1998), based on fatigue tests carried out on identical components made of powder
metal and C-70 steel (fracture splitting steel), he notes that the fatigue strength of the forged steel part is 21%_higher
than that of the powder metal component. He also notes that using the fracture splitting technology.results in a 25%
cost reduction over the conventional steel forging process. These factors suggest that a fracture splitting material
would be the material of choice for steel forged connecting rods. He also mentions“two otherssteels'that are being
tested, a modified micro-alloyed steel and a modified carbon steel. Otherissues discussed by Repgen are
thenecessity to avoid jig spots along the parting line of the rod and the cap,{need of consistency in the chemical
composition and manufacturing process to reduce variance in microstructure'and production,of near net shape rough
part.

Park et al. (2003) investigated microstructural behavior at various forging cenditions and recommend fast cooling
for finer grain size and lower network ferrite content. From their research they concluded that laser notching
exhibited best fracture splitting results, when compared with broached and wire cut notches.They optimized the
fracture splitting parameters such as, applied hydraulic pressure, jig set up and geometryof cracking cylinder based
on delay time,difference in cracking forces and roundness. They compared fracture splitting high carbon micro-
alloyed steel (0.7% C) with carbon steel (0.48% C)/using rotary bending fatigue test and concluded that the
formerhas thesame or better fatigue strength than the later.Fromya comparison of the fracture splittinghigh carbon
micro-alloyed steel and powder metal, based on tension-compressionfatigue test they noticed that fatigue strength of
the former is 18% higher than the later.

MATERIALS AND METHODS:

Properties of Connecting Rod Material (C70S6):-

Tensile Yield Strength 550 MPa
Tensile Ultimate Strength 900MPa
Compressive Yield Strength 550MPa
Compressive Ultimate Strength 600Mpa
Poisson Ratio 0.3

Density 7850 Kg/m3
Young’s Modulus 210000 MPa

CALCULATING FORCES EXERTED ON CONNECTING RODS:-

In order to calculate stress in connecting rods it was analyzed for 3 separate parts, because the nature of
forces exerted on difference parts of connecting rods are different.
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1.1 Calculating Forces Exerted On Pin End:-
The total force exerted on pin end in one cycle is state as:
F

C

om :Fg+Fi

(P _ POA, —(m + mse)sz(cosa +2.C0S2 1)
Where,
P, = Atmosphere pressure (KPa),
Ap = Piston area (m),
Mp = Piston and pin mass (kg),
Ms = Mass of above part of pin end (kg),
U = Revolution speed (rpm),
R =crankshaft radius (m),
Fq = force resulted by gas pressure in combustion chamber (N).

The maximum pressure force exerted on connecting rod is happened inf{the maximum torque but the
maximum tensile force happened in the maximum revolution speed.<Hence,\to calculate the maximum
pressure force exerted on pin end, 1300 rpm, and to calculate the maximum tensile force, 2200 rpm, were
considered (as the information taken from company). Figures 1 and 2 ‘obtained for total force exerted on
pin end considering Eq.1. As shown in figures 1 and 2, the maXimum<pressure force exerted on pin end
was 21600 N.

1.2. calculating forces exerted on rod:- the total force exerted on rod in ene cycle is sta

F..= F+F

com

(P,- P)A, =(m, +m_)Rw (cos + cos2 )
............... @)

where mcrp is mass of connecting rods above “part from ‘gravity centre (kg)as stated above ,to calculate the
maximum pressure force exerted on small end (pin end) side is 21600n (company data)

1.3. Calculating forces exerted on crank end:-

The combustion pressure force doesn’thhave effect on crank end, but it is affected by inertia force. Also,
screws in crank end are over load. Always, they preloaded 2 to 4 time related to the maximum
inertia force to prevent departing of two bearing cup. Inertia force results tensile stress and preloading force
results pressure stress in-erank end of connecting rod. Preloading (MPa) in screws to link bearing cup
and above part of crank end‘strongly and also to prevent screws’ breaking is equal to

Where is number_ of screws in crank end and Pjr max is the maximum inertia force exerted on crank end of
connecting rods/The.inertia force’exerted on crank end was calculated as 2

— 2 —_
P, =-w R[ m +m,, cosa+Aicos2a + m, —m, ](4)
_ 3Pjrmax
b

Where m, = Mass of the piston assembly(kg),
Mcrc = concentrated mass of connecting rods on the crank end,
Mcrp = concentrated mass of connecting rods on the pin end,
M. = concentrated mass of crankshaft on crank end.
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Fig.1 Fig.2
Figure 1 show the inertia force exerted on crank end versus crank angle diagram in one cycle. Maximum
inertia force exerted on crank end was 86400 N

MODELING, MESHING AND LOADING FORCES ON CONNECTING ROD:-

After calculating forces exerted on different parts of connecting rod in most critically state, it was modeled
and meshed in ANSYS, software. Mesh size is 1 mm, Smoothing is high®And Relevance center is fine Then We
obtained Node of 259579 and Element of 152873.1t is very fine meshing so Result obtained is very Accurately and
fine.

Material properties of connecting rod.:-

Young’s Modules (MPa)= 210000
Poisson Ratio =0.33
Density (Kg/M3) =7850

1. To calculating stress in each connecting rod parts, calculated forces for each parts was exerted
on corresponding pats in modeled connecting rod in "MANSYS, software’s medium considering following
notes: Inertia forces were evenly exerted on“pin end inner level (Fig.1) The value of these forces was
calculated using following formula:

P = i [lz] ......................................................... (5)

2r 1 m

Lsis pin end width (m),«Fi is inertia force and rm is pin end mean radius (m).

2. As seen in figare 7, the force resulted from combustion pressure were sinusoidal exerted on pin end
inner level. The value'of this force was calculated using following formula.-

P - N ) )
Where Pg isnfmqgce per unit\ andad (N/m) and Fg is force resulted from combustion (N).

3. The force resulted from falsifying of pin end’s linier and also from friction between linier and piston pin
that were exerted on pin end inner level all situations. These forces cause pressure stress in linier and tensile
stress in_hconnecting rod. 4. To obtain stress resulted from preloading in crank end, the force must be
evenly exerted on both side of that. Then, average pressure was obtained from dividing force by backrest
level of screws.

RESULTS AND DISCUSSION

Stress analyzing in different parts of connecting rod:- There are two different condition were considered 1) Pin end
Compressive force 2 ) crank end compressive force.
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Following results were obtained after exerting forces in ANSYS medium.

Load MAX.
Strain
Max.
(Micron/mm) Total
Stress(Mpa) Deformation
(micron/ mm)
Small End
Comp. 86400N 358.75 1.7 135.3
Big End
Tensile 21600N 429.02 2 55.2
Small End
Tensile 21600N 469.88 2.9 188.

\ /
F.0.S = Ultimate Stress / Maximum Stre
= 600/359.84

=1.66

CASE I:-CRANK END COMPRESSIVE ANALYSIS.

400 9 08 fmary oI

Fig 4 Connecting rod Von misses Stress Distribution.
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Fig 5 Connecting rod VVon misses strain

Fig 6 Connecting rod Total Deformation

/

CASE I11:-PIN END COMPR IVE AN SIS:-

Fig. 7 Connecting rod VVon misses Stress Distribution.
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Fig 8 Connecting rod VVon misses strain

Type: Toral Deformation.

Tooe: |

N2 6:41 P
013525 Max
o102
01082
0.00169
0075141
0.060112
0.045004
0.030086
0.015028
2.2607¢-8 Mn

Fig 9 Connecting rod Total Deformation
CONCLUSION

The following conclusions obtained from this/study: 1) The maximum stress is between pin-end and rod-linkage,
and between bearing-cup and connecting rod linkagex2) The maximum tensile stress was obtained in lower half
of pin end and between pin end andarod linkage.\3) Results of FEM method and results of experimental
equations were similar (Maximum< difference” was only +13%) this shows accuracy of our modeling,
meshing and loading 4) Common stresses in C70S6_Split connecting rods like this connecting rod is
between 350 to 650 MPa. It can be extract that cause of high fail of this component is over stresses of
common range. 5) Value of FiO:S. (Factor of'Safety) of connecting rod is between 1.6 to 1.7. Which indicate Safe
Design of Connecting Rod:s

FUTURE SCOPE

In This Study we consider only Static Analysis. This study can be extended by Dynamic Analysis also for that we
have T-0 Diagramed is needed. Also optimization study is done.
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