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Abstract

The design and analysis of a single cylinder crhaktsassembly are analyzed using FEA commerciaivsoé
using ABAQUS. Three-dimension models of connectimgd and crank shaft were modeled using
Pro/ENGINEER software and analyzed using ABAQUSird the critical stress status and maximum design
load for the crank pin. The maximum deformationximaum stress point is found by creating contactasig
between connecting rod and crank pin using corstaess analysis. The validation of contact analysisrank
shaft is compared with hand calculation and theltesire found satisfactory.

Keywords: Crankshaft; Connecting rod; Contact analysis.

1. Introduction

Crankshaft of Internal Combustion Engine is a wwelbwn phenomenon. The problem of their premature
failure has attracted several investigators for @aveentury. The extensive studies have been nmaaketify
the cause of failure and several have been ligtetces acting on the crankpin are complex in natline
piston and the connecting rod transmit gas predsane the cylinder to the crankpin. Crankshaft dstssof
the parts which revolve in the main bearings, trenkpin to which the big ends of the connecting i®d
connected,. The crankpin is like a build in bearthwai distributed load along its length that varéth crank
position. Reasons for Failure of crankshaft assgmbdl crankpin may be

a. Shaft misalignment
Vibration cause by bearings application
Incorrect geometry(stress concentration)
Improper lubrication
High engine temperature
Overloading
Crankpin material & its chemical composition
Pressure acting on piston
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Results from the FE model are then presented whidbdes identification of the critically stresskedation,
variation of stresses over an entire cycle, angseudsion of the effects of engine speed as webrmsson load
on stresses.

2. Design Calculation for Crankshaft

The configuration of the diesel engine for thisnkshaft is tabulated in Table 1

Table: - 1
Specifications of Honda Engine

Capacity 395 cc
Number of Cylinders 1
Bore Stroke 86 68 mm
Compression Ratio 18:1
Maximum Power 8.1hp @ 3600 rpm
Maximum Torque 16.7 Nm @ 2200 rpm
Maximum gas pressure 25 bar

2.1 Design of Crankshaft When the Crank isat an Angle of Maximum Twisting M oment

Force on the piston
F = Area of the bore X Max. combustion pressure
T 2

=, xD*x (1)

=14.52 KN
In order to find the thrust in the connecting ré@j, we should first find out the angle of incliicett of the
connecting rod with the line of stroke (i.e. angle
We know that

: 0
sin@ = S8 — sin3> 2)
7l +
This impliesp = 8.24°
Thrust in the connecting rod
— _Fp
FQ ~ coso (3)

From this we have,
Thrust on the connecting ro¢¥14.67 KN
Thrust on the crank shaft can be split into Tangénbmponent and the radial component.
a. Tangential force on the crank shaft,
b. Fr=Fysin@ + @) =10.05 KN
c. Radial force on the crank shaft,
d. Fr=Fcos@ + @) =10.68 KN
Reactions at bearings due to tangential forcevisrgby

HT1 = HT2 = Ib; = 5.02KN(b1 = b2 =) 4)

Similarly, reactions at bearings due to radial éoiscgiven by,
HR1 = HR2 = “®b, = 5.34KN(b1 = b2 =) (5)

2.2 Design of Crankpin

Let dc = diameter of crankpin in mm
We know that the bending moment at the centre@tthnkpin
M¢ = Hgy X b, (6)
=15.34x86
= 459.24 KN —mm
Twisting moment on the crankp# 170.68 KN — mm
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From this we have the equivalent twisting moment

T, = [MZ+T2 = 489.93 KN — mm

We know that equivalent twisting moment
T, = (d3) xt @

Shear stress value is limited to 35 N/fmm
so d=47.47 mm
Since this value of crankpin diameter
(d.= 47.47 mm) is less than the when the crank is@tead centre already calculated value of crandfjain
(dc= 48 mm)
therefore, we shall take, dc=48 mm
Result:
Diameter of the crank pin =48mm
Design of crank pin against fatigue load#fsgcording to distortion energy theory
The von Mises stress induced in the crank-pin is,

M= [y X o)+ (K X To) ®)

= 880.3 KN-mm
Here, Kb = combined shock and fatigue factor fardieg (Take Kb=2)
Kt = combined shock and fatigue factor for tors{dake K t =1.5)

M, % X d3 x 6v (9)
6v = 80.4 N/mm2 and also calculated shear stresseshaft = 32 N/mf
Results:-

Diameter of the crankpin = 48 mm
Length of the crankpin = 40 mm
Diameter of the shaft = 30 mm

Web thickness (both left and right hand)
t=23 mm

Web width = 63 mm

2.2 Design calculations

Assumption: Let us assume, Mechanical efficien€y80
BP=Brake power (KW) i.e. Maximum power
IP= Indicated power in KW
IP = 60/0.8 = 75KW
IP=P(}Lx A xnx K +60000 0y1
Where,
Pi=Indicated mean effective pressure
L=Stroke length
D=Bore diameter
K= No. of cylinders
n = N/2 for 4-stroke
N=Speed in rpm
Pi= kA XxnxK +60000< IP (12)
Pi= 0.93 Mpa
At the TDC of the piston, the volume will be redddey the compression. At this moment, the maximum
pressure inside the cylinder will be,
Max. Pressure = B.M.E.R Compression ratio = 0.9818.5=17.205 MPa
Now, this value of B.M.E.P acts on the piston head] the whole force is transmitted to the crankbiough
the connecting rod. This force is the most criticalhe design of the crankshaft and the desigioime on the
basis of the above mentioned force.
To find the force exerted on the crankpin by tretqm:
Piston force, F (kN) = cylinder bore area ((hmB.M.E.P F =116.87 kN
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Piston force will act at the middle of the crankpand it will be balanced by the reactions frombearings at
either side of the crankpin. Let the reactions hbail R.
Considering the crankpin as a simply supported be&awill see that
Ri+R=F and R=R
Therefore, R= R, = F+2 = 58.435 kN
Maximum bending moment (M) on the crank pin is giby M = R1x b (12)
Where, b is the distance from the centre of theibg to the centre of connecting rod
Assumingb =1 D=111.6.e.
b=112mm.
Also, we know that
From the above equation, we get that
Where,
d = diameter of the crankpin = max. bending stafsthe material of the crankshaft with suitabletéa of
safety (350Mpa )
Equating the values of M in the above equationscaveget the value of the crankpin d=58mm
Length of the crankpin (. = Fx D+p
Where, P = maximum permissible stress on the bgasidMPa,
L. = 116876-58x60
Crank web thickness is given by 0.25D,
i.e.=0.25x 93 =23.25 mm
Torque, Ts =27.822x0.045 =1252 Nm.
Now, we know that to design the diameter for a git@que, we use
d = 36.45mm
Where is the maximum shear stress acting, whitdkisn as 175 MPa.
So, as per the above equation, the diameter ahtie journal is obtained as 36.45 mm, which is miesiser
than 5 mm, i.e. the design is safe and we canhgsmain journal diameter as 69.75 mm.

2.3 Dimensions calculated
Table: - 2
Crankshaft dimensions
Requireddesign parametgDimension
Crank pin diameter (d) 58mm
Length of crank pin (Lc) | 40mm

3. Methodology

3.1 Procedure of contact Analysis

1) First, | have Prepared Assembly in Solid worisdrankshaft and Save as this part as IGES fooixg
into HYPER MESH Workbench Environment. Import .IGB&del in ABAQUS Workbench Simulation
Module.

2) Apply Material for Crank Shaft (Forged steel).

Material Details

Material Type: - Forged Steel

Designation: - 42CrMo4

Yield strength (MPa):- 680

Ultimate tensile strength (MPa):- 850

Elongation (%):-13

Poisson ratio:-0.3
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Figure 3.1: Crank Shaft assembly
3) Mesh the Crankshatft.
Mesh Statics:
Type of Element: Tetrahedrons
Number of Nodes : 17119
Number of Elements : 9605

Meshed model of Crank shaft
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Figure 3.2 Meshed model of Crank shaft Figure 3.3: Apply Remote

Displacement for Bearing Support (Which has
only one degree of freedom (Rotational))

4) Define boundary condition for Analysis Boundamgnditions play an important role in finite element
calculation here; | have taken both remote displressgs for bearing supports are fixed.

5) Define type of Analysis
Type of Analysis:-Static Structural
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Figure 3.4: contact shear model Figure 3.6 Maximum shear stress
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6) Run the Analysis
7) Get the Results

Output of the Analysis contact Analysis of Crankshaft

shep! 1 1+0.000000e+000)
Moes Stess

ModelInfo: C/UsersVIJAY/Deskiop/CRANK/CRANK-ROD-FINAL m*

Model Info: C/UsersMJAY/Deskiop/CRANK/CRANK-ROD-FINAL he* »250e+01

<7.82e+00/
e

Max+ 665e+01
Min=385¢-02

Figure 3.5 Von misses stress Figure 3.7 Deformation at a phase angle of 355
4. Result

« In this paper, the crankshaft model was createBRO-E software. Then, the model created by Seticks
was imported to ABAQUS software.
Result Table:-3

Sr.no Types of stress Theoretical FEA analysis
1 Von-Misses StressegdN/mm?2) 80.4 66
2 Shear Stressé¢sl/mm?2) 32 18.4

» Above Results Shows that FEA Results Conformadthres with the theoretical calculation so we cantkat
FEA is a good tool to reduce time consuming thécmeMWork. The maximum deformation appears at the
center of crankpin neck surface. The maximum stagpears at the fillets between the crankshafnglusind
crank cheeks and near the central point Journal.ebige of main journal is high stress area.

« The Value of Von-Misses Stresses that comesrout the analysis is far less than material yieldsst so our
design is safe and we should go for optimizatiorethuce the material and cost.

Conclusion

Above Results Shows that FEA analysis results nestowith the theoretical calculation and hence FEA
analysis is used to predicts the stress distrihutiathe crank shaft. The maximum deformation appaathe
center of crankpin neck surface. The maximum stagpears at the fillets between the crankshafnglusind
crank cheeks and near the central point Journa. eldge of main journal is high stress area. Theié&/alff
Von-Misses Stresses that comes out from the asalysar less than material yield stress so ouigdds safe
and we should go for fatigue analysis in order &ethine the life cycle of the crank shaft and Hert
optimization to reduce the material and cost infttiere.

References

1.C.M.Balamurugan.,R.Krishnaraj.,Dr.M.Sakthive Kiénthave.l,DeepanMarudachalamM.G.,R.Palani.,2011"
Computer Aided Modeling and Optimization of Crankfsh”International Journal of Scientific & Engieang
Research Volume 2, Issue 8 ISSN 2229-5518

2. Yu Ding and Xiaobo Li.,2011, “ Crankshaft Strémg\nalysis of a Diesel Engine Using Finite Element
Method,” Asia-Pacific Power and Energy Engineei@anference

V.Vijayakumar, T.Gopalakrishnan, Dr.R.Vivekanamtha




Vol.2 Issue.3,
March 2014.

Pgs: 57-63

3. Jian Meng., Yonggi Liu., Ruixiang Liu.,2011,"fm Element Analysis of 4-Cylinder Diesel Crankghéaf
[.J. Image, Graphics and Signal Processing, 5,22-2

4. MENG Jian., LIU Yong-qi., LIU Rui-xiang., and ANG Bin.,2011,“Intension Analysis of 3D Finite
ElementAnalysis on 380 diesel crankshaft,” Inteioret!

Conference on Computational and Information Science

5. Yu Gongzh.i, Yu Hongliang., Duan Shulin., 201Crankshaft Dynamic Strength Analysis for Marine
Diesel Engine,” Third International Conference ordduring Technology and Mechatronics Automation.

6. Gu Yingkui, Zhou Zhibo.,2011,“Strength Analysi$ Diesel Engine Crankshaft Based on PRO/E and
ANSYS,” Third International Conference on Measurirechnology and Mechatronics Automation

7. Xiaorong Zhou., Ganwei Cai., Zhuan Zhang. ZhamgqCheng., 2009, “Analysis on Dynamic
Characteristics of Internal Combustion Engine Cshualft System,” International Conference on Measurin
Technology and Mechatronics Automation.

V.Vijayakumar, T.Gopalakrishnan, Dr.R.Vivekanamtha



