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ABSTRACT: In a radial engine, the piston in one cylinder in each row is connected to the crank shaft by a master rod.
The master rod assists the connecting link between the piston pin and the crank pin. The crank pin end contains the
master rod bearing. The present work explains design and analysis of master rod. At present master rod is manufactured
by using Forged steel material. In the present work 2D drawing is drafted based on calculations. A Parametric model of
master rod is modelled using CATIA V5 R20software and static analysis is carried out by using the ANSYS 14.5
software. FEA of master rod is carried out by considering two different materials like SSA36 and AIT66061. The better
comparison was performed in the present analysis for various parameters like Equivalent Stress,TotalDeformation,
Fatigue life , Fatige Damage and Factor of Safety were done in ANSYS 14.5 software. Also, Comparison between the SS
A36 and Al T6 6061 for different parameters were carried out for different rotational velocity (RPM).
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NOMENCLATURE

A = Area of cross section of the master, L = Stroke Length of the master rod, D = Diameter of the Piston, r = radius of the
crank, we= Buckling load, SS = Structural Steel, Al = Aluminium = Angular speed , © = Crank Angle of Dead Centre,
| «x= Moment of Inertia of the | — Section about the x -axis , ., =Moment of Inertia of the | — Section about the y -axis ,
k = Radius of gyration.

I. INTRODUCTION

The radial engine is a reciprocating type internal combustion engine configuration in which the cylinders radiate outward
from a central crankcase like the spokes of a wheel. It resembles a stylized star when viewed from the front, and is called a
star engine. The radial configuration was commonly used for aircraft engines before gas turbine engines became
predominant .Since the axes of the cylinders are coplanar, the connecting rods cannot all be directly attached to
the crankshaft unless mechanically complex forked connecting rods are used, none of which have been successful. Instead,
the pistons are connected to the crankshaft with a master and articulating-rod assembly. One piston, the uppermaost one in
the animation, has a master rod with a direct attachment to the crankshaft. The remaining pistons pin their connecting rods'
attachments to rings around the edge of the master rod. Extra "rows" of radial cylinders can be added in order to increase
the capacity of the engine without adding to its diameter. FOUr radials have an odd number of cylinders per row, so that a
consistent every-other-piston firing order can be maintained, providing smooth operation. The radial engine normally uses
fewer cam lobes than other types. As with most four-strokes, the crankshaft takes two revolutions to complete the four
strokes of each piston.
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Fig 1.1: Radial Engine 3D Exploded View

1. SPECIFICATIONOF THE PROBLEM

The objective of the present work is to design and analysis of master rod made of Structural Steel A36 and Aluminium T6
6061. Master rods are usually manufactured by the materials like steel. Master rod was modelled in CATIA V5 R20. Then
Model is imported to ANSYS 14.5 for analysis. After analysis a comparison is made between Structural Steel A36 and
Aluminium T6 6061 in terms of stress distribution, Total deformation, Fatigue life, Fatigue Damage and Safety factor.

111. DESIGN CALCULATIONS FOR EXISTING MASTER ROD

Flange Thickness (t) = 5mm

I — Section Width (B) = 4t = 20mm

I — Section Height (H) = 5t = 25mm

| — Section Area (A) = 11t* = 275 mm?

Height of the Big End(H,)= (1.1 - 1.25) H =28mm
Height of the Small End (H;) = (0.9 — 0.75) H = 23mm

4

St TR

—u

Fig 3.1: I — Section Standard Dimension

M. O. I of I- Section about x — axis is given by length of master rod (n*) = L/ r

| «x= 1/12(BD3-bd3) =2
= 1/12{4t (5t) 3-3t (3t) 3} Angular speed (w) is given by
_ - ©= 27N / 60
= 3491tz = 271500/60

| «x =21818.75 mm* o= 157.1 rad/sec

M. O. | of I- Section about y — axis is given by Inertia force of reciprocating parts

!y = 1/12(bc-BD?) F_lo0omry? o Cos26
= 1/12{2t (4t) 3+3t (t) 3} — T e osU =T T
=10.91t 2*2 Weight of Reciprocating Parts

., =6818.75 mm?* W =mg =2(9.81) = 19.62N

Crank Angle for Dead Centre (6) =0

Ratio of I .xand Iy, Acceleartion due to Gravity (g)= 9.81 m /Sec?
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= ol Ly v =rw=9.81m/s
=319 F; = 15036.8N
Radius of gyration (Kxx, Total force of Master rod
K=V (1 /A) Fc=Fe-F,
=1.78t Fp= Force of piston = 21800N
=89. Fc =21800 — 15036.8
W.K.T Fc = 6764N

Stroke length (L) = 32 mm.
crank radius (r) = L/2

=16 mm.
Sl. no Parameters mm

1 Thickness of the Master Rod 5

2 Width of the Section (B=4t) 20

3 Height of Section (H=5t) 25

4 Height of the Big End 28

5 Height of the Small End 23

6 Inner Diameter of Small End 24

7 Outer Diameter of Small End 35

8 Inner Diameter of Big End 52

9 Outer Diameter of Big End 69

Table 3.1: Parameters of Master Rod
Sl .no Mechanical Unit
. SSA36 Al T6 6061
Properties
1 Density kg/m3 7850 2770
2 Co-efficient o_f thermal Ic 1265 2 305
expansion

3 Young’s modulus (E) Mpa 2e5 2e5
4 Poisson’s ratio - 0.3 0.33
5 Bulk modulus Pascal 1.6667ell 6.9ell
6 Shear modulus Pascal 7.6923el11 2.66992¢10
7 Tensile yield strength Mpa 250 280
8 Compressive yield strength Mpa 250 280
9 Tensile ultimate strength Mpa 460 310
10 No. of cycle to failure - 1x10° 1x10°

Table 3.2: Mechanical Properties of SS A36 and Al T6 6061,[9]
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Sl.no | Chemical Elements | Symbol | Atomic no SS A36 in % Al T6 6061 in %
1 Carbon C 6 0.25-0.290 -
2 Copper Cu 29 0.20 0.15-0.40
3 Iron Fe 26 98.0 0.7
4 Manganese Mn 33 1.03 0.8-1.2
5 Phosphorous P 15 0.040 -
6 Silicon Si 14 0.280 0.4-0.8
7 Sulphur S 16 0.050 -
8 Zinc Zn 30 - 0.25
9 Titanium Ti 22 - 0.15
10 Chromium Cr 24 - 0.04-0.35
11 Other - - 0.05

Table3.3: Chemical Properties of SS A36 and Al T6 6061,[9]

Standard earth gravity 9806.6 mm/s
Fixed support -
Rotational velocity Up to 6000rpm
Force 2 -6764 N
Force 1 6764 N

Table 3.4: Boundary Conditions of Master Rod
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Fig 3.2: 2D Drawing of Mater Rod

1V. 3D Modeling of Master Rod Using CATIA V5 R20
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(©)

(d)

Fig 4.1: Different Stages of Master Rod using CATIA V5 R20 (a) Dimensions according to table(b) Extruded
Half (c)Mirroring of Half Master Rod (d) Mirroring of Full Master Rod
V. RESULT ANALYSIS OF THE MASTER ROD
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Fig 5.3:Equivalent Stress of SS A36
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Fig 5.2 :Boundary Conditions

A: Static Structural ANSYS
Equivalent Stress R14.5
Type: Equivalent (von-Mises) Stress
Unit: MPa
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Fig 5.4: Equivalent Stress of Al T6 6061
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Graph 5.1:Equivalent Stress V/S Rotational Velocity of SS A36 and Al T6 6061
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A: Static Structural ANSYS A: Static Structural ANSYS
Total Deformation R14.5 Total Deformation R14.5
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Fig 5.5: Total Deformation of SS A36 Fig 5.6: Total Deformation of Al T6 6061
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Graph 5.2: Total Deformation V/S Rotational Velocity of SS A36 and Al T6 6061
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Fig 5.7: Fatigue Life of SS A36 Fig 5.8: Fatigue Life of Al T6 6061
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Graph 5.3: Fatigue Life V/S Rotational Velocity of SSA36 and Al T6 6061
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Fig5.9: Fatigue Damage of SSA36
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Fig 5.10: Fatigue Damage of Al T6 6061
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Graph 5.4: Fatigue Damage V/S Rotational Velocity of SS A36 and Al T6 6061
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Fig 5.11: Safety Factor of SS A36
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Graph 5.5: Safety Factor V/ S Rotational Velocity of SS A36 and Al T6 6061
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Graph 6 : Comparsion of Fatigue Life and Factor of Safety for SS A36 and Al T6 6061

Sl.no Rotational Types Structural Steel A36 Aluminium T6 6061
Velocity Max (Mpa) | Min(Mpa) | Max (Mpa) | Min (Mpa)
(RPM)
1 Equivalent Stress 33.946 0.0123 11.944 0.0017321
2 Total Deformation 0.0252 0 0.025012 0
3 3000 Fatigue Life 1e6 1e6 1e8 1e8
4 Fatigue Damage 15 2.5394 15 6.9275
5 Safety Factor 1000 1000 10 10
Table 5.1: Analytical Results of ANSYS 14.5 for Rotational Velocity 3000 RPM
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Sl.no Rotational Types Structural Steel A36 Aluminium T6 6061

Velocity Max (Mpa) | Min (Mpa) | Max (Mpa) | Min (Mpa)
(RPM)

1 Equivalent Stress 131.28 0.048742 47.789 0.0105165

2 Total Deformation 0.10092 0 0.10008 0

3 6000 Fatigue Life le6 1.0594e5 1e8 1e8

4 Fatigue Damage 15 0.63465 15 1.7314

5 Safety Factor 9439.6 1000 10 10

Table 5.2: Analytical Results of ANSYS 14.5 for Rotational Velocity 6000 RPM
V1. RESULTS AND CONCLUSIONS

In the present work Solid Modelling of Master Rod is modelled by using CATIA V5R20and Simulation was done by
using ANSYS 14.5.Analysis was performed for few parameters like Stress distribution, Total deformation, Fatigue
damage, Fatigue Life and FOS and also Comparison made between SS A36 and Al T6 6061.

SS A36 master rod as maximum equivalent stress distribution of 131.28 Mpa .The yield strength of SSA36 is 250Mpa
and maximum stress occurred at crank end, which is less than the yield strength hence rotational velocity of 6000rpm to
master rod is applied by considering the FOS within the range of 1.5 — 2 after increasing in rotational velocity above
6000rpm for SSA36,master rod may leads to fail, hence maximum rotational velocity should be within 6000rpm for SS
A36.

Al T6 6061 master rod as maximum equivalent stress distribution of 47.789 Mpa .The yield strength of SSA36 is
280Mpa and maximum stress occurred at crank end, which is less than the yield strength hence rotational velocity of
6000rpm to master rod is applied by considering the FOS within the range of 2.4 — 2.8 after increasing in rotational
velocity above 6000rpm for Al T6 6061, master rod will not fail, hence maximum rotational velocity should be within

11000pm for Al T6 6061.

SS A36 total deformation of master rod as maximum 0.10092mm, because at the fixed ends does not allow to deform
similarly Al T6 6061 as 0.10008mm.

SS A36 Fatigue life of master rod as maximum 1 x10° cycles and minimum 1.05x10° cycles, similarly Al T6 6061 as
maximum and minimum of 1x10° cycles.

FOS is used to check the strength and weaker sections of the geometry; it is observed that weaker section with FOS
0.65 and 0.52 for SS A36and Al T6 6061 respectively and here to increase thickness to overcome the failure in weaker
section.

eSS A36 has more Equivalent stress compared to Al T6 6061.

e SS A36 has almost equal Total Deformation compared to Al T6 6061.
eSS A36 has less Fatigue life compared to Al T6 6061.

eSS A36 has equal Fatigue Damage compared to Al T6 6061.

eSS A36 has less FOS compared to Al T6 6061.
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