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Medium speed engine crankshaft analysis

Ilkka Viisdnen®, Antti Mintyld, Antti Korpela, Teemu Kuivaniemi and Tero Frondelius

Summary. This article describes the overview of crankshaft analysis of a medium speed diesel
engine. Crankshaft analysis includes static analysis, crankshaft dynamics, bearing analysis, gear
analysis, and stress & fatigue analysis, the latter being in main focus in this article. AVL Excite
Power unit is used for multibody dynamics and Abaqus for finite element analysis.
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Introduction

A crankshaft is a highly loaded component in a reciprocating internal combustion engine.
To ensure the reliable function of this critical component, multiple types of analysis are
carried out. The most common types are the static concept analysis, the dynamics stress
and fatigue analysis and the closely related bearing [2], connecting rod [6] and fretting
analysis [9]. The virtual engine crankshaft simulation methodology is presented in [3].

Crankshaft dynamics

Crankshaft dynamics calculation can be divided into a concept phase and advanced flexible
multibody dynamic (MBD) simulations. Advanced flexible multibody dynamics simula-
tions are able to capture transient and non-linear phenomenons. The crankshaft dynamics
basic areas of interest are torsion and bending deformation as well as axial, main bearing
and big end bearing forces.

The complete power train with crankshaft, connecting rods, intermediate gears, cam
shafts, torsional vibration dampers and couplings are modeled with MBD software AVL
Excite Power unit.

The crankshaft analysis process, see Figure 1, begins with the geometry of the power
train components. The geometry is modified for finite element meshing using appropriate
CAD software, in this case Siemens NX. Finite element (FE) model building is done by
using prepossessing software like SimLab and HyperMesh, the SimLab being the preferred
tool because of the easy automation of meshing processes and built-in tools for multibody
model creation.
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Figure 1. Crankshaft analysis flowchart

Condensation, see Figure 2, is done by running Abaqus analysis using preferably the
Craig-Chang or Craig-Bampton sub-structuring methods [7]. The condensation method
is explained more detail in [6].
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Figure 2. Engine block finite element model and retained degrees of freedoms

The MBD analysis is done with a suitable software package. The AVL Excite Power
unit is capable of capturing all the required physical phenomena [5]. The MBD analysis is
done in a time domain, using adaptive implicit time integration methods, mainly backward
differentiation formulation (BDF') [4].

The MBD simulation is driven with external body loads, like gas forces, output torque,
and valve train forces. Loads are derived from measurements or simulations. Data anal-
ysis is utilized to form representative load cases for engine lifetime usage. A detailed
description of the data analysis is explained in [1].

Post-processing is done using a combination of the MBD software package, third-party
software and in-house code. Most of the results generation is fully automatized.
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Crankshaft fatigue analysis

Crankshaft dynamics analysis results are used for calculating the crankshaft global stress
state. Submodeling technique is used for accurate results in critical areas. Figure 3 shows
a submodel of crankshaft main bearing fillet and a comparison of measured and simulated
torsion.

Simulation
Measurement

Figure 3. Crankshaft global stress, submodel of main bearing fillet with safety factor contour and com-
parison of measured & simulated torsion

The purpose of crankshaft fatigue analysis is to produce information about the factor
of safety and probability of failure. The analysis methods include fatigue criterion and
fracture mechanics combined with probability theory. Material parameters are obtained
from material testing. This is expained in [13].

The Findley criterion is one of the fatigue analysis methods used:

(E + kfan)max S fv (1)

2
where A7 is the shear stress amplitude, o0, is the normal stress at critical plane, kyis a
constant and f is the shear fatigue limit. The use of the Findley criterion is more closely
explained in [11, 10, 8].
Fracture mechanics is also used for crankshaft fatigue analysis. A good description of
the application of Zcrack in crankshaft fatigue analysis is shown in [12].
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