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STRESS ANALYSIS OF ENGI AE COMPONENTS US NG THE BOUNDARY ELEMENT METHOD

JunichiSugita and Tamotsultoh

Stress analysis through the Finite Element Method (FEM) is widely utilized to design and evaluate
engine parts. However, it requires much rime to produce models with complicated three-dimentional
profiles. There are also many casesin which it is difficult to use the FEM system during the devel opment
stage. We developed anew stress analysis system combining the Boundaly Element Method (BEM) with
a pre/post-processor. BEM is faster at producing models and is more flexible in allowing for design

modifications.

We applied the system to the stess analysis of pistons and crankshafts.
Compared with the result from zn actual measurement of components, the stress analysis using the

system proved a good result with its accuracy.

Key Words : Boundary Element Mzthod, Engine, Stress Analysis, Piston, Crankshaft, Super
computer, CAD system, Computational Mechanics, BEASY.
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Table 1 Comparison between BEM andFErA

8EM FE 1
Eiement Boundary elements | Domainelements
Input data Few, simple Many, complicated
Matrix Asymmetrical Symmetncal
full matnix band matrix
Calculation Long time Short time

Analysis area | Elasticity
Infinite region

Elastoplasticty
Dynam analysis

Application Few Many

Theory Difficult Easy
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Table 2 Functions of pre/post-processor

1. Pre-processor functions

Checking and maodifying the model
- Aspect ratwo
- Grading
+ Normal vector
+ Scaling

Setting the calculation conditions
* Loads
«Boundary conditions
-+ Material characteristics
« Division of the regions

2. Post-processor functions

« Display of surface stress

- Stress vector diagram

+Display of temperature distribution
« Display of displacement
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Table 3 Applicable areas ¢t BEASY

1. Analysis tipe

- Elastic stress analysis

- Static heat conductionanalysis
- Thermal stress analysis
«Nonilinear contact analys: s

« Fracture mechanics anziysis

2 Calculation conditicrs

Suess analysis
« Pressure load of arbitrary
distribution
« Acceleration and rotaticnat force
« Prescribed disptacement
- Sliding interface. spning intedace
* Gap element

Heat conduction analys:s
* Boundary heat conduzi:on
- Tempe ratu re conddion
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Table 4 Performance of BEASY for crank throw on a

CRAY Y-MP
Non optimized Optimized Reduction
Version Version {Percent)
Number of elements 1202 1202
Degrees of freedom 5373 5373
Memory required (Mword) 179 117 35
Total CPU time 16min 12sec | 10min 15sec 37
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