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1.Introduction

During the last years the development in the analysis of the thermal fatigue phenomenon
was remarkable in particularly in industry. This improvement was more and more evident on the
specific power of the engines, involving a general rise in the working temperature and in the
stress level of oligocyclic thermal fatigue due to the start /stop of the engine.

As far as this is concerned, the theoretical capabilities of the LIN (Nuclear Engineering
Laboratory of Montecuccolino) has beem requested in the frame of a collaboration with the
IVECO Spa of Turin in view of verifying experimental data.

The investigation of the thermal fatigue consequences has been undertaken by analyzing
a cylindrical sample; its material was similar to that of the engine's head. Its was axially
clamped in the two extremes and subjected to repeated thermal cycles. Beginning from the
first experimental results supplied by IVECO, a theoretical - numerical ~campaign has been
started in order to attempt a correct interpretation of the experimental behavior.

The computer codes adopted in this study are mainly two typical FE programs
(CASTEM and ANSYS) which have been carried out in parallel. Firstly, both the physical and
mechanical experimental conditions have been accurately reproduced in the model prepared for
structural analysis. Secondly several runs of calculations ware worked out to obtain a stress-
strain description during some load - unload cycles. The material law is obviously non-linear
because the strong variations in the temperature distributions cause high stress levels well above
the yelding point.

2.Experimental work

The cylindrical sample used in the tests has a diameter of 10 mm. and a length of 46 mm.
The cylindrical form has no geometrical discontinuities. The specimen material is made on
aluminum alloy, as usually adopted in the engine's heads.

The material characteristics are show in tab.1.
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The sample, axially clamped at the two extremes, is heated by Joule's effect. The source

is uniformly distributed along the axis.

The cooling is obtained by two ways:

1) in natural convection by air along the outside surface;

2) in forced condition in the cooling equipment at the two extremes.

The temperature has a parabolic profile and the maximum value is achieved in the middle
of the vertical section of symmetry plane normal to the specimen axis. This value is influenced

by the material proprieties.

The heating is time depending; in 300 sec. the sample temperature reaches the maximum.
The cooling has the same dependence; in 300 second the sample temperature lows down to

room temperature.

The experimental work has two differential loading history:

1) the sample stop 10 sec. on the maximal temperature;

2) the stop is in 300 sec.
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3.Numerical study

The numerical analysis, as said in the in the preceding paragraph, is performed by means
of two finite element programs: ANSYS (Swanson Analysxs System, Inc. of Houston - USA)
and CASTEM (CEA France).

The first step consist of a coarse numerical analysis: the material behavior is considered
w1thout creep. For the fatigue approximation model the Cinematic hardening could be
acceptable.

- The geometry meshing can be idealized by 2-D elements. We have to use 3-D elements
in the course we want to examirie the real structure which is a not a:qal-symmetncal structure.

We have considered the symmetry of the sample; only 1/8 of the structure is meshing with 172
elements. '

The first approach permit to consider a single cycle with a stop of 10 seconds at the
maximum temperature. The thermal map for 1/8 of the sample in the maximal condition is

shows in fig.1. The maximal temperature reached at the centrum of the symmetry plan is 321.7
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Fig.1 Thermal mapping
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The results, of the entire load - un load cycle, are represented in Tab.2. The first
column shows the maximal temperature of the sample. The second shows the axial load (in
kNewton). It is calculated with the reaction bounded. The third is the radial strain calculated
with the radial translation of the central symmetrical plane. The fourth lists an axial stress
calculated by dividing the axial load with the circular surface.

Tab.2 Results, of the entire load - un load cycle

For the simple heating-cooling cycle the numerical and experimental data are in good
agreement among them, but the simulation of the real conditions of the sample is more
complicated in presence of the hold-time effect due to the creep.

4.Creep model

It is very important upgrade the quality of the results for a single heating-cooling cycle
because the quality of the fatigue analysis is depending from the approximation introduced in the
first cycle.

The creep phenomenon is relatively important in this operating condition. The
formulation of the creep law is not easy in the lack of a consistent characterization. Our
approach considers only the contribution of the second creep by a simplified law, like that of
Norton relation:

ar=Ao"
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where:

€., = strain for secondary creep;
A , n = experimental quantities.

The A and n parameters are calculated starting from experimental data on the same
material.

The result of the analysis for a single heating-cooling cycle, is shown in fig.2, in which
the residual equivalent stress is calculated at the end of the cycle. The stresses are evaluating on
the basis of Von Mises criterion. The stress is quite uniformly distributed on the sample section
and the axial-stress is in compression.

The form of specimens tendered to be different from the initial one. In the central
sections the diameter increases evidently.

The fig.2 and 3 represent the numerical results for the entire first heating-cooling cycle
with the experimental measures in manner to have a detailed description of the differences
between this two approaches.

With hold-time of few minutes there an no marked discrepancy in respect of
instantaneous applications of loads. In any case more accurate constitutive equations in
representing creep response of the specimen have to be analyzed.
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4.Fatigue analysis

The major difficulty to study more heating-cooling cycles is the introduction of the real
hardening law. The usual isotropic and cinematic attempts are not able to describe accurately the
experimental results. For that a numerical-theoretical campaign will be programmed in the next
future with the aim to evaluate a more acceptable model with the existing ones.

A scratch of some heating-cooling cycles are represented in fig.4.

150
100

Axial stress (MPa)
(=)

Radial strain (%)

FIG.4 Results for few heating-cooling cycle



