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Evaluation of Thermal Fatigue Life on the Exhaust Manifold by Analyzing Restraint Ratio
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ABSTRACT

To evaluate a thermal fatigue life of the exhaust
manifold, it has been shown to apply the restraint ratio
to an evaluation parameter. As it was conformed that a
thermal fatigue life depended on the restraint ratio in
material experiment, authors judged that the restraint
ratio could be applied to evaluate a thermal fatigue life.
It was confirmed that the restraint ratio of real exhaust
manifold could be obtained without difficulty from the
results of strain measured by using a conventional strain
gauge. This was carried out under setting up the
experimental conditions about the temperature of 300°C,
which reproduced the same temperature distribution state
on the exhaust manifold as the full load engine operating
condition. As the restraint ratio actually measured by this
method agreed with the result of endurance test, it was
confirmed that the restraint ratio was a parameter
adequate to evaluate a thermal fatigue life of the exhaust
manifold. And further, as the restraint ratio which was
calculated with CAE agreed well with actually measured
value, it was confirmed that the CAE could evaluate a
thermal fatigue life of the exhaust manifold.
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Fig.2 Specimen for thermal fatigue test
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Table 1 Chemical composition

Element C Si Mn P S Mg
wt% 3.50 3.55 0.18 0.023 0.013 0.039
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Fig.3 Microstructure of specimen
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Fig.4 Relationship between evaluation parameter
and thermal fatigue life
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Table 2 Evalution parameters for a thermal

fatigue life

Evaluation Plastic strain Energy loss Restraint ratio

parameter Range : A¢ o - E n
Original Stress : O Stress : O Temperature : At
factor Strain : & Strain : € Strain  : €

’ & max(o =0)- . -€
Expression & min(0 =0) Jo-de Y AT
Conception Plastic Distract energy in | Restraint ratio of
of parameter | deformation in a |a single heat cycle heat
single heat cycle expansion
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Fig.5 Spring system model for restrained state

Uidnboobbooboboobboobboobooo

gboboobooboobooobooooboobobobono
gbobooboobooooobooobobooboboboono
gooooooobooboobobobbbbbobobonooooo

ug

OO0000oDOoO0O0000ooooOOooOOoOoOoOonOTable3
gbobobooboooooooobobooboboboono
gbobobooboobooobooooboobobobono

gobodbooobooboboobobooboobobda

Table 3 Comparison of usability among
the parameters
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Table 4 Aspect of the exhaust manifold for experiment

Type-B Type-C
T =01
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Fig.10 Comparsion of temperature distribution
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Table 5 Various exhaust manifold aspect
for experiment

No.| Manifold type Material Engine type

1 4-1type-a FCD450S L4 SOHC 1.2L
2 4-1type-b FCD450S L4 DOHC 1.6L
3 4-2type-a FCD450S L4 DOHC 1.6L
4 4-2type-b FCD450S L4 SOHC 2.0L
5 4-2type-c FCD450S L4 SOHC 2.2L
6 4-2type-d FCD450S L4 SOHC 2.2L
7 4-2type-e FCD450S L4 SOHC 2.2L
8 3-1type-a FCD450S V6 SOHC 3.0L
9 3-1type-b FCD450S L3 SOHC 0.66L
10 3-1type-c FCD450S L3 SOHC 0.66L
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