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Experimental study of aging effect on mechanical and vibrational properties on
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ABSTRACT

In long-term overheating conditions, structural changes are the most important cause of mechanical
deterioration and reduce the life of hot components. Given the difficulty or costliness of tests needed to
assess the remaining life, searching for a non-destructive, simpler and more accurate way to estimate the
remaining life of hot components and assess their remaining life is essential and have many economic
benefits. The purpose of this study is to investigate the effect of structural changes on natural
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K ds: g : A :
L?;e“;’tl];amn frequencies and damping coefficients of samples of carbon steel SA516-Grade55 so that, if there are
Carbon steel significant effects, this method will be developed for other metals, in particular hot power plant parts. In

Aging this research, severe structural changes were observed on the samples by performing heat treatment of

Microstructural change ’ aging. As perlite decompose into ferrite and spheroidal carbides in the boundaries. With increasing

S structural changes, it was found that the natural frequencies of the first to sixth modes and the elastic
modulus are decreased and the coefficients of damping and logarithmic decrease are increased
significantly. These promising results are the elaboration of a non-destructive new method for
estimating the remaining life for components of different types under long-term overheated operation
conditions.
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C Si Mn P S =
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<0.18 0.15-0.4 0.6-0.9 <0.035 <0.035 [186]
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Sy e 0 plle diged Jlsluy, 4SS

Fig. 5 The 3D microstructure of sample after 12 hours heat
treatment
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Fig. 2 The general schematic of hammer test with main required
equipment
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Fig. 3 Diagram of amplitude as frequency modal test
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Table 6 Damping coefficients of samples obtained from 2* to 6%
natural frequency (* 107*)

aelo 24 aigas aelo 12 aiges o)leds
L g
(o %) (D1 %) Al
38019 1785
(510.2%) (188.6%) 0231 2
38.678 18.061
(495.9%) (178.2%) e 3
38216 18512
(460.9%) (171.7%) 6814 4
38,519 18.296
.
(539.1%) (203.6%) 6.027 :
38.347 18.328
(499.4%) (186.5%) 6358 -

(#1073) ot b pgo olo wilS 3 &y bogy e lndiges oms I 2257 Jgu
Table 7 Logarithmic Decrement of samples obtained from 2™ to 6"
natural frequency (x 107%)
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: > 5 > pJL“ qjs‘j i G
(M= %) (el %) oS 5
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(485.0%) (175.4%) 20.813 5
121.894 57.736
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Fig. 6 The 3D microstructure of sample after 24 hours heat
treatment
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Table 2 Young modulus of samples obtained from the tensile test

% (MPa) Kb Jgoe digai £ @,
e 206365 wle wges 1
-4.65 196773 azel 12 &ge 2
-10.74 184200 azels 24 digas 3

Joge 53UT 51 oael s & lodigas Jgl ordo il 53 Jau
Table 3 The first natural frequency of the samples obtained from the
modal analysis

% AHes Hz) ol 5,3 Aiged g4 9,
- 1277 ol aiges 1
-2.04 1251 welu 12 wges 2
-4.54 1219 azelu 24 aiges 3

(*10%) ladiges ol sl 4 Jgom
Table 4 Damping coefficients of samples
%

o Fals Smd . )
Gl s oo e T
Dl

- 20.665 3288 6577 oo 1
180% 57.757 9218 18437  axelu 12 2
485% 121,124 19254 38509  aelo2d 3

Jge 56T 3l oual coss 4 latiges @i b pgd als il 35 Jousr
Table 5 The 2™ to 6" natural frequency of the samples obtained from
the modal analysis

azel 24 g azel 12 &iges o Lot
oL sges
(G %) (Gl %) Sl

3356 3442

(-4.59%) (2.15%) LIk g
3439 3525

(-4.42%) (:2.03%) 3598 3
6558 6704

(-4.14%) (-2.00%) 684l 4
7013 7194

(-4.59%) (2.12%) 7330 o
10674 10942

(-4.43%) (-2.03%) K163 6
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