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Fig. 1. (color online) The microscopic inhomogeneous
structure of amorphous alloys[12:13] (a); The mechan-
ics match of microscopic inhomogeneous structure (b);
The rheological model of fractional order Zener body, E1,
Eocorresponding to the elastic modulus of the amorphous
alloys and the liquidlike unit respectively, 7 and a denoted

the average relaxation time and fractional times (c).
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Fig. 2. When the maximum load is equal to 200 uN,
the load-displacement curves of different loading rates
in the process of loading-loadholding-unloading and

the curve of Hert solution.
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Fig. 5. The time-displacement curves in load-holding

stage of different loading rates fitted by fractional or-
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Fig. 6. The load-displacement curves of loading rate

at 5 mN/s in loading stage fitted by fractional order

der model. model with different fractional parametera.
F 1 AFEINEGE R LA R B S 235
Table 1. The fitting parameters of different loading rates curves in different stages.
In#EE 2 /(mN /s) E;/GPa E,/GPa 7/ms e p=Ex/E1 MRMILRH r?

i 1 204.907£3.281 27.816£0.621 5.906+0.121 0.263+0.011 0.135 0.9753
29 5 215.005£3.533 29.458+0.532 6.778+0.342 0.18640.002 0.137 0.9882
1y 10 220.001£2.566 33.209+3.332 8.239+0.136 0.151+0.024 0.151 0.9675
B 20 228.137+£3.841 39.101+2.561 8.53940.043 0.0894+0.015 0.171 0.9726

50 251.581+4.823 46.203+2.691 9.616+0.081 0.02240.025 0.183 0.9654
TR 1 185.183+6.281 35.744+3.426 4.012+£0.312 0.605+0.124 0.193 0.9862
29 5 181.673+£4.513 54.802+4.213 3.619+£0.252 0.712£0.212 0.301 0.9673
iy 10 180.615+3.662 60.846+£3.121 2.992+0.211 0.859+0.113 0.337 0.9761
B 20 174.952+4.621 61.012£5.632 1.968+0.315 0.832£0.215 0.349 0.9832

50 169.642+5.712  67.021£3.152 1.501£0.263 0.921£0.013 0.395 0.9647
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Fig. 7. The time-displacement curves of loading rate
at 5 mN/s in load-holding stage fitted by fractional

order model with different fractional parameter .
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Investigation on the viscoelastic behavior of an Fe-base
bulk amorphous alloys based on the fractional order
rheological model”
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Abstract

Combined with the microstructure evolution in amorphous alloys under the external load, a fractional order vis-
coelastic constitutive model is first derived by replacing a Newtonian dashpot in the classical Zener model with the
fractional derivative Abel dashpot. Based on the Hertzian theory and the fractional order viscoelastic constitutive
model, a relationship between displacement and load (or time) for an instrumental nanoindentation test with a spherical
indenter is then proposed. Finally, a series of nanoindentation test data for an Fe-base bulk amorphous alloy are employed
to verify the derived model, and its viscoelastic behavior in the apparent elastic region is analyzed in detail. Results
show that the fractional order rheological model has higher fitting accuracy than that of the integer order model, and
the fitting parameters of the proposed model are more suitable to reflect the effect of the loading rate on the viscoelastic
behavior in the alloy studied. Variation of the above-mentioned fitting parameters exhibits a strong correlation with the

microstructure evolution during the loading of this Fe-base amorphous alloy.

Keywords: bulk amorphous alloys, fractional order rheological model, nanoindentation, viscoelastic

behavior
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