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Abstract: Employing acoustic surface wave for surface hardness quantitative evaluation faces many challenges now. By
setting up high-precision acoustic surface wave detection system, the surface wave amplitude and propagation time of different
heat treated 45 steel calibration specimens were measured by double probes method, calculating attenuation coefficient and
acoustic surface wave velocity, respectively. The distance between the transmitting and receiving probes changed during the
measurement, and the effects of different microstructure and measuring distance for surface wave velocity were studied. The
mapping relationship of material surface hardness, microstructure and acoustic surface wave test characteristic value was set
up, and a acquiring calibration model for evaluating surface hardness of 45 steel specimens by acoustic surface wave method
was acquied and verified. The results show that it is feasible to evaluate the surface hardness of 45 steel by using surface wave
velocity, and the predicting hardness error meets the requirement of 10% size for the engineering application. There is no
obvious mapping relationship between the attenuation coefficient and the surface hardness, therefore, the attenuation
coefficient cannot be used to evaluate the surface hardness of 45 steel specimens.
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Fig.3 Schematic diagram of acoustic surface wave system
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Table 1 Heat treatment methods and Brinell hardness of

calibration 45 steel specimens

Heat Cooling Holding Hardness /
treatment medium time / min HBW
A Furnace 129
N Air 155
600T Air 30 192
400T Air 30 340
200T Air 30 489
wQ Water 522
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(a) Annealed structure

(b) Normalized structure

(c) High tempered structure

(d) Middle tempered structure
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Fig.6 Microstructure of calibrated 45 steel specimens with different heat treatment
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Table 2 Measurement data of heat treated 45 steel calibration specimens

Measurement parameters

Heat treatment

to/ ps tal ps ta-to / us cn/ (m-s™)

26.018 29.287 32.657 3.413 6.682 10.052 2930 2993 2984

A 22.605
36.027 39.376 42.702 13.422 16.771 20.097 2980 2 981 2 986
26.040 29.359 32.689 3.407 6.726 10.056 2935 2974 2983

N 22.633
36.055 39.393 42.725 13.422 16.759 20.092 2980 2983 2 986
26.063 29.393 32.701 3.409 6.739 10.047 2933 2968 2986

600T 22.654
36.064 39.415 42.754 13.410 16.716 20.100 2983 2983 2 985
26.100 29.416 32.724 3.437 6.753 10.061 2909 2961 2981

400T 22.663
36.088 39.441 42.774 13.425 16.778 20.108 2979 2 980 2983
26.121 29.448 32.789 3.427 6.754 10.095 2918 2961 2971

200T 22.694
36.158 39.497 42.863 13.464 16.803 20.169 2970 2975 2974
26.165 29.488 32.869 3.443 6.766 10.147 2904 2956 2957

wQ 22.722
36.253 39.573 42981 13.531 16.851 20.259 2956 2967 2962
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Table 3 Surface wave attenuation parameters of heat treated 45

steel calibration specimens

Measurement parameters

Heat treatment
Bo/V Bs/V a/(dB-mm™)
A 2.68 1.80 0.057 6
N 2.64 1.76 0.058 7
600T 2.76 2.60 0.008 6
400T 2.32 1.84 0.033 6
200 T 1.84 1.36 0.043 8
wQ 1.72 1.32 0.0383
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Fig.10 Surface wave attenuation coefficient varied with hardness
for heat treated 45 steel calibration specimens
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treatment

R4 TREALE S RITERGREHTERE
Table 4 Lattice distortion degree of 45 steel calibration specimens
with different heat treatment

Heat treatment A N
Strain/%

600T 400T 200T WQ
0 0.033 0.094 0.168 0.369 0.509

600

Hardness / HBW

0 0.1 0.2 03 0.4 0.5
Strain / %

[ 13 s iUl B e it s R A R B 1) 281
Fig.13 Hardness of calibration specimens varied with the degree
of lattice distortion
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Fig.14 Acoustic surface wave velocity of calibration specimens

varied with the degree of lattice distortion
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