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Abstract: In order to solve the problem of non-destructive, online, and in-service quantitative monitoring/ testing of
Brinell hardness of alloy steel component, by building and using an advanced critical refractive longitudinal wave param-
eter testing device, we have carried out experiments on quantitatively evaluating the near surface Brinell hardness of alloy
steel using ultrasonic critical refracted longitudinal waves, measured the critical refracted longitudinal wave propagation
characteristic parameters in alloy steel calibration specimens, and calculated the detection parameters required for evalu-

ating Brinell hardness, namely acoustic velocity and attenuation coefficient. In the experiment, we altered the front edges
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distance between the receiving and transmitting probes and the calibrating specimen microstructure, studied the influence
of above changes on the ultrasonic propagation characteristic parameters, confirmed the sensitive detecting parameter for
evaluating alloy steel calibration specimen Brinell hardness, and finally established the calibration mapping relationship
models between the near surface Brinell hardness of 45% steel calibration specimens and the critical refractive longitudi-
nal wave characteristic parameters, verified its hardness prediction accuracy. The test result shows that the wave detection
parameters are different in sensitivity to the calibrated specimen Brinell hardness, there is a strong correlation relation-
ship between the acoustic velocity and the Brinell hardness, and the error of the establishing Brinell hardness prediction
model is less than 10%. The attenuation coefficient cannot be used to evaluate the near surface Brinell hardness of 45*
steel specimens. This study provides some reference for evaluating the Brinell hardness of alloy steel components by ultra-
sonic non-destructive testing methods.

Key words: ultrasonic non-destructive testing methods; Brinell hardness; critical refracted longitudinal wave; propa-

gation time of ultrasonic; amplitude attenuation; hardness test; calibration mapping relationship
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Fig.1 Logic diagram of ultrasonic non-destructive test method

for mechanics performance of the alloy steel and its
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components
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Fig.2  Flow chart of quantitative detection method for hardness

of alloy steel specimens by ultrasonic critical refracted

longitudinal wave
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Fig.3  Schematic diagram of ultrasonic critical refracted
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Fig.5 Detection probe position on the calibration specimen

1.2.2 B RIFH P AR IR TR R HON 5k

i 3 b AR R R i ST S A )
1 AT S A T e ) B AR R R, A
AR, BBk Z AR, A58 AN FE R R
FRWCIG AT ST A AR, AN R BER 1& & bR
FE TR ST S s il R B A (2) 1A

= 201g(Bn/Bm) (2)
X

K o WAL, B, B Xl K
Sk d, . d, W ST B, ~ 9
YA I A 7 e 22

1.3 RKERS

A G AT BRI R g E 6 i, HAl
A AL HE RITEC RAM-5000 75 25 v ff J3 75 2 46
RGBSR HT . RT-50 % DG it f B
RS-5-G2 455 D o (e84 ) . IO BoR
FIBCT R . 2 HO IR 2. 5 MHz (I B4
SV . RIS G R . — 2 A
o T8 S 1B 11 45 b o i, 3R R
P R ) ELA TR SR

HESEER
NN
L
RAM-5000
S ‘—'
— — — —

s

I 737 5 0
B PERR

I R ATATA
R

e
Ko praidiir s R4

Fig.6  Calibration test acoustic system
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Tabh.1  45%steel calibration specimen testing parameters
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Fig.7 45 *steel calibration specimen microstructures with

six different heat treatments
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Tab.2 The wave time and its root mean square error

of annealing 45* steel calibration specimens

d,/ mm t, ] s E, [ ps
10 18.446 0.002
20 19.623 0.014
30 21.212 0.020
40 22.661 0.007
50 24.294 0.005
60 25.900 0.001
70 27.483 0.001
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Tab.3  The wave time corresponding to different

propagation distance
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Tab.4  The change of ultrasonic critical refractive lon-

gitudinal wave velocity
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Tab.5 The critical refractive longitudinal wave mea-

suring parameters of the calibration specimens

; - - IR
PN MR B, A B, A
a/(dB-mm™)
A 1.76 1.28 0.1383
N 1.76 1.24 0.1521
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Fig.11 Variation curve of the calculating attenuation

coefficient with Brinell hardness
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Fig.13  The linear fitting between calibration specimen

hardness and critical refractive longitudinal wave velocity
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