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Safety Assessment of Tread-Braked Railway Wheels Under Malfunction Drag Braking
Using Ultrasonic Acoustoelasticity

Kazuyuki HANDA, Ryo OZAKI, Railway Technical Research Institute 2-8-38, Hikari, Kokubunji, Tokyo
Eric Voortman LANDSTROM, Chalmers University of Technology

The application of ultrasonic acoustoelasticity for the safety assessment of tread-braked railway wheels

subjected to malfunction drag braking was investigated. Ultrasonic residual stress measurements were found

to be potentially more effective for detecting wheel anomalies compared to conventional techniques, such as

strain gauges and X-ray diffraction. It was observed that the acoustic anisotropy of wheel cut pieces did not

match the values reported in the literature, making direct, non-destructive stress measurement in specific

wheels challenging. Therefore, a comparative assessment method was proposed, in which the measured stress

values are compared to those from wheels of the same type and diameter, without abnormal loading histories.
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Table 1 Specification of the equipment.

Manufacturer DEBRO UMS (Warsaw, Poland)

Product DEBBIE

Dimension 150X164 X69 mm

Probehead Multi-transducer, Shear wave

Probe diameter 20 mm

Frequency 2 MHz

Transducer Piezoelectric, Ceramic

Battery 12 V 6.5 Ah lead-acid, hermetic housing

[No. 24-45] BHAMMF

‘Fig.l Ultrasonic path and probehead.
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Table 2 Measurement settings.

A0 (Material anisotoropy) 0
-79 (X107 MPa'1)

B (Elastoacoustic constant)
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Fig.2 Setting screen of the equipment.
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Table 3 Detail of the couplant
Seller. AEON Co., Ltd.
Product name | TOP VALUE Pure Honey
Honey (China)

Manufacturer | Mizutani Bee Farm Co., Ltd.

Ingredients
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Fig.3 Ultrasonic couplant and probehead of the equipment.

6. AIENREREAEHR

B I SRR TR O RTREMEREM 2 H BUIZ, SRIERRBFIC
BiE S Elg o 5 bRk ie TRGE R O RIS 1A E
JALTWS LEZBNDHDIZONWT, EEFHOMMED
EOMEWBER-ICHEEBEOR T mALE CHE L, &
DIZEBIC AR EN TWnE EEBEZ BN U L2
DI LEEERY » bR (K 3) 20T HEERICEES
B OAL B K3 2 B E ARG E % E L,

BIERERZK 412779, BENE Y S8R5 M OME T
SLERIERES (U 28E) 20 & L, B 20 mm OBFIE 7
o—7OHIMiEEZ 7oy b Lz, ULAMOmRY 3 mm
ZRWEBRANVEAMEBIC S n — T 2R E LB A R m
fIEIX 183 mm & 725,

RIS DR RE SN SER GO FE S ErRT &
Ez b5 810A-SQ Hilm D VI EER A <ix, M EM <R
¥)-24 MPa O [EREIS S, NFEEITEY) 25 MPa O 315EiR A
WY T 5 F B8R GRS R S,

RO 4 FEEOERICHOWTIL, HIREE. TR,
BT A 2 B D8 Wb S EAITHRI-T0~-130
MPa O EHMIS S, PERITH 10~60 MPa D 3[5E& 11T
Y9 5 FEE G ER MR S iz,

NS OHEEAEIE L~ 810A-SQ Hifi (Fik) & [E—
OB GHEE O & RET IV, & oS HE
2 S A AR TEYI-24 MPa, WEMICEY 25 MPa @
G EWT D Z L THREBISINEE TE, ZTOHAEREL
JIEAE AR THI-46~-106 MPa. PJE1HITHI-15~35 MPa
LHEE SN D,

150
32
e 100
[
g
8 © 50 I~
N5
Q= ol
gy
28
o Q
g £ -50
c Qo 4 Cut (810A-SQ)
£ -100 f * N-A corrugated-SQ
a . u B corrugated-SQ
8 .50 } 860B-RQ
< 4 860C-RQ
200 : : —
0 20 40 60

Radial position (distance from tread), mm

Fig.4 Acoustic anisotoropy converted to stress.
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Fig.5 Tensile residual stress distribution examples.
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Fig.6 Stress evaluation areas.
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Fig.7 Stress evaluation results.
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Fig. 8 Material anisotoropy in rim section?.
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