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Research on the inspection method of railway bolt holes cracks
using ultrasonic plane wave imaging

Chang Zhixuan',Xu Xintao', Wu Eryong"?, Yang Keji',Jin Haoran'

(1. School of Mechanical Engineering, Zhejiang University, Hangzhou 310058, China; 2. Ocean Research
Center of Zhoushan, Zhejiang University, Zhoushan 316021, China)

Abstract ; Rail transportation plays a significant role in contemporary societal production activities. A large number of rails in service are
built by using fishplate and bolt connections, leading to frequent impact loading on rail joints, which easily induces crack damage around
bolt holes. The early detection and quantitative measurement of bolt hole cracks are crucial for ensuring railway transportation safety and
preventing serious accidents. Phased array ultrasonic imaging technology, characterized by high precision, strong environmental
adaptability, and convenient implementation, have been widely applied in non-destructive testing of rails. However, reconstructed
images on cracks through traditional phased array sector scanning methods is influenced by the tilt angle of cracks, relying on operators’
subjective judgment in industrial practice, making it difficult to achieve quantitative and standardized detection. Therefore, in this
paper, a quantitative detection method towards rail bolt hole crack based on ultrasonic plane wave imaging is proposed. Compounded
plane wave imaging method is utilized to achieve high-precision reconstruction of the region of interest. Reconstructed images from
multiple positions are fused to generate final inspection image, ensuring cracks with different tilt angles are covered. Principle
components analysis is deployed to quantitatively evaluate the tilt angle of the cracks. After that, directional maximum intensity
projection is utilized to measure the length of the cracks. Experiments on a railway test block shows that the proposed method makes a

100% detection rate for cracks in the range of [ =45°,45°]. The maximal measurement error of the proposed method on the location of
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cracks is 1. 47 mm, which is close to a wavelength. The maximal measurement error of the length is 1. 17 mm which is less than a

wavelength. The maximal error of tilt angle of cracks is 5. 01°. The required equipment is simple and can be conveniently mounted on

mobile rail inspection vehicles to achieve automatic inspection.

Keywords ; ultrasonic rail testing; crack detection technique; ultrasonic plane wave imaging; principal component analysis; image fusion
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Fig. 1 Schematic diagram of detection of rail bolt hole

cracks using ultrasonic plane wave imaging
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Fig.2 Schematic diagram of the calculations of focal delays

used in ultrasonic plane wave imaging
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(a) Coverage range of plane wave ultrasound field with a single steered angle

FiE 1) e g 2%
[T T 1T 1T T T T T T T T 1T T T 117
/o
/i

/

/ SR IX I,

(b BV T 3 7 8 D X % A i 8 Y

(b) The coverage of a single plane wave in the region of interest



WERRT A TR A TSR Y N PR AL RS N 7 AT 147

55 6 W
70 60
80 50

s 90

100 40
110 30

120

-60 40 20 0 20 40 60
x/m

(¢) SLA VPP IR X IR 9 548 3 ) B i U B

(¢) The number of times the compounding plane wave covers each pixel

in the region of interest
K3 A PRI RE fR FLAR AN [R] 5 DX i {1 A 52
Fig.3 The effect of finite transducer aperture on the

amplitude of different imaging area
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J@ ZHUE
P/ MHz 5
-6 dB X 5/ % 80
METeHE 128
658 B/ mm 0.9
P4 e/ mm 1.0

XA 3 (1 L5 AT Log 84, AT 45

7(x,z)=201g[(x,z) (11)

BEESIASTERE[ -30,0] dB, 153 445 5L an (&l
6 TR, TR 4 81 ST 145 kg R L T 14 [0 38 A5 5, G
A 3 AR5 IR 3 A B ry R B4R X TR OE Y
3B K R 100% . ISR I BRI Y ey A5
5 R ey FR R AT A — A A B R BCE S AT EL
[-30,0] dB,
2.2 WHBEFLRGENEREES T

NI 6 Bt 75 14 die A6 00 B 5, ml LASE 1 WL 45 )
3ARE, (H R TC TR B B S B 2B E
R A5 R, BExF— 2L 0L, $ MO B 30T 179 oy 3 A
UG IR — A A BT, R L E0)m) P8 A5 v 5 B S /)

F-6 dB B EA S = [ (x,,2) | i =12, M} 1R
LU B RAL

ey A7 BN 25 SR A S PR IR BRI
¥ﬁﬁﬁﬂ

1 M
Z ﬁ;zi (12)

v/mm Xx/mm Xx/mm

Ko MPUIRFLAL; R EIR

Fig. 6 The reconstructed images of railway bolt hole

cracks in simulation
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Table 2 The qualified location of cracks in simulation

P HEE/ mm PR E/mm PR 2E{A/mm
1 (18.38, 97.18) (18.00, 97.00) 0.42
2 (-15.97,88.03)  (-15.59, 88.00) 0.38
3 (-19.48, 97.15) (~18.00,97.00) 1.48
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Table 3 The qualified length of cracks in simulation

75 DB/ mm FZBRE/ mm PRZE{H/mm
1 4. 64 5.0 -0.36
2 5.89 5.0 0.89
3 3.12 5.0 -1.88
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Table 4 The qualified tilt angle of cracks in simulation

s R SebR{E WRIEME
1 0. 40° 0. 00° 0. 40°
2 30. 80° 30. 00° 0. 80°
3 -0.97° 0. 00° -0.97°
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Table 5 The measurement of the location of cracks

P HE{E/ mm PR E/mm BR2E{H/mm
1 (-17.26, 96.89)  (-17.00, 97.00) 0.28
2 (18.84, 97.16) (18.00, 97.00) 0. 85
3 (12.85, 84.77) (12.02, 84.98) 0. 86
4 (-15.66, 92.77)  (-16.42, 92.60) 0.78
5 (-11.99, 109.7)  (-12.02, 109.0) 0. 67
6 (17.88, 101.29) (16.42, 101.4) 1.47

®6 RYKEETEWNER

Table 6 The measurement of the length of cracks

A= DB/ mm F2BRE/ mm RZE(H/mm
1 3.19 3 0.19
2 4.32 5 -0.68
3 4.17 3 1.17
4 2.91 3 -0.08
5 3.88 3 0. 88
6 3.18 3 0.18

xT RUABEETERNER

Table 7 The measurement of the direction of cracks

s A () BRI/ (°) WRZEAH/ ()
1 1.98 0 1.98
2 2.79 0 2.79
3 -42.36 -45 2.64
4 12. 54 15 -2.46
5 -39.99 -45 5.01
6 13.70 15 -2.3
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