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Research on the Application of Phased Array Ultrasonic Testing Technology
in Weld Inspection of Bogie Frames
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Abstract: The bogie, as the force-bearing structure of rail transit vehicles, is critical to operational safety, with weld quality
directly influencing structural integrity. To address limitations in existing inspection methods for bogie welds, this study sys-
tematically analyzed weld characteristics and conventional detection techniques, proposing phased array ultrasonic testing
(PAUT) for defect detection: butt welds were inspected using PA probes in single-side double-side scanning mode, employ-
ing both primary and secondary transverse waves to cover the inspection zone; fillet welds adopted a dual-probe combined
detection configuration, implementing sector scanning on the web side with an angled wedge generating shear waves, while
electronic scanning was performed on the flange side using a 0° wedge. A multiphysics finite element model of the weld joint
was established through COMSOL Multiphysics software to simulate acoustic beam propagation characteristics and defect
reflection behaviors, thereby determining beam coverage areas and echo signal features. To validate technical feasibility, ex-
perimental tests were conducted on actual weld samples including butt welds and fillet welds containing natural defects (slag
inclusion, internal flaws, etc.), artificial defects, and frame structures. Results demonstrated that PAUT achieved 100% defect
detection rate, with all defect signals exhibiting signal-to-noise ratios exceeding 12 dB. The method effectively distinguished
defect signals from structural noise interference, showing significantly improved detection accuracy and reliability compared
to conventional approaches. This research validates the technical advantages of phased array ultrasonic technology in com-
plex weld inspections, providing an efficient and precise non-destructive testing solution for quality control of rail transit bo-
gie welds, which holds substantial engineering application value for ensuring operational safety in rail transportation.

Keywords: Phased array ultrasonic testing; bogie weld seam; defect detection; non-destructive testing; weld defects

YFs EHEE: 2025-08-11 &[5 HHA: 2025-09-08
EEFN: PR (1990—) , 241, FEMNFETCIRTN AT TAE. E-mail : 1148482695@qq.com.



108 F 5K

2025 4F:

SRS AT I . AR P P BOR AR R [0) SRR AE AR I T R ISR (], HARAIL, 2025, 55(12) 1 107-115.
Citation: JIN Shixu. Research on the Application of Phased Array Ultrasonic Testing Technology in Weld Inspection of Bogie Frames[J]. Electric

Welding Machine, 2025, 55(12): 107-115.

[l

0 35

TEPIE S E AR, 9 4 1% 2 HRREBITE X
HE e SR O R IE AR Ay B
IR | GEAT I Sh AR 2 HINRE , J2 R E VI 45l
1EERE SOs AT R 2O ot . TR RN IR
i R e 1) B A SR 32 7 2 38 AR B e 1
FHE ARG AE R S5 H8 J 2=W5s R0 S W 2E
W97 RBL ARME RIS A G . HRBRBE A R
RE SIS A 4 I A K B R A 1) (B AN DR ™ e, 7
) 553 JR G2 1 i HE R R BBE ) , e 2 ] R S BURE KC
R, 5 e ot 2 A R A T, DR X A ) A
SERRARTE | R R SR B A I 2R G H B

I, 291 A2 3 40 P A KR A A Ty vk AR
A4 H ARSI | S A0 K i B e P A ) 45 X
L 52 R A T X 2 o) SR 5 i 1) 235 ) P 4
T 2, ARG U RCARAR A RS AN JE 0 (R
PRI Fi RIS ) R, Sk 2 A6 D00 R e 4 A3 L WL
BB IR AP ERR ST G A DU AR &y 0T JEERE )
ARG 68 A FRAT e A 5 W P A sy B A T
VRN D10 250 AL RE AN 45 SR 4 TR At 1 ]
PEMELLRIIE , X752 2R i A7 5k LA S B 42 T
i b AR A A IR 29 AR e A ) T vk LA A2
PRI 5 380 0 2 1) IR A DN v b B L e %
e AT EEPE Y B R R R

ARAEE R BRI T Fe kA ARTE R 7R 5, TR VR D
SN I S v ) St AN R FH AR R R, -
RO DI A T ok 42 1 I 21 45 B 8 4% I T 1) DRl
FEIR S R R R AR S MR . R H
VA LUK & 1 48 20 4R 4F K8 W0 iz I T R 7
B S0, B 5 2 A0 i 2 Tl e s 7 5
TEBE A T 40y, , 12 [ Krautkramer 23 7 5 BB KL
W5 58 i (BAM) B G BiF & A9 A 28 [ K 2250
RSN F G, T 94 A Tl e o ) v RS
0 0k R N R EE 3 Ve Rl 5 2 NS RS
N SR R SR A RORS v P RO A D S R AR

Pl 56 B2 45 S 5 (I, DA figp R ) A2 A AR A
MR T A B RO AR o MR [l 35 ) LA
Ak, L i A0 9 PR 5 3 AT A — R AR L X A
PEATRETEHT

BT, RSO B ) AR SE IO A5 AL 5 S
ISR, T AR P A I A 2 AT 5 e i
(05 B AT, AR N 2 B S RSk BC B 7 %8, O il
1 RG5O\ TR AR S 38 B B A ]
Frble , BRI S A —TRG v | 230 0 5 1) 2R AR A A 42
W P ARG 7 5, R TR B B B A R 5 i P
W E Ay B TE S T A 1) SR ) 2 A R B SR I AR 5
£, FA R TR I S B R

1 W& R

1.1 3R EZRIESER AR L4

e AR o AR EA T U0 E] S O O AR AR
NG v 3 R, R SRS R AR
FEh T RIS, BT RARAE PO AE — b X 4
Uiy B SRR B ST RS R AR KR O T BUR S
YN 1R

FRPE KR AE ST, ] {5 2SI ) £ hy Xof 2 K 4 T £
SRR 2, AR 2 7 o RIURE A5 A o 75 2047 22
U [) £ 82 0 40 A D R I, A 0 ek A 3 oy &2
F MM T 4R N B B 50 R RE G 45 SR 1 o
B R AT S Xl AR
1.2 WA *E

I VR 428 B A B AR 22 £ B DL 34T e il , )
FH P RO 5 7 2R IR, 7 AR o7 B R S B 22 A e
FROU R X I 10 7 55

(1) W4 AE 5% < SR FH PA 83k 70 17 4% W3 000 462300
PRI TC B R AL, (o PR J0 — U R B i AT
I, 7 1T Ry B TRDSUER 73 , 3 T AFAE VXY B
P 3 HAIE VARG AR AR | A X3 11 240

(2) FAREE - N E 4 77, R FH I R RS 1 T
LRGN ; Horh— HUIE M4 PA BC R A, B TR



5512 3

AT « A AR PR ARAE A 1) SRARSEAGIN m 14 9 109

Bl EEy

Fig. 1 Welding object

2 B
Fig.2 Welding form
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Fig. 3 Butt weld detection model
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Fig. 4 Fillet weld detection model
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Fig. 5 Finite element model of weld seam
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Fig. 6 Weld physical property settings (outgoing)
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Fig. 7 Weld excitation speed setting (transmitted)

e ARG HAT A5 R T A SR AR AL IR A H
WG SR BRI ARPR R TR E T

Vo=comp3. idmap3 (withsol ('sol3', v3x, setval
(t,t)))

Vi =comp3. idmap3 (withsol ('sol3', v3y, setval
(t,£)))

(2) MLy EdALMAg . A =Mk
ROk , 5 B R EAITT R/ IN P AR I K 1Y 2/3 ,
INFRLIT RN R 7 AR R B 19 172, B R FRTCHE R R

1.3, MR T 0.4, 078 XU B 1. [IA%
X3 aniE 8 i

(3)sR ko TR, H e 5 2t 47 bk
ATHEL, BOE I ] B A s, 2525 W B 4R L 1
BER s AR

(4) b FRZE

P A A A A AR P 1 3 1 A A AT 9
JIr 7R o 38 A sl ng L i) WL P A A A
O, H O AR (8 AL 81 0, SRS LA 8 P 1
Vi, 1] JEG S 8 1 FBCOA B i G X 3

T T T T
-0.05 ] 0.05 0.1

E8 IREMIEEISE (fFH)
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Fig. 9 Propagation effect diagram of sound beam and sound wave at

different moments in the weld seam transmission model
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Fig. 10 Propagation effect diagram of sound waves at different mo-

ments in the weld seam transmission model
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Fig. 12 Physical image of butt weld
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Fig. 13 Inspection results on the right side of the weld seam
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Fig. 14 Inspection results on the left side of the weld seam
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Table 1 Test Table for Butt Weld Seam
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Fig. 15 Physical and schematic diagram of Y-shaped groove welding
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Table 2  Fillet Weld Test Form
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Fig. 17 Side inspection of T-shaped fillet weld wing plate
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Table 3 Structural docking weld test table
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Fig. 18 Inspection of the upper side of the welding seam of the frame-

work docking
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Fig. 19 Inspection of the underside of the welded joint in the frame-

work
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Table 4 Test Table for Frame Angle Weld Seam
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