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Correlation between TA1S Titanium Alloy Microstructures and the Ultrasonic Wave
Attenuation during the Material Ultrasonic Detection Process
Song Weiwei, Li Benjiang, Song Zengjin, Li Zengle, Zhang Hongjing, Jiao Juanjuan, Lv Zhengfeng, Cheng Rence
(Shandong Nanshan Aluminum Co., Lid., Longkou 265713, China)

Abstract; Correlation between microstructures and the corresponding ultrasonic wave attenuation of T-section TA15
titanium alloy forging ring was studied, as ultrasonic wave attenuation phenomenon occurred locally during ultrasonic
defect detection process. Optical microscope was used to compare the microstructural differences related to wave
attenuation intensity. The electron backscattered diffraction (EBSD) technology was used to characterize the distribu-
tion of crystal orientations corresponding to o phase with different bottom wave signal areas, and the proportion of each
orientation has been counted to help discuss the root cause of bottom wave attenuation. The results show that the strong
ultrasonic attenuation region pertains a higher number of strip-shaped o phase, mean well these strip-shaped o phase’ s
elongation direction is parallel to the ultrasonic transmission direction. These strip-shaped o corresponds to the (0001 )
crystal plane, resulting in ultrasonic wave propagation direction perpendicular to the crystal c-axis, material having a
strong scattering effect and causing ultrasonic bottom wave attenuation more obvious. In addition, the secondary «
lamellae of the B-transformation structure at the bottom wave attenuation site are arranged disorderly, which will also
worsen the ultrasonic detection result.
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Fig. 1  Top view of TA1S titanium forging ring

KA 5.0 MHz YA P RAER L, TR
AR ER AP IR i ) B AT 1O A RO A, PR T
DI PRRC IR A0 2 7™ E B4, VDR o R e el ok
50% , fHIFARK BRI IG5 5o 1812 Jy TALS
PR SR PRANER I S [6] 38 75 R A NS J 1) € T Fili 45
A, YRR IR AT B, R AR AR R BRER A Y
] R, TR (AR M B A DR e 5 B 5 D e ok i
PORFERLUAE . G WLE R B, IR 5 B e el Az
PRIMRAE B P02 2 ~8 mm, FEEALOZ 6 mm {7
BRI A K, I DL A AR S B A3 A
TR N o A8 BB P B P R i IO N R AL
I3 IR T 1 BEAT AR LB ML Ao A, OF
TR 2 Bl i A [l A B HEAT WA 2L
PRI 43 B, BUOREGL B W& 3 BT, (B L ol
V(HF): V(HNO,): V(H,0) =5:20:75 J& i 0f 4 41
AT AR S, R DG AE B3 WL ¢ i ik i
21, I Tmage J FAFGEH0) A4 454l o AHARFR 538K
A AR a FHRGE . SR EDAX L 18 B AT 5

(EBSD) A BHHI0 5 PRI 7T 50 R B, kb
A AR R Vibromet 2 RS0 EHLXTRE LT3
RiSHIOCARTE, R OIM BPEIEAT SR 4347

100
90
80
70
60
50
40
30
20
10
0

80
70
60
50 F

40

Height/mm

W
30

Relative intensity/%

20

10

0 L - - |
100 150 200 250 300 350

Angle/(°)

0 50

B2 TAILS5 4k 43R 2R 0 JB) B AR 2
WP C AR
Fig. 2 Ultrasonic bottom wave C scan result for the outer

circumferential surface of TA1S titanium alloy ring
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Fig. 3 Schematic diagram of sampling positions from

T-section specimen
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Fig. 4 Macrostructures of TA1S titanium alloy forging ring:
(a) the ultrasonic bottom wave attenuation specimen;

(b) the normal ultrasonic bottom wave specimen
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Fig. 5 Metallographic structures corresponding to different positions at the upper of T-section:

(a~c) the bottom wave attenuation specimens; (d~f) normal specimens
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Fig. 6 Metallographic structures corresponding to different positions at the lower of T-section:

(a~c) the bottom wave attenuation specimens; (d~f) normal specimens
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Fig. 7 Inverse pole figures corresponding to different positions
of T-section of bottom wave attenuation specimens:
(a) central region; (b) strong bottom wave attenuation
region; (c) edge region; black arrows indicate ultrasonic

wave detection direction
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Fig. 8 Crystal orientation distribution corresponding to different positions of T-section: (a~c) central region;

(d~f) bottom wave attenuation region; (g~1i) edge region

nor = R, BEROIL  JRUCREI . 00 B
05 ;g% YO8 143 GPa, FICH B 255, FrLUHE A IR
0.4+ v A TR ARV S8

150

Area fraction

140

130

E/GPa

Centre Wave attenuation Edge

120
Stress

B9 TR R RS 6 dh ARG d7 AR & b

Fig. 9  Area fraction of crystal orientation for different nor
positions of T-section 100 o = 3;) . 4}) 6l0 - o
/_\‘75‘%1:@’ Eﬁlﬁﬁﬁ@%rﬂﬁ:[ﬁo Xjﬂ:%j(gﬁa, N Declination angle,y/(°)
ASRPEBCREBESE S )7 17155 ¢ B2 I 009 4 B B 10 ol $RMEREMMS y LOE

Fig. 10  Elastic modulus change with y angle of a-Ti
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