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The combination detection technology of the linear and the
nonlinear ultrasound for fatigue cracks in titanium alloys
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Abstract: Low-cycle fatigue cracks of titanium alloy aerospace components are easily underestimated by conventional linear ultrasonic
inspection technology, which is a potential safety hazard for aircraft service. In the research, the modulation nonlinear ultrasonic
detection and quantitative technology of fatigue cracks in titanium alloys were carried out. A combination of the linear and the nonlinear
ultrasonic quantitative method was proposed for the fatigue cracks in titanium alloys. Firstly, the fatigue crack is quantitatively detected
by the metallographic method and the ultrasonic phased array technology. Secondly, a modulation nonlinear ultrasonic detection system
and a sensor arrangement method are designed for strong anti-interference ability. Finally, a modulation non-linear ultrasonic quantitative
method for fatigue cracks is proposed based on the analysis of the sound field distribution, and the quantitative detection results are
compared with ultrasonic phased array detection technology. The research results indicate that the length of the macro-crack measured by
the ultrasonic phased array method is 12 mm, while the micro-crack measured by the nonlinear ultrasonic method extends to a distance of
20 mm from the end of the narrow groove. Thus, the non-linear modulation detection technology has more significant advantages in
detecting micro-cracks and closed cracks.
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Fig. 1 Fatigue specimen preparation of TC4 titanium alloy
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Fig. 2 B scan image of ultrasonic phased array method
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Fig.4 Schematic diagram of transducer’ s arrangement

3 FEtBRANEERNTERIE
SrH

3.1 HEEGS R
fRIRER AR B 772X 2 RS A 2L r e SR il s (5 5,

952 57 S AR L 7 ) ] 2 PR R AR TR AR I S 1
FHEL N L FFE 25 5 o AR AR 5 S (i i B Hh 3
JELE B Y B S5A, FET 6 dB IR Rk S AL R
AR RO LA e & SR b 32 O Y R RE i X
Sl XK ST 8 K B R A Lt Ry B TS AT
A AR E B 8R4 5 a=9. 65°,8=752. 68°,
T2 SO B A S DX 3 A i SR A 300 R B R K, 1
DX 3 P IR i A R A 0y S84l A0 7 114 =1 28 4 g i
SCOATRIER K I S5 5 2 o SR A AR R AR il . (R
ToE AT BRI | 2 SCRE AR R O v R & S A5 Sk 1]
BRiy bR, A8 AR S S S A i A 32 R
BRI A 1, F RN
Dl

z=mw (3)

AC(3) 0%, 0=7.6 mm, FARAE R K
B K BE R X 1. 6 f5 ] AR 1L R ok B
X BE N 10 mm > 1, (KA 3 6 100 m/s) , I,
T T4 T B P L % R R 1) IR 7 3, 4 B 5 e o
FRERAHZE I B 1l RE SR BB 1 AR e P i A5 5
BB T

o

S EUR

|
|
|
|
|
|
|
)
|
'
|
I
|
I

e R
Db i
B 5 AR s g RS ik

Fig.5 Experimental setup of nonlinear ultrasonic modulation
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