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Development of an Inspection Method for Titanium Round Bar Using

Phased Array Ultrasonic Technique

Takeru MORINAGA, Daisuke MORI and Kento SHIDA

Synopsis

Because titanium and titanium alloys have a variety of superior properties, they are used in many industrial fields and
applications. They are used as an implant material in the medical field due to superior biocompatibility. As they are thus used
as biomaterials, users require rigorous quality assurance and ultrasonic testing that can detect Flat Bottom Hole (FBH) in
accordance with Aerospace Material Specification 2631 (AMS 2631).

However, in conventional ultrasonic testing by a single probe, there is a trade-off between high detectability and inspection
speed. The phased array ultrasonic technique is an effective solution to this problem. In this method, electronic focusing with an
array probe consisting of multiple elements enables highly detectability and inspection speed.

In this paper, to develop an automated inspection system adopting the phased array ultrasonic technique in accordance with
AMS 2631 Class AA, the following studies were conducted:

(1) Design of concave array probe for titanium bar

(2) Determination of the ultrasonic testing conditions that can detect FBH ¢0.8 mm

(3) Development of a following mechanism to prevent position aberration

(4) Evaluation of detectability and reproducibility in an automated inspection system under dynamic conditions
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Fig. 1. Automated ultrasonic inspection system.

Table 1. Development target.

Compliant Standard AMS 2631 Class AA
FBH ¢0.8 mm

AMS 2631 Class AA Signal Noise Ratio =3
(dynamic)

Reproducibility +20 %

Scanning speed 100 mm/s

Coverage area per one 70°

Array probe

Inspection field 100 % volume inspection
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Fig. 2. Phased array ultrasonic techniques.
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Table 2. Specification of Array probe for titanium round

bar.
Probe type Concave array
Frequency 7 MHz
Number of element 128ch
Element pitch 0.7 mm
Element size 0.6 X10 mm
Radius of curvature 51 mm
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Table 3. Simulation condition.
Simulation method | Voxel - FEM
Mesh size 0.005 mm
Courant number 0.8
Frequency 7 MHz
Element pitch 0.4,0.5,0.6,0.7,0.8 mm
Active elements 32ch

Radius of curvature |51 mm

Sample diameter 16 mm
Grain size 10 um
Defect size FBH ¢1.2 mm
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Fig. 5. Relationship between element size and detectability
by numerical analysis.
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Table 4. Inspection condition.

Method Immersion

Active elements 32ch

Voltage 9% V

Filter 5 MHz high pass filter

Longitudinal beam: Bottom /0 °
Angle beam: Surface /45 °

Ti-15Mo, Diameter: 16 mm
FBH ¢0.8 mm
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Table 5. Specification of auto-inspection system.

Phased array ultrasonic
technique

Immersion tank
Scanning method Bar rotation — probe scanning
Scanning speed 121 mm/s

coverage area per | g o
one Array probe

Inspection method

Equipment

FBH ¢0.8 mm

Detectability (comply with AMS 2631)
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