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1. SCOPE

1.1 Purpose

This specification covers procedures for ultrasonic immersion inspection of premium grade wrought titanium and titanium
alloy forgings. Premium grade is a term used to describe titanium alloys used for critical rotating components in turbine
engines. For details, see SAE AMS2380, the specification that covers the procedures for approval of products of premium-
quality titanium alloys and the controls to be exercised in producing such products.

1.2  Application

This inspection procedure is intended for use in locating internal defects such as cracks, voids, inclusions, and other
structural discontinuities that may or may not be exposed to the surface in forgings, but usage is not limited to such
applications. Testing normally will be by longitudinal wave procedure, but shear wave procedure may be added when
agreed upon by purchaser and vendor.

1.3 Classes

Class A — Acceptance based on signal-to-noise and amplitude (see Table 1)

Class B — Acceptance based on amplitude only (see Table 1)

1.4  Sensitivity

Inspection sensitivity shall be defined in relation to the flat-bottomed hole (FBH) size used for acceptance, i.e., a sensitivity
level of 1 would be used to note a #1FBH (1/64” diameter flat bottom hole) inspection. Unless otherwise specified, a

sensitivity level of #1FBH inspection shall be used (See 4.1). If units other than 1/64 inch increments are used, they shall
be clearly defined in the purchase documentation.
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2. APPLICABLE DOCUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified herein. The supplier may work to a subsequent revision of a document unless a specific document issue
is specified. When the referenced document has been cancelled and no superseding document has been specified, the
last published issue of that document shall apply.

2.1 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM E 317  Evaluating Performance Characteristics of Ultrasonic Pulse-Echo Testing Systems Without the Use of
Electronic Measurement Instruments

ASTM E 428  Standard Practice for Fabrication and Control of Metal, Other than Aluminum Reference, Blocks Used in
Ultrasonic Examination

ASTM E 1065 Evaluating Characteristics of Ultrasonic Search Units
ASTM E 1316 Standard Terminology for Nondestructive Testing
2.2 ANSI Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002,
Tel: 212-642-4900, www.ansi.org.

ANSI B46.1 Surface Texture
2.3  AlA Specifications

Available from Aerospace Industries Association, 1000 Wilson Boulevard, Suite 1700, Arlington, VA 22209-3928,
Tel: 703-358-1000, www.aia-aerospace.org.

NAS 410 Certification and Qualification of Nondestructive Test Personnel
2.4 EN Documents

Available from the British Standards Institute, 389 Chiswick High Road, London, W4 4AL, United Kingdom,
Tel: +44 (0)20 8996 9001, www.bsi-global.com.

BS EN 4179  Qualification and Approval of Personnel for Nondestructive Testing

3. TECHNICAL REQUIREMENTS

3.1 Qualification

3.1.1  Personnel

Inspection of parts by this inspection process shall be accomplished by qualified personnel having experience with

ultrasonic inspection. Qualification of personnel shall be in accordance with NAS 410, or BS EN 4179. Interpretation and
evaluation of indications shall be accomplished by a Level 2 inspector or higher.
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3.1.2 Facilities

Facilities shall be subject to review and approval by purchaser. Reference specifications, procedures, and documentation
necessary to verify the qualification of equipment and test personnel shall be available to purchaser upon request.

3.2 Scan Plans and Written Inspection Procedures

Ultrasonic inspections performed in accordance with this specification shall be detailed in written procedures that are

applicable to a broad class of forging inspections or part specific instructions. Inspection procedures shall be prepared by

the vendor and approved by purchaser. Specific criteria and instructions required by the Cognizant Engineering

Organization (CEO) shall be met. Inspection procedures shall include not less than the following information:

3.2.1  Procedure identification number and the date the procedure was approved

3.2.2 Forging identifier, such as part number and alloy.

3.2.3 Equipment to be used, including manufacturer and model number of the instrumentation/system, recording
equipment, alarm equipment, electronic distance-amplitude correction (DAC) / Time Corrected Gain (TCG)
equipment, and software and software version numbers.

3.2.4 Description of manipulating and scanning equipment

3.2.5 Inspection configuration including inspection sonic shape, sound entry angle, entry surfaces, water path
distance(s), and number of scans per zone.

3.2.6  Amplitudes for calibration, evaluation threshold, and reject limits.
3.2.7 Rotational speed and index.
3.2.8 Pulse repetition rate or specify “Pulse on Position"

3.2.9 Reference standard description including material, dimensions, reflector size, test metal distance, and correction
factors where applicable.

3.2.10 Method used for distance amplitude corrections.

3.2.11 Method for attenuation correction.

3.2.12 Gate length and delay per zone, if applicable.

3.2.13 Methods for surface preparation and surface texture control.

3.2.14 Transducer description including frequency, element diameter, and nominal focus information
3.2.15 Zoning schemes as applicable, as described in Appendix B.

3.3 Exceptions

No exception shall be taken to the written procedure or this specification unless approved by purchaser.
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3.4 Equipment

3.4.1  Ultrasonic Instrument

The ultrasonic instrument shall be capable of producing, receiving, and displaying electrical pulses at the required
frequencies and energy levels. The instrument shall be able to operate in the pulse-echo mode at frequencies of 2.25
through 10 MHz. Gates, distance-amplitude correction system, and other electronic aids to ultrasonic testing and
interpretation shall be used as required. An alarm system, auto-stop, recorder, or combination of these may be used.
3.4.1.1  Instrument Performance

The vertical limit and linearity, and the accuracy of calibrated gain controls shall be evaluated in accordance with
ASTM E 317 with the following requirements and exceptions. Substitute performance checks are permissible when agreed
upon by purchaser and vendor.

3.4.1.1.1  Vertical linearity shall be £1 dB over the range of 10 to 90% of full scale.

3.4.1.1.2  Accuracy of calibrated gain control shall be within +2 dB over the usable range of the instrument.

3.4.2 Ultrasonic Transducers (Search Units)

Transducers shall be evaluated in accordance with ASTM E 1065 to determine frequency response, peak frequency, and
band width. The peak frequency shall be not less than 4 MHz.

Transducers shall be tested to determine the beam width. The beam width shall be determined in two directions
perpendicular to one another as appropriate to establish the scan index used as defined in 3.8.3. The beam width
measurements should be performed using flat-bottom hole targets close to the focal plane of the transducer, in reference
standards such as those listed in Appendix A. Typical inspection zones and associated transducer descriptions for Class A
and Class B inspections are provided in Appendix B.

3.4.3 Voltage Regulator

The line voltage shall not produce variations in signal response or noise which could interfere with the inspection.

3.4.4 Couplant

Clean water shall be used as the couplant material; rust inhibitors, wetting agents, or both, may be added. The water shall
be free of visible air bubbles which may interfere with the ultrasonic test.

3.4.5 Data Acquisition System
If a digital data acquisition system is used to record the data, it shall meet the requirements listed in 3.4.5.1 to 3.4.5.6.
3.4.5.1 Components

The system shall consist of encoders for axes of programmable motion, an analog-to-digital (A/D) signal conversion
device, a computer, display monitor, an archival storage system, and appropriate software.

3.45.2 A/D Conversion

For each pulse, the peak ultrasonic amplitude in the gated region of each inspection zone shall be digitized to a minimum
resolution of 8 bits over the full range of amplitudes used for data acquisition. The A/D converter shall be adjusted using
procedures recommended by the manufacturer.

3.4.5.3 Recording System Linearity

Recording system shall be shown to reproduce recorded amplitude data to an accuracy of +2% of full scale.
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