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Introduction to ASTM A388 and the Role of Non-Destructive Testing

In the high-stakes world of heavy industry, the structural integrity of steel forgings is non-negotiable. Whether 

utilized in power generation, aerospace, or heavy machinery, these components are often subjected to extreme 

stresses, cyclic loading, and harsh environments. ASTM A388/A388M, titled "Standard Practice for Ultrasonic 

Examination of Steel Forgings," serves as the definitive global benchmark for ensuring these components are free 

from internal defects that could lead to catastrophic failure. This standard is maintained under the jurisdiction of 

ASTM Committee A01 on Steel, Stainless Steel and Related Alloys, specifically Subcommittee A01.06 on Steel

Forgings and Billets.

Ultrasonic Testing (UT) is a cornerstone of Non-Destructive Testing (NDT). Unlike destructive methods, UT allows

for the internal volumetric inspection of a part without compromising its future utility. ASTM A388 provides the

procedural framework for applying pulse-echo ultrasonic techniques using both straight-beam and angle-beam

longitudinal and shear waves. By standardizing these procedures, ASTM ensures that results are reproducible,

reliable, and interpretable across different laboratories and manufacturing facilities worldwide.

The Strategic Importance of Ultrasonic Examination

The primary goal of ASTM A388 is the detection, location, and evaluation of internal discontinuities such as bursts,

flakes, inclusions, and porosity. Heavy forgings, due to their massive size and the nature of the forging process, are

susceptible to cooling stresses and metallurgical anomalies. Without a standardized approach like A388, detecting

these flaws in thick sections (often exceeding several feet) would be impossible. The practice is essential not just

for safety, but also for economic efficiency, as it allows manufacturers to identify defective material early in the

production cycle, preventing the wasted costs of machining and finishing flawed components.

Core Concepts and Theoretical Framework of Ultrasonic Testing

To master the application of ASTM A388, one must understand the underlying physics of acoustic wave

propagation in solids. Ultrasonic testing relies on the transmission of high-frequency sound waves (typically 1 to 5

MHz for forgings) into the material. These waves travel through the steel until they encounter a boundary—either

the back wall of the part or an internal discontinuity.

Principles of Pulse-Echo Technology

ASTM A388 primarily utilizes the Pulse-Echomethod. In this setup, a transducer (search unit) acts as both the

transmitter and receiver. A high-voltage pulse excites a piezoelectric crystal within the transducer, which converts

electrical energy into mechanical vibrations (ultrasound). These waves enter the steel through a couplant (like oil or

water) and reflect back when they hit a change in acoustic impedance.

Wave Types: Longitudinal vs. Shear

The standard covers two primary wave modes:

•  Longitudinal Waves (Straight-Beam): Particle vibration is parallel to the direction of wave travel. These are 



primarily used for volumetric scanning to detect flaws oriented parallel to the entry surface.

•  Shear Waves (Angle-Beam): Particle vibration is perpendicular to the direction of wave travel. These are 

essential for detecting flaws oriented at angles to the surface, such as cracks or forging laps, which might be 

missed by a straight beam.

Acoustic Impedance and Reflection

The detection capability of UT is governed by Acoustic Impedance (Z), defined as the product of the material's

density (&rho;) and the velocity of sound within it (v). The formula is expressed as: Z = &rho; * v. When a sound

wave encounters an interface between two materials with different Z values (e.g., steel and an air-filled crack), a

portion of the energy is reflected. The reflection coefficient (R) is calculated as:R = ((Z2 - Z1) / (Z2 + Z1))^2.

Because the impedance of air is nearly zero, a steel-air interface reflects nearly 100% of the energy, making UT

incredibly sensitive to cracks and voids.

Technical Analysis of ASTM A388 Procedural Requirements

ASTM A388 is not merely a suggestion but a rigorous set of requirements. Following these steps precisely is

required for compliance and technical accuracy.

Personnel Qualification

Personnel performing examinations according to ASTM A388 must be qualified and certified in accordance with 

recognized standards such as ASNT SNT-TC-1A, ANSI/ASNT CP-189, or ISO 9712. Typically, a Level II or Level III

technician is required to interpret results and sign off on reports, ensuring that the nuances of signal interpretation

are handled by experts.

Apparatus and Equipment Specifications

The equipment used must meet specific electronic and acoustic performance criteria. The standard emphasizes

the following:

•  Instrument Linearity: The ultrasonic instrument must show a linear relationship between the amplitude of the 

signal on the display and the actual intensity of the received echo. Vertical and horizontal linearity must be checked 

at regular intervals.

•  Search Units: For straight-beam testing, transducers with an active area of 0.5 to 1.125 square inches are 

common. For angle-beam testing, the frequency and wedge angle must be selected based on the geometry of the 

forging.

•  Couplants: The medium used to transmit sound from the transducer to the forging (e.g., water, oil, grease, or 

specialized gels) must be consistent throughout the calibration and the actual test.

Preparation of the Forging Surface

The surface finish of the forging is a critical variable. A rough surface scatters sound waves, reducing the signal-to-

noise ratio and potentially masking small defects. ASTM A388 specifies that the scanning surface should be free of 

loose scale, machining ridges, and other irregularities. A surface finish of 250 &micro;in. [6.3 &micro;m]or

smoother is generally required for effective inspection.

Comparative Analysis: ASTM A388 vs. ASTM A435

It is common for engineers to confuse different ultrasonic standards. The following table highlights the key

differences between ASTM A388 (for forgings) and ASTM A435 (for plates).



Feature ASTM A388 / A388M ASTM A435 / A435M

Application Heavy Steel Forgings Straight-Beam Steel Plates

Scope Volumetric inspection of complex, 
thick forged shapes.

Center-line lamellar defect detection 
in flat plates.

Beam Modes Straight-beam and Angle-beam 
required.

Straight-beam only.

Calibration Reference blocks or back-reflection 
method.

100% Back-reflection from the 
opposite side.

Acceptance Criteria Defined by the purchaser or specific 
forging standards (e.g., A788).

Loss of back reflection exceeding 
50% for a specific duration.

Detailed Step-by-Step Technical Workflow

Executing an inspection under ASTM A388 involves a systematic process of calibration, scanning, and evaluation.

Step 1: System Calibration (The Foundation)

Before any testing occurs, the system must be calibrated. This involves setting the gain (sensitivity) of the

instrument. There are two primary methods allowed under ASTM A388:

1.  Back-Reflection Technique: The technician adjusts the gain so that the echo from the opposite side of the 

forging (the back wall) reaches a specified height on the screen (e.g., 80% Full Screen Height). This is common for 

parallel-surfaced forgings.

2.  Reference Block Technique: Using test blocks with Flat Bottom Holes (FBH) of known diameters at various 

depths to create a Distance Amplitude Curve (DAC). This accounts for the natural attenuation of sound as it travels 

deeper into the material.

Step 2: Scanning Procedures

Scanning must be performed at a speed that allows the operator to clearly identify signals. ASTM A388 requires a 

minimum overlap of 15%of the transducer diameter to ensure 100% volumetric coverage. The scanning is usually

performed from at least two perpendicular directions whenever possible to ensure that flaws of various orientations

are detected.

Step 3: Recording and Evaluation

During scanning, any indication that exceeds a certain threshold (recording level) must be investigated. The

standard defines different "Quality Levels" which dictate the size of the indication that is considered significant. The

technician must measure the amplitude of the signal and its location (depth and coordinates on the forging).

Step 4: Angle-Beam Examination

For rings, hollow forgings, and other cylindrical shapes where straight-beam testing might miss radial-axial defects,

angle-beam testing is mandatory. This usually involves shear waves directed circumferentially or axially. Calibration

for angle-beam is typically performed using V1 or V2 calibration blocks or specific notches machined into a

reference forging.

Mathematical Models for Attenuation and Signal Interpretation



In heavy forgings, sound energy is lost due to scattering (from grain boundaries) and absorption. To accurately size 

a defect, the technician must compensate for this attenuation. The total loss in decibels (dB) can be modeled 

as:Total Loss = &alpha; * d + GWhere:&alpha; is the attenuation coefficient (dB/inch).d is the distance traveled.G

is the geometric spreading loss.

ASTM A388 procedures often require the use of the DGS (Distance Gain Size)method in some international

applications, which uses a diagram to relate the gain of a signal to the size of a disk-shaped reflector at varying

depths, effectively bypassing the need for multiple reference blocks.

Common Discontinuities and Troubleshooting in Steel Forgings

When performing inspections, the technician must differentiate between benign metallurgical structures and critical

defects.

Identifying Specific Defects

•  Hydrogen Flakes: These appear as sharp, high-amplitude echoes, often occurring in clusters in the center of 

heavy sections. They are a result of hydrogen entrapment during cooling.

•  Non-Metallic Inclusions: These typically yield lower amplitude signals compared to cracks and may appear as 

elongated indications if they were rolled out during the forging process.

•  Forging Bursts: Large, irregular reflections that indicate a rupture in the metal caused by improper forging 

temperatures or excessive reduction.

Operational Challenges and Solutions

Challenge: High Signal-to-Noise Ratio (Grass).In some coarse-grained steels (like stainless or high-alloy 

grades), the "noise" from grain boundaries can be overwhelming. Solution:ASTM A388 allows for reducing the

frequency (e.g., from 2.25 MHz to 1 MHz) to increase wavelength and reduce scattering, though this decreases

sensitivity to very small flaws.

Challenge: Complex Geometries.Forgings with tapered sections or flanges make back-reflection calibration 

difficult.Solution:Use the reference block method or perform calibration on a section of the forging with parallel

faces before moving to the complex areas.

Practical Field Guide: Best Practices for Success

To ensure compliance and maximum defect detection, follow this checklist during field inspections:

1.  Verify Surface Finish: Use a surface roughness comparator to ensure the forging meets the &lt;250 

&micro;in. requirement.

2.  Check Couplant Consistency: Do not switch from oil to water-based couplants between calibration and 

testing, as this changes the transmission efficiency.

3.  Maintain Constant Pressure: Variations in transducer pressure can cause signal fluctuations of 10-20%. Use 

consistent, firm pressure or automated scanners.

4.  Monitor Temperature: If the forging is hot, the velocity of sound decreases, and the couplant may evaporate. 

ASTM A388 is generally performed at ambient temperatures; corrections are needed for high-temp testing.

5.  Document Everything: Recording not just the flaws, but also the equipment serial numbers, transducer types, 

and specific calibration settings is vital for the final NDT report.

Executive Summary and Broader Industry Implications

The application of ASTM A388 is a critical component of modern quality management systems (QMS) in the



metalworking industry. By providing a standardized language for ultrasonic examination, it allows for a seamless

global supply chain where a forging produced in one country can be reliably verified against the safety standards of

another. The rigor of the practice directly contributes to the longevity of infrastructure, the safety of transportation,

and the reliability of power systems.

As technology evolves, we see the integration of Phased Array Ultrasonic Testing (PAUT) and automated scanning

into the framework of forging inspection. While ASTM A388 traditionally focuses on monolithic transducers, the

principles it establishes—regarding calibration, surface preparation, and evaluation—remain the foundational logic

upon which newer technologies are built. For the Senior Technical Writer or Engineer, mastery of A388 is not just

about following a manual; it is about understanding the intersection of materials science, acoustic physics, and

mechanical integrity. In conclusion, the continued refinement and strict adherence to these practices ensure that

the "heavy" in heavy industry never equates to an unacceptable risk of failure.
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