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TOPIC:

17. NON-DESTRUCTIVE TESTING
Learning Objectives: 

At the end of the lesson the student should be able to do the following:


Understand the use of non-destructive testing (NDT).

       17.1 List five types of NDT commonly used in ship construction and for each explain the common applications.

          17.2 For weld defect detection, state two disadvantages in using X-ray.

Non‑destructive Testing
Non‑destructive test is required to enable the soundness of ship welds to be assessed. 

1) Visual examination
It is routine procedure. Any surface defects are noticed by the experienced and responsible personnel e.g. incorrect bead shape, high spatter, undercutting, bad stop and start points, incorrect alignment, and surface cracks. The cost of visual inspection is low. It can be very effective where examination is made before, during, and after welding.

2) Dye penetrant test 

A simple, low-cost way to detect surface opening cracks and porosities in non-porous and clean specimen. It can detect small defect, but not suitable for rough and dirty surfaces.

Liquid (containing either dye or ultraviolet-sensitive substances) is sprayed onto specimen, and is drawn into a crack by capillary action, thereby highlighting its presence after application of a developing agent.  It will show up a surface flaw. To aid the detection of a surface crack, the dye is often luminous and is revealed under an ultra‑violet light.

3) Magnetic particle inspection

A portable, rapid and low-cost way of locating surface and near-surface defects like cracks, slag inclusions and gas porosities in ferromagnetic material only. It is carried out by locally magnetizing the specimen by a yoke (or coil) and then spreading a fluid of magnetic particles e.g. iron fillings suspended in paraffin on its surface. Any discontinuity such as a surface crack will show up, as the particles will concentrate at the point where there is an alteration in the magnetic field. 

4) Radiographic inspection 

A material is subjected to radiation from one side, and record the radiation emitted from the opposite side. Either X‑ray or gamma ray devices may be used to provide the source of radiation. Any obstacle in the path of the radiation will affect the radiation density emitted and may be recorded. As radiation will expose photo​graphic plate, for all practical weld test purposes this is used to record the consistency of the weld metal. The photographic plate records changes in radiation density emitted; for example a void will show up as a darker shadow on the radiograph.

X‑ray equipment consists of a high voltage power source (50 to 400 kV), which is used to provide potential between a cathode and target anode in a glass vacuum tube. 400 kV is satisfactory up to thickness 60 mm steel and 260 mm aluminium. Only a small percentage of this energy is converted to X‑rays, so that large amounts of heat have to be conducted away from the target. From the target the X‑rays are projected out of the tube onto the weld surface.

Gamma ray is an alternative to X-ray 

· for thick sections, 

· in places of difficult access and 

· electrical power is not available. 

Gamma ray is produced by decay of a radio‑active nucleus, the rate of emission being reduced with time. They are very penetrating; but this also means that heavy shielding is required. Since natural radio‑active sources are in short supply, great use is made of artificial radio‑active sources, namely isotopes. Image resolution is inferior compared to X-ray radiography. Panoramic imaging of 360 degrees is possible by using small isotopes inside pipes, tubes and hollow objects. 

To interpret the weld radiograph a large amount of experience is required, and a sound knowledge of the welding process. Radiographs usually carry the image of an 'image quality indicator' which shows the minimum change of thickness revealed by the technique. This indicator consists of graded steps of metal, each step being identified on the radiograph. The minimum step thickness discernible is noted, and the sensitivity of the radiograph assessed. This indicator is placed adjacent to the weld prior to taking the radiograph.

5) Ultrasonic inspection

Low-cost and hand-held instruments are usually used for ultrasonic flaw detection in the marine field. It is being used increasingly as a tool for locating defects in welds, and has several advantages over radiography, particularly as no health hazard is involved. The technique is particularly useful for locating fine crack, which are often missed by radiography, particularly where they lie perpendicular to the emission source.

The principle of ultrasonic inspection depends on the fact that pulses of ultrasonic energy are reflected from any surface which they encounter. Virtually total reflection occurs at an air‑metal interface, and therefore to get the ultrasonic wave into the metal a liquid (or couplant, usually grease) is placed between the source and metal. Pulsed beams of ultrasonic waves (transmitted typically at 1 to 25 Mhz) pass through the object.  Waves traveling through a plate may be reflected from the surface of the metal and also from the surfaces of any flaws in the metal. 

A receiver detects the reflected waves signal, which is displayed after signal amplification and analysis by the instrument. The pattern of reflection is revealed on either cathode ray tube or liquid crystal display, which may be calibrated using a standard reference block. From the cathode ray tube display, an experienced operator is able to recognize type and location of flaws. 

Ultrasonic techniques are also valuable for asses​sing the thickness of structural members.
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Incomplete root penetration-straight dark line (either continuous or intermittent) 
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---The End of Chapter---
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