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ABSTRACT - The porosity of the castings can dramatically reduce the solidity and reliability
of the objects made from aluminum alloys. The X-ray radiography is able to find the
placement of the porosity of the aluminum devices. After a special "water saturation" process
the dynamic neutron radiography is available to discover the "dangerous" - surface near-
porosity in the aluminum samples. The X-ray and neutron radiography were used as
complementary examination techniques to study the porosity of the aluminum castings.
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1. Introduction
The different kinds of the die-cast aluminum alloys contain porosity by the production

process. The porosity is very dangerous for the solidity of the objects, mainly if it is located
near to the surface of the casting. Some non-destructive-testing methods (NDT) are able to
study the porosity of aluminum alloys. It seems that the suitable combined application of X-
ray radiography (X-RR) and ultrasonics is very effective in this field, however, the
determination of the depth of the error area is not easy task by these methods. A "water
saturation" procedure on the defective samples and dynamic neutron radiography (DNR) were
applied. It was found that in the samples the water was infiltrated in the porosity.

2. Experimental facility

The experimental work was carried out at the Dynamic Radiography Station (DRS) [1] of
the Budapest (10 MW) reactor. This facility is able to use the neutron-, gamma-, and X-ray
Radiography as it is seen in the Fig. 1. The neutron - and gamma beams are obtained through
a horizontal thermal channel of the reactor using pin-hole type conical collimator. The
collimation ratio was 170, the beam diameter 150 mm and the neutron flux at the detector
position 108 n cmf2 sec-'. Objects with a surface area of 700 x 1000 cm2 and weights of up 250
kg can be investigated and are manipulated into the correct position of the beam by means of
a remote control mechanism. The X-rays was generated by a large scale of portable, industrial
X-ray generators. Their power is changeable from 50 kV; 5 mA to 300 kV; 5 mA. The
transmitted neutron image of the objects is converted into light by a scintillation converter
screen (type NE 426) - this task is solved by ZnS converter screen or a NaCs single crystal for
X- and gamma - ray imaging and the "light image" is detected by a low-light-level (LLL) TV
camera (104 lux for type TV 1122). The imaging cycle is 40 msec, thereby providing the
positioning for visualizing medium speed movements up to about 2.5 rn/sec inside the
investigated object. The resolution of the detected radiography image is about 150 grm for
neutrons and about 100 pm for X-rays. The schematic block diagram of the imaging system is
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shown in Fig. 2. The radiography images are displayed on a monitor, stored by an S-VHS
recorder and for further analysis, an image processing system is used (type Sapphire 5.05 by
Quantel). A hard copy of the picture is provided by a video printer. In addition to the
radiography image other parameters characterizing the operation of the investigated object -
such as operating time, pressure, temperature, flow velocity, power consumption - are
measured and controlled.
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Fig. 1. Arrangement of the Dynamic Radiography Station
at the Budapest research reactor
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Fig. 2. Imaging system of the Dynamic Radiography Station

3. Investigated object
The investigated objects were choozen from the mass production of alunlititil industry.

The first element is a part of an air bag system in a motor car. It is marked in the Hgi. 3- with
symbol "A". (Its width is 26 mnm, its length is 205 mm and its thickness is 2 mmi). It contals, a
special flange series for the higher releability. The second object of our investiat~ion is the
yoke of the scaffolding system in the building industry. In the Fig. 3. it is denoted by symbol
"B". (Its width is 36 mm, and its length is 9% mm and its thickness is 'X mm). Ta, pcOsity of
the aluminum castings reduces the solidity of the objects.

Fig. 3. Samples made from aluninum castings
A.. Frame of an awi bag system
B: Yoke of scaffolding in the building industry
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4. Experimental result
The large number of castings were investigated by X-RR to select the samples with
porosity content. In order to increase the quality of the picture 500 images were integrated
by the Quantel video processor. The X-ray pictures of the "A" is shown by the Fig. 4. and
the "B" sample is shown by Fig. 6.
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Fig. 4. X-ray radiography of the porosity in the frame of the air bag system

Fig. 5. Dynamic neutron radiography of the frame of the air bag system after the
"water saturation" process

The porosity of the castings, characterized by the bright areas, are marked by arrows. A
special "water saturation" process was used before we applied the DNR. The essential idea of
this procedure is to substitute the residual gas with water in the porosity of aluminum
castings. The neutrons are very sensitive to the water because of its high hydrogen content.
The DNR is an appropriate method to determinate the "waterized" porosity. In the first step
the aluminum samples were taken in an excicator and the samples were filled up by water.
The vessel was closed and was evacuated by a rotating vacuum pump for 120 minutes. The
samples stayed under the water for further 1 5 hours. If the porosity of the casting was situated
near the surface of the sample, the water was able to ooze into the cave of aluminum. This
effect was observed for both "A" and "B" specimens, as shown in Figs. 5 and 7 as exposed by
DNR.
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Fig. 6. X-ray radiography of the yoke of the scaffolding

Fig. 7. D~ynanilc neutron radiographx of the yoke of the scaffolding after the
"cwater saturation` process

The "waterized' porosity of the aluminum castings are characterized by dark shade, marked
by arrow~ss. Figure 8. shows the cut surfiice of 'W' sample at the place of the porosity. It is
clearly observable the smxall material t.hickness (12120 piin) between the porosity and the
surface of sample.

Fig. 8, The position of the porosity int the yoke after cutting
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5. Conclusion

The X-ray radiography is an advanced NDT method to discover the placement of the
porosity in the alurninum castings. Applying a special "water saturation" process the dynamic
neutron radiography is able to show the "dangerous"- surface near - porosity of the aluminum
devices by their water contain. Both X-ray - and neutron radiography techniques were useful
complementary examination methods to study the porosity of the aluminum castings.
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