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1. Historical background and the topical problems of ferrous metallurgy solving by ND magnetic inspection
The sensitivity of some magnetic characteristics to structural state of steel articles is known more than a hundred years. The first practical application of the magnetic structure analyser dated from the World War I when the blanks for the covers either for the shells or personnel mines were sorted in Russia.

For the next years an interest in application of non-destructive techniques sometimes subsided sometimes intensified till the sixties when the interest became broad to an extent that it came into use in ferrous metallurgy forever.

The general directions in application of magnetic structure analysis became clear due to elaborations in metallophysics. The general practical problems were formalized and could be solved everywhere by the techniques and means of magnetic property inspection.

1. Non-destructive inspection of microstructure and stress-strain properties of rolling for getting information of the properties distribution on the length and breadth of the rolls, sheets, pipes and other steel articles of lengthy and complex shape.
The production property data were limited in spite of an ample quantity of tests. The test samples were chosen from the end parts of the articles and a roll or a sheet had to be destroyed to get information about the quality of a material in the center. An effective technique was demanded which would allow to get information about the properties distribution in the articles of any shape and length.

2. Non-destructive inspection of structure and properties of steel articles moving at production for controlling of the production process.
The mechanical properties and microstructure can be determined by the classical techniques when the manufacturing process is finished, but they are not accepted for the on-line process control. Determination of the properties by an ND technique at the output from the units allows to control some parameters of the technological process for getting the desired properties.

3. Non-destructive inspection of structure and mechanical properties of the complete steel articles for automatic sorting.
This problem can be solved with a particular effectiveness if the rolls are cutting for the sheets. The sheets should be sorted in different piler boxes depending on the properties. The problem can be also solved while sorting the profiled rolling or not large similar steel articles of lengthy shape.

These problems were primary. They were solved successfully due to the fact that the magnetic characteristics of steel with different structure and properties are strongly discernible (see Fig. 1).

The solutions of the primary problems prepared a transition to solving of more difficult problems. They are a behaviour research of steel articles in service and residual life estimation on their actual state.

2. Necessary conditions for NDT application
For the NDT of mechanical properties to be widely spread in the field and will not be dubious for the users or the standardization bodies, it is required to meet the following conditions:

· The engineers has to be ready to perceive a method;

· The specialists who are able to work at the interfaces between fields are required;

· A permission to certify the output by the ND technique should be included in specifications;

· The designers and manufacturers of the devices and plants for the ND magnetic testing should be provided;

· A unified methodic approach to the NDT at all factories where the method is used should be provided.

These problems were solved in the Former Soviet Union in the following way. In ferrous metallurgy as the most interested field “The Constantly Functioning Commission” was established. The Commission dealt with the development and introduction of the NDT techniques. The representatives from the ferrous metallurgy research institutes, the specialists from the factories research centers, the designers and manufacturers of the devices and the standards planners worked in the Commission. The most qualified specialists were formed into groups to solve the specific problems. The results were discussed on the national conferences and published. 

In the early seventies, when the works on the magnetic inspection were widely spread, the USSR educational institutes did not train the specialists for the NDT. Therefore the metallophysicists started studying the problem and the representatives of three specialties studied it at the ferrous metallurgy factories. They could be the ultrasonic inspectors who profited by one more device or technique for inspection. But quite often they were the mechanical tests engineers who strived for relieving of the mechanical laboratories and the technology process engineers who liked wider possibilities of the technique in comparison with the selected destructive test. Later the engineers training program for the NDT was originated. The creative teamworks of different fields with different professional knowledge, however, established the technique bases.

The leading research institute of ferrous metallurgy in Moscow – TsNIIchermet provided the unity of the methodical approach. The institute submitted each method on the first stage. Then the workgroup elaborated the general branch standard and GOST 30415 “The steel. The NDT of mechanical properties and microstructure of steel articles by magnetic technique”. They were issued and every country admitted them. 

3. Further development of the magnetic inspection techniques 

for steel  items  properties

If we carry out non-destructive and destructive magnetic tests we receive a set of data that brings out clearly a correlation between the mechanical and magnetic tests. Each plant collected its own set of data to determine the correlation between mechanical and magnetic characteristics, which was a very significant limit. The plants used their own coefficients for the regression equations. All this restrained the technique from application where the small production lots were manufactured.

We considered that the magnetic technique catches slighter differences in internal structure than the direct mechanical tests. That is why the dependences retrieval for each processing line is inevitable and nobody can put on the market a device graduated for mechanical properties in advance. The following developments showed that it was a mass mistake, and imperfection of the circuit technology led to the differences. 

Export inspection is another unsolved problem. Till the rolled metal was entirely used in the Soviet Union, 80-90% of production inspected with the NDT was exported. Since the export standards in Europe, the USA and China do not contain permission for the NDT the delivery of the products inspected with the NDT greatly reduced. 

The necessity to collect the data for each factory for finding dependence between the direct and magnetic tests keeps back the use of the magnetic technique for analyzing the properties of complete steel product. As soon as the mistake was got over we started use the technique for the complete products with independence to the mill where the rolling was moulded.

The difference between a complete article in service and a latest rolling is that the article in service piles up the fatigue stress, which leads to defect accumulating and article deterioration as a result. In this case the correlation dependence between the parameters for the mechanical properties estimation is out of interest. It is required to determine a complex index of the metal quality that can show structural changes and stress metal condition and evaluate its threshold value when the article can be used with no dangerous. This work was done for the high-pressure steam boilers, gas-cylinders, erecting cranes and elevators and the work exceeded the bounds of the ferrous metallurgy. For instance, the characteristics for residual life estimation of low-carbon steel constructions (steel grades – 1513 and C 1010) has been found (see Fig. 2). These are the steels of wide application. The same dependences may be found for any steel and cast iron grade to estimate current fatigue state and service life of objects. 
Here the minor problem that proved the correctness of optical modelling. The modelling was made for the mill rolls models under different load conditions. Earlier the optical modelling showed the fact that roll working layer at the depth of 15-25 mm is exposed to a greater extent. Stress accumulation in the layers can become critical and may lead to deterioration of the roll – exfoliation. The coercimeteric measurements of the rolls allow to detect a section where the stress is of a critical value that resulted in deterioration of the working roll and a long standstill of the rolling-mill machinery (see Fig. 3).

Moreover, there are the sections revealed on the back-up rolls where incorrect profiling results in appearance of stress zones (see Fig. 4). If we introduce into practice an input test of the back-up rolls and fix their initial state (see Fig. 5) we may follow the influence of service conditions on the rolls and prevent them from deterioration. Besides, this method let us choose soundly the best supplier.

Here an example of solution of another problem. Two air manifold of the same design have been exploiting under different working pressure for 25 years. Coercitimetric analysis showed that the air manifold exploited under less pressure can be exploited farther whereas another one can no longer be in use (see Fig. 6). The classical ND means may not detect these differences.

In all cases of the coercimetrics application this inspection technique set an advantage in comparison with the alternative techniques due to simplicity and device operating safety, low price and a wide range of the problems solved. As to the practical estimation of residual service life of steel articles there is no alternative to the coercimetric technique.

There is a great number of data and information for each aspect discussed here. The information considers the thirty years’ application and was published. Russian experience should be used for help for the plants which are interested in the mistakes avoiding and a quick start of documentation designing.

There is a good standard set for the ultrasonic test in the ASTM system when the general basic standards proceed to the particularized methods. We may make a set of standards for the mechanical properties test, make a new standard on the basis of GOST 30415 and put more specific recommendations for each direction.
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