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Chapter 1 General introduction 

 
1.1 Introduction 

 

Electrical steel is categorised into a number of product types. These are comprised of 

grain oriented and non grain oriented electrical steels. Grain oriented electrical steel 

(GOES) is a soft magnetic material and usually has a silicon level of 3% and is so 

called because it contains a grain structure with a distinct preferred orientation. The 

magnetic properties such as relative permeability and power loss are optimised when 

the material is magnetised along this direction of preferred orientation. For this reason 

GOES is usually used in the construction of medium to large transformer cores. 

GOES is comprised of the conventional grain oriented (CGO) and high permeability 

grain oriented (HGO) steels. 

  

Non grain oriented (NGO) electrical steels are also soft magnetic materials but 

contain a much finer grain structure and exhibit little or no preferred orientation and 

are most commonly used in applications such as rotating electrical machines and 

small transformers used in domestic appliances that require isotropic magnetic 

properties in the plane of the sheet. In these applications, the magnetic flux is oriented 

at various angles with respect to the rolling direction of the sheet in some parts of the 

magnetic circuits. They can be supplied with or without one of a range of coatings 

either in a fully processed state or semi-processed condition depending on the 

intended use of the steel. Fully processed material requires no further processing by 

the customer because it is supplied after final properties developing anneal. With 

semi-processed material, tempering during the extension pass is the last stage of 

processing that is undertaken by the supplier. The process involves giving the strip a 

final cold reduction which results in a material with an increased surface hardness. 

This surface stiffness helps the stamping of laminations especially where strip is 

supplied without a coating. The laminations then require a final property developing 

customer anneal to fully optimise their magnetic properties [1.1]. Strips are supplied 

without coating to allow for gas penetration if decarburisation is needed in the final 

customer anneal. 
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