
M
IL

LE
N

N
IU

M
 S

TE
EL

 2
01

9

98

Electrical steel strip: Technical  
solutions for heat treatment
The world’s leading electrical strip producers have placed their trust in tried and tested Tenova LOI 
Thermprocess heat treatment plants for most of their new plant and modernisation projects.

In principle, electrical strip can be differentiated into 
non-grain oriented (NGO) electrical strip – also called 

dynamo strip, and grain-oriented (GO) electrical strip, also 
known as transformer strip.

Over the past 15 to 20 years, the construction of new 
electrical strip production lines and the modernisation 
of existing lines has boomed due to two main factors: 
lack of earlier investment between 1970 and 2000, and 
growth in demand as a result of efforts to improve energy 
efficiency and from new applications. A key aspect is the 
trend towards e-mobility, which has led to investments in 
the NGO strip sector, including a trend towards thin strip. 
A modern annealing and coating line for heat treatment 
of NGO is shown in Figure 1. 

In the GO electrical strip segment, there has been 
growth in demand as a result of efforts to improve energy 
efficiency by minimising hysteresis losses. Some regions 
or countries are boosting their production capacities 
at an above-average rate as a result of the rapid pace 
of infrastructure development. In China, for example, 
several new plants have been constructed, such as those 
at Baosteel Group and the Shougang Group. Wuhan Iron 
and Steel and Angang New Steel have also expanded their 
capacities. In India, the JSW Group has developed new 
capacities and thyssenkrupp Electrical Steel has expanded 
and modernised its production facilities. In Europe, many 
existing plants have been modernised and a few new 
plants have been constructed, for example for voestalpine 
in Linz (KGL-2) or Stalprodukt (Poland), thyssenkrupp 
Electrical Steel (see Figure 2) or the NLMK Group at its 
locations in Lipetsk and Yekaterinburg.

ELECTRICAL STRIP TECHNOLOGY
Electrical strip ranks among the so-called magnetically soft 
materials. Since its magnetisation and demagnetisation 
is easy – particularly in an external magnetic field – its 
use in electrical systems enhances optimal energy saving. 
Due to its typical magnetic features, electrical strip is 
characterised by a wide application field in all kinds of 
electrical systems.  

Almost isotropic conditions regarding the mechanical and 
magnetic properties are typical of dynamo strips, ie, the 
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r Fig 1 Modern annealing and coating line for heat 
treatment of NGO electrical steel 

r Fig 2 Decarburisation and coating line at  
thyssenkrupp Electrical Steel

r Fig 3 Modern gas-fired MBAF for high  
temperature heat treatment of GO electrical steel
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treatment processes. Prior to cold rolling, the strip usually 
passes through an APL. If the cold rolling process takes 
place in several steps, various manufacturers make use 
of so-called ‘intermediate annealing lines’ between the 
individual rolling steps. Following cold rolling, the strip is 
heated and decarburised in a decarburisation and coating 
line (DCL), nitrided, if necessary, cooled in a controlled 
manner, then coated and dried. 

The next heat treatment process comprises high 
temperature annealing at approximately 1,200°C in an 
electrically or gas-heated multi-stack batch annealing 
furnace (MBAF), followed by stress-relieving annealing 
and coating in a flattening and coating line (FCL). These 
strip treatment plants are usually horizontal and several 
hundred metres long. 

As a function of the maximum coil weight, the multi-
stack batch annealing furnaces are designed in one or two 
layers. Traditionally such plants were mainly electrically 

structure grains are uniformly aligned in all directions. For 
this reason they are used preferably in moving machines 
such as motors or wind power plants. Depending on the 
manufacturing process, dynamo strips are sub-divided into 
so-called ‘fully finished NGO’ and ‘semi-finished NGO’. 
Fully finished NGO is delivered to customers with all the 
required final properties and has already been varnished. 
Semi-finished is delivered without insulation and so it is 
usually finally annealed by the customer in the form of 
tailor-made stacks of sheets.

Due to this fact, semi-finished transformer strips (GO) are 
anisotropic, ie, the grains are oriented in one direction – 
the rolling direction – with a variance as low as possible. 
For this reason, these materials are used mainly in static 
applications such as transformers. With regard to their 
magnetic properties, transformer strips are sub-divided 
into CGO (conventional grain-oriented) and HGO (high 
permeability grain-oriented) strips, also known as  
HiB-qualities, and which have considerably lower 
hysteresis losses. The hysteresis loss is defined as the 
share of energy that the material absorbs as heat in the 
alternating magnetic field, and is thus an index of energy 
efficiency. Most developments in the field of transformer 
strip strive mainly to lower the specific hysteresis loss. The 
hysteresis losses for HGO qualities are a function of the 
strip thickness and steel grade and amount to 0.8-1.25W/
kg at 50Hz and 1.7t, whereas they generally exceed 1.10 
(up to 1.65)W/kg for CGO-qualities. 

Transformer strips (GO) and dynamo strips (NGO) are 
divided into further sub-classes, which are described in 
the respective EN-standards: EN 10107 for grain-oriented 
electrical strips (GO, transformer strip) and EN 10106 for 
non-grain-oriented electrical strips (NGO, dynamo strip).

A high degree of purity, the content of silicon and 
aluminium, low quantities of other alloy components as 
well as hot rolling, cold rolling, annealing and coating 
processes, essentially influence the magnetic properties of 
electrical strip. The annealing processes in particular are of 
great importance. 

STRIP TREATMENT
During manufacturing, dynamo strip (NGO) undergoes at 
least two different heat treatment processes. Prior to cold 
rolling, the hot rolled strip is annealed in batch annealing 
furnaces (BAF) or in combined annealing and pickling 
lines (APL-lines). After cold rolling, the material passes 
through an annealing and coating line (ACL) followed by 
finishing with various coatings and a drying and backing 
process. Due to the trend towards higher heat treatment 
temperatures and thinner strip – down to 0.2mm are 
under discussion – such furnace plants have to meet new 
and more sophisticated requirements.

Transformer strip requires at least four different heat 

r Fig 5 Modern ACL for heat treatment of NGO 
electrical steel at JSW Vijayanagar Works  
Picture: courtesy JSW

r Fig 4 Reference situation of modern heat treatment furnaces for 
electrical steel (GO & NGO)
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heated, but Tenova LOI Thermprocess has developed a gas-
heated MBAF that incorporates all advantages of both the 
alternative, gas-heated rotary hearth furnace (RBAF) and a 
MBAF. This furnace type has been in successful operation 
for several years. An example is shown in Figure 3. 

The key component of any electrical strip treatment 
line is the heat treatment section, ie, the furnace. The 
mechanical equipment of these lines is technologically 
less critical and less complicated because the lines are 
operated at relatively low strip speeds (up to 200m/min). 
In the furnace section, special, precise temperature control, 
changing gas compositions and dew points, precise slow 
and fast cooling as well as automated operation, based 
on a model if possible, are important aspects. Various 
thermochemical treatment steps such as decarburising 
and nitriding, take place in the furnace sections of a 
strip treatment line which are separated by a number of 
separators.

PLANT INSTALLATIONS
Since 2000, Tenova LOI Thermprocess has received a total 
of 59 orders for electrical strip treatment lines; 33 of these 
were new plants, while 16 orders included comprehensive 
modernisation work. Ten of the projects are ongoing.  
Figure 4 provides detail of the individual plant components

Whereas Tenova LOI Thermprocess supplied the heat 
treatment section of the electrical steel strip for these orders, 
the mechanical parts have been supplied in cooperation 
or in consortium with major mechanical suppliers such 
as Tenova Strip Processing, Andritz Sundwig or the SMS 
Group. In some cases, Tenova LOI Thermprocess was the 
leader of the consortium, as for the ACL-2 line for China 
Steel Corporation or the electrical strip treatment plants 
for Wuhan Iron & Steel Co. Ltd. In other cases, leading 

electrical steel producers such as voestalpine, Austria 
explicitly chose to cooperate with Tenova LOI Thermprocess 
for their new KGL-2 line constructed in 2011 to be able to 
anneal NGO strip up to a width of 1,650mm.

The new ACL for JSW Steel Ltd in India shown in Figure 5 
was realised entirely by Tenova. The new heat treatment line 
for dynamo strips (NGO) was installed in the Vijayanagar 
Works in Toranagallu in the federal state of Karnataka. 
After a design and installation phase of approximately 
two years, production started in 2015. The plant was 
designed for a throughput of 33t/h at a maximum strip 
speed of 180m/min (furnace section 120m/min), and a 
strip treatment temperature of 1,100°C maximum. 

Tenova LOI Thermprocess designed and supplied the heat 
treatment section (furnace) including the drying furnace 
downstream of the coater, the appropriate measuring and 
control system as well as the entire furnace automation 
system. Tenova Italimpianti was the supplier of the entire 
strip mechanics. Subsidiaries of the Tenova group located 
in India gave support in the form of local supplies and 
supervision services. Thanks to this new plant installation, 
JSW managed to establish itself within a very short space 
of time as one of the high-quality suppliers for dynamo 
strip (NGO) in the Indian market.

One of the largest new electrical strip plants was 
constructed by the Chinese customer Shougang in Qian’an. 
All seven heat treatment lines (furnaces and control 
systems) were supplied by Tenova LOI Thermprocess, 
with Shougang covering the engineering, supply and 
commissioning of the following furnaces:
`  Two APLs for NGO & GO strip, each with a capacity of 

more than 60t/h
`  Three DCLs (see Figure 6) for GO strip, each with a 

capacity of more than 9t/h
`  Two FCLs for GO strip, each with a capacity of more 

than 15t/h

A MBAF for the high temperature annealing of GO strip with 
a total of three multi-stack bases completed the facilities 
for grain-oriented electrical strip production. The furnaces 
started production between 2011 and 2013 and in the first 
half of 2012 the first HGO/HiB strip was annealed. The 
projected capacity of 150,000t/yr was reached in 2015. 
According to information provided by the customer, the 
plant is fully used for the production of HiB grades with 
‘low-temperature plus nitriding’ technology.  MS

Dr. Peter Wendt is Vice President Sales and  
Wolfgang Eggert, Director of Sales, both at Tenova LOI 
Thermprocess GmbH, Essen, Germany

CONTACTS: Peter.Wendt@tenova.com
Wolfgang.Eggert@tenova.com

r Fig 6 Two of the DCLs for GO electrical Steel at  
Shougang Qian’an


