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BENEFITTING FROM  
THE TREND TO E-MOBILITY

WORLDWIDE

To produce electric vehicles and related charging stations, electric  
steel is indispensable. SMS group offers technologies allowing conventional  

integrated steelworks to produce high-quality electric strip. 

To enhance the spreading of  
electric vehicles it is indispensable 
to expand the infrastructure by 
numerous charging stations.
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Many car makers and countries have been announcing not 
to produce or register any vehicles equipped with combus-
tion engines in the near future. All around the globe, sales 
figures of electric vehicles keep growing. Electric steel, which 
is also called silicon steel, is absolutely essential to be able 
to provide the necessary electrical drive systems and an ad-
equate infrastructure with a closely knit network of charging 
stations. Studies show that the demand for electrically driv-
en industrial motors, cooling units and further small and 
large electrical applications is on the rise, with the applica-
tions often being networked. 

Due to its advantageous electromagnetic properties, 
electric strip is a key material for efficient motors, genera-
tors and transformers. Even though the production route is 
very complex as compared to conventional steel grades, 
SMS group offers technologies allowing conventional inte-
grated steelworks to produce high-quality silicon strip. This 
will enable steel producers to benefit from the e-mobility 
trend, the growing demand for electric strip and the price 
rise involved.  

DIFFERENT ELECTRIC STRIP GRADES  
WITH MANIFOLD APPLICATIONS

As a rule, electric strip is subdivided into non-grain-oriented 
(NGO) and grain-oriented (GO) grades. 

In non-grain-oriented electric strip, the orientation of the 
ferritic grains is irregular, and the material has isotropic 
 magnetic properties. A distinction is generally made between 
two qualities of non-grain-oriented electric steel strip. In the 
case of semi-finished material for laminated core motors, 
the final annealing treatment is accomplished by the engine 
producer directly at the final product subsequent to the 
punching process. The fully finished material (NGO-ff) is 
 annealed and coated already in the works of the electric  
strip producer. Depending on the electrical properties, the 
 material is further categorized into two groups: material  
with low and material with high silicon content. Non-grain-

oriented electric strip is used in rotating machines with alter-
nating field orientation. Since electric motors and generators 
determine the performance of a vehicle, a machine or any 
other electrical system, high-quality material is much sought 
after. Automotive manufacturers, in particular, are looking  
for high-performance materials to increase the capability of 
their vehicles. 

In grain-oriented strip the grains are aligned in the direc-
tion of cold rolling. According to the degree of orientation, 
grain-oriented strip is again divided into material with con-
ventional and high permeability. Highly permeable materi-
als can also be supplied with “domain refining”, a laser-
scribed area refinement to further reduce losses due to 
re-magnetization. To ensure the efficient transmission and 
distribution of energy, grain-oriented strip is used for static 
applications, for example in transformers or rectifiers which, 
due to the rising production of electricity worldwide, will 
lead to an increase in demand. 

FROM HOT STRIP TO  
HIGH-QUALITY ELECTRIC STRIP

Hot strip provided for the production of electric strip must 
meet specific requirements, for example a defined content 
of silicon and other alloying elements and the appropriate 
strip dimensions. If producers can make hot strip with such 
properties themselves or purchase it, then they will be able 
to produce silicon strip on the downstream plants described 
below. If not so, the experts of SMS group offer to compile 
an analysis for the optimization of the upstream processes. 

The simplest way to get to electric strip is the production 
of semi-finished, non-grain-oriented electric strip on a pick-
ling line/tandem cold mill, batch annealing furnace and skin-
pass mill. Since the high silicon content produces silicon 
sludge during the pickling process, a suitable system for 
desludging should be available, but can also be integrated 
into an existing line. On the basis of such production equip-
ment it is comparatively simple to produce fully finished 
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Classification of electric strip grades and pertaining main applications. 

Production of non-grain-oriented electric strip in three stages of implementation.

NGO   
Non-Grain- 

Oriented

GO   
Grain- 

Oriented

NGO-sf
Semi-finished Non-Grain-Oriented

Si typical 0.5 – 2.0 %

NGO-sf (low Si)
Fully-finished Non-Grain-Oriented

Si typical 0.5 – 2.4 %

NGO-ff (high Si)
Fully-finished Non-Grain-Oriented

Si typical 2.4 – 3.3 %

Small consumer applications 
 Small fans (heating/cooling)
Home applications
Electric toys
Electric tools

High-performance applications 
 Industrial motors
 Electric vehicles (thin gauge)
 Wind and water power stations

CGO
Conventional Grain-Oriented

Si typical 3.0 – 3.3 %/Misorientation 7 – 8°

PLTCM
Pickling  

Line/Tand.  
Cold Mill

BAF
Batch  

Annealing 
Furnace

TM
Strong 

Temper Mill

HGO-DR
Domain Refined HGO (laser-scribed)

Si typical 3.0 – 3.3 %/Misorientation 2 – 3°

Extension 1: Semi-finished NGO

Main action: 
Integration of Si desludge system

Mini transformers
Consumer applications
Distribution transformers

Hot strip NGO-sf semi-finished motor lamination

HGO
High-permeability Grain-Oriented

Si typical 3.0 – 3.3 %/Misorientation 2 – 3°
High-performance transformers

Power stations
Electrical substations
Large generators 

     (e.g. water power)

PLTCM
Pickling  

Line/Tand.  
Cold Mill

ACL
Annealing  

and Coating  
Line

Extension 2: Fully-finished NGO with lower silicon content

Hot strip

Main action: 
Implementation of one new line

NGO-ff fully-finished (low Si)

RCM (TCM)
Reversing 
(Tandem)  
Cold Mill

Extension 3: Fully-finished NGO with high silicon content

APL
Annealing  

and Pickling  
Line

ACL
Annealing  

and Coating  
Line

Main action: 
Implem. of new line and new mill

Hot strip NGO-ff fully-finished (high Si)
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Equiment aus der NGO- 
Produktionsroute

Spezialequipment für GO-Produktion

Production route of grain-oriented electric strip using hot strip as starting material. 

Hot strip
APL

Annealing  
and Pickling 

Line

RCM (TCM)

Reversing  
(Tandem)  
Cold Mill

DCL

Decarburizat. 
Nitriding  

Anneal. and 
MgO Coating

Hi-T BAF

High-Temp. 
Batch  

Furnace

FCL 

High-Temp. 
Batch  

Furnace

GO

Flattening and Coating LineEquipment from  
NGO production route

Extension: High-permeable grain-oriented silicon steel strip
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Contact
strip.processing@sms-group.com
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SMS group supplied to Shougang seven lines for 
the production of electric strip: two annealing 
and pickling lines, three decarburizing and 
coating lines and two flattening and coating lines. 

material with low silicon content as well. The equipment to 
be added is an annealing and a coating line to change the 
internal structure and provide the strip surface with an in-
sulating layer. The next step toward fully finished material 
with high silicon content is to integrate an annealing and 
pickling line plus a cold rolling mill. Because of the high sili-
con content, the hot strip material must be annealed before 
it is pickled and cold rolled. Usually, reversing mill stands 
are used for cold rolling, but it is also possible to do with a 
continuous tandem mill. 

The production route of grain-oriented electric strip 
starts with annealing and descaling of hot strip in a special 
annealing and pickling line. This is followed by cold rolling, 
primary recrystalization, including decarburizing, nitriding 
and coating with magnesium oxide, and secondary recrys-
talization to generate the desired final structure orientation 
and material purity. The decarburizing and coating line also 
serves to perform nitration. For the secondary recrystaliza-
tion process special high-temperature batch annealing fur-
naces are needed. Thermal flattening and final coating com-
plete the treatment. 

PROCESS KNOW-HOW AND  
SPECIAL EQUIPMENT FOR ELECTRIC STRIP

SMS group, in cooperation with MET/Con, provides a broad 
range of process support for the production of electric strip. 
The service covers metallurgical aspects as well as layout 
planning plus assistance in commissioning and plant opera-
tion. The MET/Con experts have a wealth of experience and 
complete parameter sets to offer and helped Anshan Steel, 
China, just to mention one company, to produce highly per-
meable electric strip on its existing and old plants within a 
short time. 

All of the plant equipment is tailored to meet the special 
requirements of electric strip, as for example the adapted 
turbulence pickling system. A specific tank shape and ap-
propriate equipment in the circulation system allow for the 

removal of silicon oxide sludge to be accomplished largely 
automated. Heating the coil and the strip edges supports 
reliable strip guidance and prevents the fairly brittle electric 
strip from being damaged or from cracking.  Special roll 
coaters are installed since the coating has a decisive impact 
on quality.  

Drever International, a subsidiary of SMS group, sup-
plies furnaces for the thermal treatment of all grades of 
electric strip. These furnaces feature special designs tai-
lored to the relevant requirements of the electric strip.   

Since SMS group supplies the X-Pact® electrical and au-
tomation systems, too, all treatment steps are smoothly in-
tegrated into the electrical and automation systems of the 
lines. A Plug & Work integration test considerably reduces 
the period required for commissioning. Best evidence of 
that powerful combination provides the seven treatment 
lines at Shougang Qian’an that started operation with a 
steep ramp-up curve. ◆


