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PLANT AND PROCESS

EMG eMASS® electromagnetic 
strip stabilisation
Many hot-dipped galvanising lines (HDGL) tend to over-coat zinc and other coatings because the 
process control system is unable to compensate for strip oscillation and camber at the air knives, 
and hence cannot accurately control coating thickness. To ensure the guaranteed minimum 
thickness is achieved, the average thickness is higher than actually needed, so ‘wasting’ raw 
materials. EMG has developed EMG eMASS®, an electromagnetic system to stabilise the strip 
between the air knives after the zinc pot which both reduces coating consumption and improves  
strip coating quality. The system can be retrofitted or installed as part of a new build. 
Approximately 50 units are in operation worldwide.

The producers of galvanised steel strip, like all areas 
of the steel industry, are constantly striving to reduce 

costs through operating efficiencies and to improve 
product quality. Two key areas where improvements can 
be made in existing hot-dipped galvanising lines (HDGL) 
– and designed into new plants – are the ability to reduce 
zinc over-coating and the ability to produce thinner and 
more consistent (homogeneous) layers of Zn or other 
coating materials such as aluminium alloys. 

Over-coating (and the inability to produce thin coating 
layers) occurs because the existing process control system 
is unable to accurately control coating thickness so, to 
ensure the guaranteed minimum thickness is achieved, 
the average thickness is higher than actually needed, so 
‘wasting’ raw materials. There are a number of reasons 
why Zn thickness control can be difficult, including control 
of the Zn pot conditions, strip speed, strip grade and the 
separation between the air knife nozzles and the coated 
strip at the air knife which is used to blow off excess Zn. 

The air knife separation distance is governed partly  
by the need to allow for strip vibration and oscillation 
(up/down movement) as the strip moves between pairs of 
rollers, and strip camber (crossbow) or bending of the strip 
resulting from locked-in residual stresses caused during 
strip rolling. These two effects mean that the air knife has 
to be further away from the strip than is optimum in order 
to avoid damage to the nozzles through impact. 

This is illustrated in Figure 1a, showing the principle 
situation of a bowed strip. This real-world example illustrates 
a situation with prominent crossbow, requiring a 40mm gap 
and the achievement of 150 g/m2 minimum Zn thickness. 
If the strip shape and oscillation can be stabilised, as shown 
in Figure 1b, then the air knives can be brought closer to the 
strip as shown in Figure 1c (20mm), resulting in a minimum 
thickness capability of 100g/m2 Zn thickness.

Author: Steffen Dombrowski
EMG Automation GmbH

r Fig 1 Illustration of air knife/strip separation 

RAW MATERIAL FINANCES
Currently there is one factor that puts all other value-
adding factors in HDGLs into the background, namely the 
price of zinc. At the end of 2015 it was around $1,560/t, 
rising to around $3,400/t in January 2018 (London 
Metals Exchange commodity price report). This trend is not 
expected to change in the near future so even a rough 
calculation can illustrate the potential of an investment in 
a technology that helps to reduce zinc consumption. 

Take as an example an HDGL focusing on the automotive 
industry with an annual production of 450,000t and an 
average coil strip thickness of 0.8mm. If we assume that 
the aim of an investment is to save an average of only 
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1g/m2 zinc per side by avoiding unnecessary over-coating, 
the annual Zn savings are about 141t or $478,000 
(€392,000).

EMG eMASS®
EMG eMASS® is an electromagnetic strip stabilisation 
system designed by EMG Automation to both reduce 
coating consumption and improve strip coating quality. It 
is a turnkey system for stabilising ferromagnetic steel strip 
after it exits the Zn pot by using electromagnets comprising 
electromagnetic actuators and non-contact strip position 
sensors. Two air-cooled and moveable housings mounted 
on a pair of steel beams are placed on both coating sides 
of the strip. Each of these electromagnets acts on the 
strip, centring it on the pass line. As a result, the strip 
shape (crossbow) is straightened and the strip vibrations 
are minimised as illustrated in Figure 2, resulting in the 
process savings as described earlier.

For strip widths up to 2,000mm a maximum of 8 
actuator pairs are required. The smallest system has 3 
actuator pairs for strip widths up to 830mm. The number 
of actuators employed depends on the actual strip width 
and is automatically controlled. For high-end applications 
with very sophisticated challenges the system can be 
delivered with movable actuators (see later). The technical 
challenge of the system lies, above all, in the extremely 
fast control technology for controlling the magnetic forces, 
which need to reflect the actual strip position between the 
magnets and the necessary electromagnetic power to move 
the respective strip segment into the desired position. All 
influencing factors like strip speed and strip thickness are 
part of these control algorithms. There is no operator input 
needed. Figure 3 shows an example of a unit in operation. 
The strip is travelling upwards, and the unit is horizontal 
and shows a magnet box with 7 actuator pairs. Note how 
compact the unit is.

APPLICATION SCENARIOS 
EMG eMASS® can be both retrofitted to existing 
galvanising lines or incorporated into newbuilds. EMG has 
been installing these systems for over 10 years now and 
operating improvements have been published by users in 
conferences and at trade fairs. The following is a selection 
of the results published.
Reducing over-coating through retrofitting This 
scenario only applies to existing plants that are already 
in production. 

In 2007, thyssenkrupp Steel was able to demonstrate 
at the EMG eMASS® pilot plant that it was possible to 
reduce the standard deviation in the zinc coating from 
4.4 to 1.8g/m2 for a single-sided layer of 160 g/m2. A 
reduction of the over-coating by 1.5-2g/m2 seemed to be 
within reach.

r Fig 2 Functional principle  (the strip is travelling into the page)

r Fig 3 EMG eMASS® in operation at an HDGL

r Fig 4 Zinc savings reported by EMG eMASS® customers 
between 2007 and 2014
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Results from continuous operation of EMG eMASS® 
were provided by ArcelorMittal Columbus, USA, at the 
Galvanisers Conference 2010, showing that immediately 
after commissioning, the coating target of the plant could 
be reduced by 1g/m2/side.

In 2012, also at the Galvanisers Conference, GalvTech, 
reported a zinc saving of 202t/year – equivalent to 
€359,000 /year, (now worth over €520,000 at today’s 
prices) They also showed that the total coating could be 
reduced by an average of 3.3g/m2 (or 1.65g/m2/side). 

At the JSI-ESTAD Conference 2014 in Paris, ArcelorMittal 
Cleveland, USA reported that over-coating could be 
reduced by 1-1.5g/m2. 

The above data are shown graphically in Figure 4.
The added value that can be achieved by using EMG 

eMASS® is not limited to zinc savings: additionally the 
coating in the cross profile is also significantly more 
homogeneous, and an increase in line speed without any 
loss of quality is possible. 

Note: this applies to modern systems that already produce 
high-quality surfaces even with low coating weights.
Production of thinner layers Often EMG eMASS® 
application scenarios primarily are the ability to produce 
thinner coatings, rather than on absolute Zn savings. This is 
the case wherever older nozzle or air knife systems are used, 
or where the main production focus was not initially on low 
coating weights for reasons of investment costs or target 
market. With EMG eMASS®, such air knife arrangements 
can be upgraded to produce thinner and higher quality 
layers (see Figure 1). Such a scenario from a European 
manufacturer of sheet for architectural applications, 
reported a 33% thickness reduction in 2010. The resulting 
return of investment period was less than one year.

Comparable results have also been reported by 
manufacturers who installed EMG eMASS® in a newbuild. 
A good example of this is at the HDGL at Hao Sen 
in Vietnam in 2014 where it enabled Hao Sen to meet 
the required high-quality standards and the required 
production volume with a very moderate investment. 

Six further orders for EMG eMASS® from Vietnam, 
Malaysia and Thailand, have since been placed.
The integrated solution The ‘integrated solution’ 
is a complete integration of an electromagnetic strip 
stabilisation unit into an air knife design by combining 
EMG eMASS® with DUMA-BANDZINK JetPro® air knife 
technology. An example is shown in Figure 5.

This setup is used especially in high-end automotive 
lines, for new investments or complex retrofitting of the 
complete coating arrangement. The integrated solution 
rounds off the portfolio of the available EMG eMASS® 
system categories and is characterised by a particularly 
small distance between the electromagnets and the air 
knife nozzle level (approx. 900mm). This compares to 

r Fig 5 Integrated solution EMG eMASS® +  
DUMA-BANDZINK JetPro®

r Fig 6 Integrated solution installed at voestalpine Stahl GmbH
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control systems can compensate for the skew of the strip 
between the nozzle lips, but they cannot rule out coating 
defects due to crossbow effects.

ArcelorMittal Florange, France, based on joint 
development work reported for the first time at METEC 
& 2nd ESTAD 2015 on a technique in which online cold 
coating measurement was used to determine the real 
cross-profile of the coating between the air knife lips. 
Using this method and via the feedback loop, the ideal 
flatness of strip between the nozzle lips was obtained by 
overcompensation of the strip shape between the EMG 
eMASS® magnets. 

The basic principle is based on dividing the coating 
cross-section profile of the top and bottom side of the 
strip into two linear and non-linear components for each 
scan of the coating measurement (approx. 120m after the 
coating process). The linear component is used to correct 
the skew error by re-aligning the nozzle with respect to 
the strip while the non-linear component is used to 
deliberately deform the strip in the area of EMG eMASS® 
so that the strip is flatter between the air knife nozzles. The 
coupling of EMG eMASS® with the jet machine requires 
robust coating control to avoid interference between the 
three control loops: air knife pressure, nozzle position and 
electromagnetic strip stabilisation.

The setup and results are shown in Figure 7.
 In this project the crossbow was reduced from 8.2 to 

4.7mm for Alusi® coating and from 3.1 to 0.6mm for zinc 
– improvements of 43% and 80% of already very good 
values!

The solution described here is particularly suitable for 
very modern, advanced automotive product lines such as 
at ArcelorMittal Florange. The results are comparable to 
the possibilities offered by the integrated solution.

PROJECT DEFINITION AND OPTIMUM 
PROCESS RESULTS 
Once the basic decision to invest in strip stabilisation has 
been made, the following key questions are:
`  Planning the installation in the line
`  Commissioning and use of the system in production 

in such a way that  the project effort is kept as low as 
possible and optimum process results can be achieved 
without unduly hindering the operation of the coating 
line.

Achieving these goals is possible with a high degree 
of certainty, provided that the following six points are 
observed:
1. Target definition The exact goals associated with 
the planned use of EMG eMASS® must be clarified. The 
scenarios must be described before illustrating these.
2. Mechanical integration Care should be taken 
to ensure that the EMG eMASS® strip stabiliser can be 

a typical distance of 1.5m or even higher in standard 
settings.

In addition, this system has the special feature of 
individually horizontally movable magnetic actuators, 
which enables an even better coverage over the strip 
surface for all widths and lateral strip positions. 

The integrated solution provides excellent coating 
quality with a coating uniformity of +/-2% across the 
strip. Compared to conventional settings it promises an 
increased throughput (automotive car body) line speed 
of 10-20m/min, reduced zinc and nitrogen consumption, 
reduced investment costs and operational savings.

In 2016, the first of this new system design was 
installed on HDGL No. 2 at voestalpine Stahl GmbH in 
Linz, Austria (see Figure 6). The system is designed for 
maximum strip widths of 1,750mm and is equipped with 
seven individually moveable actuator pairs. The system 
was commissioned quickly after a smooth and trouble-free 
installation and has been used in production ever since.  

The results achieved so far are:
`  Crossbow reduction of 70% between EMG eMASS® 

off/on
`  Reduction in strip vibration amplitude, even at good 

starting values (max. 4mm), by more than 50% to less 
than 2mm

`  Excellent uniformity of the zinc coating with a nozzle 
distance of only 4.9mm.

Coating thickness control via over-compensation 
of shape deviations   In HDGLs, the winding of the strip 
around the Zn pot roll can result in strip flatness variations, 
which are most often referred to as crossbow. These 
variations influence the zinc layer distribution by varying 
the nozzle distance across the strip width and require a 
significant increase in the coating target if undercoating 
of parts of the strip is to be prevented. Automatic coating 

r Fig 7 Principle of over-compensation of shape deviations
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placed as close as possible to the air knife nozzle, without 
affecting the operation of the coating line or manual 
nozzle cleaning. 
3. Electrical integration and automation The 
integration of data and control technology into plant 
automation is a key issue.
4. Project plan and distribution of tasks In many 
cases, mechanical and electrical integration tasks can 
be carried out directly by the customer or local service 
providers. This generally allows a very cost-efficient 
solution for the use of an EMG eMASS® system to be 
implemented.
5. Mentoring and training of service and plant 
personnel by EMG‘s experts The end user is brought 
into the ‘driver‘s seat’ as quickly as possible in order to 
ensure the successful use of the system.
6. Production use and continuous optimisation 
In full production use, as grades and process conditions 
can change (eg, special coatings, new gauges, different 
production speeds), these can be either carried out by the 
trained user himself or supported by consulting services of 
EMG engineers.

 
CONCLUSIONS
1. Based on more than 10 years’ experience EMG now has 
almost 50 applications worldwide using EMG eMASS® 
electromagnetic stabilisation.
2. Joint agreement on the project goals, the system 
integration and the desired operational scenario is 
an indispensable requirement for a successful project. 
The customer is then able to achieve the added value 
anticipated in his investment decision very quickly. A 
mutually agreed and accepted definition of goals is the 
decisive success factor.
3. The system can be retrofitted or installed as part of a 
newbuild, and can comprise a basic stabilisation system, 
an integrated stabilisation and air knife system, or an 
‘over-compensation’ system, achieved by combining EMG 
eMASS® with intelligent control. Even the basic system 
can lead to a reduction in over-coating of at least 1g/m2/
side. Other benefits are faster line speeds, production of 
thinner and more homogeneous coatings.
4. Even with only a coating saving of 1g/m2 zinc per 
side by avoiding unnecessary over-coating, the annual Zn 
savings are about 141t or $478,000 (€392,000). 
5. In applications resulting in more drastic zinc savings, 
ie, production of thinner coatings or higher throughput 
only possible with eMASS®, this may lead to return on 
investments even of well below than one year. MS

Steffen Dombrowski is Product Manager for eMASS® at 
EMG Automation GmbH, Wenden, Germany.

CONTACT: steffen.dombrowski@emg-automation.com
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Strip Guiding and
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  Expert consulting for optimum line layouts

  Inductive, optical or radar-based sensor  
 technology

  EMG eMASS®:  Strip stabilisation

  EMG IMPOC:  Online measurement of  
  tensile and yield strength

  EMG SORM®:  Online roughness measurement

  EMG SOLID®:  Online oil layer measurement

  EMG hotCAM:  Position measurement in 
  hot rolling mills
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