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EMG SOLID®: On-line oil layer  
measurement with infrared and  
laser-induced fluorescence  
spectroscopy
Manual oil layer thickness determination is definitely no longer sufficient for the sensitive and 
highly developed manufacturing processes used today. EMG offers two technological solutions 
under the product names EMG SOLID®IR (infrared spectroscopy) and EMG SOLID® LIF (laser-
induced fluorescence spectroscopy). Other than the core sensor technology both system types are 
based on the same hardware components, software environment and human machine interface. 
Using these systems, either singly or in combination, significant achievements can be made with 
respect to production yield, production costs, quality costs and overall end customer loyalty. 

The importance of the on-line oil layer measurement 
during the production of steel or aluminium strips and 

for the forming process in the further processing of flat 
material, for example in the automotive press shop or in the 
production of can material, is nowadays undisputed. The 
classical, manual selective oil layer thickness determination 
with hand-held instruments is definitely no longer sufficient 
for the sensitive and highly developed manufacturing 
processes used today.

While a handful of different physical measuring principles 
are used for hand-held measuring instruments and 
laboratory systems, the selection of on-line measuring 
methods is very straightforward. Infrared spectroscopy 
is a well-established process that has been successfully 
introduced by EMG since 2015 in various installations in the 
steel, aluminium and automotive industries. But, as always 
with technical measurement methods, there are process 
conditions or system-related limitations that make the 
use of one specific technological solution difficult or even 
impossible for certain application scenarios or production 
settings. The only alternative on-line technology which has 
been industrially proven for oil layer determination, is laser-
induced fluorescence spectroscopy. This technology was 
developed by the German company Kienzle Prozessanalytik 
GmbH for on-line oil layer measurement and the detection 
of surface contaminants in industrial applications, including 
aluminium and steel production processes. EMG Automation 
GmbH acquired the entire technology and intellectual 
property rights for laser-induced fluorescence spectroscopy 
from Kienzle at the end of 2016. 

Today, EMG offers both technological solutions under the 
product names EMG SOLID® IR (infrared spectroscopy) and 

Authors: Dr Jens Bublitz, Anno Jordan and Timo Gemmer 
EMG Automation GmbH

EMG SOLID® LIF (laser-induced fluorescence spectroscopy). 
Other than the core sensor technology, both system types 
are based on the same ‘EMG DNA’ with respect to hardware 
components, software environment and human-machine 
interface. The user can thus concentrate on the goal of an 
accurate oil layer measurement for production optimisation 
and quality assurance, and system incompatibilities on the 
hardware, software or operating level are therefore a thing 
of the past.

This article will describe the challenges for on-line oil layer 
measurement in the production and processing of flat steel 
and aluminium products, the physical and technological 
base for infrared spectroscopy as well as laser-induced 
fluorescence spectroscopy, the system set-up for EMG 
SOLID® IR and EMG SOLID® LIF and first application 
results. Finally, further applications of LIF-technology for 
contamination detection will be briefly described. 

THE CHALLENGE FOR ON-LiNE  
OiL LAYER MEASUREMENT
The main challenges are difficult production conditions for 
an optical measurement system (speed, vibration, ambient 
influences), the constraints with respect to installation space, 
and the variety of surfaces and oil types to be analysed. 
There is no simple answer to the question: ‘What system 
technology serves best for the application to be targeted?’ 
When talking about infrared spectroscopy and laser-induced 
fluorescence spectroscopy, Figure 1 gives a first indication of 
what technology may deliver the best results and may be 
implemented in an efficient, cost-optimised manner.

In the following sections we will highlight the 
technological basis of both system types and explain the 
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background of the basic questions to be answered before 
deciding for the one or the other solution.

INFRARED SPECTROSCOPY WITH  
EMG SOLID® IR
The measuring principle of EMG SOLID® IR is based on the 
Lambert-Beer law, in which the thickness of an absorbing 
substance is directly proportional to the logarithm of the 
intensity ratio of the absorbed and initial light intensity. 
Infrared light is emitted on to the material surface by two 
halogen lamps (MIR radiators; MIR = mid infrared; with 
wavelengths from 3.0µm to 8µm), as shown in Figure 2.

The reflected light beams are concentrated at the centre 
of the measuring head via a lens system and directed onto 
the infrared spectrometer. On the way to the surface and 
back to the detector, the light passes twice through the 
applied oil layer.

Here the intensity of the backscattered light is measured 
at four different absorption wavelengths. This sophisticated 
wavelength analysis of the substance-specific absorptions 
not only allows the differentiation of the substance to be 
measured on the surface, but also enables conclusions to  
be drawn with regard to the grammage (surface weight in  
g/m2) of the substance based on the backscattered 
intensity in a certain wavelength window. A contact-
free measurement of the oil layer thickness can thus be 
implemented.

r Fig 1 Overview of selection criteria for infrared and laser-induced fluorescence spectroscopy

r Fig 3 EMG SOLID® IR measuring head 
(bottom view)

r Fig 2 Measurement principle EMG SOLID® IR

4.6 MS17-23 2nd proof.indd   155 27/4/17   11:46:12



M
IL

LE
N

N
IU

M
 S

TE
EL

 2
01

7

156

Variable Performance
Measuring range 0.1-6g/m2 (measurements from 0.05g/m2²possible  
 with special calibration)
Measuring accuracy Measuring range 0.1-0.5g/m2: +/- 0.025g/m2² 
 Measuring range 0.5-2g/m2: +/- 0.2g/m2² 
 Measuring range >2g/m2 : +/-10% from measured value
Repetition accuracy Min. 0.0015g/m2²
Materials All metal and non-metal surfaces with low glossy level, eg: 
 •  steel – cold-rolled strip, hot-dip galvanised, electro  
 galvanised, phosphated, aluminised, ZnMg surfaces,  
 galvannealed 
 •  aluminium – uncoated, pre-treated
Lubricants Mineral oil, mineral oil thixotropic, hotmelts, waxes
Operation distance (measuring position) 120mm (traversing)
Strip height fluctuations +/- 10mm
Ambient temperature +5 to +50°C (extended temperature range with  
 cooling possible)
Measuring frequency 60Hz
Max. traversing speed 0-1m/sec

r Table 1 Technical data EMG SOLID® IR

r Fig 4 Traversing unit with double-side system

INFLUENCING FACTORS AND CALIBRATION
Infrared spectroscopy is a comparable robust method 
for a range of oil types and oil contaminations. Oil types 
can be clustered in groups which limits the effort for 
specific calibration procedures. However, as the intensity 
of the scattered infrared light depends substantially 
on the surface characteristics of the substrate material, 
proper calibration needs to be performed for changing 
roughness characteristics or other surface properties (eg, 
the difference between galvanised and galvannealed 
surfaces). 

Further, the applied lubricant must not be in drop form 
on the substrate, because this changes the scattering 
distribution and leads to false measurements. Due to the 
latter it is usually recommended to install a homogenisation 
roll set (rubber surface) in front of the infrared measuring 
system. This is especially true for prelube and hot melt oil 
types, which have a high viscosity and are solid at room 
temperature. On pre-oiled surfaces no droplets of the 
lubricant occur (press shop application).

SENSOR HEAD SYSTEM SET-UP
Figure 3 shows the EMG SOLID® IR sensor head from below. 
The two halogen lamps emitting the infrared light are clearly 
seen and the hole in the middle is the entrance point of the 
scattered light. The measurement itself is implemented with 
lead selenide detectors, which record the intensity with a 
sample rate of 60Hz. A typical system set-up (traversing unit 
top-side) is shown in Figure 4.

The measuring heads move with an adjustable speed of 
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up-to 1m/s crossweb and a surface map of the applied oil 
layer is generated on-line.

RESULTS WITH EMG SOLID® IR
The application of EMG SOLID® IR-sensor technology 
delivers the framework of technical data as shown in  
Table 1.

LASER-INDUCED ULTRAVIOLET 
FLUORESCENE SPECTROSCOPY WITH  
EMG SOLID® LIF
Organic or inorganic molecules with an unsaturated 
electronic bond structure, like aromatic hydrocarbon 
compounds in oils or waxes, have various states referred 
to as energy levels. Fluorescence spectroscopy is primarily 
concerned with electronic and vibrational states. 
Generally, the species (molecule of the substance) being 
examined has a ground electronic state (a low energy 
state) of interest, and an excited electronic state of 
higher energy. 

Within each of these electronic states there are various 
vibrational states. In fluorescence, the species is first 
excited, by absorbing a photon, from its ground electronic 
level to one of the various vibration states in the excited 
electronic level. Collisions with other molecules cause the 
excited molecule to lose vibration energy until it reaches 
the lowest vibrational state of the excited electronic level. 
The molecule then drops down to one of the various 
vibrational levels of the ground electronic state again, 
emitting a photon in that process.  As molecules may drop 
down into any of several vibrational levels in the ground 
state, the emitted photons will have different energies, and 
thus frequencies. In laser-induced ultraviolet fluorescence 
spectroscopy the excitation radiation lies in the ultraviolet 
wavelength range. This process is schematically shown 
in Figure 5. The process is very fast (10-9s range) and 
generates a broad spectrum with a high proportion in the 
visible light range (blue fluorescence light).

The intensity – in other words the number of emitted 
fluorescence photons – of the spectrum is a measure of the 
surface amount of molecules (see Figure 6).

Laser emission in the UV spectral range (in our case 266 
or 355nm) might lead to a fluorescence excitation of the 
molecules that should be detected (wanted signal), as 
well as a possible background signal caused by organic 
matter on the surface below the analytical target.

Due to the broad fluorescence spectrum, as illustrated in 
Figure 6, registering only the spectral intensity distribution 
of the fluorescence does not necessarily lead to a 
significant separation of the substance spectra. Therefore, 
a time-integrating approach is included in the procedure 
to observe the decay times of fluorescence signals in a 
suitable wavelength range. In the case of EMG SOLID® LIF 

r Fig 5 Principle of fluorescence light emission

r Fig 6 The fluorescence intensity depends on 
the quantity of molecules on the surface to be 
measured

r Fig 7 Principle of time-integrated laser-induced 
fluorescence spectroscopy
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SENSOR HEAD AND SYSTEM SET-UP  
EMG SOLID® LIF
Optical excitation is performed by a specially designed UV 
microchip laser with a repetition frequency in the range of 
10kHz. Single laser pulses with an emission wavelength 
of 266 or 355nm and an average optical output power 
below 2mW are generated. These are transferred via a 
quartz fibre bundle of up to 20m in length and a probe 
head directly into the process. Here, a typical output power 
of 250µW is used. 

With a second quartz fibre bundle (also part of the sensor 
head), the transmission of fluorescence signals to the 
detector is arranged. Therefore, the corresponding detection 
head (see Figure 8) contains no active components, and is 
suitable for use in harsh and demanding environments. 
If there is a risk of contamination of the fibre optics, 
automated pollution prevention is ensured by using 
compressed air or gas flushing, or appropriate ultrasound 
techniques. 

Figure 9 shows a typical system set-up for on-line 
measurement with LIF(t)-technology in a production line. As 
with the infrared system the measurement head is moving 
crossweb with a maximum adjustable speed of 1m/s.

FURTHER APPLICATIONS FOR  
EMG SOLID® LIF
Beyond lubrication control, there is a variety of other 
applications in the field of metal processing, where the 
inline monitoring of special functional layers might 

the spectrum is analysed in three time windows up to 1µs 
after the initial laser excitation (see Figure 7). The applied 
method is therefore called: time-integrated laser-induced 
fluorescence spectroscopy, or short LIF(t).

INFLUENCING FACTORS AND CALIBRATION 
EMG SOLID® LIF 
The process of UV fluorescence is one of the most efficient 
interactions between light and matter, and it occurs as 
described above independently of the substances involved 
and substrate media, with measurably different speeds. 
A statistical registration of the single photons offers, in 
comparison to other spectroscopic methods, detection 
of very low quantities of material with particularly high 
sensitivity.

In comparison to infrared spectroscopy the effect is not 
very sensitive to the surface structures of the substrate. This 
means changing roughness values on a selected coating 
type (like galvanised sheets) or different suppliers of the 
same material class do not disturb the measurement results. 
The same is true for lubricants applied in drop form. On 
the other hand, due to the underlying physical principle, 
the measurement result is heavily dependent on the sort 
of oil and is affected by impurities in the oil or oil mixtures 
stemming from earlier batches. Therefore, the calibration 
process needs to be targeted to the specific oil sorts and 
combinations. That means the calibration and the system 
usage needs to take into account the specific processing 
schedule of the production line.

Variable Performance
Measuring range 0-6g/m2² 
Measuring accuracy +/- 10% of upper measuring range value [eg, in the set 
 measuring range of 0.5-2g/m2: +/- 0.2g/m2]
Materials All metal and non-metal surfaces with low glossy level, eg: 
 •  steel – cold-rolled strip, hot-dip galvanised, electro  
 galvanised, phosphated, aluminised, ZnMg surfaces,  
 galvannealed 
 •  aluminium – uncoated, pre-treated
Lubricants Oils, greases, waxes, hotmelts, rolling aids, tempering agents,  
 cooling lubricants, emulsions 
Other coating material Passivation layers, corrosion inhibitors, anti-fingerprint coatings,  
 transparent paints, polymers, primers, adhesives
Operation distance (measuring position) 40mm (traversing)
Strip height fluctuations +/- 20mm 
Ambient temperature +5°C up to +45°C (extended temperature range with cooling  
 / heating possible) 
Measuring frequency 10kHz 
Max. traversing speed 0-1m/s 

r Table 2 Technical data EMG SOLID® LIF

MEASUREMENT AND INSPECTION
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increase the process efficiency, or lead to better, more 
stable and reliable product quality. Some examples include 
passivation coatings, lacquers, films, polymers, primers and 
adhesives or contaminations in the electronic component 
production (eg, solar panels) 

In the metal working industry, large amounts of 
production additives, such as cooling lubricants, are used 
to ensure high process reliability in forming or machining. 
Residuals of these coatings remain as contaminants on 
the workpiece surface and will be unavoidably carried 
over into subsequent process steps. Special manufacturing 
processes are very sensitive to the surface cleanliness of the 
working material, such as annealing, bonding, coating and 
painting, therefore, in most applications, the workpiece is 
cleaned prior to further processing. 

The continuous monitoring and evaluation of technical 
surfaces concerning residues of process additives and 
cleaning media is another important application of 
the fluorescence spectroscopic surface analysis. Due to 
the high sensitivity to the fluorescence excitation on a 
molecular level there is no theoretical limit with respect 
to the lower detection limit. The practical limit is given 
due to impurities and environmental conditions in the 
measurement set-up.

RESULTS EMG SOLID® LIF
The application of EMG SOLID® LIF sensor technology 
delivers the following framework of technical data:

 
On-LInE VISUALISATIOn AnD DATA 
REPRESEnTATIOn FOR EMG SOLID® IR & LIF
In addition to the pure technical data, the most important 
question for the user is what do I get (what do I see) 
in the end and what conclusion might be drawn upon 
the measurement results? The answer is given by a two-
dimensional map of the oil layer distribution over the 
strip length and width. A typical example is shown in 
Figure 10.

 The line operator sees at a glance the general lubrication 
result of the strip (top and bottom side) currently being 
processed. Zones and stripes with an oil layer above a 
customer set tolerance level are marked in red, dry stripes 
and non-lubricated areas are shown in yellow and blue. 
This is typically combined with acoustic signals and 
additional optical alarms (signal lights). Further process 
information and coil specific data are displayed on the 
same screen.

As a consequence the following advantages can be 
realised by the user with the application of an EMG 
SOLID® oil layer measurement system:
`  Highly efficient lubrication of coils in all appropriate 

processing steps, minimised and very specific 
lubrication (cost reduction)

Optimise your oiling and 
pressing processes!

EMG SOLID® IR 
Infrared Spectroscopy

EMG SOLID® LIF 
Laser-induced  
Fluorescence

info@emg-automation.com
www.emg-automation.com

the BEST for you:

EMG SOLID® LIF:

 no homogenous 
 oil layer necessary 

EMG SOLID® IR:

 uneffected by  
 oil mixtures 
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`  Full transparency of the functionality of the oiling 
machine (under and over oiled zones and stripes)

`  Control of the outgoing material for further 
processing

`  Fulfilment of the requirements of the end customer 
`  Possibility to transfer the quality records with regard to 

the oil layer to the end customer
`  Transparency of input quality and targeted control of 

the forming process
`  Higher production yield in the forming process
`  Possibility of highly effective spot oiling of parts coming 

from the blanking line

SUMMARY AND CONCLUSIONS
With the availability of two industry-proven solutions 
for the challenge of on-line oil layer measurement in the 
production of steel and aluminium coils and sheets, EMG 
offers the user an optimal and safe solution for measuring 
the oil layer in the production process, tailored to his 
needs. The selection of the technology is based exclusively 
on the best possible results, taking into account the 
overall effort required for the introduction of the system 
and the special conditions of the production process 
realised by the customer. Infrared spectroscopy (EMG 
SOLID® IR) and laser-induced fluorescence spectroscopy 
(EMG SOLID® LIF) cover a very broad field of application 
scenarios so the user can concentrate exclusively on 
his production objectives and the optimisation of the 
production process. 

Since both systems have the same ‘EMG DNA’ as  
regards hardware and software, as well as for the 
operating concept, the total costs of system introduction 
and use (total cost of ownership) are considerably 
reduced for the user. This applies not only to the oil level  
measurement system but also, in particular, to the use in 
combination with other quality assurance systems of 
EMG, eg, the on-line roughness measurement EMG 
SORM 3plus or the on-line material strength measurement 
EMG IMPOC. 

In summary, with these systems, either singly or in 
combination, significant achievements can be made 
with respect to production yield, production costs, 
quality costs and overall end customer loyalty for both 
the rolling mill and the operator of an automotive press. 
The efficient introduction of quality-assurance systems 
is a consultancy-intensive process, which is offered and 
implemented by highly qualified EMG service personnel 
and specialised quality engineers all over the world. MS

Dr Jens Bublitz, Anno Jordan and Timo Gemmer are with 
EMG Automation GmbH, Wenden, Germany.

CONTACT: Nicol.Otterbach@emg-automation.com

r Fig 10 On-line visualisation EMG SOLID® IR or LIF

r Fig 9 Typical set-up of an EMG SOLID® LIF system 
in a production line

p Fig 8 3D model of 
the EMG SOLID® LIF 
measuring head for 
laser light emission 
and for detection of 
fluorescence radiation 
(prototype design)
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