
Aluminium Times October/November 2015

48 | ROLLING www.mmcpublications.co.uk 

Non-destructive material testing
The demands from the aerospace industry with respect to the quality of intermediates and pre-cut parts,  
as well as its documentation, are rising constantly.

Process chains subject to a variety of control 
mechanisms are required in order to meet these 
quality demands. Methods of non-destructive 
material testing (NDT) are also employed 
here. The need for comprehensive testing in 
accordance with internationally recognised 
standards, for large dimensions of the 
intermediates and for complete documentation, 
is driving the development towards ever more 
automated systems. These demands are perfect 
for HPI (High Performance Industrietechnik 
GmbH), headquartered in Ranshofen (Austria), 
as it can draw on many years of experience in 
serving customers worldwide with innovative 
ideas, concepts and systems.

Kamensk-Uralsky Metallurgical Works 
J.S.Co. (KUMZ) is one of the key enterprises of 
Kamensk-Uralsky in Sverdlovsk Oblast, Russia. 
KUMZ was founded especially for supplying 
the aviation industry with semi-finished 
products in aluminium and magnesium alloys. 
Currently, the plant produces aluminium alloy 
billets, forged and rolled plates, roll bond heat 
exchangers, extruded rods, bars, tubes, drill 
pipes, profiles, and die-forgings. In December 
2011 KUMZ entered into contracts for the 
construction of a new rolling mill complex 
comprising cold rolling mill, hot rolling mill 
and heat treatment of sheets. Part of these 
future-oriented investments has been spent on 
conductivity measuring systems and facilities 
for the geometric measurement of aluminium 
plates supplied by HPI. These plates have 
widths of up to 4,200 mm, lengths of up to  
33,000 mm and thicknesses in the range from 
1 to 210 mm. The following section gives an 
overview of the technology and functioning  
of these systems.

Geometry measurement
The geometric dimensions are recorded on a 
35 metre long, exactly aligned measuring table 
on which the plate is measured contact-free by 
laser triangulation. As the measuring portal 
travels in the longitudinal direction of the plate, 
measured data are collected and processed in 
a high-speed controller. The length, width, 
squareness and flatness are displayed to the 
operator on the human-machine interface 
(HMI). The thickness of the plate is measured 
at a variety of freely selected points by means of 
mechanical sensors. Dimensional tolerances in 

accordance with EN 485-3 or other comparable 
international standards can be stored and used 
for reference. After geometric measurement of 
the plate, its heat treatment state is evaluated by 
means of a conductivity test.

Conductivity test
A roller table transports the aluminium plate 
through a stationary measuring unit in which 
the specific conductivity values are measured 
on the upper and lower sides of the plate using 
oscillating probes. During the conductivity 
measurement using eddy currents, a coil creates 
an alternating magnetic field which induces 
a voltage in the material being examined. 
Depending on the specific conductivity of this 
material, eddy currents are generated in the 
material, which again create a magnetic field. 
According to Lenz’s Law, this magnetic field 
opposes the transmitting field and is measured 
using a second coil. The amplitude and phase 
angle of the received signal are important here 
for assessing the conductivity. Due to the skin 
effect, the eddy currents are created near the 

surface of the plate. The higher the frequency 
of the magnetic field, the lower the penetration 
depth into the material.

Conductivity is a physical parameter which 
reflects the ability of a material to conduct 
electricity. The conductivity is the constant of 
proportionality between the current density 
and the electric field strength. The Greek lower-
case letter sigma is very frequently used as the 
formula symbol. The conductivity proper is 
frequently expressed in Siemens per metre 
(S/m), i.e. A/(Vm), derived from the SI units. As 
aluminium alloys have very good conductivity, 
the value range mS/m is used for all typical 
applications. A further possibility for expressing 
the value is the use of the International Copper 
Standard. Here the value is expressed as a 
percentage of the conductivity of pure, heat-
treated copper, hence the designation percent of 
the International Annealed Copper Standards, 
or in abbreviated form: %IACS.

sensors positioned at the top side of the band. 
The sensor can be moved autonomously and 
measures the position of 
the second edge and therefore the band width, 
while the upper thickness sensor measures the 
first band edge.

This is how slitting lines are able to measure 
and report on the thickness and width of the 
entire band of any single strip. As well as being 
independent of the material and alloy, another 
important advantage of laser line sensors is the 

stability of the measurements that can be gained 
from their high level of information density.

More precision sensors 
Micro-Epsilon offers reliable, high 
performance, unique solutions particularly 
when high precision measurement or inspection 
is required. The product range covers sensors 
for the measurement of displacement and 
dimension, sensors for IR temperature and 
colour measurement, as well as systems 

for dimensional measurement and defect 
detection. Micro-Epsilon also presents a wide 
range of optical measurement technologies 
for displacement, distance and position which 
play an essential role in increasingly automated 
production and inspection processes. As well as 
the miniaturisation and increasing functionality 
of sensors, smooth process integration is also a 
decisive factor in highly automated industrial 
production environments.
www.micro-epsilon.com

Conductivity measuring unit.

HPI geometric measuring equipment.

www.ims-gmbh.de
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Examples of challenging rolling mill problems 
include the achievement of very tight 
dimensional control, such as the control  
of thickness and flatness in sheet rolling,  
and the removal of machine speed limits  
such as those resulting from vibration of  
rolling mills.

Innoval Technology adopts this modelling 
approach in its problem solving and consulting 
work to improve product quality and process 
performance for clients. Their engineers use 
extensive aluminium process and product 
knowledge to create detailed physically- 
based process models that enable them 
to investigate a much wider range of 
manufacturing parameters than is possible  
in normal production. Recreating a particular 
problem within the computer means the  
model becomes a powerful problem-solving  
tool because of the deeper understanding  
that it reveals.

These physics-based models make it  
possible to ‘see inside’ a working process 
and obtain parameters which are impossible 
to measure. This ‘internal vision’ means 
Process Engineers can really understand 
what is happening within their process and 
optimise it to increase productivity, improve 
product quality or save energy. Seven process 
models, covering ingot preheating, rolling, 
mill vibration, spray cooling, coil heating 
and cooling, quenching and tension levelling 
are available for purchase under a license 
agreement from Innoval Technology.

Innoval Technology also runs the successful 
Aluminium Rolling Technology Course.  
Now in its tenth year, it is the only rolling 
course dedicated to aluminium. The 
Aluminium Rolling Technology Course  
covers all the key aspects of hot and cold  

rolling of aluminium flat 
products, and is  
aimed at engineers and 
managers working in the 
aluminium production and 
processing industry. Each 
week-long course consists of 
over 16 lectures and workshop 
sessions covering topics such 
as Mechanics of Rolling, and 
Control of Gauge, Flatness and 
Profile. One of the workshop 
sessions includes an exercise 
using the Innoval Rolling  
Model. Since the course began  
in November 2005, delegates 
from 55 different companies in 
31 countries have attended.

Open courses take place 
each May and November at the 
company’s premises in Banbury, 
UK, but the course can also 
be run privately at a site of the 
client’s choosing. Small group 
sizes (maximum 12 people) are a 
feature of the Aluminium Rolling 
Technology Course, which 
offers maximum interaction 
between delegate and tutor. The 
next course is scheduled to take 
place on 16 - 20 November 2015, 
and the organisers urge anyone 
interested to apply soon in order 
to secure a place.
www.innovaltec.com

Modelling for improved  
mill performance
To solve the most challenging problems requires a deep technical understanding provided only by experienced 
industry experts, and this can be enhanced by the application of computer models for increased insight.

Sample output from the Innoval Spray Impact Model.

Screen shot from the Innoval Ingot Preheating Model.

During laboratory applications it is relatively 
easy to control physically induced factors 
such as the lift-off effect, edge effect and the 
temperature influence during measurement. 
Under the rugged conditions of an industrial 
application, however, this represents a very 
great challenge. The measurement programmes 
can be predefined for each plate, taking as 
reference the internationally recognised 
standards ASTME 1004-02, MIL STD- 
1537C, EN2004-1 and AMS 2772F, and the 
customer-specific testing specifications of  
the aerospace industry.

Plate marking
After conductivity measurement, the plate is 
transported through a marking portal. Here 
ink-jet heads mark the upper side of the plate 

using the two variants defined in the standard 
ASTM B-666 or ASTM B-666 M-01. With plate 
widths of up to 2,000 mm, the desired text is 
printed on the plate in lines with a line spacing 
of 150 mm. On plates with widths over 2,000 
mm, the text is printed in two lines around the 
circumference. Installed at the end of the line 
is a needle marking unit which, depending on 
the plate thickness, marks the upper side or 
the end face of the plate with a predetermined 
text. Depending on the specifications, this text 
can be generated from a combination of plate 
identification number, date and other details.

Data processing
All the necessary basic data, such as the 
unambiguous plate identification number and 
the testing specifications to be observed, are 

transmitted to the system by a superordinate 
Level 3 system, the Manufacturing Execution 
System (MES). In the opposite direction, all 
the information on the plate, starting with the 
measurement data, calibration data through 
to the marking options for the ink-jet marking 
and needle marking, is displayed and stored on 
the HMI and transmitted to the Level 3 system. 
Only in this way can complete documentation 
of the test be guaranteed.

HPI supplies plants and systems for the 
aluminium industry, such as horizontal casters, 
continuous homogenising plants, sawing and 
stacking plants, ultrasonic testing systems and 
the measuring and testing facilities described 
above. Customers worldwide have been relying 
on products from HPI for more than 25 years.
www.hpi.at 

We can help you
www.innovaltec.com

enquiries@innovaltec.com
Tel +44 (0) 1295 702800
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from Innoval Technology 
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Solve mill vibration problems
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Aluminium Rolling Technology Course
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Conductivity and Geometric
Measurement for Aluminium

Plates and Sheets

EQUIPMENT FOR THE ALUMINIUM INDUSTRY


