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IWCC Legal Disclaimer:

The purpose of this presentation is to guide programs 
benefiting the copper industry and to provide 
attendees with information to make independent 
business decisions.
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Thickness gauges technologies for Cold Mills

Different Technologies are established in the market.

Which technology is suitable for which application?

Advantages / Disadvantages

Choice according to which criteria?



4

Thickness gauges technologies for Cold Mills

Possible reasons to use the same gauge type for various applications:

 Proven technology
 Well known in the company
 Spare parts available
 Operators are trained
 Maintenance team is trained
 No discussions
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Thickness gauges technologies for Cold Mills

But, there are good reasons to think about, which technology has which 
advantages and disadvantages for which use. 
Reasons:
 Proven technology sometimes needs very costly accompanying 

procedures for being proven
 Can costly procedures be reduced or saved with technology change
 How to combine different technologies for avoiding effects for which 

the only used technology has to be blind
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Thickness gauges technologies for Cold Mills

The use in Cold Mills has special challenges and by that we focus only on 
technologies what are able to work there:

 Steam
 Wetness
 Temperature development from pass to pass
 Varying surfaces from high gloss to matt
 High strip speed
 …
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Thickness gauges technologies for Cold Mills

Today we have a look on 4 established thickness gauge 
technologies for use in Cold Rolling Mills:

Indirect Measuring Methods:
 X-Ray gauges
 Eddy Current gauges
Direct Measuring Methods:
 VTLG Laser gauges
 Contact gauges
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Test Equipment Monitoring, 
Measuring equipment capability analysis 

Capable gauges are the basis for determining process capability
MSA (Measuring System Analysis) determines if gauges are capable for 
the relevant application
 MSA, method 1:

accuracy and repeatability, 
50x measurement of e.g. a gauge block,
Cgk > 1.33 = gauge capable

 MSA, method 3:
repeatability, reproducibility (R&R)
Measurement of sample strip or different sheets from the strip
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X-Ray gauges

 Usually as driving C-Frames
 X-Ray source in the lower C-frame leg
 Detector above the strip in the upper C-frame leg
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Measuring principle: 
Radiate through the strip and 
measure the unabsorbed radiation

Source

Strip

X-Ray 
source

Detector

X-Ray gauges

The strip thickness is 
determined by evaluating 
the measured residual 
radiation in relation to the 
alloy analysis previously 
carried out in the 
laboratory
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X-Ray gauges
Advantages:
 Very sturdy
 Cross-profile possible
 Nearly no influence of wetness
 Nearly no service

Disadvantages:
 Depending on the alloy
 Radiation protection 

necessary
 Expensive wear parts

Outstanding Advantage:
The Robustness
No matter how dirty, wet and bumpy it 
gets in the roll stand, the measurement 
runs smoothly

Outstanding Disadvantage:
The Alloy Dependence
Measurement result depends on the 
quality of the alloy analysis and also on 
the uniformity of the alloy over the strip 
length
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X-Ray gauges

Measurement Accuracy:
For X-ray gauges the wording “relative accuracy” is used (as the 
influence of the alloy must be considered in addition)
For strip thickness 0.01 - 4 mm, relative accuracy ± 0.2 - 3 µm 
(depending on nominal thickness)
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Measuring principle:  
A pair of transducers equipped with diamond tips contacts the 
strip from above and below. The transducers are installed in C-
frames, which are oscillating, rotatable and often in cardanic 
suspension. The absolute values of the transducers are added 
and correspond directly to the strip thickness

Contact Gauges
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Contact Gauges
Advantages:
 Independent from the alloys
 Compensates strip angles
 Easy to service
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Thickness Measurement
Influence of tilting strip (waves, cross bow, coil set, buckles, … in 
the measurement axis)

No perpendicular 
measurement axis 
results in too thick 
measurement values
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Strip 
thick-

ness in 
mm

10°9,5°9°8,5°8°7,5°7°6,5°6°5,5°5°4,5°4°3,5°3°2,5°2°1,5°1°0,5°0°Angle of the Strip

15,4313,9112,4711,119,838,637,516,475,514,633,823,092,441,871,370,950,610,340,150,040,001Measurement error in µm

30,8527,8124,9322,2119,6617,2615,0212,9411,029,257,646,184,883,742,741,911,220,690,300,080,002Measurement error in µm

46,2841,7237,4033,3229,4825,8922,5319,4116,5213,8811,469,287,335,614,122,861,831,030,460,110,003Measurement error in µm

61,7155,6249,8644,4239,3134,5230,0425,8822,0318,5015,2812,379,777,475,493,812,441,370,610,150,004Measurement error in µm

77,1369,5362,3355,5349,1443,1437,5532,3527,5423,1319,1015,4612,219,346,864,763,051,710,760,190,005Measurement error in µm

Thickness Measurement
Effects of tilting strip (waves, cross bow, coil set, buckles, … 
in the measurement axis) 
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Contact Gauges
Advantages:
 Independent from the alloys
 Compensates strip angles
 Easy to service

Outstanding Advantage:
Compensation of tilting strip
Always perpendicular measurement 
and by that no influence of coil set, 
cross bow, waves, buckles …

Disadvantages:
 Maintenance intensive
 No cross profile
 For long running strip addi-

tional temp-compensation

Outstanding Disadvantage:
Intensive Maintenance
As the gauges work by contact, some 
parts wear out and must be regularly 
checked, maintained, adjusted and, if 
necessary, replaced
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Contact gauges

Measurement Accuracy:
Contact gauges work with standard 
accuracies of ± 0.1% but not better 
than ± 1 µm
For strip thicknesses 0.01 - 4 mm, 
measuring accuracy ± 1 to ± 4 µm 
(depending on nominal thickness)
Special designs for foils achieve ± 0.5 
µm
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VTLG Laser Gauges

C-Frame

Adjustment 
Station

Enclosure with
horizontal 
motorized 
positioning and 
vertical motorized 
positioning

Lower laser sensor

Upper laser sensor
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Measuring principle: 
A pair of laser triangulation sensor scans the strip from above 
and below

VTLG Laser Gauges

Similar to the contact 
gauges, the strip thickness 
is measured by measuring 
the distance from above 
and below. What is located 
between the laser sensors 
is the strip thickness.
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VTLG

 VTLGs are self-
calibrating

 Can be used up to 
180 °C (356 °F) strip 
temperature without 
further measures 

 No coil or strip-
specific settings 
required by operators
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VTLG Laser Gauges

Advantages:
 Self calibrating
 Independent from alloys and 

operator
 No wear parts

Outstanding Advantage:
Alloy independent
Self-monitoring of the VTLG ensures 
stable process

Disadvantages:
 Max. accepted residual 

moisture 500 mg/m²/side
 Because of still „new“ 

technology often new proofs 
and discussions needed

Outstanding Disadvantage:
Stable process required
The self-monitoring of VTLG 
recognizes arbitrary changes (e.g. 
wipers open or closed, pass line roll 
inserted or not)
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VTLG Laser Gauges

Measurement Accuracy:
VTLGs measure with standard accuracies 
of ± 1 µm
For strip thicknesses 0.01 - 4 mm, 
measuring accuracy ± 1 µm 
Special design for foils achieves ± 0.5 µm
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Eddy Current gauges

Measuring principle: 
A constant pulse current, that feeds an electrical coil, generates a 
pulsed magnetic field around the strip. After each pulse, the 
induced voltage resulting from the generated magnetic field is 
measured and the thickness is calculated from this
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Advantages:
 Alloy independent (up to 

max. 2% Fe)
 No influence by moisture
 Very stable measurement

Disadvantages:
 Very small air gap (10 mm)
 Measurement spot ⌀ 80 mm
 No cross profile
 No use with more than 2% Fe

Outstanding Advantage:
The Stability
As with the x-ray gauges 

Outstanding Disadvantage:
Alloy restriction up to max. 2% Fe
Even if the range of alloys initially has 
less Fe, other alloys may be added 
over the years of use

Eddy Current gauges
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Eddy Current gauges

Measurement Accuracy:
Eddy Current gauges work with standard accuracy of ± 0.05 % but not 
better than ± 2 µm
For strip thicknesses 0.01 - 4 mm, measuring accuracy ± 2 µm
Special designs for foils achieve ± 1 µm
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Summary Measurement Accuracy
for thickness range 0.1 – 4.0 mm

Comments

Accuracy for 

strip thickness 

0.1 – 4.0 mm
Relative accuracy, add. 

alloy influences
± 0.2 – 3 µm       X-Ray

Foil solution ± 0.5 µm± 1 – 4 µm  Contact
Foil solution ± 0.5 µm± 1 µm  VTLG
Foil solution ± 1 µm± 2 µm  Eddy Current
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Test Equipment Monitoring
Measuring System Analysis (MSA) 

MSA appears to play a more important 
role in the literature than in day-to-day 
operation. 

But it is common for customers to 
regularly check the gauges, e.g. with 
certified gauge blocks. 
For monitoring whether the gauges still 
achieve the basic accuracy that they 
should have.
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Gauge blocks,
Calibration plate,
Re-certification 
Certificate of a 
certified laboratory

Test Equipment Monitoring 
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Measuring System Analysis (MSA) 
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Measuring System Analysis (MSA) 

MSA, method 1 and method 3 
carried out before delivery for 
each VTLG
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Measuring System Analysis (MSA) 

MSA integrated in VTLG standard program



34

Measuring System Analysis (MSA) 

Calibration station in every 
VTLG with DAkkS-certified 
gauge blocks
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MSA method 1 is as well possible to be carried out e.g. in contact 
gauges (usually with gauge blocks) 
and in x-ray gauges (usually with certified sample sheets from 
unalloyed metal of pure iron) 
The MSA according to method 3 can be performed individually, 
depending on the measuring task and process but it is a rarity 

Measuring System Analysis (MSA) 
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Summary

The 4 different established gauge technologies measure in high accuracy in 
cold rolling mills
No technology is perfect. Each has its own advantages and disadvantages
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Summary

It makes sense to check, which method is suitable for which use.

Depending on the process, there are 
even sometimes combinations of two 
technologies in one cold mill e.g. 
contact gauge for alloy compensation 
with X-ray gauge
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Summary
It can make sense to use different technologies one after the other:
 Break Down Mill with wavy strip: Contact gauge
 Intermediate Mill: VTLG for absolute values
 Foil Mill: X-Ray for highest resolution
 Tension Leveler: VTLG for absolute values and cross profile 
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Thank you for your attention 


