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Keeping an Eye on Extrusion 

Measurement of Diameter, Wall Thickness, Eccentricity and Sagging during Production

Online measuring devices with connected control are nowadays a standard in extrusion lines for online quality 

control, process stability and cost reduction. The article provides an overview on conventional as well as innova-

tive measurement technologies and discusses their advantages and limits regarding their use in extrusion lines. 

Manufacturers of hoses and tubes 
have been investing intensively in 

measuring and control technology as 
well as line control over the last years, 
aiming for an online quality control, pro-
cess stability and cost reduction. Used 
test devices include, amongst others, 
gauge heads that measure the inner and 
outer diameter, the ovality, eccentricity as 
well as ideally the sagging (of the melt 
during the solidification at a too high vis-
cosity) of the product during the extru-
sion process. The used measuring sys-
tems are based on varied technologies 
that have their strengths in different ap-
plication areas.

Measuring the Diameter

For the measurement of the product di-
ameter of hoses and tubes, two estab-
lished techniques are used: Scanning as 
well as CCD line sensors. 

The scanning method is based on a 
rotating mirror or a rotating disk, whereby 
a laser beam scans across the measuring 
field. In-between the rotating mirror and 
the light sensor, two lenses are arranged. 
The first lens diverts the laser beam al-
most parallel across the measuring field, 
the second lens onto a light sensor. The 
product is arranged between these two 
lenses and disrupts the laser beam, while 
it is scanned across the measuring field. 
Therefore, the product diameter is calcu-
lated by comparing the time the laser 
beam needs to pass the whole measur-
ing field with the time the laser needs to 
scan the complete product surface (Fig. 1). 

The measuring frequency depends 
on the rotation speed of the mirror and 
can be increased by the use of a polygon 

mirror. However, therefore, the mirror 
needs an identical surface finish. Often, 
an averaging from several measurements 
is necessary to achieve a high accuracy.

CCD line sensors work – compared to 
the scanning method – exclusively digi-

tally and require no moving components. 
Therefore, accuracy, repeatability as well 
as the measuring rate are higher and a 
calibration is not necessary. Generally, line 
sensors can be used for measurements in 
two ways:

Fig. 1. Scanning method with rotating mirror: the time during which the sensor signal is  

shadowed determines the diameter (source: Sikora)
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Fig. 2. Projection method by using optics with CCD line sensor (source: Sikora)
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 W The ultrasound measurement is usual-
ly realized in a water bath as the water 
is used as a coupling medium for the 
transmission of the sound. A precise 
temperature compensation is neces-
sary as the propagation speed of the 
ultrasound, which is used for the cal-
culation of the eccentricity, depends 
on temperature and material. This 
technology requires therefore a cali-
bration. Further, an estimation of the 
wall thickness is typically only possible 
by combining the ultrasonic tech-
nique with an additional gravimetric 
system.

The X-ray technology is based on an im-
aging principle, which does not require 
an adaptation to materials and no cou-
pling medium. The technology is inde-
pendent of the temperature of the mate-
rial, which makes it possible to integrate 
an X-ray measuring device directly into an 
extrusion line without any additional ef-
forts and calibration. The system is either 
installed directly after the extruder (hot 
measurement) or at the end of the line 

 W In the first method an optics (lens) fo-
cuses a laser beam on a CCD line. By 
counting the darkened diodes from 
the shadow image of the object, the 
diameter is determined (Fig. 2).

 W The second approach does not need 
cost intensive optics, because the laser 
directly illuminates the high-resolu-
tion CCD line and the diameter is cal-
culated from the diffraction fringe 
(Fig. 3). The measuring rate is extremely 
high and only limited by the frequen-
cy of the CCD line sensors. 

Gauge heads that work with the line 
sensor technology measure the diame-
ter in two or three planes. They are ca-
pable of measuring opaque as well as 
transparent products from all kinds of 
material with a diameter from 0.05 to 
500 mm – depending on the measuring 
system up to 500 mm. Some models of-
fer up to 5000 measurements/per axis 
and second and therefore, as well a reli-
able detection of lumps and neck-
downs. 

Additional Measurement of Wall 
Thickness and Eccentricity

For applications where a diameter mea-
surement is not sufficient, there are mea-
suring systems suitable that measure in 
addition the wall thickness and the ec-
centricity of the products. Besides quality 
control and process optimization, the 
saving of plastic material and cost reduc-
tion play an essential role. 

The ultrasonic technology is suitable 
for the classic measurement of the wall 
thickness of single layer products, but 
reaches its limits for online quality control 
of hoses and tubes − due to its function 
and dependence on material properties, 
the plastic’s temperature and the cou-
pling medium: 

 W For example, the ultrasound is not 
able to penetrate the aluminum layer 
that is used as a vapor barrier in com-
posite pipes and is therefore not appli-
cable for this application. 

 W Measuring rubber hoses, the ultra-
sound signals are largely absorbed by 
the porosity and absorption of the 
rubber so that they are also not reliably 
measurable. Furthermore, multi-layer 
rubber hoses contain typical fabric re-
inforcements, which divert the ultra-
sound echo and make a measurement 
impossible. 

 (final quality control). A 4-point online 
measurement provides the measuring 
values for the wall thickness, the eccen-
tricity, the inner and outer diameter and 
the ovality. The system usually measures 
up to three different material layers. These 
measuring values are visualized numeri-
cally and graphically in the form of the 
tube/pipe cross section in real-time and 
enable the user to perfectly center the 
extrusion tool.  

X-ray technology ensures a precise 
measurement of all product parameters 
independent of environmental or materi-
al influences. Particularly efficient is the 
use of an X-ray measuring system in com-
bination with a processor system for au-
tomatic control of the line speed or screw 
speed under consideration of the mini-
mum wall thickness. Thus, on the one 
hand the quality of the hose is ensured, 
on the other hand, thanks to the setting 
to the minimum value, there is not more 
material used than needed.

X-ray technology is available for prod-
ucts with a diameter from 0.65 mm, »

Fig. 3. Diffraction analysis of the CCD line sensor signal: the method does not need optics or 

moving parts (source: Sikora)
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depending on the measuring device up 
to 270 mm (Fig. 4). The low X-radiation of 
under 0.5 μSv/h is significantly below the 
German valid limit of 3 μSv/h: A human is 
exposed to an average effective dose of 
ca. 100 μSv on a return flight from New 
York to Frankfurt. This corresponds to 200 
times of the radiation that such a measur-
ing device generates.
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Measurement of Large Plastic Tubes

For the dimension measurement of large 
plastic pipes starting at a diameter from 
110 mm, as they are used in the building 
and service area, the above-described 
technologies can be used. Nevertheless, 
these technologies reach their limits ei-
ther functionally (ultrasound) as well as 
regarding the costs, the limited measur-
ing ranges and number of measuring 
points on the circumference of the prod-
uct (X-ray) or the limitation in the mea-
surement of the outer diameter only (la-
ser). A further technology for quality con-
trol is currently tested: It uses terahertz 
pulses, which activate a powerful fiber 
 laser that is aimed at the material. The 
wall thickness is determined by means of 
the reflected echoes from the inner and 
outer boundary layers. The usage of this 
technology for the measurement of larg-
er wall thicknesses and materials with a 
high damping, as for example PVC, is, 
however, limited. Furthermore, the dura-
bility of the laser is limited and the costs 
are very high. 

An innovative, significantly less ex-
pensive technology for the dimension 
measurement and recording of the sag-
ging is the radar technology FMCW (Fre-

Fig. 4. X-ray measuring system in a tube extrusion line (© Sikora)
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Fig. 5. Measuring principle on the basis of millimeter waves technology: From the run time  

difference of the reflected signals diameter, wall thickness and sagging can be determined  

(source: Sikora)
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quency Modulated Continuous Waves) 
[1]. These systems work within the sub-ter-
ahertz range and are already used for 
some time in the automotive technology 
for distance measurement. They are 
based on semiconductor technology, are 
inexpensive and practically not limited 
regarding their lifespan. Within the cho-
sen area from 80 to 300 GHz the absorp-
tion of plastic materials is low and their 
wall thickness can be measured. One or 
two continuously rotating transceivers 

continuously send and receive frequency 
modulated millimeter waves while mov-
ing around the tube. As an alternative, a 
static system measures selectively the 
wall thickness and outer and inner diam-
eter of a tube with two transceivers at 
four points. A rotating gauge head is used 
when the complete measurement of the 
wall thickness around the whole circum-
ference of the tube is required. In this ver-
sion, also the sagging is measured and 
displayed precisely. 

The measurement uses the time dif-
ference of the signals that are reflected by 
the boundary layers of the front and back 
site of the plastic material (Fig. 5). The mea-
surement is realized with an accuracy of 
few micrometers and a measuring rate of 
500 single measurements per second. 
The models on the basis of millimeter 
waves technology measure products 
with a diameter from 110 to 3200 mm pre-
cisely, around the complete circumfer-
ence, with no need for coupling medium 
and independent of temperature or type 
of plastic. Furthermore, the measuring 
system determines the relevant material 
parameters for dimension measurement 
itself, which makes a calibration by the 
user redundant. In addition, the technol-
ogy provides information for optimum 
centering the extrusion product via ther-
mal control of the extrusion tools. There-
by, the measuring values are used to en-
sure an optimal concentricity and mini-
mal wall thickness.

Conclusion

With the increasing quality requirements 
during the production of hoses and 
tubes, the precise and reliable quality 
control for plastic pipes during extrusion 
and thus the Non-Destructive Testing 
(NDT) becomes significantly important. 
Furthermore, an efficient usage of materi-
als for cost saving is in focus. Measuring 
and control systems continuously moni-
tor and control important product pa-
rameters. Thereby, hose and tube manu-
facturers may choose from various tech-
nologies with different functions and di-
verse applications. 

The laser technology offers a reliable 
online measurement of the diameter 
from 0.05 to 500 mm. X-ray measuring 
systems measure in addition the wall 
thickness and eccentricity of products 
with a diameter up to 270 mm. A further 
innovative technology, based on milli-
meter waves, is used for extrusion lines 
where large plastic pipes up to 3200 mm 
are produced (Fig. 6). The technology is 
applicable for different material types 
and measures common tube dimen-
sions as well as the sagging precisely. 
Which measuring technology should be 
used in an extrusion line depends, there-
fore, on the application area and the re-
quirements of the user regarding mea-
suring and control technology for quali-
ty assurance, process optimization and 
cost saving. W

Fig. 6. For large plastic tubes: Measuring 

system for tubes up to 3200 mm outer dia-

meter on the basis of the millimeter waves 

technology 




