Sensors

Selection criteria for linear and rotary encoders
Encoders are used in very different applications. The used measuring methods
(optical or magnetic length and angular) meet more or less the application
requirements.

T

he requirements of length and
angular measurement procedures
are highly varied, and consequently a
broad product spectrum has emerged
in recent years. By clarifying certain
key data at an early stage, however,
the selection of an appropriate system
can be made considerably simpler.
Precise length measurement is a
fundamental requirement in industrial
production. Yet the specifications of
the measurement systems are as varied as the fields of application in which
the sensors are used. While it may be
necessary to measure distances of up
to a hundred meters in cold conditions
in a warehouse, the biggest challenge
faced in mechanical engineering is sufficient precision. Furthermore, contamination caused by ambient media often
hampers the measurement process: In a woodworking environment, for example, sensors have to function reliably in
spite of high exposure to dust. When used in wet-processing with CNC-controlled milling machines, sensors are constantly exposed to lubricoolants.
The capacity of the measurement system to function
even under harsh environmental conditions, together with its
precision and the economic viability of the system, is one of
the main arguments for selecting the appropriate measurement technology. Owing to this diversity of requirements, in
recent years a wide product spectrum has been developed.
In technological terms, magnetic sensors border on the level
of precision of optical systems. There are nevertheless certain applications that demand such high precision that only
optical systems can be considered. Compared to magnetic
systems, however, these are more sensitive to external influences such as dust or fluids. Encapsulating the sensors can
help protect them, say, from harmful emulsions in a CNC
milling environment. This is however a costly undertaking.
When selecting an appropriate length measurement
process the following factors should be considered first:
the higher the required precision, the more important it will
be to use an optical measurement process. As regards
the operational environment, however, the following basic
principle applies: The greater the contamination of the
operational environment through dust and liquids are, the
more obvious are the benefits of magnetic solutions. Uwe
Frey from Siko stated: “The most decisive factor is the level
of precision required. If the customer wishes to measure
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Figure 1: Magnetic sensor in a dirty
environment with oil, liquids and dust
(Photo: Siko)
an area with a precision tolerance of ± 5 µm, then there
is little doubt that an optical system should be used. As
for magnetic sensors, these can offer precision of up to
± 10 µm.” However, he also pointed out how much has
changed in the field of magnetic systems in the past.“ Even
just a few years ago, values less than ± 25 µm were unheard
in magnetic systems. For high-precision applications there
was no choice but to use optical processes.” The smaller
pole pitch of the measuring strips that can be obtained
using modern production techniques has mean-while
enabled the accuracy of magnetic measurement processes to be greatly improved.
Since 1963, Siko has established itself as a provider of
measurement technology for various tasks such as length,
angle, and rotational speed measurement as well as for the
measurement of inclination and speed.
The Magline range
of magnetic length and
angle measurement products has been steadily
improved
in
recent
years. The highest level
of
repeatability
is
obtained in this product line (to the level of
1 µm). The resolution is
2 µm. Some of these
products feature CANo- Figure 2: Application in an
pen connectivity (e.g. hard environment – swarf and
CiA 301 and CiA 406). lubricants at a CNC -machine
The bit rate is adjustable (Photo: Siko)
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from 50 kbit/s to 1 Mbit/s. The magnetic tapes are produced
in-house. The manufacturer has developed a special process for coding the measurement tapes. Depending whether
the measurement process required is incremental or absolute, one or more magnetic code tracks is attached. Recent
product developments have also proved remarkable in terms
of repeatability and the axis speeds that can be achieved.
If more precision is required, optical sensors are the
choice. They can reliably record measuring steps even at
high traverse speeds (3 m/s and 1,5 m/s respectively). The
products can be used as length measurement systems for
up to 30 m as well as an angle sensor for measurements
below 360 degrees.
The optical sensors evaluate information on an optical
measuring tape using a laser-based technology. The positional values are forwarded to the downstream electronics
as digital counter pulses (A, B, R). The technique makes
use of the Talbot effect: light is distributed at defined spacings in the pattern of a grating. A grating structure is also
created behind the sensor head. This grating is now irradiated with monochrome waves, so a wider light distribution
is obtained behind it. This technique allows a comparatively
large distance between the sensor and the optical rule. With
this technology the sensor head can be made very small.
For applications in which dimension is a critical factor, this
method is ideal.
The precision of optical sensors is very high and lies in
the range of about ± 5 µm. Compared to the magnetic system with its precision of ±10 µm, this represents a doubling in
precision. On top of this, the resolution of 0,05 µm is greater
by a factor of four than the 0,2 µm currently offered by magnetic systems.
Another advantage of the optical system is its insensitivity to magnetic disturbances. When linear motors are
used, for example, electromagnetic interference can occur
in the form of stray magnetic fields that can falsify the position values of a magnetic sensor. Yet linear motors are one
of the main areas of application for magnetic sensors at Siko
– especially when the motors are used under harsh ambient
conditions. This is because the stray magnetic effect of the
linear motors is only critical if the sensor head and magnetic
tape are positioned too close to the motor. If the user maintains a defined safety clearance between the sensor and the
motor or fits a shield, interference can be avoided. The farther away the motor is from the sensor, the less it affects
the sensors. Accordingly, the real benefit of optical sensors
becomes evident in situations, in which space is restricted or
very powerful magnetic fields are present. For purely physical reasons, in magnetic systems a hysteresis effect arises
in relation to the measured values. No such effect occurs in
optical systems since they are not prone to electromagnetic
influences.
By contrast to magnetic systems, optical systems are
sensitive to environmental factors such as dust, swarf, oil,
and grease. In harsh conditions protection is also required
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While optical systems are not longer than 30 m, magnetic
systems are available for up to 100 m. As a rule, applications of this kind, such as warehouse logistics, do not call for
extreme levels of precision. Far more important in such situations are mechanical resilience and insensitivity to environmental influences. Magnetic sensors are resistant to dirt, oil,
and moisture and relatively robust when exposed to shock
and vibration. As well as linear measurement, magnetic
measurement systems can be used for rotational measurements of angles greater than 360 degrees.

As mentioned above, magnetic systems generally have
lower levels of absolute precision, resolution and repeatability. A magnetic field such as is present in a magnetic sensor
can be detrimentally influenced by external ferromagnetic
interference. This sensitivity to stray magnetic fields can
reduce measurement accuracy. It may be noted that the disadvantages of magnetic measurement technology concerning measurement accuracy and ferromagnetic interference
explain the advantages of optical measurement principles.
Magnetic measurement technology is robust and is
used for contactless path and angular position measurement. The fields of application of magnetic sensors are
many, covering all areas of mechanical engineering and
industrial automation. They are used, for example, in linear
and rotational drive systems (direct drive systems and motor
feedback), in production machinery for furniture and parquet
flooring and even in high-tech medical applications such as
computer tomography. They are also suitable for extreme
applications such as stone processing and glass machining.
Magnetic sensors have also proven themselves particularly
effective for the mirror tracking systems of solar power collectors and in stage technology, in forklift trucks and in waste
and scrap compaction equipment.
In linear drive applications, both magnetic and optical
sensors are commonly used. The deciding factor is the sensitivity of the measurement system to stray magnetic fields,
since linear motors can create electromagnetic radiation in
their vicinity that has a negative effect on the magnetic sensor. Where the motors are used in harsh conditions, however, magnetic sensors have become the established choice
despite their sensitivity to magnetic interference, provided
that a defined safety distance is maintained between sensor and motor.
Path measurements of circular movements have specific challenges. Despite the fact that turning and swiveling
are standard operations in mechanical engineering, they
nevertheless pose challenges to the designers of measurement systems that should not be underestimated. Siko offers
magnetically coded measuring tapes in the form of flexible magnetic rings with no flange or glued with a metallic
ring (flange). By attaching the tape to the ring, joints would
unavoidably occur that would cause measurement errors.
To prevent this, Siko has established its own ring production
facility in which the tape is first attached and then coded.
This assures a system precision of up to ±0,05 degrees. In
addition to a portfolio of rings in different sizes, the German
company also offers custom modifications. From a certain

Figure 4: Magnetic roto and
length measurement at a CT-Scanner
(Photo: Siko)

Figure 5: MagLine Roto with a resolution of max. 0,001° in
harsh environment (Photo: Siko)

for the measurement
system against shock
and vibration stresses
and dirt. The measurement technology is also
affected by temperature
fluctuations and high air
Figure 3: Compact optical
humidity; any formation
sensors are predestinated
of condensation on the
to record length information at
code strips can result
a pick-and place machine
in measurement errors.
(Photo: Siko)
To avoid this, elaborate
housings can be created for protection against the influences described above. But they are costly.
A further disadvantage of optical measurement technology is the installation and handling by technical personnel.
When sensors are mounted, their mechanical tolerances are
dependent on the guide to which they are attached. An optical sensor must be adjusted precisely if the mechanical tolerances are to be offset. The sensors must always be moved
exactly equally over the rule in order to obtain accurate values consistently. Dust and dirt must not be allowed to affect
the sensor even during installation; measures must be taken
to prevent this occurring.
Optical measurement systems with their high precision and repeatability are frequently required in, for example, pick-and-place automation, production and inspection
machinery in the semiconductor industry, positioning and
measurement equipment in medical systems and analysis
technology. Further areas of application include ultra-precision machines and high-precision equipment, measuring
microscopes and other high-precision measurement instruments. Vacuum-based applications can also be realized
using measurement systems.

Magnetic tape length sensors
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by trained personnel with suitable qualifications. As a consequence, while swiveling axes can be measured using
optical sensors in an open construction design, continuous rotational movements cannot. Thus optical sensors can
be used successfully with this technique to capture the cutting angle of a saw in mitering operations, while the rotations of the shaft of an electric motor are much more easily
recorded using a magnetic system (such as a bearing-free
system).
t

Figure 6: Magnetic sensor supply the required position
feedback at a linear motor (Photo: Siko)
flange diameter upwards, the manufacturer tapes can be fitted by the customer to allow angle measurements below 360
degrees.
For magnetic sensors Siko offers ready finished
measurement rings that have such a high quality of manufacture that they can be used for measurements greater than
360 degrees. As for optical sensors, the providers often do
not offer rings but rather measurement tapes that are affixed
to the flange. From a diameter of 50 mm upwards, angle
functions below 360 degrees can be measured. The handling of the tapes in rolled form is significantly more demanding in the case of optical systems and must be performed
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