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Analog signal transmisson: Outdated or contemporary?

Technical bulletin

The analog output can be described as a traditional signal type in
measurement and control technology. Is such a signal transmission
still up-to-date nowadays? In order to answer this question,

this article explains the mode of operation and the possibilities

of analog signal transmission. The properties of analog signal
transmission and Industrial Ethernet interfaces are compared

with each other, so that you can make the right choice for your
application in the future.

Current or voltage?

With an analog output, the user can usually choose between current

or voltage output. Depending on the choice, the measured variable,

such as position, is transmitted to the controller as a continuously

running current or voltage signal. In case of a magnetostrictive sensor

with analog output such as the R-Series V Analog, the stroke length

is mapped to a range of e.9. 0...20 mA or4...20mA or 0...10 V or

-10...+10 V. The main characteristics of current and voltage signal

are:

* Voltage signals can be measured easily

* \When measuring a current signal the circuit must be opened

* Voltage signals are attenuated over longer distances due to the wire
resistance

* Current signals do not generally become weaker over long distances

« Current signals are insensitive to electromagnetic interference

e With current signal of 4...20 mA, a defective wire leads to current
flow of 0 mA, so cable faults can be quickly detected

Analog or digital?

For a sensor like the R-Series V Analog, a resolution of 16 bit is
specified in the technical data. Why is a digital value for the resolution
specified for an analog output?

With the R-Series V Analog, the measured value is available as

the result of the position determination within the sensor in digital
form with a resolution of 0.1 pm. This digital value is converted into

a voltage or current signal for the analog output using a digital to
analog converter (DAC). The DAC used in the R-Series V Analog

has a resolution of 16 bit. This means that the converter can map

216 = 65,535 different gradations, meaning the stroke length of the
sensor is divided into 65,535 equal steps. This is shown schematically
in Fig. 1 for two sensors with different stroke lengths. In this example,
the stroke length of the two sensors is mapped with a resolution of

3 bit = 2% = 8 steps.

Fig. 1: Dependence of the step size on the stroke length at a resolution of 3 bit

Table 1 lists the step size as a function of the meauserement length for
a 16 bit D/A converter (the measurement length is distributed evenly
over the available 65,535 steps):

Stroke length Step size

25 mm 0.4 pm
65.5 mm 1pm
2,000 mm 31 pm
7,620 mm 116 pm

Table 1: Step size as a function of the measuring length for a 16 bit D/A converter

The step size therefore increases with increasing stroke length.
Conversely, this means that the smaller the stroke length, the smaller
the step size. And the smaller the step size, the more finer position
changes are registered.

An analog signal is generated from the evenly distributed steps. This is
shown in Fig. 2 for a voltage signal of 0...10 V at a resolution of 3 bit.
In this example, each step causes a voltage change of 1.25 V.

For the R-Series V Analog with 16 bit resolution, one step

at a voltage signal of 0...10 V causes a voltage change of

(10 V /65,535 steps) = 150 pV. This applies in the same way to the
current output. For example, with the current output of 4...20 mA,
the available 16 mA are distributed over the 65,535 steps. Thus, one
step provides a current change of (16 mA /65,535 steps) = 244 nA.
This means that the measuring instrument or controller must have a
resolution in the range of nA or pV regardless of the stroke length of
the sensor to register the measured position changes.



Fig. 2: Conversion into an analog signal using the example of a voltage signal of 0...10 V

Speed or velocity?

With the R-Series V Analog, as with the R-Series 2004 Analog, in
addition to position the speed or velocity at which the position magnet
moves can be reported via an additional channel. The user can choose
between speed and velocity. Speed means that an absolute value is
reported for how fast the position magnet is moved, regardless of the
measurement direction. With velocity, the analog value is also used to
report in which direction the position magnet is moved, i.e. whether it
is moving forwards or reverse.

Analog or Industrial Ethernet?

As already mentioned, the analog output can be described as a
traditional signal type because this type of signal transmission has
been used in industrial environments for a very long time. In addition
to the analog output, Industrial Ethernet interfaces such as EtherCAT®,
EtherNet/IP™, POWERLINK or PROFINET have also become
established. The table 2 compares the essential differences between
analog signal transmission and Industrial Ethernet interfaces.

Based on Table 2, it is clear that Industrial Ethernet interfaces can
do more than an analog output (transmission of several pieces of
information simultaneously, bidirectional communication between
sensor and controller e.g. for parameter adjustment, synchronous
measurement for motion control applications, support of different
topologies for flexible setup). This makes these interfaces much
more complex than analog signal transmission, which also affects
installation and inspection.
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Feature

Possibility to inspect
the transmitted signal

Analog signal transmission

Connection to multimeter

Industrial-Ethernet-interface

Connection to control

Supported topology Star Line, tree, star, ring
3 cables per sensor:
Cabeling 1 cable per sensor 2 x data line +
1 x power supply
Cable length >100 m possible Maximum 100 m without

additional devices

Transmitted
information

Only 1 function, e.g. position

Various functions, e.g. positon,
velocity and status information,
simultaneously

Communication
direction

Unidirectional: only from
sensor to control

Bidirectional:
from sensor to control and
from control to sensor

Minimum resolution

Depending on stroke length

Independent from

stroke length

Synchronization for

data acquisition Not possible

possible

Table 2: Comparison of essential features of analog signal transmission and Industrial
Ethernet interfaces

There are many applications where analog signal transmission is

very well suited and can bring its advantages over Industrial Ethernet
interfaces, such as ship locks: Lock systems for self-proppeld barges
are usually larger than 100 m, which is why analog signal transmission
is often used here. In addition, an accuracy in the millimeter range is
sufficient, e.g., when moving lock gates, so that the advantage can be
taken of being able to easily check the transmitted signal on site with a
multimeter.

Outdated or contemporary?

The question of the suitable transmission type depends on the
application and the operational environment. Both analog signal
transmission and Industrial Ethernet interfaces (as well as data_
transmission via SSI) have proven and established themselves in

the industrial environment. In advance, the user must clarify which
transmission type is suitable for his application so that he can make the
appropriate choice for his application.

Author: Olaf Kissing, Product Manager Industrial Sensors

temposonics.com

UNITED STATES GERMANY

Temposonics, LLC Temposonics GmbH & Co. KG
Phone: +1919677-0100 Phone: +49 2351 9587-0

E-Mail: info.us@temposonics.com E-Mail: info.de@temposonics.com

UK

Branch Office

Phone: +44 79 4415 03 00
E-Mail: info.uk@temposonics.com

SCANDINAVIA

Branch Office

Phone: +46 70 29 91 281

E-mail; info.sca@temposonics.com

FRANCE

Branch Office

Phone: +33614 060 728

E-Mail: info.fr@temposonics.com

ITALY

Branch Office

Phone: +39.030988 3819

E-Mail: info.it@temposonics.com

CHINA

Branch Office

Phone: +86 212415 1000/2415 1001
E-Mail: info.cn@temposonics.com

JAPAN

Branch Office

Phone: +81 36416 1063

E-Mail: info.jp@temposonics.com

© 2022 Temposonics, LLC — all rights reserved. Temposonics, LLC and Temposonics GmbH & Co. KG are subsidiaries of Amphenol Corporation. Except for any third party marks for
which attribution is provided herein, the company names and product names used in this document may be the registered trademarks or unregistered trademarks of Temposonics, LLC or
Temposonics GmbH & Co. KG. Detailed trademark ownership information is available at www.temposonics.com/trademarkownership.


https://www.temposonics.com/NewsEvents/Blog/temposonics-blog/2021/08/17/staying-in-time---data-acquisition-and-transmission-with-r-series-v-ssi-(part-1)
https://www.temposonics.com/NewsEvents/Blog/temposonics-blog/2021/08/17/staying-in-time---data-acquisition-and-transmission-with-r-series-v-ssi-(part-1)

