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Technology and Benefits of Programmable Linear Position Sensors

This white paper describes new technology that enables engineers to easily program
key functions into a linear position sensor and the inductive sensing technology that
makes it possible.

The benefits in general and some types of applications that can benefit from this
technology will be covered along with some practical programming examples.

Non-Contacting Inductive Measurement RX
The inductive measurement process described here is based

on two electromagnetic principals— Ampere’s and
Faraday’s laws. Ampeére’s law states that magnetic field
strength in space around an electric current flowing
through a closed loop is proportional to the value of that
current. Faraday’s law comes at electromagnetism from
a different perspective. It states that a voltage will be TX
induced in a coil from a change in the magnetic field around It
that coil and that it will be proportional to that change.

X

Applying these laws, a printed circuit board was developed with conductive traces
shaped into sine and cosine patterns relative to each other. An AC current is applied to
these traces with a 90° phase shift between the sine and cosine traces to simulate a coil.

The result is to produce two magnetic fields perpendicular to the plane of the traces.
These fields are affected by a magnetic marker passing above them in sine and cosine
wave patterns respectively. Adding these two fields together results in the formula:
Hesin(x)+ cos(wt) + H* cos(x)* sin(wt) = H* sin(wt+x), where x is the position of the
magnetic marker, t is time, wis the frequency of the waveform applied, and H is the
strength of the magnetic field. It represents that the phase of the sum of the magnetic
fields (wt+x) at a distinct measurement point is directly proportional to the linear
position x. The position marker sends the summation signal back to a receiving coil on
the pc board.

By measuring the phase shift between the
outgoing and the received sinusoidal
signals, a dc voltage can be produced that
is proportional to the phase difference or
phase shift caused by the position marker’s
change in position. The circuitry generating the
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Y YT S SNTN N [—\ waveforms_, measuring the phase shift and
4 ( L A 1/ C/\ J translating it into a dc value is shown on page 3.
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Benefits of Inductive Measurement

This inductive measurement technology offers benefits compared to earlier position
measurement technology utilizing a mechanical wiper moving over a conductive track
with contact.

It is inherently wear-free since there are no contacting parts. The position marker is
attached to the application’s moving part, the position of which needs to be measured,
and is free-floating above the sensor.

Since only the position marker is subjected to potential shock and vibration from the
application, shock, vibration and the dither those environmental effects could otherwise
cause to the position sensor are eliminated.

This technology even exhibits immunity to external magnetic fields such as those
created by nearby electric motors due to a design that operates in a narrow frequency
range and filters out or rejects frequencies outside that range.

Finally, by using an inductive measurement technique, the same microprocessor based

circuitry needed for that technology can be used to add programmable features to a
position sensor.
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Technology and Benefits of Programmable Linear Position Sensors

Programmability and the Practical Benefits It Brings
Several useful parameters could be programmed including electrical measurement

range, slope, position for minimum output voltage/current, position for maximum output
voltage/current and offset.

The electrical measurement range sets both the minimum and maximum positions for
which a change in output signal will occur. By setting these at values other than zero
and full scale, applications that require a slope other than 1:1 could be accommodated.
It could also be used to limit the output range to occur over a smaller portion of the
travel range at specific starting and ending distances from physical end-points.

A negative slope might also be programmed so that the output value decreases as the
stroke length increases.

Programming an offset would allow an output value other than 0O to represent a position
of 0 inches.

With all this you’d image that there must be some benefits to using this technology in an
application. And you’d be right. Here they are:

- In high noise environments, maximum noise rejection can be achieved
by applying the entire output range to the actual travel length your application
requires rather than the entire stroke length of the position sensor.

Output
VimA BT 1. T

e.g. 5...45 mm instead of 0...50 mm
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Technology and Benefits of Programmable Linear Position Sensors

- By programming an offset, a sensor can be adjusted in seconds for deviations
or tolerances in mounting the physical sensor without moving the sensor.

Output
Vim#a 100%

e.g. increase characteristic by 1V

—_— before
—— after

100% Stroke

- Output voltage can be set to either a minimum or maximum threshold, say 1.0 V
(L1) on the low end and 9.0 V (L2) on the high. So by programming limits to the
output of the sensor, it can serve as an error detector. If the output is limited in
this manner, and voltage falls outside of the set range, a cable fault - open or
short - is likely occurring and a process monitor could be set to indicate a fault
under these circumstances.

Output

VimA  100% L max.

e.g. 1.9V instead of 0...10 ¥/

before
— e s H'Itﬁ"

0 100% Stroke

- By programming a sensor you can also eliminate the need for a programmable
process monitor in some applications and use an inexpensive readout that simply
displays values instead.
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Technology and Benefits of Programmable Linear Position Sensors

To sum up, new technology combines the benefits of non-contact linear position sensing
with some essential programmability of a programmable controller all in a relatively
small sensor package. This technology can help engineers in a number of applications
including those where costs and/or development time can be saved with all control
functions needed handled by the position sensor, applications requiring high accuracy
over a small distance and applications with noisy environments.

An implementation of this technology is seen in Novotechnik’s NovoPad and LS1 Series
of position sensors, shown here. On these devices programming is accomplished by
pressing the dual purpose LEDs/buttons according to published guidelines and
observing the status of the LEDs. The square and triangle below the
LEDs serve as a visual guide as to differentiate the LED/buttons in
communicating which button to press.

A few of the applications that are using
this technology are material
handling equipment, crimping
machines and position _
sensors for linear actuators. *

To view Novotechnik’s R

implementation of this technology including programming examples with charts, view:
www.novotechnik.com/LS1
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NOVOHALL
Rotary Sensor

Non-contacting

RSK-3200

novo>
safety, @

Cost-efficient and Robust -
Rotary sensor with Hall Technology
in Mobile Application

e Non-contacting, magnetic measuring principle (Hall technology)
e Analog interfaces (ratiometric, PWM)

e Fully redundant system

e Meets EN ISO 13849 Standards for Safety Application
e Electrical range up to 360°

e Temperature range -40° up to +125° C

e Simple mounting

e Protection class IP67/IP69K

e | ong life

e \lery competitive price/performance ratio

e European E1 approved
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Applications

For mobile and automotive applications such as
- Throttle

- EGR valves

- Transmission gear

- Accelerator

Images: stock.adoe.om)
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Working mobile machines and
conveyor trucks in their harsh
environment place very high
stress on sensors.

The very compact rotary
sensor RSK-3200 offers
reliable function under harsh
operating conditions.

The sensor is optimized for
mobile applications and is cer-
tified according to the highest
EMC standards such as

ISO 11452 for pulses and
interference fields.

The position values are output
as a voltage signal ratiometri-
cal to the supply voltage or via
PWM.

The fully redundant sensor is
suitable for use in safety-rela-
ted applications.
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Magnetic Position
Measurement

When a current flows
through a Hall element it
provides a voltage across
the current flow if a magnetic
field acts perpendicular to
both.

Since this voltage is propor-
tional to the magnetic field
strength, a non-contact and
absolute angle or displace-
ment measurement can be
easily achieved by attaching
a position magnet to the mo-
ving part of the application.
By combining several sensor
elements and integrating the
complete signal processing
in only a few components,
complex systems are
feasible in the smallest
possible space.

The systems are insensitive
to aging and independent of
field strength fluctuations of
the magnets.

Both shafted and touch-
less 2-part systems enable
angle measurement over up
to 360°, even over several
revolutions or a linear displa-
cement measurement up to
50 mm.

High resolution with great
dynamic response, large
mechanical tolerances and
fast feasibility of customer-
specific output options are
added benefits of this wear
free technology.



Cost-effective Rotary Sensor

The non-contact rotary sensor RSK-3200 offers full 360° angle
measurement, smaller measurement ranges are also available.
The metal bushings with a hole spacing of 32 mm allow safe
and secure mounting. The customer‘s D-shaft is inserted into
the actuator of the sensor and also takes over the function of the
bearing for the position magnet. A pre-assembled O-ring on the
centering collar seals against the mounting surface.

Hall Sensing Technology - Safe Position Detection
RSK-3200 series is developed for safety-related applications
according to EN ISO 13849. The sensor is optimally shielded
against electromagnetic interference from their environments and
is approved to E1 type approval according to the ECE directive.

Resilient in Harsh Environments

With our large testing facility and our own EMC lab, we are
equipped to conduct extensive environmental testing. This
enables us to meet our customers' expectations when it comes
to challenging outdoor applications. The electronics are comple-
tely encapsulated and offer an extremely wide temperature range
of -40 to +125°C and can therefore be used in a wide variety of
applications.

M&

Recommended Accessories

e Connector Micro Quadlock
System as a kit or with lead
wires
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e Measuring range 60° up to 360°

® Simple mounting

e Actuator integrated

e Favourable price/performance ratio

e EFuropean E1 approved

e Suitable for safety-related applications
e Resolution 12 bits

e Fully redundant, crossed outputs

e Supply voltage 5 VDC

e Temperature range -40° up to +125° C

e Protection class IP67/IP69K

e For highest EMC requirements:

ISO 13766-1/2 for Construction machinery, ISO 14982 for
Agricultural maschinery, ISO 11452 for Road vehicles

¢

Installation example

For more information and detailed ordering specifications, see https://www.novotechnik.com/salessupport.php
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Ordering Specifications
Preferred types printed in bold

* Best low-volume pricing

Series

 Delivery time up to 25 pcs. within 10 working days EXW

R 8§ K - 3 2

806: Angle 60°

812: Angle 120°

818: Angle 180°

824: Angle 240°

836: Angle 360°

Other angles on request

Mechanical version
3201: Standard design
3202: Standard design, European E1 approved

For more information and detailed ordering specifications, see https://www.novotechnik.com/salessupport.php

Interface

2__:Ub=5VDC,5...95%/10 ... 90% ratiometric to Ub (0.25 ... 4.75 VDC/0.5 .. 4.5 VDC)
7__:Ub =5 VDC, PWM with duty cycle 10 ... 90%, 250 Hz/500 Hz

Other output signals on request

Electrical connection
521: Connector AMP MQS 6-pin, male

Outside North America
Representatives

Novotechnik is represented in
all of the world’s major
markets with our own
subsidiaries or by approved
dealers and representatives.
Thanks to this tightly knit
network we can ensure that
wherever our customers may
be located we can provide
first-class service and cus-
tomer care.

Your contacts can be found at
https://www.novotechnik.de/
nc/en/service/representatives/

North American Customers

For further technical
assistance please call

+1 508 485 2244
https://www.novotechnik.com/
salessupport.php

The specifications contained in our datasheets are intended solely for informational purposes. The documented specification values are based on ideal operational and environmental conditions and
can vary significantly depending on the actual customer application. Using our products at or close to one or more of the specified performance ranges can lead to limitations regarding other per-
formance parameters. It is therefore necessary that the end user verifies relevant performance parameters in the intended application. We reserve the right to change product specifications without

notice.
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