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Accuracy of incremental
linear encoder systems

The accuracy class is a sum of Sub-Divisional Error (SDE) and
magnetisation error. The extreme values of the measurement
curves over any one-meter section of the measuring length are 50
within the accuracy class, as shown on the right. If measuring
length is shorter than one meter, the accuracy class corresponds
to this length. Magnetic scales are produced in four accuracy
classes:
e (Class D: 10 ym/m

All figures below are for representation purpose only.
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For accuracy class D (10 ym/m) a special packaging is provided Position [m]
to ensure the performance of the scale (see more information in Example for accuracy class A.
MSDO1 at RLS Media center).

Encoder-specific errors

The accuracy of the linear encoder measurement is influenced by the encoder-specific errors and the installation-dependent error.
To evaluate the overall accuracy, each of the significant errors must be taken into account.

Magnetisation error 30

The magnetisation error is caused by imperfections in
the elasto-ferrite material and possible deviations resulting from
the magnetisation process.
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The following factors influence the result:

— Overall error
Scale error
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* Oscillations in the elasto-ferrite thickness, 2 ‘ \ J \ J | [—nome ‘

+ Measurement uncertainty of the magnetisation system 2 - 0 1 2 3 4 5 6

Position [mm]

+ Magnetic inhomogeneity of the elasto-ferrite layer,

during manufacturing process
Typical error plot representation.

Sub-divisional error (SDE) 20 -
The sub-divisional or interpolation error is a periodic accuracy T Guaramesd SDE
error. It is influenced by the following factors: _ Measured SDE

+ Inhomogeneity and cycle definition of magnetic poles, 5 or

+ Sensing distance (ride height) of the installed readhead, §

* Quality of signal processing, 0 F

+ Properties of the sensor.
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The SDE leads to speed undulations in applications where the 0 02 0.4 0.6 08 10 12 14 16
encoder is used as a feedback, e.g. in speed control loops. Ride height [mm]

Representation of an SDE as a function of the ride height.


https://www.rls.si/eng/media-center?search=MSD01

Hysteresis

Hysteresis is a difference in the measurement 0 -
results when approaching the same point from
different directions. The ferromagnetic materials
maintain the magnetised state in response to
external fields and try to change their direction.
Hysteresis in the encoder systems depends on
the magnetic field strength. A stronger magnetic 5 : : ‘ : ‘ ! :
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16
field leads to a smaller hysteresis and vice versa.
Therefore hysteresis is strongly influenced by
the sensing distance at which the readhead is
installed.
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Representation of a Hysteresis as a function of ride height (for 2
mm pole length only).

Installation and temperature-dependent errors

In addition to the given encoder-specific error, the installation of the encoder system has a considerable influence on the total
accuracy of the encoder system. Of particular importance are the installation eccentricity and the effect of deformations caused
by scale installation.

Temperature-dependent error

Temperature-dependent error is an effect of a thermal expansion coefficient a that can be used to calculate the thermal expansion
coefficient (CTE) AL

AL=L-a-AT

where L is an effective length of the magnetic scale in [m] and AT is a relative temperature difference in [K]. RLS offers steel with CTE
AL =17 x 106 [m/mK].

Influence of stress during installation

The accuracy of the system is influenced by the repeated cycling of the load. The tensile load of 1 kg causes the magnetic scale to
expand for 17 pm. The linear expansion AL can be calculated as

where F is tensile force in [N], A cross-sectional area in [m2], E Young's modulus of elasticity in [Pa] and L scale length in [m].

Abbe or sine error

Abbe or sine error occurs when the axis of measurement is offset from the axis to be measured. If the axis of linear movement
is curved, the difference between the actual movement and the reported movement contains an error proportional to the offset
and the tangent of the angle 6.

ABBE ERROR = tan(0) * offset ABBE ERROR
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Cosine error

The cosine error results from an angular offset between the axis of motion and the position-giving element (encoder). The cosine
error is as small as the angle 6.
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This product is not designed or intended for use outside the environmental limitations and operating parameters expressly stated on the product’s datasheet. Products are
not designed or intended for use in medical, military, aerospace, automotive or oil & gas applications or any safety-critical applications where a failure of the product could
cause severe environmental or property damage, personal injury or death. Any use in such applications must be specifically agreed to by seller in writing, and is subject to
such additional terms as the seller may impose in its sole discretion. Use of products in such applications is at buyer’s own risk, and buyer will indemnify and hold harmless
seller and its affiliates against any liability, loss, damage or expense arising from such use. Information contained in this datasheet was derived from product testing under
controlled laboratory conditions and data reported thereon is subject to the stated tolerances and variations, or if none are stated, then to tolerances and variations consist-
ent with usual trade practices and testing methods. The product’s performance outside of laboratory conditions, including when one or more operating parameters is at its
maximum range, may not conform to the product’s datasheet. Further, information in the product’s datasheet does not reflect the performance of the product in any appli-
cation, end-use or operating environment buyer or its customer may put the product to. Seller and its affiliates make no recommendation, warranty or representation as to
the suitability of the product for buyer’s application, use, end-product, process or combination with any other product or as to any results buyer or its customer might obtain
in their use of the product. Buyer should use its own knowledge, judgment, expertise and testing in selecting the product for buyer’s application, end-use and/or operating
environment, and should not rely on any oral or written statement, representation, or samples made by seller or its affiliates for any purpose. EXCEPT FOR THE WARRANTIES
EXPRESSLY SET FORTH IN THE SELLER'S TERMS AND CONDITIONS OF SALE, SELLER MAKES NO WARRANTY EXPRESS OR IMPLIED WITH RESPECT TO THE PRODUCT, INCLUDING
ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE, WHICH ARE DISCLAIMED AND EXCLUDED. All sales are subject to seller’s exclusive terms
and conditions of sale which, where the seller is (a) RLS Merilna tehnika d.o.o0., are available at https://www.rls.si/eng/salesterms, (b) Renishaw, Inc., are available at https://
www.renishaw.com/legal/en/--42186, or (c) another person, are available on request, and in each case, are incorporated herein by reference, and are the exclusive terms of
sale. No other terms and conditions apply. Buyer is not authorized to make any statements or representations that expand upon or extend the environmental limitations and
operating parameters of the products, or which imply permitted usage outside of that expressly stated on the datasheet or agreed to in writing by seller.

RLS Merilna tehnika d.o.o. has made considerable effort to ensure the content of this document is correct at the date of publication but makes no warranties or representa-
tions regarding the content. RLS Merilna tehnika d.o.o. excludes liability, howsoever arising, for any inaccuracies in this document. © 2022 RLS d.o.0.

A RENISHAW@ associate company



