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Exclusion of Liability

This publication has been produced with great care and all information has been 
checked for accuracy. However, no liability can be accepted for erroneous or 
incomplete information. We reserve the right to make changes to the information 
and technical data for the purposes of the continuous development of our 
products. Reprinting or copying, including extracts, is not permitted without our 
written approval.
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 Introduction                   

2.1.	 Scope of Application
These instructions describe installation of the MINIRAIL and MINISCALE PLUS 
miniature profiled linear guideway systems.

2.2.	 Supplementary Literature

MINI-X Product Catalog

Configuration of MINISCALE PLUS with MINIRAIL
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3.1.	 Authorized Staff

MINIRAIL and MINISCALE PLUS must only be assembled by appropriately trained 
specialists who have read and understood these instructions.

3.2.	 Intended Use

MINIRAIL and MINISCALE PLUS can only be exposed to the approved environ-
mental influences (see MINI-X product catalogue, MINIRAIL and MINISCALE PLUS 
technical information)

3.3.	 General Safety and Protective Measures

•	 The power supply should be disconnected prior to any work on electrical 
equipment.

•	 ESD regulations should be observed when handling ESD-vulnerable parts (EN 
100015-1).

•	 Country-specific regulations, standards and guidelines for accident prevention 
must be observed.

3.4.	 Environmental Protection

•	 Lubricants should be disposed of in an environmentally responsible way.
•	 Decommissioned components should be disposed of in accordance with local/

national laws and guidelines.

 Safety Instructions        
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4.1.	 Transport

MINISCALE PLUS and MINIRAIL are high-precision components and should be 
handled with care. For transportation of these products in-house, the following 
points should therefore be noted:

•	 Transport guideways and accessories in their original packaging
•	 Protect guideways against impacts
•	 Always transport MINIRAIL and MINISCALE PLUS carriages on guide rails or on 

the protective plastic rail

4.2.	 Protection

The following instructions should be noted to protect against damage:

•	 Storage in the original packaging is only possible for a limited period. The 
condition of the products should be checked at regular intervals. 

•	 Protect products against moisture/humidity and do not store them out in the 
open  
(10% - 70%, non-condensing). 

•	 Ensure the correct temperature range: 
MINIRAIL	 -40° C to +80° C. 
MINISCALE PLUS	 -40° C to +80° C. 

•	 Only remove the products from their original packaging at their installation 
location and immediately prior to assembly. 

•	 Check the state of lubrication. 

•	 Always store MINIRAIL and MINISCALE PLUS carriages on the guide rail or 
protective plastic rail so that the rolling elements are protected. 

•	 MINISCALE PLUS is sensitive to electrostatic discharge! The electronics can be 
damaged if precautions are not taken against ESD; ESD regulations should 
therefore be observed when handling ESD-vulnerable parts (EN 100015-1).

•	 The power supply should be switched off prior to connecting or disconnecting 
cables, and precautions should be taken to ensure it cannot be switched on 
again unintentionally.

Improper handling of the guideways can lead to preliminary damage and thus to 
premature failure.

 Handling and Storage   
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5  Installation and Adjustment Guidelines  

5.1.	  Serial Number on Guideway and Carriages

Both guideways and carriages are labelled with serial numbers. The serial number 
on guideways and carriages is located next to the SCHNEEBERGER logo.

5.2.	 Locating and Supporting Surfaces

Locating and supporting surfaces on carriages and guideways are designated as 
follows.

Standard sizes 7, 9, 12 and 15	 Wide sizes 14, 18, 24 and 42

		
		 Carriage locating and supporting surfaces
	 Guideway locating and supporting surfaces

The polished locating side of the carriage is opposite the carriage side with the 
company logo / type designation. 
The guideway can be located on both sides.

Logo side Logo side
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5  Installation and Adjustment Guidelines  
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5.3.	 Methods for Aligning Guideways

Alignment of the guide rails depends on the level of accuracy needed and must be 
specified in the construction phase of the machine, since this is when the number 
of locating surfaces as well as their positions is determined. A distinction is made 
between the following types of alignment:

No reference edge available
•	 Alignment by hand without tools
•	 Not recommended
•	 Very low level of accuracy

No reference edge available
•	 Alignment by hand with tools, e. g. aligning gauge, guide strip, dial gauge, 

installation carriage
•	 Medium to high level of accuracy depending on the complexity

Lateral reference
•	 Alignment by means of pressing against the locating surface
•	 High level of accuracy, depending on the accuracy of the reference edge
•	 Very quick due to predefined reference edge

Lateral locating surface and additional lateral clamping
•	 Alignment by pressing against the locating surface with the help of lateral 

clamping elements
•	 Very high level of accuracy, depending on the accuracy of the reference edge
•	 Very quick due to predefined reference edge



10

5

A

B

 Installation and Adjustment Guidelines 

5.4.	 Preparing for Installation

5.4.1	 Required tools and equipment

•	 Oil stone
•	 Lubricant
•	 Torque wrench
•	 Fastening screws
•	 White spirit or rubbing alcohol

5.4.2	 Preparing the locating surfaces

•	 Check locating surfaces of the machine bed and mounting plate for shape and 
position accuracy.

•	 Clean all locating surfaces thoroughly. Remove ridges and surface irregularities 
with an oil stone.

•	 Use white spirit or rubbing alcohol to clean the locating and supporting surfaces 
of guideways. Do not use paint thinner!

•	 Clean dirty guideways with a soft, lint-free cloth. Do not use compressed air!
•	 Lightly oil the locating surfaces on the guideways and carriages.

Locating surfaces

A	 Reference on the mounting plate for the carriage

B	 Reference on the machine bed for the guideway (both sides of the guideway can be used as locating surfaces)
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5.5	 Installing the Guideway

•	 Before installation, the guideway, machine bed, mounting plate and fastening 
screws must all be at room temperature. 

•	 The MINISCALE PLUS sensor is an electrostatically vulnerable component and 
is delivered in ESD-protective packaging. To ensure the sensor remains 
protected, the ESD-protective packaging should not be removed during 
installation of the MINISCALE PLUS guideway. 

•	 Always tighten the fastening screws with a torque wrench. See chapter 5.6 for 
tightening torques. 

•	 Always brace the locating surface of the guideway against the locating surface 
of the machine bed. The guideway can be located on both sides, the locating 
side of the carriage is opposite the carriage side with the company logo / type 
designation. 

•	 Alternate between sides of the guideway, starting at the middle,  when 
tightening fastening screws.

Fixing MINIRAIL Guideways Correctly
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5  Installation and Adjustment Guidelines  

5.5.1	 Cleaning Dimensional Scales

The dimensional scale of the measuring system is located on the top side of the 
MINISCALE PLUS guideway. After the guideway has been fixed but before the 
carriage is mounted, the dimensional scale must be cleaned to ensure it can be 
read by the sensor. Lubricants, fingerprints and other dirt residue must be 
removed.
A clean, lint-free cloth should be used for cleaning. White spirit or rubbing alcohol 
are suitable cleaning fluids.
Wipe down the dimensional scale on the surface of the guideway with a soaked 
cloth. Repeat the cleaning several times with a clean cloth for heavy dirt.

5.5.2	 Mounting and dismounting carriages (MINIRAIL or MINISCALE PLUS) 
onto guideways

Use the included protective plastic rail. This protects the carriage from dirt and 
prevents it jamming, causing the ball bearings to subsequently escape.

Place the protective plastic rail in line with the guide rail and slide the MINIRAIL or 
MINISCALE PLUS carriage onto it.

For MINISCALE PLUS carriages, ensure the sensor is over the dimensional scale 
on the guideway.
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 Installation and Adjustment Guidelines  

5.6.	 Tightening Torques for the Fastening Screws

The recommended torque values can be found in the table. These values apply to 
oiled screws.

The friction coefficient μ can be reduced by up to half when using greases 
containing MoS2. The corresponding torque values should be reduced by half.

The following table shows the torque values for the fastening screws of strength 
class 12.9 (friction coefficient 0.125) and of the strength class A2-70 (friction 
coefficient 0.2) in accordance with DIN 912:

Thread size
Tightening torque in Ncm

Strength class 12.9 Strength class A2-70

M1.6 28 20

M2 60 30

M3 210 110

M4 500 260

5.7.	 Lubrication of MINISCALE PLUS

If MINISCALE PLUS or MINIRAIL carriages are used on a guideway, all carriages 
are lubricated during manufacture (with KLÜBER Isoflex NBU15). Regarding 
subsequent lubrication, refer to the guidelines for MINISCALE PLUS.

5.7.1	 Subsequent Lubrication Intervals for MINISCALE PLUS

The subsequent lubrication interval depends on many variables, e.g. load, working 
environment, speed, etc. and therefore cannot be calculated. The lubrication point 
must therefore be observed over a longer period of time.

For subsequent lubrication, use only grease (Klüber Isoflex NBU15).

A film of grease should be applied to the tracks of the guideway using a lint-free 
cloth. The carriages should then be moved along the entire length of the rail so that 
the lubricant is applied to the ball bearings and distributed along the guideway. The 
grease should be applied sparingly in order to ensure no lubricant gets into the 
measuring system optics.

The surface of the guideway must then be cleaned, and the dimensional scale 
wiped over with white spirit or rubbing alcohol so that it can be read by the sensor.
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 Installation and Adjustment Guidelines  

5.8.	 Connecting the Flexible Printed Circuit Board to the Interface Module

MINISCALE PLUS is an optical, incremental measuring system. It consists of the 
MINIRAIL guide system and the following additional standard components: 

•	 Dimensional scale on the guide rail
•	 Optical sensor on the carriage with flexible printed circuit board
•	 Interface module with D-sub 9 connector (the control cable with D-sub 9 

connector must be supplied by the customer and be a flexible cable where 
necessary).

5.8.1	 Overview of Relevant Components

A	 Carriages
B	Optical sensor
C	Flexible printed circuit board (must not be exposed to dynamic loads)
D	Guideway
E	 Dimensional scale on the guideway
F	 Interface module with D-sub 9 connector
G	Control cable (supplied by customer)
H	ZIF connector

5.8.2	 ESD Protection

The MINISCALE PLUS optical sensor is an electrostatically vulnerable component 
and is delivered in ESD-protective packaging. (Electrostatic Discharge).

J	 ESD sticker
K	 ESD-protective packaging
L	 Conductive tape

As soon as it is removed from the protective packaging, MINISCALE PLUS and the 
interface module of the flexible printed circuit board must be protected against 
electrostatic fields and discharge. As soon as MINISCALE PLUS is assembled and 
connected ready for use, it is protected from ESD.
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 Installation and Adjustment Guidelines  

5.8.3	 Connecting to the Interface Module

These installation instructions are not a guide on ESD but are simply to give an 
overview of how MINISCALE PLUS should be operated.

An ESD wrist strap with ground cable or crocodile clamps on the machine bed 
acting as such should be used as a minimum when installing MINISCALE PLUS.  

Provided the MINISCALE PLUS flexible printed circuit board is in the ESD-protec-
tive packaging, no ESD protection or wrist strap is necessary.

The ESD-protective packaging should not be removed during installation of the 
guideway so that the sensor remains protected.

The ESD-protective packaging can only be removed once MINISCALE PLUS is 
grounded on the machine bed and the person is properly protected from ESD 
(e.g. by wearing an grounded wrist strap).

Remove tape (L)

The flexible printed circuit board (C) must not be damaged during removal of the 
protective packaging.

After the protective packaging has been removed, MINISCALE PLUS is unprotect-
ed and must only be touched by ESD-protected persons.

5.
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 Installation and Adjustment Guidelines  

Open ZIF connector (H)

Insert the flexible printed circuit board (C) into the ZIF connector (H) 
of the interface module (F) without touching the gold contact points 
on the printed circuit board.

Make sure that the contact surfaces of the flexible 
printed circuit board are facing upwards so that 
contact is ensured.

Once the flexible printed circuit board has been inserted, push the 
ZIF connector towards it.

Once the sensor is connected to the interface module, which is 
connected to the grounded machine, it is protected from ESD and 
can be touched without ESD protection.

The flexible printed circuit board between the sensor and the 
interface module can only be used statically. The bending radius of 
the flexible printed circuit board must not fall below 2 mm.
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 Output Signals and Supply  
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The sensor head in the carriage sends sinusoidal output signals when the carriage 
is moved relative to the dimensional scale along the guide rail.  
These signals are interpreted in the interface module and displayed in analog 
(see chapter 6.2) or digital form (see chapter 6.3), depending on the type of 
interface module.

6.1	 Supply Voltage and Current Consumption

Supply voltage: 5 V DC +/- 5%
This must be adhered to in order to generate output signals.

Current consumption: 60 mA (analog) / 70 mA (digital)

6.2	  ANALOG Interface Module (Analog Signal 1Vss)

6.2.1	 Output Format:

Differential, sin/cos analog signals with reference pulse
1 Vss (at 100Ω) 

The incremental sine and cosine signals are displaced 90° and correlate with the 
markings on the incremental track. One electrical signal period (360°) corresponds 
exactly to the scale increment on the dimensional scale, which amounts to 100 μm.

The reference pulse always marks electrically a particular section of the path of the 
sine and cosine signals. The point of intersection of the two signals within the 
reference pulse marks a precisely defined position on the dimensional scale.

The sine signal either lags behind the cosine signal or occurs before it, depending 
on the direction of movement.

The analog signal must be interpolated by the customer in order to achieve an 
appropriate resolution (e.g. Period 100 µm, interpolation 250 times, analysed 4 times 
results in a resolution of 0.1 µm. The frequency of the electronics must be adjusted 
to the travelling speed. E.g. A speed of 2 m/s with signal period before interpolation 
of 100 µm results in a frequency of 20 kHz (see calculation in chapter 9.3)

Single-ended signals
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Reference point

Sine

Cosine

Reference



18

6

6.2.2	 Signaling

In order to increase the resistance to interference, transmitting the signals in an 
interpolated form is recommended. Transmitting signals in opposite phases 
symmetrically can almost entirely prevent interference. The amplitude of the 
differentially transmitted signals equates to 1VSS.

For single-ended signaling, the voltage changes relative to a reference potential. 
The amplitude of such a signal amounts to 0.5 V.

This interface works with all standard controllers that support a 1 VSS voltage 
interface.

6.2.3	 Pin allocation for analog interface module 1VSS (IM SCPA)

Interface module: 		  Male 9-pin D-sub connector.
Customer-supplied cable: 	 Female 9-pin D-sub connector

Pin Signal Signal type

1 Ua1 - Sine-

2 GND Supply voltage

3 Ua2 - Cosine-

4 ERR NOT Error signal

5 Ua0 - Reference signal -

6 Ua1 + Sine +

7 +5V DC Supply voltage

8 Ua2 + Cosine +

9 Ua0 + Reference signal +

6.2.4	 Function Check

The green LED will light up if the MINISCALE PLUS is correctly supplied with 
power.

 Output Signals and Supply  

Interface module without MINISCALE PLUS flexible 

printed circuit board. Both the green and red LEDs 

light up

Interface module with correctly connected 

MINISCALE PLUS flexible printed circuit board. 

The green LED lights up
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 Output Signals and Supply 

If the carriage is on the guideway and the LED lights up red despite the flexible 
printed circuit board being inserted, the error should be found using the table in 
chapter 10 ‚Error Description’.

LED Supply missing Supply connected, normal operation Error condition

red Red LED does not light up Red LED does not light up Red LED lights up red

green Green LED does not light up Green LED lights up green Green LED lights up green

The status of the interface module is shown electronically with the output («ERR 
NOT»). ERR NOT is a 5-volt output (TTL level), where a «low - signal» = «pending 
error» and a «high - signal» = «no error».

6.2.5.	 Using the analog interface module with the USB counter 026 or 046 
(for technical information, see chapter 12 in the MINI-X product 
catalogue).

The USB counters mentioned above allow MINISCALE PLUS to be connected 
directly to a computer via USB.

Current consumption:
< 150 mA
Storage temperature of the USB counter:
-30 °C to + 70 °C
Operating temperature of the USB counter:
0° to 45 °C in relative humidity of <75%.

When using the USB counter’s analog input, the interpolator built into the USB 
counter reaches a resolution of just 256 (= 28). As a result, the resolution displaya-
ble with the USB counter is limited to 0.39 µm. A speed of 5 m/s is guaranteed, 
and the maximum input frequency amounts to 75 kHz (based on one channel, e.g. 
the A signal.)

The maximum length for the USB cable is 5 meters. With a USB repeater cable, 
the USB connection can be extended up to a maximum of 25 m.

•	 For operating the USB counter, PC software for demonstrating the functionality 
is available.

•	 A DLL file is available for customers that wish to write their own software 
applications.

1-axis USB Counter 026

3-axis USB Counter 046

PC software for USB counter 026
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6.2.6	 Using the analog interface module with the 2-axis SIRIUS II position 
indicator (for technical information, see chapter 12 in the MINI-X 
product catalogue).

Storage temperature of the position indicator:
-40 °C to + 70 °C
Operating temperature of the position indicator:
0 °C to 45 °C in relative humidity between 15% and 95% without condensation.

The maximum input frequency is 100 kHz which guarantees a speed of 5 m/s. The 
built-in interpolation factor for an analog input of the position indicator is 20. This 
achieves a resolution of just 5 µm. We therefore recommend using the SIRIUS II 
position indicator with the digital input option, along with the MINISCALE PLUS 
digital interface module.

6.3	 DIGITAL Interface Module (Digital Signal TTL)

6.3.1	 Output Format: 
 
Differentially interpolated digital signals with reference pulse (A, B, R)
TTL signal, 5 volt level (RS422)

The digital interface module both processes the raw signals and interpolates the 
processed analog signals. The interpolation achieves a resolution of 100 nm.

The digital signal waveform consists of an A and a B signal. The spacing between 
the two edges of signals A and B corresponds exactly to a distance of 100 nm. 
Accordingly, the scale increment of 100 μm on the incremental track of the 
dimensional scale is divided into 1000 sections of 100 nm by means of interpola-
tion.

The A signal either lags behind the B signal or occurs before it, depending on the 
direction of movement.

The reference pulse is as wide as the spacing between the two signal edges of 
signals A and B, which is 100 nm. The edges of the incremental and reference 
signals are synchronised.

2-axis SIRIUS II position indicator

Single-ended signals
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The maximum output frequency of the digital interface module is 8 MHz per 
channel. This means that the A signal and B signal can each have a maximum 
frequency of 8 MHz. For a 4-edged evaluation of the A/B signals, a count rate of 
32 MHz occurs, corresponding to a maximum speed of 3.2 m/s at a pitch of 
100 μm.

6.3.2	 Signaling

In order to increase the resistance to interference, transmitting the signals in an 
interpolated form is recommended. Transmitting signals in opposite phases 
symmetrically can almost entirely prevent interference.

A pair of wires is used to transmit the A+ signals and the inverted A- signals. 
The B+, B- and reference signals R+ and R- are transmitted differentially using the 
same method (RS 422). At the receiver, the signal is generated by creating the 
difference based on the difference between the two voltage levels.

6.3.3	 Pin allocation for the digital TTL/CMOS interface module (IM SCPD)

Interface module: 	 Male 9-pin D-sub connector.
Customer-supplied cable: 	 Female 9-pin D-sub connector

Pin Signal Signal type

1 A- Quadrature signal

2 GND Supply voltage

3 B- Quadrature signal

4 ERR NOT Error signal

5 R - Reference signal

6 A+ Quadrature signal

7 +5V DC Supply voltage

8 B+ Quadrature signal

9 R + Reference signal

6.3.4	 Function Check

The green LED will light up if the MINISCALE PLUS is correctly supplied with 
power.

Interface module without MINISCALE PLUS flexible 

printed circuit board Both the green and red LEDs 

light up

Interface module with correctly connected 

MINISCALE PLUS flexible printed circuit board. The 

green LED lights up
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If the carriage is on the guideway and the LED lights up red despite the flexible 
printed circuit board being inserted, the error should be found using the table in 
chapter 10 ‚Error Description’.

LED Supply missing Supply connected, normal operation Error condition

red Red LED does not light up Red LED does not light up Red LED lights up red

green Green LED does not light up Green LED lights up green Green LED lights up green

The status of the interface module is shown electronically with the output («ERR 
NOT»). ERR NOT is a 5-volt output (TTL level), where a «low - signal» = «pending 
error» and a «high - signal» = «no error».

6.3.5	 Using the digital interface module with the USB counter 026 or 046 
(for technical information, see chapter 12 in the MINI-X product 
catalogue).

The USB counters mentioned above allow MINISCALE PLUS to be connected 
directly to a computer via USB.

Current consumption:
< 150 mA

Storage temperature of the USB counter:
-30 °C to + 70 °C

Operating temperature of the USB counter:
0° to 45 °C in relative humidity of <75%.

Digital signal input to the USB counter must be used in order to make use of the 
full resolution of the interface module. The USB counter has a maximum permissi-
ble input frequency of 500 kHz, or 1MHz for the 046 counter (frequency based on 
one channel, e.g. the A signal).

Consequently, a count rate around 4 times higher occurs during 4-edge evaluation. 
This limits the travelling speed to 0.2 or 0.4 m/s for a resolution of 0.1 µm (refer to 
the following table):

USB counter 026 Interpolation Resolution Input frequency Speed

Digital TTL input (4-edge evaluation) 0.1 μm 500 kHz Max. 0.2 m/s

USB counter 046 Interpolation Resolution Input frequency Speed

Digital TTL input (4-edge evaluation) 0.1 μm 1 MHz Max. 0.4 m/s

The maximum length for the USB cable is 5 meters. With a USB repeater cable, 
the USB connection can be extended up to a maximum of 25 m.

1-axis USB Counter 026

3-axis USB Counter 046

 Output Signals and Supply  
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PC software for USB counter 026

•	 For operating the USB counter, PC software for demonstrating the functionality 
is available.

•	 A DLL file is available for customers that wish to write their own software 
applications. 
 

6.3.6	 Using the digital interface module with the digital 2-axis SIRIUS II 
position indicator (for technical information, see chapter 12 in the 
MINI-X product catalogue).

Storage temperature of the position indicator:
-40 °C to + 70 °C

Operating temperature of the position indicator:
0 °C to 45 °C in relative humidity between 15% and 95% without condensation.

Digital signal input to the position indicator must be used in order to make use of 
the full resolution of the interface module in the position indicator. This has a 
maximum permissible input frequency of 1 MHz (based on one channel, e.g. the A 
signal). Consequently, a count rate around 4 times higher occurs during 4-edge 
evaluation. This limits the maximum possible travelling speed to 0.4 m/s for a 
resolution of 0.1 µm.

SIRIUS ll Interpolation Resolution Input frequency Speed

Digital TTL input (4-edge evaluation) 0.1 μm 1 MHz Max. 0.4 m/s

The configuration menu must be set as follows:

Name x

Reference mode once

Direction positive

Counting direction -

Signal period 100 µm

Interpolation 1000 times

Spacing 0 mm

Start point 0 mm

Base -

Increment 0.0001 mm 

Increment 0.0001 inch

2-axis SIRIUS II position indicator

 Output Signals and Supply  
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6.4	 Recommendations for the Customer-Supplied Cable

The flexible printed circuit board between the sensor and the interface module can 
only be used statically. The bending radius of the flexible printed circuit board must 
not fall below 2 mm. The dynamic movements must be managed by a customer-
supplied cable.

•	 In order to ensure maximum resistance to interference, a shielded twisted pair 
cable  is recommended. A cable with additional shielding should be used if 
necessary.

•	 Suitable shielding must be ensured in any case.
•	 The cable shielding must not act as a potential equalization conductor.
•	 Place the encoder cable apart from the power cables and ensure that the two 

are not parallel.
•	 If the cable is to be run through a cable carrier, a flexible cable that is suitable for 

this purpose should be used.
•	 Keep the cable short
•	 The cable length between the interface module and the controller should not 

exceed 30 meters.
•	 The maximum cable length is reduced when increasing speeds (above 1.2 m/s) 

in connection with the digital interface module.

Example: For a maximum speed of 3.2 m/s with the digital interface module, the 
data rate is 8 MHz. This corresponds to a maximum cable length of 15 meters.

•	 Bus termination resistors for RS 422 should be 120 Ohms.
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The system accuracy consists of the long-wave deviation (linearity of the dimen-
sional scale) and the short-wave deviation (e.g. interpolation accuracy) of the 
scanning system (sensor and interface module). The accuracy values refer to a 
room temperature of 20° C (68° F).

Long-wave deviation

The linearity of the dimensional scale refers to the entire rail length (maximum  
1 metre). At this length, the deviation of the dimensional scale is always less than 
+/- 10 µm at an ideal scale.

Within 40 mm, the deviation of the dimensional scale is always less than +/- 4 µm 
at an ideal scale.

Short-wave deviation

All incremental distance measuring systems are influenced by the effects of 
periodic deviation. This periodic deviation, also called short-wave deviation, occurs 
due to small deviations in the sensor system or electrical signal processing. This 
means that the sine and cosine signals deviate from the mathematically exact form. 
If periodic deviations only occur during digitization and calculation of position, then 
we talk about an interpolation error.

The short-wave deviation of MINISCALE PLUS is always within a range  
of +/- 0.6µm.
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Measure length [mm]

Maximum positive and negative long-wave deviation (-/+ 10µm)

Absolute real deviation of the dimensional scale

Maximum positive and negative short-wave deviation of the sensor system

The repeatability amounts to +/- 0.1 μm unidirectionally and +/- 0.2 μm bidirectionally.
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 Matching the Interface Module with Carriages and Guideway  

The interface modules are configured in factory and matched to the individual 
MINISCALE PLUS carriages and guideways.

Important:
Carriage, rail and interface module are delivered as a set/ system and must be 
assembled as such.

The serial number of the carriage is quoted on the label of the interface 
module.

The carriage number is printed on the label of the interface module (analog on the left, digital on the right).

8.1.	 Adjustment Procedure for a Replacement DIGITAL Interface Module

Adjustment is only necessary for a subsequent delivery of the digital 
interface module! Calibration by the customer is not possible for the 
analog interface module.

Procedure
•	 Switch on MINISCALE PLUS
•	 Press and hold the calibration button (M)
•	 Move the carriage slowly along the entire rail length 3 to 4 times.
•	 Release the calibration button
•	 Reset MINISCALE PLUS (= switch it off and on again)
•	 Drive the carriage along the guideway and make sure the green LED lights up
•	 If the red LED lights up, the adjustment procedure must be repeated

M: Calibration button 
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9  Technical Principles to Aid Usage of MINISCALE PLUS 
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9.1.	 Interpolation

For distance measuring applications, interpolation means the signal conversion of 
analog input signals into digital output signals with a smaller signal period. This is 
necessary as counter readings and/or position readings cannot be generated 
directly from analog signals.  

The interpolation factor defines the ratio of signal periods from the analog input 
signal to the digital output signal.

The analog input signals (sin, cos, REF) are interpolated (red arrow) to digital 
output signals (+A, +B, +R). Inverted signals are not represented:

1.	 Analog input signal: sin, cos, REF
2.	 Digital output signal: +A, +B, +Z
3.	 (Downstream electronics)
4.	 Interpolation
5.	 Signaling
6.	 Analog input signal (cos)
7.	 Analog input signal (sin)

8.	 Analog input signal (REF)
9.	 Digital output signal (+A)
10.	Digital output signal (+B)
11.	Digital output signal (+Z)
12.	Measuring counter, PC, controller 

for machine etc.
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 Technical Principles to Aid Usage of MINISCALE PLUS 

9.2	 Digital Signaling and Evaluation

The digital signals, consisting of the two incremental signals A+ and B+ and the 
reference signal R+, are transmitted to the downstream electronics. This can be a 
single measuring counter, a PC or a machine controller.

The downstream electronics determines the position value from the digital signals 
by counting the signal edges. The counting direction is determined from the level 
of the other channel in question. Depending on how many edges are being 
evaluated, we talk about:

1)	 Single edge evaluation: 
Only one edge is counted per channel. One measuring step will therefore 
correspond to one digital signal period.

2)	 Two-edge evaluation: 
Both rising and falling edges of a channel are counted. One measuring step will 
therefore correspond to half the digital signal period.

3)	 Four-edge evaluation: 
Both rising and falling edges of both channels are counted. One measuring 
step will therefore correspond to a quarter of the digital signal period.

1	 Four-edge evaluation

2	 Two-edge evaluation

3	 Single edge evaluation

4	 In each case one measuring step

Edge evaluation
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9  Technical Principles to Aid Usage of MINISCALE PLUS 

2 m/s
= 20’000 Hz

0.0001 m

9.3	 Analog Signal Frequency

In order to achieve an appropriate resolution, the analog signal must be interpolat-
ed. The frequency of the electronics must be adjusted according to the travelling 
speed.

f = v
P

f	 =	 Frequency in Hz
v	 =	 Speed in m/s
P	 =	 Increment in m

Example calculation:
v	 Speed				    2 m/s
P	 Signal period before interpolation	 100 µm (0.0001 m)

Therefore:		
f	 Frequency

9.4	 Accuracy class 

The accuracy class specifies the maximum expected measuring deviation of a 
system under the specified operating conditions. A distance measuring system 
with an accuracy class of 5 µm allows deviations of +/- 5 µm. For reasons of 
comparability, the accuracy class is specified assuming a reference length of 1 m.

9.5	 Resolution

The resolution describes the smallest possible measurable positional change in the 
measuring system. It is determined by the analog signal period, the interpolation 
factor and the evaluation procedure (integration time or sampling rate). For 
example, given a set interpolation factor of 250 and an input signal period of 100 
µm you get an output signal period of 0.4 µm and according to four-edge 
evaluation in the controller a resolution of 0.1 µm.

9.6	 Sampling Rate

The sampling rate describes the frequency at which the analog signal is sampled 
per time interval. Usually the time interval is one second, which is why the unit for 
the sampling rate is Hz. In order to guarantee a complete reproduction of the 
original signal, the sampling frequency should be at least twice that of the original 
signal in accordance with the Nyquist–Shannon sampling theorem.

9.7	 Repeatability

Unidirectional repeatability of a measuring system is generally understood to mean 
the ability to repeat the results that a particular system returns under exactly the 
same environmental conditions. In assessing this, the measuring deviation must be 
known and be factored into the analysis.

The repeatability of an axis position can be determined for a specific travelling 
speed using simple methods by calculating the arithmetic mean and the standard 
deviation of many measurements.
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9  Technical Principles to Aid Usage of MINISCALE PLUS 

9.8	 Referencing

Incremental measuring systems cannot determine the exact position after being 
switched on. For this reason, another track is added alongside the incremental 
track; the reference track. One or multiple reference points can be marked on the 
reference track.

A reference run of the carriage is required to reference the system. The axis usually 
travels in one direction until a mechanical stop. From there, the axis travels 
backwards until the reference mark is covered. Usually, the equidistant reference 
mark is always approached from the same direction.

The controller can then modify the internal counter to a specified value using the 
reference signal. For the analog interface module, the controller recognizes a 
predefined position for the incremental signals (this is usually SIN = COS and both 
greater than zero), as well as REF = ‚high’ as the reference position.

9.9	 Periodic Deviations

All incremental distance measuring systems are influenced by the effects of 
periodic deviation, whose wavelength corresponds exactly to the graduation 
spacing or a fraction of it. This periodic deviation, also called short-wave deviation, 
occurs due to small deviations in the sensor system or electrical signal processing. 
This means that the sine and cosine signals deviate from the mathematically exact 
form. Deviations can be classified depending on the arrangement (harmonics).

SWD period Deviation occurs due to 

1 signal period Sine/cosine offset

1/2 signal period Sine and cosine amplitude are different

1/3 – 1/8 signal period Sensors deliver a signal which is fundamentally different 
from the sine wave shape

9.10	 Interpolation Errors

If periodic deviations only occur during digitization and calculation of position, then 
we talk about an interpolation error. This can occur in some circumstances if the 
transmitter and receiver circuitry are not precisely matched to one another.

9.11	 Comparator Errors

The comparator error, also referred to as the Abbe error, is a systematic deviation 
which occurs when the axis of the length standards do not coincide with the axis 
of the distance standards. The causes for the deviation are minute rotary 
movements in the axis design, which influence the measuring result.
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9  Technical Principles to Aid Usage of MINISCALE PLUS 

9.12	 Single-Ended Signaling

For single-ended signaling, the voltages change relative to a reference potential 
(electrical ground). This is a simple and convenient way of transferring data, 
requiring just one wire per signal.
The disadvantage is the relatively high susceptibility to interference. This type of 
signaling should therefore only be used for short distances and low speeds.

9.13	 Differential Signaling

For differential signaling, the signals are described by a voltage difference without 
reference to electrical ground. Instead of a single signal conductor, a pair of wires 
is used. One wire carries the signal, and the other carries its inverse. The controller 
then composes the difference between the two signals into the so-called 
difference signal. (e.g. the A + and A - signals become A).
Differential signaling is the better solution for most applications as it is more 
tolerant to interference. Couplings to the signals are almost identical for both wires 
such that interference is almost eliminated when generating a difference.
The RS422 standard (differential) was specifically developed for larger distances 
and higher transfer rates.

9.14	 Direction of Travel

If the carriage moves in the direction of the flexprint, the signal on channel A is 90° 
ahead of channel B. From this the controller recognizes a positive direction of 
travel, meaning that the counter counts upwards. In the other direction, the signal 
on channel A is 90° behind channel B. The counter counts downwards.
The counting direction for the analog interface module is reversed.
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10  MINISCALE PLUS Error Description 

Error	 Possible Causes	 Solution

Reference mark is 
not recognized

The carriage was mounted on the guide-
way the wrong way round Ô The measu
ring sensor of the carriage is not located 
over the measuring scale on the guideway

Guideway is dirty

Flexible printed circuit board is not cor-
rectly inserted into the ZIF connector

D-sub 9 connector is not fully inserted

Incorrect pin allocation of custom-
er-supplied cable to the D-sub 9 
connector

Flexible circuit board is damaged/bent

MINISCALE PLUS was not handled or 
installed in an ESD-compliant manner 
and is now damaged

Input speed of the electronics is not 
adjusted to the travel speed

Turn the carriage 
around 

Check power 
supply

Rotate flexible 
circuit board 
by 180°

Check connection

Check pin 
allocation

Replace 
MINISCALE PLUS

Adjust input 
frequency  

Clean the guide-
way with a lint-
free cloth and 
white spirit or 
rubbing alcohol

Position not shown 
when the carriage is 
travelling

Incorrect or no supply voltage to 
sensor

Flexible printed circuit board incorrectly 
connected to interface module Ô The 
contact surface of the flexible circuit 
board is rotated 180°

Red LED on inter-
face module lights 
up

Position information 
does not corre-
spond to the travel 
distance   



33

10  MINISCALE PLUS Error Description 

Error	 Possible Causes	 Solution

Resolution is not 
achieved

Visible interference 
in the measurement 
signal

Further errors

Interpolation too low

Evaluation too low

Incorrect input frequency

Incorrect customer-supplied 
cable

Further investigation needed

Maximum speed of 3.2 m/s 
exceeded

The number on the interface 
module does not match the 
MINISCALE PLUS carriage 
number

The number on the interface 
module does not match the 
MINISCALE PLUS carriage 
number

Increase interpolation

Contact SCHNEEBERGER

Adjust frequency to travelling 
speed

Limit the speed to 3.2 m/s 

Use digital interface module 
and digital input of the USB 
counter (caution: maximum 
speed 0.2 m/s)

For higher speeds, use the 
analog interface module and 
analog input (caution: maxi-
mum resolution 0.39 µm)

Check number relationship 
between interface module, 
carriages and guideways

Use a shielded twisted pair 
cable

System must be returned to 
SCHNEEBERGER for 
adjustment

Adjust as described in 
chapter 6.1  

Return the system to 
SCHNEEBERGER

Repeat evaluation 4 times

Digital interface 
module is not 
working correctly

Analog interface 
module is not 
working correctly

If using USB counter: Interpola-
tor has a resolution of just 256, 
meaning the displayable 
resolution is limited to 0.39 µm.

Digital input has a maximum 
input frequency of 500 kHz. 
The speed is therefore limited 
to 0.2 m/s (or 0.4 m/s) for a 
resolution of 0.1 µm. 

Incorrect position 
during high speeds 
when using USB 
counter
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SCHNEEBERGER AGENCIES

EUROPE

AUSTRIA
Haberkorn GmbH
6961 Wolfurt
Phone:	 +43 5574 695-0
Fax: 	 +43 5574 695-99 
info.wolfurt@haberkorn.com

BULGARIA / MACEDONIA
Atlas Technik EOOD
Hippodroma, Bl. 139B, Eing. A, App. 6
1612 Sofia, PB 51
Bulgarien
Phone 	 +359 2 859 76 81
Fax 	 +359 2 859 76 81
Mobil 	 +359 8 852 32 595
E-Mail: al_popoff@techno-link.com

CROATIA
Haberkorn CRO d.o.o.
10431 Sveta Nedelja
Phone	 +385 1 333 5870
Fax.	 +385 1 337 3902
E-Mail: info@haberkorn.hr

CZECH REPUBLIC
INOMECH s.r.o. .
Martina Koláře 2118
390 02 Tábor
Phone	 +420 381 252 223
E-Mail: inomech@inomech.com

DENMARK
HERSTAD + PIPER A/S
Jernholmen 48c
2650 Hvidovre
Phone 	 +45 367 740 00
Fax 	 +45 367 777 40
E-Mail: mail@herstad-piper.dk

FINLAND
EIE Maskin OY
PL, 80 Asematie 1
10601 Tammisaari
Phone 	 +358 192 239 100
Fax 	 +358 192 239 199
E-Mail: info@eie.fi

FRANCE
Region Rhône-Alpes
Groupe BARET
6 avenue du 11 novembre 1918
69200 Venissieux
Phone 	 +33 4 78 77 32 32
Fax 	 +33 4 78 00 90 00
E-Mail: contact@baret.fr

Regions Ile de France,  
Normandie, Bretagne
Groupe LECHEVALIER
56 rue Jean Mermoz
Parc d›activités de la Bretèque
76230 Bois-Guillaume Cedex
Phone 	 +33 2 35 12 65 65
Fax 	 +33 2 35 59 89 97
E-Mail: contact@lechevalier-sa.com

Region Nord Pas de Calais
LEFRANC LTL «Le Panetier»
35, rue Pierre Martin
Parc d›Activités de l›Inquétrie
62280 Saint Martin Boulogne
Phone 	 +33 3 21 99 51 51
Fax 	 +33 3 21 99 51 50
E-Mail: lefranc.boulogne@lefranc-sa.fr

GERMANY
BGP-Blazevic Geradlinige Präzisionstechnik
Stipo Blazevic
Hochstiftstrasse 31
93055 Regensburg
Phone 	 +49 941 569 996 20
Fax	 +49 941 569 950 97
Mobil 	 +49 151 401 126 25
E-Mail: info@bgp-blazevic.de

EUROPE
 
GREAT BRITAIN
LG Motion Ltd. 
Unit 1 Telford Road
Houndmills Estate, Basingstoke
Hampshire RG21 6YU
Phone	 +44 012 563 656 00
Fax	 +44 012 563 656 45
E-Mail: info@lg-motion.co.uk

HUNGARY
Haberkorn Kft.
Asztalos Sándor u.12
Budapest, 1087
Phone 	 +36 13030325 
Fax 	 +36 1/3030262
E-Mail: office@haberkorn.hu

ITALY
Nadella S.r.I.
Via Melette, 16
20128 Milano
Phone	 +39 022 709 329 7
Fax 	 +39 022 551 768
E-Mail: customer.service@nadella.it

NORWAY
Elmeko AS (s. EIE Maskin)
Tvetenveien 164
0671 Oslo
Phone	 +47 675 722 70
Fax	 +47 675 722 80
E-Mail: elmeko@elmeko.no

POLAND
TECHNIKA LINIOWA
Rollico Rolling Components
UI. Cegielniana 21
42-700 Lubliniec
Phone	 +48 343 510 430 
Fax	 +48 343 510 431
E-Mail: rollico@rollico.com

ROMANIA
Meximpex SRL
4, Burebista Blvd., 
bl. D13 sc. A et 2 ap. 9-10
031108 Bucharest
Phone 	 +40 213 166 843 /44
Fax 	 +40 213 166 846
E-Mail: office@meximpex.ro 

SERBIA/MONTENEGRO
Haberkorn d.o.o.
Kralja Petra I, 59
21203 Veternik,
Phone	  +381 21 3 101 555
Fax	  +381 21 3 101 554
E-Mail: office@haberkorn.rs

SLOVAKIA
KBM, s.r.o.
Juraj Hajovsky
Zitná 13
010 04 Zilina
Phone 	 +421 417 070 324
Fax 	 +421 417 070 333
Mobile 	 +421 090 585 1465
E-Mail: jhajovsky@kbm.sk

SLOVENIA / BOSNIA HERZEGOVINA
Haberkorn d.o.o.
Vodovodna ul. 7
2000 Maribor
Phone 	 +386 2 320 67 10
Fax 	 +386 2 320 67 30
E-Mail: info@haberkorn.si

SPAIN / PORTUGAL
TECNOMECA-KI DELAN-DEXIS 
Pol lndustrial ltziar 
20829 DEBA (Gipuzkoa) 
Phone	 +34 943 199 201
Phone 	 +34 943 199 273
E-Mail: tecnomeca@tecnomeca.com 

EUROPE
 
SWEDEN
EIE Maskin AB
Box 7
12421 Bandhagen
Phone	 +46 87 278 800
Fax 	 +46 87 278 899
E-Mail: eie@eie.se

TURKEY
Birlik Rulman (Paz.ltd.sti.)
Mumhane Cad. No: 16
80030 Karakoy-Istanbul
Phone 	 +90 212 249 54 95
Fax 	 +90 212 244 21 40
E-Mail: birlik@birlikrulman.com

Mustafa Kozanlı Mühendislik Ltd. Şti.
Çalı Kavşağı Alaaddinbey Cad. No: 7 
16130  Nilüfer / BURSA
Phone	 +90 224 443 26 40
Fax	 +90 224 443 26 39 
E-Mail: satis@kozanli.com.tr

ASIA 

KOREA
Intech Automation Inc.
1-1108, Ace Hitech City 
55-20 Mullae-Dong 3-Ga
Youngdeungpo-Ku
150-972 Seoul
Phone 	 +82 2 3439 0070 - 4
Fax  	 +82 2 3439 0080
E-Mail: intech@intechautomation.co.kr 

Lineartech Inc. 
369 Geumgok-ri, Dongtan-myeon 
Hwaseong-si, Gyeonggi-do 
445-811  Korea 
Phone	 +82 31 274 0485
Fax	 +82 31 274 0486
E-Mail: lineartech@chol.com

TAIWAN / REPUBLIC OF CHINA
Ever Bright Precisiton Ltd.
1 F,nr.52 
Lane 10 Chi-hu Road
114 Taipei 
Phone 	 +886 226 595 586
Fax 	 +886 226 595 587
E-Mail: sales@everbright.com.tw 

AUSTRALIA / NEW ZEALAND
 
RJM Engineering Supplies
Tamar Street 13
VIC 3134 Ringwood
Phone 	 +61 398 794 881
Fax 	 +61 398 793 700
E-Mail: sales@rjmeng.com.au 

SOUTH AFRICA

Fischli & Fuhrmann Ltd.
P.O Box 253
1600 Isando Gauteng
Phone	 +27 119 745 571
Fax 	 +27 119 745 574      
E-Mail: info@fifu.co.za

SOUTH AMERICA

Ibatech Tecnologia Ltda.
Av. Amazonas, 976
90240 542 Porto Alegre RS
Brazil
Phone 	 +55 513 337 14 81
Fax 	 +55 513 337 52 65 
E-Mail: service@framar-corp.com
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SCHNEEBERGER COMPANIES

SWITZERLAND GERMANY ITALY USA INDIA

SCHNEEBERGER AG
St. Urbanstrasse 12
4914 Roggwil/BE

SCHNEEBERGER GmbH
Gräfenau
75339 Höfen/Enz

SCHNEEBERGER S.r.l.
Via Soldani 10
21021 Angera (VA)

SCHNEEBERGER Inc.
44 Sixth Road
Woburn, MA 01801-1759

SCHNEEBERGER India Private Ltd. 
406, 4th Floor, Satra Plaza,
Palm Beach Road, Sector 19D Vashi, 
400 703 New Mumbai

Tel.
Fax

+41 62 918 41 11
+41 62 918 41 00

Tel.
Fax

+49 7081 782 0
+49 7081 782 124

Tel.
Fax

+39 0331 93 20 10
+39 0331 93 16 55

Tel.
Fax

+1 781 271 01 40
+1 781 275 47 49

Tel. +91 22 6461 0646
+91 22 6461 1756

E-mail:
info-ch@schneeberger.com

E-mail:
info-d@schneeberger.com

E-mail:
info-i@schneeberger.com

E-mail:
info-usa@schneeberger.com

E-mail:
info-in@schneeberger.com

JAPAN CHINA KOREA SINGAPORE

Nippon SCHNEEBERGER KK
Crane Tranomon Bldg. 7F
3-20-5 Tranomon, Minato-ku, 
Tokyo 105-0001
Japan

SCHNEEBERGER (Shanghai) Co., Ltd.
Rm 606, Shang Gao International 
Building
No. 137 XianXia Road
200051 Shanghai

SCHNEEBERGER Korea Ltd.
UNION Center Building
1004, 10th FL
310, Gangnam-Daero, 
Gangnam-Gu, Seoul, 
Korea 135-754

SCHNEEBERGER LINEAR 
TECHNOLOGY PTE. Ltd. 
160 Paya Lebar Road, #05-04
Orion Industrial Building
409022 Singapore

Tel.
Fax

+81 3 6435 7474
+81 3 6435 7475

Tel.
Fax

+86 21 6209 0027 
+86 21 6209 0102

Tel.  
Fax

+82 2 554 2971
+82 2 554 3971

Tel.
Fax

+ 65 6841 2385
+ 65 6841 3408

E-mail:
info-j@schneeberger.com

E-mail:
info-cn@schneeberger.com

E-mail: 
info-kr@schneeberger.com

E-mail: 
info-sg@schneeberger.com

JAPAN CHINA KOREA

日本シュネーベルガー株式会社
〒105-0001
東京都港区虎ノ門3-20-5
クレイン虎ノ門ビル7F

施耐博格（上海）传动技术有限
公司
上海市长宁区仙霞路137号
盛高国际大厦606室
上海，200051

슈니베거코리아 유한회사
서울특별시 강남구 강남대로 310
1004호 (역삼동, 유니온센터)
우편번호135-754

電話
ファクス

03 6435 7474
03 6435 7475

电话
传真

+86 21 6209 0027 
+86 21 6209 0102

전화
팩스

+82 2 554 2971 
+82 2 554 3971

Eメール:
info-j@schneeberger.com

邮箱:
info-cn@schneeberger.com

이메일:
info-kr@schneeberger.com

SCHNEEBERGER MINERAL CASTING TECHNOLOGY

CZECH REPUBLIC CHINA CHINA

SCHNEEBERGER 
Mineralgusstechnik s.r.o
Prumyslový park 32/20
350 02 Cheb – Dolní Dvory

SCHNEEBERGER Changzhou 
Precision Systems Co. Ltd. 
137 Hanjiang Road 
Changzhou New district  
213000 Changzhou, Jiangsu

施耐博格（常州）测试系统有限公司
常州新区汉江路137号
常州 213002

Tel.
Fax

+420 354 400 941
+420 354 400 940

Tel.
Fax

+86 519 8988 3938
+86 519 8988 5115

电话
传真

+86 519 8988 3938
+86 519 8988 5115

E-mail:
info-mineralguss@schneeberger.com

E-mail: 
info-mineralcasting@schneeberger.com

邮箱: 
info-mineralcasting@schneeberger.com

•	 COMPANY BROCHURES

•	 CUSTOM GUIDEWAYS

•	 LINEAR GUIDEWAYS AND RECIRCULATING UNITS

•	 LINEAR TABLES

•	 SCHNEEBERGER MINERAL CASTING

•	 MINI-X   MINIRAIL / MINISCALE PLUS / MINISLIDE

•	 MONORAIL and AMS 
Profiled linear guideways with integrated distance measuring system

•	 MONORAIL and AMS application catalogue

•	 POSITIONING SYSTEMS

•	 GEAR RACKS

BROCHURES

SCHNEEBERGER SALES DEPARTMENTS

AUSTRIA AND 
SOUTH EAST EUROPE

BENELUX DENMARK, SWEDEN FRANCE GREAT BRITAIN

Mobile +43 676 935 1035 Mobile +31 6 5326 3929 Mobile +31 6 5326 3929 Mobile +33 6 0941 6269 Mobile +44 77 8814 5645

E-Mail:
info-a@schneeberger.com

E-Mail:
info-nl@schneeberger.com

E-Mail:
info-nl@schneeberger.com

E-Mail:
info-f@schneeberger.com

E-Mail:
info-uk@schneeberger.com

ISRAEL POLAND, SLOVAKIA,
CZECH REPUBLIC

RUSSIA, BELARUS, 
UKRAINE

SPAIN, PORTUGAL
ANDORRA

TURKEY

Mobile +972 5 0551 7920 Mobile +420 6 0278 4077 Mobile
Mobile
Mobile

+7 985 960 85 53
+38 050 407 6789
+37 529 860 0410

Mobile +34 69 559 05 99 Mobile + 90 545 320 83 55

E-Mail:
info-il@schneeberger.com

E-Mail:
info-cz@schneeberger.com

E-Mail:
info-ru@schneeberger.com

E-Mail:
info-es@schneeberger.com

E-Mail:
info-tr@schneeberger.com

www.schneeberger.com
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