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2 Introduction 

Thank you for your interest in Fullmo products and your trust in our technology. With this 
documentation, we not only want to give you an easy introduction to the subject of direct-drive 
linear motors, but also provide you with a reference work that will reliably help you with detailed 
questions about design, function, installation and operation. 
 
Our aim is to support you in the successful integration and application of Fullmo products and thus 
provide you with a basis for precise, efficient and future-proof drive solutions. 
 
Fullmo develops and produces high-precision linear actuators for industrial applications. The 
company stands for powerful, compact and low-maintenance direct drives that impress with their 
high dynamics, accuracy and reliability. Fullmo offers customized solutions and modular product 
families for a wide range of applications in automation technology. 
 
The MovingCap linear direct drive product family comprises three variants:  
 

 MovingCap flatTRACK - a particularly flat direct drive for compact machine concepts with 
limited installation space. 

 

 MovingCap FATtrack - a more powerful version for applications with increased demands on 
thrust and thermal stability. 

 

 MovingCap shortTRACK - a particularly compact version for short strokes of up to 46 mm for 
extremely efficient use of installation space.  

 
All variants are based on direct-drive linear motor technology, which converts electrical energy 
directly into linear motion. This eliminates the need for mechanical transmission elements such as 
spindles or belts, which enables particularly high precision, dynamics and efficiency. 
 
The technical and functional aspects of this product family are described below using the MovingCap 
flatTRACK 100 product variant as an example.  
 
This includes the mechanical design, dimensions and performance data as well as the requirements 
for ambient conditions and mounting tolerances. In addition, the electrical connections, supply 
voltages and communication interfaces are explained in detail. 
 
A further section is dedicated to the software interfaces, in which basic parameters, operating 
commands and programming options are described to ensure simple integration into different 
control systems. The documentation is rounded off with information on maintenance and servicing, 
as well as binding safety instructions to ensure the safe operation of the linear motors. 
 
 
 

2.1 About Fullmo 

Fullmo GmbH, based in Markdorf (Germany), develops and produces compact direct drive systems 

for linear and rotary movements. The company has many years of experience in drive technology and 

focuses on modular "all-in-one" systems in which the motor, guide, electronics and interfaces are 

integrated into a single unit. 
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The product portfolio includes  

 flatTRACK, FATtrack, shortTRACK - linear direct drives 

 turnTRACK - compact EC servo drives including gearbox solutions 

 maxTRACK - linear drive modules consisting of turnTRACK compact drives combined with 

high-quality toothed belt axes 

 pushTRACK - Compact electric short-stroke cylinders for high forces as a replacement for 

pneumatic cylinders and space-intensive electric alternatives. 

These systems are designed for dynamic, precise applications in automation, assembly and testing 

technology. 

Strengths of the company 

 Direct drive technology: High precision, repeat accuracy and dynamics. 

 Modularity: Different designs and performance levels enable flexible adaptation to a wide 

range of applications. 

 System integration: Electronics, sensors and communication interfaces (e.g. TCP/IP, 

EtherCAT, CANopen) are fully integrated. 

 Production in Germany: Production and development at the Markdorf site guarantee 

consistent quality and short response times. 

 Service & support: A dedicated documentation and support area supports commissioning 

and operation. 

2.2 MovingCap flatTRACK product basics 

Motivation and technological origin 

Fullmo's decision to include linear motors in its product portfolio is based on the consistent further 

development of an already established technology. Fullmo has many years of experience in the field 

of compact rotary direct drives with integrated electronics, in particular through the MovingCap 

product family. 

The principles used there - integrated power electronics, compact design, direct control on the drive 

and reduced system complexity - have been specifically transferred to linear motion tasks. flatTRACK 

is therefore not an isolated new development, but the logical extension of proven rotary technology 

into linear drive technology. 

Integration instead of external servo controllers 

A key driver of this development is technological progress in power electronics. Modern power 

semiconductors, compact current sensors and efficient cooling concepts now make it possible to 

integrate controller and power electronics directly into the drive. 

This eliminates the need for a separate servo controller in the control cabinet. The integration of the 

controller elements in the carriage reduces 

• the cabling effort 

• the number of external components 

• the space required in the control cabinet 

• the overall costs of the drive system 

• At the same time, EMC-critical cables are shortened and system robustness is 

increased. 
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Powerful processors and software-based functionality 

Parallel to the development of power electronics, market developments in recent years have led to 

significantly more powerful and smaller processors. These processors not only perform the classic 

control tasks (current, speed, position), but also have sufficient power reserves for additional 

functions. 

These include 

• Integrated web interfaces for commissioning and diagnostics 

• Script and sequence controls 

• Internal logic functions and status monitoring 

• Communication interfaces without external gateways 

MovingCap flatTRACK makes consistent use of these options, enabling a high level of functionality 

directly in the drive. 

Differentiation from pneumatic and classic servo axes 

In many applications, electrically controlled linear drives are increasingly replacing pneumatic 

systems. The reasons for this are 

• better controllability 

• Reproducible motion profiles 

• energy efficiency 

• Diagnostic and monitoring options 

However, classic electric servo axes with an external controller in the control cabinet often represent 

a high cost hurdle, especially for simple or decentralized applications. 

flatTRACK offers an alternative concept here: 

By integrating the motor, power electronics, control and communication into one unit, significantly 

lower overall system costs can be achieved. At the same time, the flexibility of electric drives is 

retained. 

Product philosophy of Fullmo MovingCap compact servo drives 

flatTRACK consistently follows the Fullmo company philosophy of compact drives with integrated 

control. The aim is to provide highly functional drive systems that: 

• are easy to integrate 

• do not require extensive control cabinet technology 

• are modular and scalable 

• offer high power density in a compact design 
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3 Quick start / First steps 

This chapter guides you through the first and most important steps in using the MovingCap 

flatTRACK direct-drive linear motors. The aim of the following sub-chapters is to enable users to get 

started safely, smoothly and quickly. The instructions reduce installation errors, avoid unnecessary 

frustration caused by operating errors and ensure professional commissioning - whether in the 

laboratory, in production or during initial tests.  

3.1 Essential safety instructions 

It is particularly worthwhile reading this section carefully, as many of the instructions described here 

prevent avoidable damage to the product and injury to installation personnel. The MovingCap 

flatTRACK linear motors are high-precision devices whose safe handling begins as soon as they are 

unpacked.   

3.1.1 Personal protective equipment 

• Basic protective equipment is work shoes with steel toecaps. 

• Suitable work gloves are strongly recommended to prevent cuts and crushing 

injuries. 

3.1.2 Safe unpacking 

• When opening the packaging, it is essential to ensure that no sharp knives (cutters, 

carpet knives) are used in such a way that the motors or cables could be damaged. 

• A clean, tidy table surface is required to prevent scratches, soiling and uncontrolled 

movements. 

3.1.3 Risk of finger trapping - particularly important  

MovingCap flatTRACK contain strong permanent magnets and a freely movable carriage. Two hands 

must be used when lifting or moving the device: 

• One hand secures the base plate, 

• the other hand holds the carriage. 

If the carriage is not secured, its own weight can cause it to slide jerkily towards the end stop. This 

poses an acute risk of crushing. The thumb is particularly at risk: 

If the thumbnail gets caught between the sled and the end stop after the sled has started to move 

due to gravity, a painful injury will inevitably occur. The typical result is a black fingernail - in practice 

often accompanied by a moment of shock in which the appliance is dropped and also damaged. 

This specific case occurs regularly and must therefore be emphasized.  

3.1.4 Magnetic sources of danger 

• There must be no iron or steel filings in the vicinity. 

The permanent magnets attract these directly. If metal particles get between the 

carriage and the motor plate, this can cause irreversible damage to the coil. 
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• Employees with pacemakers or implanted defibrillators must not come into direct 

contact with the product. 

A minimum distance of at least 0.5 m must be maintained. 

3.2 Mechanical construction 

A stable, precise installation is the basis for reliable test results and safe operation.  

3.2.1 Minimum requirements for the structure 

• The linear motors must be mounted on a full-surface, flat and clean support surface. 

For test purposes, this can also be a stable table top. 

• When mounting on a vertical surface, two people are always required. Simultaneous 

positioning, aligning and fixing of the system by a single person is not safe or only 

possible to a very limited extent. 

 

3.2.2 Minimum safety requirements 

The direct-drive axes can achieve very high accelerations, jerk values and final speeds. As a result, 

there is a risk that an inadequately secured axis may move suddenly and uncontrollably. 

• The system must be prevented from falling off the table or knocking to the side. 

• A loose axis can jump or tip to the side within milliseconds of a short movement 

command. 

• Users must be explicitly aware of this danger. 

An unsecured axis represents a serious safety risk - for people, workpieces and the 

device itself. 

Secure fastening is therefore absolutely essential before even simple test runs are started.  

3.2.3 Quick assembly for testing 

A simple but secure attachment is sufficient for initial function tests: 
 

• The base plate must be bolted to the table or a panel. 

Wood screws are also permitted as a temporary solution. 

• At least 4 screws with sufficient holding force must be used. 

• A brief safety check must be carried out after assembly: 

The axis must neither lift nor tilt when the slide accelerates or stops abruptly. 

Any payload on the carriage must be secured using the screw points provided. The position of the 

screw connections as well as a suggestion for screws and dowel pins and rings to be used can be 

found at:  

Chapter 7 -Mechanical structure and assembly .  

3.3 Electrical connection 

The following connections are required for electrical operation: 
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• Connection to the power supply 

• Connection to the logic/control voltage 

• Data connection via TCP/IP  

3.3.1 Minimum requirements for the connections  

The following minimum drive connections are required to start the drive for the first time. 

Socket 01 Power supply Power and logic M12 socket; 8-pin, Y-coded 

Pin Designation Pin Description Color 

5 U_PWR Power supply 24-48 Vdc blue 

6 GND GND Logic + Power white 

7 U_LOGIC Logic supply 24 Vdc brown 

 

Socket 03 TCP/IP connection M12 socket; 4-pin, D-coded 

Pin Designation Pin Description Color 

1 TX+ Transmit + - 

2 RX+ Receive + - 

3 TX- Transmit - - 

4 RX- Receive - - 

 

Please refer to the  

chapter 8.1 Connection overview  

for the exact design of cables and plugs / sockets. 

Supply voltage 

• 24 V supply voltage for the power electronics, at least 10 A 

• 24 V logic voltage for control and electronics 2 A 

Data transmission 

• A stable network connection (TCP/IP) is a prerequisite for safe operation. 

• Cable lengths must be kept short to minimize interference. 

Avoiding damage 

• Never swap the power supply (note the risk of confusion with 24 V systems!). 

• Cables must not be under tension. 

• Avoid sharp edges - damage to the insulation can quickly lead to short circuits. 

• Check all cable connections carefully before switching on for the first time. 

• Check the cable routing, as moving the axis can cause cable damage. 

3.4 Software and initial commissioning 

This chapter describes the basic steps for commissioning the MovingCap system on the software 

side. The aim is to establish a secure connection to the axis, check the system status and carry out 
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the first controlled movements. Basic commissioning is carried out via TCP/IP-based communication 

and the website available in the drive.  

Note 

For the complete software environment, see also 

Chapter 9Software interfaces & commissioning 

3.4.1 TCP/IP communication structure  

A stable TCP/IP connection is required for commissioning the MovingCap. The data communication is 

used for parameterization as well as the transmission of movement commands and status 

information. 

 

• Basic requirements: 

• Active network connection (Ethernet) 

• Supply of the control and logic voltage (24 V) 

• Correctly connected data cable 

 

PC or control unit in the same network segment 

Change the connection settings for this connection to an IP4 address in the same subnet (but 

different end number) as the MovingCap setting, e.g: 

IP address: 192.168.2.10 

Subnet mask: 255.255.255.0 

Gateway: - 

DNS: - 

In Windows 11 this can look like this: 
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Communication via: Web browser, e.g. Chrome, Edge, Firefox, Opera. Standard HTML connection via 

TCP port 80. 

 

Notes on establishing communication: 

The TCP/IP connection is the primary communication interface for test operation and commissioning. 

3.4.2 User interface 

Open the web interface by entering 192.168.2.150 (or the IP address set on the MovingCap) in the 

address bar. 

TIP: If you do not (or no longer) know the set IP address, you can find it out via the LED display. 

3.4.3 First move commands 

Select the Back & Forth function in the Click & Run menu. The drive starts an oscillating operation 

over the distance set via Target Distance (Move Rel). 

Note 

The starting point of the "Back & Forth" movement is the last specified target position, even if this 

movement was interrupted prematurely, e.g. by "Stop Motion". If no movement has been made 

since the drive was started, the start position is the current actual position. 
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3.4.4 Stop Motion / Power OFF 

You will also find the Stop Motion button in the Click&Run menu, which cancels all movement 

commands and returns the axis to position mode. The Power OFF button disconnects the drive from 

the power supply, but the logic voltage and control of the drive remain active. 

4 Product overview MovingCap linear direct drives 

4.1 Product family 

This documentation currently covers the series:  

MovingCap flatTRACK 
Characteristic is the flat design. This is used in practice to cover long distances without restricting the 
installation space. The carriage is particularly suitable for carrying additional axis systems such as the 
shortTrack system. This combination allows X/Y or Y/Z arrangements to be realized. 
 
MovingCap FATtrack 
More powerful variant Applications. Suitable for moving larger loads for which a higher drive force or 
mechanical load capacity is required than with flatTRACK.  
 
MovingCap shortTRACK  
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A particularly compact version for short strokes of up to 46 mm and highly dynamic movements, with 
extremely efficient use of the installation space.  
 
 

4.2 Type code & variants  

 
 

• Article number: Unique identification of the drive in question 

• SN: Series designation 

o XXX: Series e.g. flt for flatTRACK  

o 0000: Length of stroke in mm (e.g. 0100 for 100 mm) 

o YYYY: Connection types (e.g. TCP/IO for the drive with TCP/IP communication 

and digital IOs) 

Note 

This documentation describes the technical data of the MovingCap flatTRACK 100 product variant. 
The mechanical and electrical data for the MovingCap flatTRACK, MovingCap FATtrack or 
MovingCap shortTRACK variant you are using may differ from this and can be found in the 
corresponding technical data sheet. Please contact Fullmo customer support if you do not have this 
data.  
 

4.3 Scope of delivery & accessories  

4.3.1 Drive and documentation 

The scope of delivery includes a direct-drive linear motor of the flatTRACK type. 

The linear motor consists of a motor carriage and a guide plate (magnetic track), which are 

assembled at the factory to form a complete linear motor unit. This assembly ensures high 

dimensional accuracy and a defined mechanical reference between the components. 

The product comes with assembly and operating instructions with integrated safety instructions. 

The instructions have been prepared in accordance with the requirements of the EC Machinery 

Directive 2006/42/EC and correspond to the version of this directive valid at the time of delivery. 
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4.3.2 Accessories 

Depending on the version, the following components may also be included in the scope of delivery: 

• Permanently connected or pre-assembled connection cables 

• Transport-safe packaging with protection against mechanical damage and magnetic 

influences 

• Additional labeling (type plate) for clear identification of type, serial number and 

production status. This can be supplied on request if the type plate needs to be 

removed or should also be recognizable when installed. 

4.3.3 Note on incoming goods and unpacking 

The packaging and the linear motor must be carefully checked for transportation damage 

immediately after unpacking. 

This includes in particular 

• Visible damage to packaging, housing or guide surfaces 

• Deformations, cracks or loose components 

• Damage to cables, connectors or protective caps 

Any damage found must be documented before installation and reported to the manufacturer or 

supplier immediately. A damaged product must not be put into operation. 

 
 

4.4 Basics of direct-drive linear motors 

Direct-drive linear motors convert electrical energy directly into linear motion without any 

intermediate mechanical elements. In contrast to classic drive concepts with a rotary motor and 

mechanical conversion (e.g. toothed belt or spindle), this type of drive does not require any form of 

gearbox, belt or screw drive. 

 

The drive essentially consists of a stationary magnet or coil system and a moving motor carriage. 

Targeted application of current to the coils creates an electromagnetic field that exerts a direct force 

on the carriage and moves it along the guide axis. The movement is low-wear, backlash-free and 

highly dynamic. 

As there is no mechanical transmission, the drive reacts immediately to changes in the control 

variable of the controller. This enables particularly high accelerations, short reaction times and very 

uniform movement profiles. 

4.4.1 Differentiation from toothed belt and spindle axes 

With toothed belt axes, power is transmitted via an elastic belt that is driven by a rotary motor. This 

principle is cost-effective and suitable for long travel distances , but has limited rigidity and elastic 

effects that can have a negative impact on dynamics and positioning accuracy. 



  

MovingCap-flatTRACK-Manual-en  Version 2026/04 EN     17/56 
 

Spindle axes convert the rotational movement of a motor into a linear movement via a threaded 

spindle. They offer high forces and - especially with steep inclines or trapezoidal threads - a certain 

degree of self-locking. However, this is offset by higher moving masses, limited maximum speeds and 

mechanical wear. 

Direct-drive linear motors such as the flatTRACK represent an independent drive concept and should 

not be seen as a direct replacement solution, but rather as a performance-oriented alternative for 

dynamic and precise movement tasks. 

4.4.2 Classification of the flatTRACK compared to toothed belt and spindle axes 

Speed and acceleration 

The flatTRACK achieves significantly higher speeds and, in particular, considerably higher 

accelerations than toothed belt or spindle axes. This is due to the lack of rotating masses, the direct 

force effect and the high control bandwidth of the system. 

Accuracy and control quality 

The position is measured directly on the motor carriage. This eliminates influences from belt 

elongation, spindle pitch tolerances or backlash. The result is greater absolute and repeatable 

positioning accuracy, especially with dynamic movements and frequent changes of direction. 

Force level 

Compared to spindle and toothed belt axes, the maximum available force of a direct-drive linear 

motor is lower. This is due to the design, as there is no mechanical transmission. The force is 

generated directly from the electromagnetic operating principle and scales directly with the current, 

size and thermal design. Classic spindle drives are therefore often more suitable for applications with 

very high static forces or large holding torques. 

No self-locking 

Direct-drive linear motors are not self-locking as there is no mechanical transmission. In the case of 

vertical axes (Z-axes), this means that loads cannot be held in a de-energized state. In such 

applications, additional measures such as brakes, counterweights or safety concepts are absolutely 

essential. 

Maintenance-free 

As no toothed belts, spindles or gears are installed, mechanical wear is essentially limited to the 

linear guides used. Regular readjustments, lubrication or the replacement of transmission elements 

are largely unnecessary, which significantly reduces maintenance costs. 

Size and integration 

By eliminating mechanical conversion elements, the flatTRACK is particularly compact and flat. This 

enables space-saving integration into machine concepts with limited installation space and opens up 

new degrees of design freedom, especially for modular or highly integrated systems. 

Typical areas of application 

Direct-drive linear motors such as the flatTRACK are particularly suitable for applications with: 

• High demands on dynamics and positioning accuracy 

• Frequent start-stop movements or short cycle times 

• Low to medium load 

• Limited installation space 

• High demands on low maintenance and control quality 
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4.5 Operating principle, force/current correlation, control loop. 

4.5.1 Operating principle of the direct-drive linear motor 

The flatTRACK is a direct-drive linear motor in which electrical energy is converted directly into a 

linear movement without mechanical conversion. The movement is generated by electromagnetic 

forces between a stationary magnetic field and a current-carrying coil system in the motor carriage. 

If electric current is passed through the coils in the carriage, a magnetic field is created. This 

magnetic field interacts with the permanent magnetic field of the guide plate. A targeted spatial 

displacement of the magnetic field along the axis creates a directed force that sets the carriage in 

motion. The direction and strength of this force are controlled exclusively by the current flow. 

As there are no gear wheels, spindles or belts, the movement of the carriage follows the electrical 

control variables directly. This allows very fast and precise movements. 

4.5.2 Relationship between force and movement 

The linear movement of the carriage can be described using basic movement variables: 

Displacement/time diagram 

The distance/time diagram shows the position of the slide over time. It describes where the carriage 

is at a certain point in time. 

Velocity/time diagram 

The speed results from the change in distance over time. A constant gradient in the distance/time 

diagram corresponds to a constant speed. 

Acceleration/time diagram 

Acceleration describes the change in speed over time. It is caused by the electromagnetic force of 

the motor and is directly proportional to the current fed in. 

Jerk/time diagram (change in acceleration) 

The jerk describes the change in acceleration over time. Limiting the jerk leads to particularly smooth 

movement profiles, reduces mechanical loads and improves the smoothness of the system. 

By specifically specifying these profiles in the controller, very dynamic yet gentle movements can be 

achieved. The diagram below shows the relationship between the variables for a movement and the 

variables described. 

Note  

At start.movingcap.com you will find our online motion calculator, which is currently under 

construction, where you can clarify these relationships and carry out sample calculations for your 

application:  

https://start.movingcap.com/
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4.5.3 Control loop and linear measuring system 

The flatTRACK operates in a closed control loop. The linear measuring system continuously records 

the actual position of the carriage. This actual position is compared with the specified target position. 

The controller uses the difference (control deviation) to calculate the force required to correct the 

movement. This force is generated via a corresponding motor current. The control loop runs 

continuously and at a high frequency so that even the smallest deviations are corrected immediately. 
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4.5.4 Force/current correlation 

The force generated by the linear motor is directly proportional to the motor current: 

Force ∝ Current 

This means 

• low current → low force 

• high current → high force 

This direct relationship allows very precise force control. At the same time, any current flow through 

the copper coils leads to electrical losses in the form of heat. 

 

4.5.5 Nominal force / nominal current and peak force / peak current 

The linear motor is designed for a rated current and rated operating mode S3 (Intermittent Periodic 

Duty according to IEC 60034-1), in which thermal equilibrium is achieved. With this cycle operation, 

the motor can be operated continuously without unacceptable overheating. The associated force is 

referred to as the rated force. 

In addition, the motor can be operated with a higher peak current for a short time. This results in a 

peak force, which is used for acceleration phases or short load peaks, for example. 

This is important: 

• Peak current is limited in time 

• The average current value over all movements must be below the average current 

value according to the rated current / specified rated operation S3. 

• Otherwise the motor temperature rises continuously and can reach critical values. 

Thermal behavior and copper resistance 

The windings of the motor are made of copper. The electrical resistance of copper increases with 

increasing temperature. This has several effects: 

• the electrical power loss increases for the same current 

• heat generation increases further (thermal feedback) 

• depending on the motor variant and the selected supply voltage, the maximum 

achievable current can decrease as a result 

• this reduces the magnetic force that can be generated 

Fullmo can offer a detailed preliminary study of the application for every customer application. This 

analysis provides a clear statement about the thermal utilization of the drive under the specified 

process parameters. The following information is essential. 

• Representation of the travel paths of a movement cycle  

• Display of the total cycle time of the movement cycle 

• Representation of the exact weight of the payload to be transported. 

• Representation of general conditions such as energy chains, spatial arrangement, 

ambient temperature. 
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Summary of the operating principle 

The flatTRACK generates its movement through directly acting electromagnetic forces. 

The position is continuously measured, the movement is controlled via a closed control loop and the 

force is precisely regulated via the current. 

High dynamics, accuracy and control quality are directly related to a correct thermal design and an 

average current level below the specified nominal operating mode / nominal current. 

4.6 Types of ironless/iron-core, typical effects 

Direct-drive linear motors can basically be divided into two types: ironless and iron-core linear 

motors. Both concepts use the electromagnetic operating principle, but differ significantly in their 

mechanical design, force curve and dynamic behavior. 

4.6.1 Technical difference between ironless and iron-core linear motors 

Iron-core linear motors have a coil system that is built on an iron core. The iron core serves to 

bundle and amplify the magnetic flux, thereby enabling high force densities. The carriage is 

additionally influenced by the magnetic attraction between the iron core and the magnetic track. 

Ironless linear motors, on the other hand, use an ironless coil package in which the windings are 

designed without a ferromagnetic core. The coils are typically located between two rows of magnets 

or in front of a magnetic track. The force is generated solely by the interaction between the current-

carrying conductor and the magnetic field, without any additional magnetic attraction forces due to 

iron. 

The flatTRACK is based on this ironless technology. 

4.6.2 Differences in movement and control behavior 

Due to the iron core, iron-core linear motors have a magnetic attraction that is also effective in a de-

energized state. This so-called cogging force results in a position-dependent force curve and can lead 

to force ripples and increased control effort, particularly at low speeds. 

Ironless linear motors are free of cogging forces as there is no iron in the magnetic field. This results 

in a very uniform force curve over the entire travel distance. The control behavior is particularly 

linear, which has a positive effect on precision, smooth running and repeat accuracy. 

Another difference lies in the moving mass: 

• Iron-core motors have higher moving masses due to the iron core 

• Ironless motors are significantly lighter, which enables higher accelerations 

Advantages and disadvantages of the two technologies 

Iron-core linear motors - advantages 

• High power density 

• Well suited for applications with high continuous and holding forces 

• Compact design for high forces 

Iron-core linear motors - disadvantages 
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• Cogging forces due to iron core 

• Increased control complexity at low speeds 

• Higher moving mass 

• Mechanical attraction to the magnetic track (assembly and safety aspects) 

Ironless linear motors - advantages 

• No cogging forces, very uniform force progression 

• Excellent controllability, especially at low speeds 

• Low moving mass → very high accelerations 

• No magnetic attraction of the carriage when de-energized 

• Particularly suitable for precise, dynamic movements 

Ironless linear motors - disadvantages 

• Lower maximum force density compared to iron-core systems 

• Larger designs often required for very high static forces 

• Thermal design plays a particularly important role 

• Typical effects and design consequences 

Due to the ironless design, no magnetically induced position forces occur with the flatTRACK. The 

system is mechanically neutral, which makes installation easier and reduces the risk of uncontrolled 

movements. At the same time, control is simplified as no periodic interference forces need to be 

compensated for. 

The lower force density is compensated for by the high dynamics, the excellent control quality and 

the compact, flat design. Ironless technology is therefore particularly suitable for applications with 

high speeds, short cycle times and high precision requirements. 

5 Performance and system behavior of the flatTRACK 

This chapter describes the performance-relevant properties of the flatTRACK as well as the 

interaction between the measuring system, control, thermal behavior and mechanical design. The 

information is used to design, evaluate and compare the drive in the machine context. 

5.1 Measuring system, resolution and accuracy 

The flatTRACK is equipped with an integrated, incremental absolute displacement measuring system 

that is specially designed for highly dynamic linear applications. This means that no referencing of the 

drive or measuring system is necessary. 

The finer physical resolution is used for stable control and filtering, while the working resolution is 

deliberately designed to be more robust in order to reliably control mechanical and environmental 

interference. 

Characteristic values 

• Measuring system resolution: 0.16 µm 

• Positioning repeatability in static control: ±2 µm 

• Absolute accuracy of the measuring system: 

o ±20 µm for short drives up to 300 mm 

o ±50 µm for longer carrier plates 



  

MovingCap-flatTRACK-Manual-en  Version 2026/04 EN     23/56 
 

The absolute accuracy is significantly influenced by 

• Length of the carrier plate, 

• mounting tolerances, 

• temperature gradients, 

• flatness and rigidity of the basic construction. 

The flatTRACK is therefore predestined for precise positioning and cycle movements where repeat 

accuracy is more important than absolute dimensional accuracy over long lengths. 

5.2 Force, current and speed characteristics 

The flatTRACK is designed as a direct-drive, ironless linear motor. The force is generated 

proportionally to the motor current. 

Electrical characteristics 

• Rated current: 3 A 

• Peak current: up to 10 A (short-term) 

Mechanical characteristics 

• Nominal force: 35 N 

• Peak force: 150 N  

• Max. Speed: 2 m/s 

• Max. Acceleration: 100 m/s² 

The available force depends on 

• Amount of power supply (power supply)   
• current 

• Speed of the motor 

• Thermal condition of the motor 

• Duty cycle 

5.2.1 Characteristic diagrams / duty cycle 

The permissible combination of force, speed and duty cycle results from the thermal model of the 

drive: 

• Continuous operation: within the rated operating cycle at thermal equilibrium 

• Peak operation: permissible for short periods, limited by I²T monitoring 

High forces at low speeds are thermally particularly critical and must be limited in time. 

 

5.3 Thermal behavior and cooling strategies 

The thermal design of the flatTRACK is based on a combination of temperature measurement and 

computational load monitoring. 
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5.3.1 Temperature limits 

• Maximum coil temperature: 120 °C 

• Maximum carriage surface temperature: approx. 50 °C 

The temperature is monitored via: 

• Integrated thermal sensor in the coil, 

• I²T model that takes into account current, time and temperature curve. 

When critical values are reached, the motor control unit switches off safely. 

 

5.3.2 Cooling strategies 

Heat is dissipated primarily via: 

• Heat conduction into the mounting surface, 

• Convection on open surfaces. 

Recommended: 

• Solid, thermally conductive base plates (e.g. aluminum or steel), 

• large-surface contact between motor and support structure. 

Active cooling is generally not required, but may be useful for high duty cycles or ambient 

temperatures. We will be happy to advise you on this. 

5.4 Acoustics, energy consumption and efficiency information 

5.4.1 Acoustics 

The flatTRACK is characterized by very low operating noise. 

The reasons for this are 

• iron-less motor design, 

• lack of cogging torques, 

• high-quality linear guides, 

• quiet control operation. 

In normal operation, the drive is barely audible and is therefore also suitable for: 

• Laboratory environments, 

• assembly workstations, 

• noise-sensitive applications. 

 

5.4.2 Energy consumption and efficiency 

As a direct drive, the flatTRACK operates with high efficiency: 
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• no mechanical transmission elements, 

• no conversion losses due to spindles or belts, 

• Energy consumption proportional to the actual load. 

Increase efficiency: 

• short acceleration phases, 

• optimized motion profiles, 

• sufficiently rigid mechanics (less controller work). 

Summary 

The flatTRACK combines high repeat accuracy, high dynamics and very smooth running with a clearly 

defined thermal protection concept. 

The performance of the system is not determined by current and force values alone, but by the 

interaction of the measuring system, mechanics, control and heat dissipation. 
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6 Safety instructions 

This chapter describes the residual risks that remain when operating the flatTRACK direct-drive linear 

motor, despite the protective design measures. 

The safety instructions are based on a systematic risk assessment in accordance with DIN EN ISO 

12100 and are aimed at manufacturers, integrators, maintenance engineers and operators. 

The flatTRACK is a powerful, direct-drive linear motor with integrated power electronics. Such drives 

pose specific hazards that must be taken into account when designing the overall machine. 

6.1 Intended use, qualification of personnel 

Intended use 

The flatTRACK is intended exclusively for use in an industrial environment. It is used as a direct-drive 

linear axis for positioning, moving or controlling machine parts within series or special machines. 

Operation is only permitted if: 

• The drive is fully integrated into a machine, 

• The machine complies with the requirements of the EC Machinery Directive 

2006/42/EC, 

• Suitable guards are provided, 

• A valid EC Declaration of Conformity is available for the entire machine. 

• Operation of the drive as an individual component (e.g. on workbenches, tables or 

without mechanical fixing) is prohibited. 

 

Qualification of personnel 

All work on, with or in the vicinity of the flatTRACK may only be carried out by qualified specialist 

personnel, in particular 

• Mechanics 

• mechatronics engineers 

• qualified electricians 

• Automation technicians 

Operation, assembly or maintenance by untrained personnel is not permitted. 

The integrator must ensure that only instructed persons have access to the drive. 

6.2 Dangers due to strong permanent magnets  

The flatTRACK contains strong permanent magnets that generate a static magnetic field. This results 

in the following hazards: 

Health hazards due to magnetic fields 

Persons with: 

• Pacemakers 

• implanted defibrillators 
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• other active implants 

must not be involved in work with or in the immediate vicinity of the drive unit. 

A minimum distance of 150 mm between the drive and the implant must be maintained and, if 

necessary, ensured by design measures  

Mechanical hazards 

Ferromagnetic objects can be attracted by magnetic attraction: 

• be abruptly attracted, 

• be accelerated in an uncontrolled manner, 

• cause crushing and impact injuries. 

There is an increased risk of crushing and impact injuries, particularly during unpacking, assembly 

and adjustment: 

• Crushing of fingers 

• Pinching between the slide and the magnetic track 

• Ferromagnetic tools and loose metal parts must be removed from the work area. 

6.3 Residual hazards, PPE, lock-out/tag-out, transportation & storage 

6.3.1 Residual mechanical hazards with linear motors 

Direct-drive linear motors pose particular risks compared to conventional drives: 

• Very high acceleration and jerk values 

• Lack of self-locking 

• Immediate movement when energy is supplied 

• No mechanical gearbox as a damping element 

Uncontrolled movements can lead to 

• Crushing 

• impact injuries 

• Damage to the machine and workpieces 

• damage to the machine and workpieces. 

Personal protective equipment (PPE) 

At least the following must be worn for all work 

• Safety shoes 

• Suitable protective gloves 

Heat-resistant gloves are also required for thermally stressed drives. The surface temperature can 

reach up to 80 °C, which poses a risk of burns  

 

6.3.2 Lock-Out / Tag-Out (LOTO) 

Before all work on: 
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• Mechanics 

• Electrics 

• Wiring 

• Parameterization 

the drive must be disconnected from the power supply, secured against being switched on again and 

clearly labeled. 

6.3.3 Transportation and storage 

The following residual risks apply during transportation and storage: 

• Falling or rolling away due to smooth or cylindrical geometries 

• Crushing of the feet 

• Damage due to unsecured storage 

If possible, the drive should remain in its original transport packaging until shortly before installation. 

6.4 Safety pictograms and signal words 

Safety instructions are indicated in the documentation and on the product by standardized signal 

words and pictograms: 

Signal words 

DANGER 

Indicates an imminently hazardous situation which, if not avoided, will result in death or serious 

injury. 

WARNING 

Indicates a possible danger that can lead to serious injury. 

CAUTION 

Indicates a hazard that may result in minor or moderate injury or damage to property. 

NOTE 

Contains important information for safe handling or to avoid malfunctions. 

 

Safety pictograms 

Pictograms indicate in particular 

• strong magnetic fields 

• pinch points 

• hot surfaces 

• electrical hazards 

• required PPE 

These markings are part of the overall safety concept and must not be removed or obscured. 
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7 Mechanical structure and assembly 

7.1 Dimensions and installation guidelines 

 

Dimensions and assembly guideline 

Drawing excerpt connection holes flatTRACK 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
The drawing views show the structure of the MovingCap flatTRACK 100 in several views.  
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7.1.1 Motorized slide Assembly instructions 

The center of the motor carriage was used as the basic reference. All dimensions are defined by its 

center point. Caution! The outer edges of the motorized sled are manufactured according to general 

tolerances. These edges can expressly NOT be used to determine the position of customer parts on 

the carriage. This would lead to misalignment when replacing the linear motor.  

The positioning of customer workpieces on the slide should be expressly referred to by the pin holes 

Ø3H7. Two pins are sufficient for this. The pin dimensions must be manufactured with a maximum 

tolerance of ± 0.005 mm. 

It is recommended to provide forcing threads (for forcing screws) in the customer's workpiece for 

disassembly of parts on the slide. These should be provided in the vicinity of the pinning used. We 

strongly advise against using a hammer or soft-face mallet to dismantle customer workpieces. This 

can cause damage or increased wear to the linear guides. 

The M4x6 deep screw connections must be observed. If the screw-in depth is too shallow, the thread 

may be damaged. Screwing in too deep can damage the carriage or the motor components inside the 

carriage. 

7.1.2 Guide carriage assembly instructions 

The guide carriage has been assembled using its centerline. All holes and dimensions refer to this 

centerline. The centerline of the motorized slide is identical to that of the carriage. 

The guide carriage should be mounted on as flat a surface as possible. The aim should be a maximum 

flatness error of 10µm over the entire surface of the guide rail. This ensures a high running accuracy 

of the carriage and a good bearing life. However, depending on the length of the guide carriage and 

the material used, this may be difficult to achieve. In this case, a maximum flatness error of 10µm 

should be maintained on a carriage surface of 100mm. A flatness error of 50µm should not be 

exceeded for the entire mounting surface. 

As with the motorized slide, the outer edges of the guide slide are only manufactured to general 

tolerances. These can NOT be used for positioning the carriage. Two systems are provided here to 

determine the position.  

1. Pin holes Ø3H7  

2. Ring holes Ø6H7/2mm deep. 

As with the slide, it is advisable to select two pin holes/rings and use them to position the slide. 

These should be as far apart as possible to minimize angular misalignment. The stitch dimensions 

must be manufactured with a maximum tolerance of ± 0.005 mm. As with the slide, the jacking 

threads should be positioned near the pins on the customer carrier so that the slide can be pushed 

off the customer carrier without the use of a hammer / soft-face mallet. 

Two screw fastening systems are provided in the slide.  

1. Thread M4/6mm deep (screw connection from below) 

2. Through holes with Ø4.5mm (screw connection from above) 

If both systems can be implemented, the use of Ø6H7 fitting rings in conjunction with M4 screws 

from below is preferable. This connection concept distributes the screw attachment points better 

over the surface, which is better for dimensional accuracy and bearing attachment. All threads (from 
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below) or holes (from above) must be used for fastening. The fastening screws must be fitted with a 

maximum tightening torque of 2.0 Nm to prevent damage to the threads. 

7.1.3 Reference/drilling plan for flatTRACK 100 support plate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The view shows the drilling concept of the flatTRACK in the X-direction (direction of travel of the 
carriage). This view answers the question of where the motorized carriage is positioned in relation to 
the guide rail. The two end positions of the travel path are shown here 

7.2 Drawing data 

We provide the customer with the following formats for all our drives on request: 
• 3D data as Step 

• 2D data DWG/DXF 

• 2D data as PDF drawings  

Please contact our team by e-mail or telephone. 

7.3 Environmental conditions  

The MovingCap flatTRACK is intended for use in standardized industrial assembly and automation 

environments. These are environments typically found in assembly systems, test benches, laboratory 
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setups and closed production machines in accordance with the state of the art in mechanical 

engineering. 

Operation is only permitted within the specified ambient conditions. Deviations from this can lead to 

malfunctions, increased wear, irreversible damage or safety-related risks. 

Due to the strong permanent magnets integrated in the system in particular, certain environments 

are generally unsuitable (see section Particles). 

7.3.1 Temperature 

The flatTRACK is designed for operation in a temperature-controlled industrial environment. 

Operating temperature: 

+5 °C to +40 °C (typical machine room or control cabinet environment) 

Storage temperature: 

-20 °C to +60 °C (dry, condensation-free) 

Temperature gradients: 

Rapid temperature changes (e.g. due to draughts, open hall doors, cooling/hot air flows) must be 

avoided as they can lead to: 

• Condensation 

• dimensional changes 

• Changes in air gap height 

can lead to 

Heat is dissipated primarily via heat conduction into the mounting surface. A thermally stable, 

metallic base structure is expressly recommended. 

7.3.2 Humidity and protection classes 

The flatTRACK is designed for use in dry indoor areas. 

Permissible relative humidity: 

≤ 80 %, non-condensing 

Protection class: 

Depending on the respective version and installation situation (typically IP20-IP40 at component 

level) 

The following environments are not permitted unless additional protective measures are provided 

• Splash water 

• Coolants or lubricants 

• Condensing moisture 

• Chemically aggressive atmospheres (vapors, gases) 

If there are increased requirements for moisture or splash water protection, a complete enclosure 

with a suitable degree of protection must be provided. 
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7.3.3 Particles 

Particle load - particularly critical 

The flatTRACK contains strong permanent magnets that actively attract ferromagnetic particles. 

⚠ Basic principle: 

Magnetically attractable particles and chips must always be kept away from the linear motor. 

In particular, environments with: 

• Steel or iron filings 

• Magnetizable abrasion particles 

• Grinding or sintered dust from magnetic materials 

Examples of unsuitable environments: 

• Steel sintering processes 

• Machining of magnetic materials (e.g. steel, cast iron) 

• Grinding and deburring processes without effective enclosure 

If ferromagnetic particles enter the air gap or the area of the magnetic track, this can lead to 

• Mechanical destruction of the coils, 

• blocking of the carriage, 

• thermal overload, 

• irreversible motor damage 

irreversible motor damage. 

The use of linear motors in such environments is generally not permitted unless a fully enclosed, 

particle-protected housing is implemented. 

7.3.4 EMC 

The flatTRACK is intended for use in industrial EMC environments. 

Please note: 

• Separate routing of power and signal cables 

• Shielded cables with 360° shield connection 

• Avoidance of high-frequency sources of interference in the immediate vicinity 

Strong electromagnetic fields (e.g. induction furnaces, high-frequency welding systems) can influence 

the control system and must be avoided or shielded using suitable measures. 

 

7.3.5 Vibration characteristics / vibration limits 

The flatTRACK is designed for use on mechanically quiet, rigid machine structures. 

Vibrations have a direct effect on positioning accuracy, control behavior, noise development and 

service life. A basic distinction must be made between externally induced vibrations and internally 

induced vibrations. 
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A) Internally induced vibrations (drive-related) 

Internally induced vibrations are caused by the movement of the slide, the acceleration and braking 

processes and the control behavior of the linear actuator. These vibration components are 

introduced into the base structure via the mounting surface and must be absorbed and dissipated as 

effectively as possible. 

Counterweight 

An essential measure for reducing internally induced vibrations is to provide a sufficiently large 

counterweight: 

If the flatTRACK is mounted on a high-mass base plate, the vibration energies introduced can be 

better absorbed and damped. A high mass acts as a mechanical low-pass filter and reduces 

acceleration reactions of the structure. 

Principle: 

The greater the effective mass of the base structure, the smoother and more stable the drive 

behaves. 

Light, thin-walled or elastic mounting surfaces are unsuitable for highly dynamic linear motor 

applications. 

Dissipation of counterforces 

• In addition to the pure mass, the structurally correct dissipation of the opposing 

forces is crucial. 

• The counterforces resulting from acceleration and deceleration must be transferred 

as directly and rigidly as possible to the hall floor or a load-bearing machine base. 

• Constructions that work predominantly via tension and compression rods (truss 

principle) instead of absorbing forces via bending are particularly favorable. 

An arrangement close to the load is advantageous: 

Loads, motors and guides should be positioned as close as possible to the base plate and close to the 

floor. 

In contrast, the following are unfavorable 

• High, slender or cantilevered frames, 

• constructions with large lever arms, 

• elastic frames without sufficient rear anchoring. 

Such designs amplify vibrations and significantly impair the control behavior of the linear motor. 

 

B) Externally induced vibrations (environmental) 

Externally induced vibrations occur independently of the drive itself and are introduced into the 

machine from the environment. 

Permissible vibration load: 

Corresponding to typical industrial applications in accordance with mechanical engineering practice 

(no permanent high-frequency or shock-like vibrations) 
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Not permitted: 

• Mounting on vibration-active units 

• Operation on non-decoupled presses, punching or hammer mills 

• Shock loads or periodic resonance excitations 

 

Externally induced vibrations can lead to 

• Increased bearing load, 

• control instabilities, 

• increased noise generation, 

• premature wear 

premature wear. 

Summarizing requirements 

A sufficiently rigid, low-vibration and high-mass basic design is a mandatory prerequisite for the safe, 

precise and durable operation of the flatTRACK. 

Both internally and externally induced vibrations must be taken into account during the design phase 

of the machine and minimized using suitable mechanical measures 

7.4 Cable management 

Bending radii, strain relief 

Proper cable management is an essential prerequisite for the safe, trouble-free and long-lasting 

operation of the flatTRACK. 

Due to the high dynamics of direct-drive linear motors, considerable acceleration, inertia and 

bending forces act on cables and plug connections even with short travel distances. These must be 

reliably absorbed by the design. 

7.4.1 Protecting plug connections and cables from tearing off 

The electrical plug connections of the flatTRACK are not designed for mechanical tensile or bending 

stress. Direct application of force to the plug connector or the contact pins must be avoided at all 

costs. 

The following principles must be observed: 

 

• Strain relief immediately after the connector 

Cables must be mechanically fixed in the immediate vicinity of the connector so that 

o no tensile forces, 

o no bending moments, 

o no vibrations 

act on the connector. 



  

MovingCap-flatTRACK-Manual-en  Version 2026/04 EN     36/56 
 

• No free cable length at the plug 

Free-hanging cable sections lead to alternating loads during acceleration and can 

cause 

o Contact interruptions, 

o cable breaks, 

o damage to the connectors 

damage to the connectors. 

• Fixing to the basic structure 

The strain relief must be provided on a rigid, low-vibration structure (e.g. base plate, 

machine frame). 

Insufficient strain relief is a frequent cause of sporadic faults and must therefore be avoided by 

design. 

7.4.2 Use of energy chains and comparable guide systems 

A suitable guide system must always be used for moving cables, e.g: 

• Energy chains 

• Cable drag systems 

• Alternative cable carriers approved for dynamic applications 

These systems ensure 

• defined movement of the cables, 

• compliance with permissible bending radii, 

• reduction of the mechanical load on the linear motor. 

Bending radii 

The minimum bending radii specified by the cable manufacturer must be adhered to. 

• Bending radii that are too small lead to 

• premature conductor breakage, 

• insulation damage, 

• increased susceptibility to electrical faults. 

A generous bending radius is particularly advantageous for highly dynamic movements. 

Low-force design 

The energy chain or cable routing must be designed in such a way that: 

• the additional resistance to movement is minimal, 

• no noticeable additional forces act on the carriage, 

• the control behavior of the linear motor is not negatively affected. 

Heavy, oversized or unfavorably routed energy chains increase the moving mass and can 

• reduce the dynamics, 

• increase the energy requirement, 

• worsen the control behavior. 
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7.4.3 Design recommendations 

• Keep cable lengths as short as possible, but as long as necessary 

• Do not twist or tension cables 

• Avoid sharp edges and chafing points 

• Check the movement range of the energy chain over the entire travel distance 

Summary 

Plug connections and cables of the flatTRACK must be mechanically relieved and guided in a targeted 

manner. 

The use of suitable energy chains or comparable systems is essential for moving applications. Only 

low-force, defined and permanently stable cable management ensures safe, precise and durable 

operation of the linear motor. 
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7.5 Checklists before commissioning  

The following points must be checked before commissioning the flatTRACK for the first time. 

This checklist does not replace detailed chapters of the documentation, but summarizes the most 

critical minimum requirements. 

 

Mechanics 

☐ flatTRACK is firmly, positively and non-positively mounted on a rigid base structure 

☐ Axis cannot tilt, slide or lift off 

☐  Carriage is freely movable, no blockages or sliding contacts 

☐ Payload is securely fastened mechanically 

☐ No ferromagnetic particles, chips or tools in the motor area 

Cables & plug connections 

☐ All plug connections are fully plugged in and locked 

☐ Strain relief provided directly on the plug 

☐ Cables can move freely and without tension over the entire travel distance 

☐ Minimum bending radii observed, no chafing points 

Environment 

☐ Environment is clean, dry and particle-free 

☐ No magnetically attractable chips in the vicinity of the motor 

☐ No external sources of vibration or shock present 

Electrics & supply 

☐ Supply voltages correctly and clearly assigned 

☐ Power, logic and communication not mixed up 

☐ Earthing / shielding carried out correctly 

Software / operation 

☐ Emergency stop / power-off function known and accessible at all times 

☐ Initial drive commands only at reduced speed 

☐ Area where the carriage is located free of people and objects 

 

To be avoided at all costs 

• Starting up an unsecured or loose axis 

• Operation with unreleased plug connectors 

• Operation in an environment subject to chip loads or magnetic contamination 

• Initial travel movements at high speed 
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8 Electrical connections & supplies 

8.1 Connection overview  

 

The MovingCap Ethernet drives have three standardized M12 connectors. Pre-assembled M12 cables 

are required for operation. The required connectors, cable types and their electrical functions are 

described below. 

Socket 01 - POWER (supply) and digital I/O 

This socket is used to supply the drive with power and logic voltage. There are also IOs for digital data 

exchange.  

 

An M12 socket, 8-pin, Y-coded is required. 

Pin Designation Pin Description Color 

1 IN 10 (opt. HW_EN) Digital input 24 Vdc white/orange 

2 IO1 Digital input/output 24 Vdc orange 

3 IN8 Digital input 24 Vdc white/green 

4 IO2 Digital input/output 24 Vdc green 

5 U_PWR Power supply 24-48 Vdc blue 

6 GND GND Logic + Power white 

7 U_LOGIC Logic supply 24 Vdc brown 

8 IN7 Digital input 24 Vdc black 
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Socket 02 - Digital I/O 

This socket for digital data exchange via IOs.  

An M12 socket, 8-pin, A-coded is required. 

Pin Designation Pin Description Color 

1 COM U_LOGIC Output, provides logic supply U_LOGIK white 

2 IO3 Digital input/output 24 Vdc brown 

3 IO4 Digital input/output 24 Vdc green 

4 IO1 (optional) Digital input/output 24 Vdc yellow 

5 IO1 (optional) Digital input/output 24 Vdc gray 

6 IN5 Digital input 24 Vdc pink 

7 IN6 Digital input 24 Vdc blue 

8 GND GND Logic red 

 

Socket 03 - TCP/IP 

This socket is used for data exchange via TCP/IP  

An M12 socket, 4-pin, D-coded is required. 

Connection for e.g. 

Phoenix Contact VS-MSD-IP20-93E network cable to RJ45 

Pin Designation Pin Description Color 

1 TX+ Transmit + - 

2 RX+ Receive + - 

3 TX- Transmit - - 

4 RX- Receive - - 

 

8.2 Power supply & performance data  

A stable and correctly designed power supply is crucial for the safe, reliable and reproducible 

operation of the flatTRACK. Errors in this area often lead to undefined states, communication 

interruptions or unnecessary shutdowns. 

8.2.1 Separation of power and logic supply 

The flatTRACK has separate connections for: 

• Power supply (drive) 

• Logic and control supply (electronics, communication) 

These supplies must be consistently separated from each other. 

Recommendation: 

• Use separate power supply units for power and logic supply 

• Common grounding only in accordance with the circuit and EMC concept 

Advantages of separation: 
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• Reduction of interference on the logic electronics 

• More stable communication (e.g. TCP/IP, field bus) 

• Avoidance of voltage dips during dynamic load changes of the motor 

8.2.2 Power supply 

Nominal voltage: 24 V DC to 72 V DC 

Peak current (peak): up to 10 A 

The power supply must be able to provide high currents for short periods, especially during 

• Acceleration and braking processes 

• rapid changes of direction 

8.2.3 Recommended cable cross-sections (power supply): 

Cable length Recommended cross-section 

≤ 2 m  1.5 mm² 

2 - 5 m  2.5 mm² 

> 5 m  4.0 mm² 

Too small a cross-section leads to 

• voltage drops 

• Reduced shear force 

• thermal stress on the cables 

8.2.4 Logic and control supply 

Nominal voltage: 24 V DC 

Minimum current: 1 A 

The logic supply supplies 

• Control and regulation electronics 

• sensors 

• Communication interfaces 

Here too, voltage dips must be avoided at all costs, as these can lead to 

• Restarts of the electronics 

• communication losses 

• undefined operating states 

operating states. 

8.2.5 Recommended cable cross-section (logic) 

≥ 0.5 mm² (for short cables) 
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≥ 0.75 mm² for longer cable runs or multiple consumers 

8.2.6 Fusing the cables 

All supply lines must be protected against short circuits. 

Power supply 

• Fuse protection is primarily for line protection 

• No particularly fast fuses required 

• Slow-blow fuses or miniature circuit breakers are permissible 

A short circuit in the drive itself is detected by the integrated motor control unit and leads to a safe 

shutdown. In this case, the external fuse only protects the supply line. 

Logic supply 

• Separate fuse protection recommended 

• Protection of the electronics and supply components 

8.2.7 Earthing, grounding and EMC 

• Keep supply cables short and clear 

• Clean ground routing without loops 

• Separate power and signal lines spatially 

• Connect shielding on both sides or in accordance with the EMC concept 

Clean earthing reduces 

• Interference radiation 

• Communication errors 

• Faulty shutdowns 

8.2.8 Power supply selection (recommendation) 

• Industrial-grade switching power supply units 

• Sufficient power reserve (at least +20 %) 

• Good short-circuit and overload resistance 

• Low ripple (residual ripple) 

Summary 

The flatTRACK requires a stable, separate and sufficiently dimensioned 24 V supply for power and 

logic. 

Correct cable cross-sections, clean separation of the supplies and suitable fusing are crucial for 

trouble-free, safe and long-lasting operation. 

9 Software interfaces & commissioning 

All MovingCap drives with ETH Ethernet TCP/IP interface, both linear direct drives such as flatTRACK 
and rotary compact drives, offer a standardized software interface and standardized software 
functions (MovingCap WEB, REFGO, SLCAN, IO and CODE). 
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We provide a separate software manual that describes these functions in detail. You can find this 
manual as an online version at  
https://movingcap.com/webmanuals/mc-eth-sw-manual/ 
or as a PDF download at  
https://movingcap.com/MovingCap-AnwenderDoku/ .  

Further documentation including application examples can be found at www.movingcap.com. 

9.1 EtherCAT interface description  

The documentation for drives with EtherCAT interface can be found at  

MovingCap flatTRACK EtherCAT application description 

https://movingcap.com/MovingCap-AnwenderDoku/#6-movingcap-ethercat-beckhoff 

9.2 Applications in PROFINET / TiA  

An example integration of the MovingCap TCP REFGO application interface as a module in PROFINET 

control / S7 / TIA Portal or SIMATIC Manager can be found at  

https://movingcap.com/MovingCap-Software/#5-movingcap-profinet-siemens 

9.3 Windows commissioning software "fullmo Kickdrive" 

Commissioning, service and diagnostic software is available for all MovingCap drive systems with ETH 

Ethernet TCP/IP interface. A more detailed description can be found in the software manual at  

MovingCap SLCAN - CANopen CiA 402 with Kickdrive 

https://movingcap.com/webmanuals/mc-eth-sw-manual/movingcapslcan.html 

10 Servicing & maintenance 

10.1 Inspection intervals  

The flatTRACK is designed for low-maintenance operation. Nevertheless, visual and functional 

inspections must be carried out at regular intervals to ensure safe and trouble-free operation. 

The required inspection interval depends largely on the dynamic load on the drive system. A 

distinction is made between two operating modes when determining the maintenance intervals. 

Normal linear movements 

Normal operating conditions apply to applications with maximum accelerations below 10 m/s². 

In this case, the system must be inspected at intervals of 3 months. 

Dynamic linear movements 

https://movingcap.com/webmanuals/mc-eth-sw-manual/
https://movingcap.com/MovingCap-AnwenderDoku/
http://www.movingcap.com/
https://movingcap.com/MovingCap-AnwenderDoku/#6-movingcap-ethercat-beckhoff
https://movingcap.com/MovingCap-Software/#5-movingcap-profinet-siemens
https://movingcap.com/webmanuals/mc-eth-sw-manual/movingcapslcan.html
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Applications with maximum accelerations above 10 m/s² result in higher mechanical loads on the 

drive, guide and cabling. This applies in particular to short cycle movements with frequent 

acceleration and braking processes. 

In such applications, the inspection interval should be reduced to 4 weeks. 

10.2 Cleaning and lubrication 

The linear guides used in the flatTRACK are equipped with pre-lubricated and basically maintenance-

free linear guide carriages. Under normal operating conditions, regular lubrication is therefore not 

required. 

However, regular cleaning and, if necessary, relubrication of the guides can significantly increase the 

service life of the guide components and ensure that the carriage runs smoothly. This applies in 

particular to applications with high dynamic loads. 

Cleaning the guideways 

Only clean the linear guideways using suitable, non-abrasive methods. 

Proceed as follows: 

• Move the carriage to an accessible position. 

• Carefully clean the visible guide surfaces with a lint-free cloth. 

• If necessary, use a suitable cleaning agent, e.g. isopropanol. 

• Carefully remove dust, abrasion particles and other dirt. 

Do not use any abrasive cleaning agents or tools, as these can damage the raceways of the linear 

guide. 

Lubricating the linear guides 

These measures make a significant contribution to reducing wear and extending the service life of 

the guide components. 

Only grease suitable for precision linear guides should be used to lubricate the linear guides. 

Apply only a small amount of grease to the raceways. Continue to apply grease to the carriages 

through the lubrication points provided for this purpose. Avoid overgreasing, as excess grease can 

bind dirt and impair the running of the guide. 

After lubricating, move the carriage several times along the entire travel path to distribute the 

lubricant evenly. 

Lubrication interval for highly dynamic applications 

In applications with accelerations above 10 m/s², the linear guides are subject to higher mechanical 

loads. In these cases, regular cleaning and relubrication is absolutely essential. 

In such applications, carry out the above-mentioned work every 4 weeks. 

 

Note 

Make sure that no ferromagnetic particles or foreign bodies get into the area of the linear motor 

during cleaning. 
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Such particles can be attracted by the permanent magnets and lead to malfunctions or damage. 

10.3 Replacing wearing parts 

he flatTRACK is designed as a compact drive unit with integrated electronics, motor and measuring 

system. These components are precisely matched to each other at the factory and form a closed 

system. 

For this reason, the flatTRACK is not intended for independent repair or replacement of individual 

components by the user. 

In particular, the motor, measuring system and guide are mechanically and electronically adjusted to 

each other at the factory. Tampering with these assemblies can lead to 

• Position errors 

• Malfunctions of the control system 

• Damage to the measuring system 

• mechanical damage to the drive 

 

lead to 

Replacement of guide components 

The linear guides used in the flatTRACK are designed for a long service life. Should it nevertheless 

become necessary to replace the guide components, this may only be carried out by the 

manufacturer or by authorized specialist personnel. 

Do not attempt to remove or replace linear guide carriages or bearings yourself. 

Improper replacement can cause the following problems in particular: 

• Change in the guide preload 

• Damage to the raceways 

• Misalignment between guide and motor 

• Damage to the integrated measuring system 

Factory adjustment of motor and measuring system 

The motor and measuring system are referenced and matched to each other at the factory during 

production. This alignment is crucial for 

• the positioning accuracy 

• the repeat accuracy 

• Stable control of the drive 

Replacing individual components without appropriate calibration can significantly impair the function 

of the system. 

Procedure in the event of defects 

Do not continue to operate the drive if mechanical damage or malfunctions are detected. 

In this case, please contact the manufacturer. 
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To ensure proper functioning, the flatTRACK must be sent to Fullmo GmbH for inspection and, if 

necessary, repair. 

The manufacturer can: 

• Check and replace guide components 

• Re-adjust the motor and measuring system 

• Fully verify the function of the drive 

10.4 ESD protection 

The flatTRACK is designed as a closed drive system with integrated electronics and is intended for use 

in industrial environments. When used as intended, the system is adequately protected against 

electrostatic discharge (ESD). 

Operation of the drive outside special ESD work areas is therefore generally permitted. 

ESD protective measures are only required if there is direct access to electronic components or plug 

contacts, for example during installation or service work. 

Handling the drive 

Only use the flatTRACK in its intended, closed state. 

Do not open the drive and do not tamper with the internal electronics. 

The flatTRACK is not intended for disassembly or self-repair. Internal assemblies such as the motor 

control unit, measuring system and power electronics are fitted and adjusted at the factory. 

Working on plug connections 

Basic precautions must be observed when working on plug connections: 

• Disconnect the drive from the power supply before working on plug connections. 

• Do not touch plug contacts unnecessarily. 

• Avoid electrostatic discharge when handling open plug connections. 

These measures serve to protect the integrated electronics. 

 

11 Troubleshooting  

If the flatTRACK does not work as expected, first systematically check the basic operating conditions 
before taking any further action. Many malfunctions can be traced back to simple causes such as a 
lack of supply voltage, mechanical blockages or communication problems. 
 
A structured diagnosis reduces unnecessary downtimes and prevents consequential damage. 

11.1 Checking the basic operating conditions 

Before any further troubleshooting, the basic operating conditions must first be checked. 
 
Power supply 
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• Power supply available (24 V DC) 

• Logic supply available (24 V DC) 

• Voltages connected correctly and not reversed 

• Power supply units supply sufficient current 

Plug connections and cables 
 

• All plug connectors fully plugged in and locked 

• No visible damage to cables 

• Cables not crushed or kinked 

• Strain reliefs present 

• Exclude cable breakage 

Mechanics and smooth running 
 

• Carriage can be moved freely mechanically 

• No blockages in the travel path 

• No tools or particles in the area of the magnetic track 

• Payload correctly mounted 

• Linear guide runs smoothly 

Environment and contamination 
 

• No ferromagnetic chips in the motor area 

• Environment clean and dry 

• No foreign bodies in the air gap 

Temperature 
 

• Slide surface not unusually hot 

• No obvious thermal overload 

• Sufficient heat dissipation via the mounting plate 

 
Only when these points have been checked should further diagnostics begin. 
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11.2 No connection to the web interface of the drive (TCP/IP) 

 
The flatTRACK has an integrated web interface for diagnostics and parameterization. 
If this cannot be accessed, the cause is often an incorrect IP address configuration of the PC. 
 
Procedure for checking the network 
 

1. Connect the PC directly to the drive (Ethernet) 
2. Open the network adapter of the PC 
3. Set the manual IP address 

 
The PC must be in the same IP address range as the drive. 
 
Example 
 
Actuator: 
192.168.2.150  
This address is normally the delivery address of the drive. If several drives are included in the order, 
the final digits are in ascending order. (.151; .152; etc.) 
The preset IP address can be found on the rating plate. If this is changed, it is essential to ensure that 
this address is documented immediately and can be found.  
 
PC address: 
192.168.2.10 
This address must be set manually for the TCP/IP port. It is important that the address is in the same 
IP address circle as shown here. However, the IP address must be different from the drive written 
above. For example, the end number .10 is possible here.  
 
Subnet mask: 
255.255.255.0 
 
The web interface can then be accessed via the browser: 
 
http://192.168.1.150 
 
Note 
The exact procedure for network configuration is described in the MovingCap software manual: 
https://movingcap.com/webmanuals/mc-eth-sw-manual/netzwerkverbindung.html 

11.3 Reading out the error register 

The flatTRACK saves diagnostic information and error messages in the internal error register. These 
can be read out via the TCP/IP interface. 
 
Procedure 
 

1. Establish a connection to the web interface 
2. Open the diagnostics or status area 
3. Display the error register 

 
The error register stores, among other things 

https://movingcap.com/webmanuals/mc-eth-sw-manual/netzwerkverbindung.html
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• Current error messages 

• Last error events 

 
Note 
The meaning of the error messages is also described in the MovingCap software manual: 
https://movingcap.com/webmanuals/mc-eth-sw-manual/statusanzeigen-auf-der-webober.html 
 

11.4 Typical symptoms - causes - measures 

 

Symptom Possible cause Action 

Drive does not respond to 

commands 

No power supply 

Communication problem 

Check power supply 

Check TCP/IP connection 

Jerking during movement Mechanical friction / cable 

tension 

Inappropriate control settings 

Check mechanics and cable 

management 

Check controller settings 

Position error Contamination / mechanical 

blockage 

Check guide and air gap 

Overtemperature Permanent overload / poor heat 

dissipation 

Reduce load, check mounting 

surface 

Communication error Incorrect IP address / network 

problem 

Check network configuration 

 

 

  

https://movingcap.com/webmanuals/mc-eth-sw-manual/statusanzeigen-auf-der-webober.html
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12 Technical data 

12.1 MovingCap flatTRACK  

Technical data sheet - MovingCap flatTRACK 

1 Product overview 

The MovingCap flatTRACK is a compact, ironless linear direct drive with integrated electronics, 

measuring system and precision guide. The system is designed for highly dynamic positioning tasks in 

automation and assembly technology. 

2 Measuring system and accuracy 

Parameters   Value 

Measuring system  Absolute value position encoder 

Resolution   0.16 µm 

Repeat accuracy  ±2 µm 

Absolute accuracy   ≤300 mm ±20 µm 

Absolute accuracy   >300 mm ±50 µm 

3 Performance data 

Parameter   Value 

Motor supply   48 V DC  (24 V DC – 72 V DC) 

Logic supply   24 V DC 

Rated current   3 A 

Peak current   10 A 

Rated force   35 N 

Peak force   150 N 

Max. Max. speed  2 m/s 

Max. Acceleration  100 m/s² 

4 Thermal data 

Parameters   Value 

Max. Coil temperature  120 °C 

Max. Carriage surface  50 °C 

Temperature monitoring Thermosensor + I²T model 
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5 Lengths and weights 

Stroke / overall length [mm] Weight of slide [g] Weight of guide plate (estimated) [g] 

100    600   800 

195    600   1560 

290    600   2320 

385    600   3080 

485    600   3880 

585    600   4680 

650    600   5200 

770    600   6160 

1325    600   10600 

6 Interfaces 

Power / IO connection: M12 Y-coded 

Digital IO: M12 8-pin 

Communication: TCP/IP Ethernet 

7 Ambient conditions 

Ambient temperature: 5 - 40 °C 

Relative humidity: ≤80 % non-condensing 

Clean industrial environment without ferromagnetic particles 

8 Standards and directives 

Machinery Directive 2006/42/EC - partly completed machinery 
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13 Approvals/standards, degree of protection, EMC conformity.  

The flatTRACK is intended as a drive component with integrated control for use in industrial 
machines and automation systems. The product is supplied as partly completed machinery within the 
meaning of the European Machinery Directive and the Machinery Ordinance and is therefore 
intended for installation in a complete machine or system. 
 
The final assessment of conformity and the CE marking of the complete system are the responsibility 
of the machine manufacturer or integrator. 

13.1 Machinery Directive and Declaration of Incorporation 

The flatTRACK is manufactured in accordance with the requirements of the: 
 
Machinery Directive 2006/42/EC 
 
or in future 
 
EU Machinery Directive (EU) 2023/1230 
 
as partly completed machinery. 
 
A Declaration of Incorporation is issued for the product in accordance with Annex II Part 1 B of the 
Machinery Directive. This confirms that the basic requirements necessary for integration into a 
machine have been met. 
 
Commissioning of the system is only permitted once it has been established that the machine or 
system into which the flatTRACK has been integrated complies with the applicable legal 
requirements. 
 
Note 
 
Further documentation can be found online in our Fullmo MovingCap documentation overview:  
https://movingcap.com/MovingCap-AnwenderDoku/  

13.2 Protection class 

The flatTRACK is designed for use in dry, clean industrial environments. 
 
Protection class: IP40 
 
This means: 
 

• Protection against solid foreign bodies > 1 mm 

• No protection against water or liquids 

The drive must therefore not be operated in damp, wet or heavily soiled environments. 
 
Particularly avoid 
 

• Cooling lubricants 

• Conductive or ferromagnetic particles 

https://movingcap.com/MovingCap-AnwenderDoku/
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• Metal chips or grinding dust 

• aggressive media 

 
When used in harsh environments, the drive must be protected by suitable machine covers or 
protective housings. 

13.3 Electromagnetic compatibility (EMC) 

The flatTRACK was developed for use in industrial EMC environments and fulfills the basic 
requirements for electromagnetic compatibility. 
 
However, compliance with the EMC limit values of the overall system depends largely on correct 
integration into the machine. 
 
The following points in particular must be observed for EMC-compliant installation: 
 

• Use of suitable shielded cables 

• Correct shielding and earthing 

• spatial separation of power and signal lines 

• Short and clear cable routes 

• Use of suitable power supply units and power supplies 

• Stable and low-impedance earth connection of the machine structure 

 
Improper installation can lead to 
 

• Communication faults 

• malfunctions of the control system 

• increased interference emissions 

The machine manufacturer is responsible for compliance with the EMC guidelines for the entire 
machine. 

13.4 Other applicable standards 

Depending on the area of application, the following standards and directives may be particularly 
relevant: 
 

• EN ISO 12100 - Safety of machinery, risk assessment 

• EN 60204-1 - Electrical equipment of machines 

• EN 61000-6-2 / EN 61000-6-4 - EMC industrial area 

• EN ISO 13849-1 - Safety-related control systems (if applicable) 

The specific application of these standards must be evaluated as part of the risk assessment of the 
overall machine. 
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14 Appendix 

14.1 Terms & abbreviations 

This documentation uses various technical terms and abbreviations that are commonly used in the 

context of linear drives, industrial automation and mechanical engineering. 

The most important terms and abbreviations are explained below to make them easier to 

understand. 

The definitions listed here serve to clearly interpret the technical information within this 

documentation. 

Terms 

Linear motor 

Electromagnetic direct drive that generates a linear movement without mechanical transmission 

elements such as spindles, racks or belts. 

Ironless linear motor / Ironless linear motor 

Design of a linear motor without an iron-core winding. This design is characterized by low cogging 

forces, smooth running and high dynamics. 

Carriage 

Moving part of the drive system that contains the motor, electronics and guide elements and moves 

the payload. 

Carrier plate / guide plate 

Stationary component of the system on which the guide system, measuring system and magnetic 

track are mounted. 

Magnetic track 

Arrangement of permanent magnets along the carrier plate that generate the magnetic field for the 

linear motor. 

Stroke 

Maximum possible travel of the carriage within one size of the drive system. 

Repeat accuracy 

Measure of the ability of a system to reach a previously approached position again under the same 

conditions. 

Absolute positioning accuracy 

Maximum deviation between the measured position and the actual mechanical position along the 

entire travel distance. 
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Abbreviation Abbreviation Meaning 

DC Direct Current (direct current) 

TCP/IP Transmission Control Protocol / Internet Protocol 

IO / I/O Input / Output 

IP International Protection Code (protection class) 

EMC Electromagnetic compatibility 

CE Conformité Européenne 

I²T Thermal current-time model for monitoring the motor load 

µm Micrometer 

N Newton 

V Volt 

A ampere 

 

14.2 Force and trajectory calculation 

The mechanical acceleration results from the basic equation 

with: 

F = driving force 

m = moving mass 

a = acceleration 

The following example calculation results for the MovingCap flatTRACK: 

Nominal force: 35 N 

Maximum force: 150 N 

Moving mass: carriage weight 600g + payload 600g) = 1200 g = 1.2 kg 

This results in the following maximum achievable accelerations of the carriage, if only the carriage 

mass is taken into account: 

Theoretical acceleration at nominal force, ideal loss-free system 

𝒂𝒏𝒐𝒎 =  
𝟑𝟓 𝑵

𝟏, 𝟐 𝒌𝒈
=  ~ 𝟐𝟗 𝒎

𝒔𝟐⁄  

 

Theoretical acceleration at maximum force, ideal loss-free system 

𝒂𝒎𝒂𝒙,𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 =  
𝟏𝟓𝟎 𝑵

𝟏, 𝟐 𝒌𝒈
=  ~ 𝟏𝟐𝟓 𝒎

𝒔𝟐⁄  
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This value is a purely mathematical value that cannot be achieved in practice, as the maximum force 

is generally defined as the short-term peak force at zero speed (standstill).  

The achievable maximum acceleration in a standard S-curve movement profile is significantly lower 

and depends on the exact operating conditions. As an initial estimate of the available force in the 

acceleration phase, the mean value of the nominal force and maximum force can be assumed. This 

results in 

  

𝒂𝒎𝒂𝒙,𝒓𝒆𝒂𝒍 ~  
𝟏𝟓𝟎 𝑵 + 𝟑𝟓 𝑵

𝟐 
 ×

𝟏

𝟏, 𝟐 𝒌𝒈
 ~ 𝟕𝟕 𝒎

𝒔𝟐⁄  

Additional application parameters can further reduce the achievable acceleration:  

 Friction 

 Cable weights and forces due to cable tension 

 Weight force for axes for vertical movement 

14.3 MovingCap online motion calculator 

For an initial estimate of your movement application, you can use our online movement calculator, 

which is currently under construction, at  

start.movingcap.com 

. 

14.4 MovingCap online support portal  

Further technical documentation and the latest version of this manual can be found on our 

MovingCap online portal www.movingcap.com . 

 

The technical data sheets, manuals and other documentation available for download can be found in 

the Fullmo MovingCap documentation overview 

https://movingcap.com/MovingCap-AnwenderDoku/ 

14.5 CAD data 

We can provide you with further CAD data on direct request. The data can be provided as 3D-Step or 

2D-DWG or DXF. 

 

https://start.movingcap.com/
http://www.movingcap.com/
https://movingcap.com/MovingCap-AnwenderDoku/

