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Abstract 

The Juliska Laboratories of Czech Technical University contain testing equipment for both in-house as well 

as commercial collaborative researches undertaken by the Automotive Department. One such apparatus is 

the Open-Loop test stand. 

The open-loop test stand has a set of dynamometers installed on it for various testing purposes. The 

dynamometers are required to be moved linearly on their rails as per the test requirements. For this, the 

present work proposes a new system that accommodates the proper positioning of one of these two 

dynamometers within the rails. The proposal includes choosing of physical parts, including but not limited 

to sensors, valves, actuators and an electric motor. The physical parts make up the pneumatic and electric 

sub-systems also a part of the proposed work. All the necessary changes required to be made to the test 

stand are also incorporated into the proposal. 

Lastly, the present work also proposes a virtual setup of the above-mentioned physical parts in the LabView 

environment, providing an alternative means of control. Hence, giving the user choices of both manual as 

well as automated ways of operation. 
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1   Introduction 

 

“Besides black art, there is only automation and mechanization” 

- Federico Garcia Lorca 

 

These famous words of the renowned Spanish poet from 1931 still stand the test of time as we continue to 

evolve in the various fields of science, including automation. [LG40] 

 

In the latter half of the 18th century, the beginning of the Industrial Revolution started a period of 

development that helped in transforming huge rural-agrarian societies in Europe and America into urban-

industrialized ones. 

 

Goods which were largely created laboriously by hands began being mass produced by machines in huge, 

enclosed spaces “factories”, all thanks to the introduction of new techniques and machinery. 

 

Along with these magnanimous developments, few words gathered international importance for their 

effectiveness in increasing the spread of industrialization. One such word is Automation. Dr. Slava 

Gerovitch, quoted in his texts on Automation, “Automation does not simply transfer human functions to 

machines, but involves a deep reorganization of the work process, during which both the human and the 

machine functions are redefined.” [RRH03] 

 

To ensure, ease of operation and increase speed of doing work, automation and mechanization are 

quintessential in today’s times. Any such works or projects, small or big that undertake this technique and 

try to apply it need to be promoted to increase the impact in everyday lives of people employed in all kinds 

of work. 

 

Hence, a university - the place where education is imparted to inspire a young generation of leaders of 

tomorrow, can be a perfect place to apply such techniques of automation. To help prepare a better and much 

larger group of youngsters and to give them the opportunity to further develop this fast-paced industrial 

world. 
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1.1 Motivations 

The Juliska Laboratory of the Automotive department has been carrying out research ever since its 

inception. With a greater emphasis on researches across the European Union through grants to member 

states under the Europe 2020 strategy, the member states have a renewed enthusiasm to improve their 

respective institutions at many levels. [EC20] 

The Czech Technical University being the premier technical institution in the Eastern European region has 

a responsibility to lead in innovation as well as continuous improvement. This proposed work cements that 

underlying philosophy and tries to address the needs of a particular installation in the test facilities. 

To describe the present scenario at Open-loop test stand, there are a lot of shortcomings and incomplete 

installations that inhibit quick and easy operation of the apparatus. The operation of the dynamometer can 

be broadly talked about in two contexts for problem definition: Pneumatics and Linear Movement control. 

Pneumatics deals with the operation of the braking system of the dynamometer. For a better understanding, 

the Pneumatics contains the following parts: 

- Linear guideways: 04 NOS 

- Pneumatic clamping elements: 02 NOS 

- Compressor outlet 

- Piping: From the compressor to the clamping elements 

The dynamometer is mounted on a base plate which in-turn is placed on four linear guideways that permit 

the linear movement with the help of rolling elements. The function here of the linear guideways is to offer 

precise linear movement. The braking of the dynamometer for stopping its movement along the rails is 

attained with the help of a couple of pneumatic clamping elements, one on each rail. As the compressed air 

is passed through to the clamping elements the internal wedge-slide gear mechanism allows the contact 

Figure 1: Open-loop test stand 
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section to move away from the rails, hence allowing movement. In case the air supply is stopped, the contact 

section presses against the rails and inhibits any motion of the mounted dynamometer.  

However, the current way of operating the brakes is quite inefficient. The main issue is the piping 

connection of the braking elements with the compressor. The pipes are manually attached/removed upon 

requirement from the compressor outlet causing the pipes to be spread haphazardly around the laboratory 

floors close to the machinery. This can also pose a safety hazard to other equipment as well personnel. 

The Linear Movement control is another essential aspect of the functioning of the test stand. The Linear 

movement control contains the following parts: 

- Leadscrew paired with a gearbox 

- Linear guideways (mentioned in pneumatics as well) 

- Manual rotation mechanism at output shaft of the gearbox  

To define the sub-system, linear movement control is responsible for moving the dynamometer on the rails 

as required while setting up the test stand for experiments. This constitutes of a Leadscrew screwed at one 

end to the base plate that is placed on linear guideways, the component responsible for movement. The 

other end of the leadscrew is paired with a gearbox attached to the mounting base of the test stand, as 

depicted in the picture. The gearbox has an output shaft capable of providing turning motion to the 

leadscrew to enable linear movement. The present arrangement is a temporary and unsafe way of moving 

the dynamometer. It employs a ratchet wrench extension affixed to the output shaft of the gearbox. When, 

movement is required, the operator attaches a wrench to the extension and manually rotates the shaft to 

enable movement. This is an inefficient as well as unsafe way of movement which could also damage the 

output shaft if proper care is not taken in providing rotatory motion. Also, the gearbox hasn’t been affixed 

rigidly to the test stand, giving an opportunity of a mis happening to occur to the operator or a damage to 

the gearbox. 

Another, factor that makes a case for the proposed work, is the absence of a software-controlled operation 

of the stand. The only way at present of actuating the movement of the dynamometer is manual using the 

temporary method of wrench turned moving on the rails. 

Therefore, the Automotive department of CVUT, intends to create a robust system that incorporates, a 

systematic approach to attain the objective of allowing fast and efficient setting up of the test stand as and 

when required before scheduled tests. It would also enable the conduction of various tests important not 

only for researches but also during planned practical demonstrations to students of the faculty. 
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1.2 Research question 

The presented work has the goal of proposing a system that allows choice between automated and manual 

positioning of the dynamometer. 

This provides the operator the freedom to choose appropriate method of operation based on his needs. For 

quick and most adjustments to the movement, the manual positioning suffices the requirements of 

operation. In tasks or experiments where miniscule precision in setting up the test stand is required; the 

automatic positioning comes into use. 

Firstly, it is required to propose the electric motor and all the necessary sensors and actuators needed to 

create such a system. To reduce the complexity of the functioning of the main system, the proposed system 

can be divided into: Manual and Automated Systems. This helps us to simplify the system and provides us 

with a systematic approach to attaining the final proposal. 

The two systems, based on the functioning can be divided into: - 

1. Position measurement 

2. Dynamometer motion and movement control 

3. Pneumatic brakes actuation 

This is essential as it helps cover all aspects of operation from choosing of parts to their electrical 

connections and so on. 

It is also required to create a control and data acquisition through LabView for automated working of the 

positioning system. 

The working of the system of course, relies on: 

- Correct connection of the parts in the electric circuit. 

- Correct installation of the parts. 

- Calibration of the control in the software after physical connection with the parts. 
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1.3 Report overview 

As per the requirements of the thesis, the proposed work has been divided into several chapters. The chapter 

2 firstly talks about the existing arrangement of the dynamometer. It also explains in brief about the main 

functional parts of the test stand including the dynamometer, the screw jack, pneumatic clamping elements 

and the linear guideways. 

Chapter 3 starts the detailed explanation of various parts of the thesis project. It deals with the aspect of 

position measurement. This is realized with the help of a draw-wire sensor. The need for such a part, reasons 

for the choice, way of operation, additional hardware and connection with data acquisition system are 

described in this chapter. 

Chapter 4 begins with the task of realization of movement through a stepper motor. The need for a stepper, 

reasons for the selection, various comparable options, additional hardware requirements and the connection 

with the data acquisition system are explained.  

Chapter 5 brings the braking mechanism of the test stand into focus. The requirements, selection criteria, 

detailed specifications and way of operation are explained in this section. 

Chapter 6 presents the above chosen parts together in the form of a system. This can of course be divided 

into Manual Operation and an Automated way of operation. The schemes and flow of the communication 

of the systems are described and presented in a complete form.  

Chapter 7 deals with the software aspect of the master thesis. The usage, implementation, and organization 

of a program in LabVIEW is explained. The virtual instrument for each part that is associated with data 

acquisition is described in detail and at the end the complete LabVIEW program is presented. 

Chapter 9 sheds some light on the changes required to be made on the test stand for mounting of parts as 

well as to accommodate proper functioning of the positioning system. Several small accessories used 

throughout the system are also described briefly in this section. 

Finally, the last chapter discusses the future scope and possible improvements in the project as well as the 

conclusion of the work accomplished. 
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1.4 Work organization 

 

The master thesis was organized as depicted by the Gantt chart: 

• Firstly, a substantial amount of time was spent in understanding the existing issues in the test stand. 

Upon extracting out all the issues and possible things to be controlled the research was initiated. The 

research consisted of catalogue search, understanding principles of operation, book consultations, 

technical paper study, journal referencing and laboratory visits. 

• The second phase was quite crucial as well as a time-consuming phase. Physical part selection and 

understanding its system implementation was a relatively new field in the personal experience. A large 

chunk of time was spent in arriving at decisions to choose parts after numerous consultations with part 

suppliers and the supervisor. Various changes were made in selections based on different feedbacks 

and findings. 

• Once, an overview of required parts and the main system was gathered then the work on their 

synchronization was initiated. This included comparison between various similar usage components, 

system flow diagrams, parts connection methods. 

• The development of manual and automated ways of operation was started in proximity as they were 

inter-related to one another in the main systems. It also acted as a stage wherein synchronization 

conflicts between the main two systems caused delays. 

• Finally, once a detailed study of the physical parts was completed, the work on the automated approach 

using LabView was initiated. This was also a time-demanding part of the thesis as many compatibility 

issues happened when the eventual connection was made between the physical parts and the software. 

• The eventual designing of the mounts was only initiated when it was confirmed that all parts are 

compatible with the software. 

 

 

Research

Product specs finalized

Choice/Buying of parts

LabVIEW Program

Mountings

April May June AugJulyMarch



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

2 Open-loop test stand 

The open-loop test stand is one of the many testing equipment present in the Juliska Laboratory of the 

Automotive department, CVUT. The main operating equipment mounted on this test stand is the 

dynamometer and hence the test stand functions to allow for proper testing of parts with this dynamometer. 

The above picture depicts the pre-existing arrangement on the test stand. 

 

2.1 Operating sequence and key parts 

To operate the existing setup, the following steps are followed: 

- The compressor is switched on. 

- The pneumatic piping is connected to the push-fit socket in the wall. 

- This releases the clamps holding the dynamometer test stand. 

Figure 2: Pre-existing test stand setup: dynamometer-1 
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- The movement is then provided by attaching the wrench to a temporary extension put on one of the 

output shafts of the gearbox. 

 

Figure 3: Dynamometer – 1 of open-loop test stand 

Figure 4: Setup below the dynamometer 
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The first dynamometer of the test stand can be distributed into the following key parts: 

• The dynamometer 

• Screw jack with gearbox 

• Pneumatic clamping element 

• Linear guideways 

 

2.2 Dynamometer 

To define a dynamometer in general, it is a device used for measuring the force, torque or power. For 

example, the power produced by an engine or motor can be calculated by measuring the torque and 

rotational speeds. However, the type of dynamometer mounted on this test stand is an asynchronous 

dynamometer. These types of dynamometers can be used both as a generator or a motor and can measure 

the mechanical power on the tested machine shaft. They can also generate controlled braking and driving 

torques. The devices that can be loaded and driven include gearboxes, engines and other electric machines. 

 

 

 

Figure 5: Asynchronous Dynamometer - 1 
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2.3 Screw jack 

Screw jack is a linear movement drive that helps in converting rotary motion into linear motion. It is 

commonly a combination of a gearbox assembly of worm gears transmitting power to a screw. 

The screw jack used in the dynamometer test stand contains a gearbox with a gear ratio of 4:1 attached to 

a screw with a trapezoidal thread size of 20x4. This means that the nominal diameter is 20 mm and the pitch 

is 4 mm. [TT19] 

 

 

 

 

 

 

 

 

KEY CHARACTERISTICS: TSE10-RN 

Max drive shaft 
speed 

1800 RPM 

Gear ratio 4:1 

Max input drive 
torque 

10,5 Nm 

Screw TR 20x4 

Max load 10kN 

Table 1: Key characteristics: screw jack [TT19] 

Figure 6: Screw jack TSE10-RN, TEA-TECHNIK [TT19] 
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2.4 Pneumatic clamping element 

Pneumatic clamping element is a set of devices attached below dynamometer on both sides on top of the 

rails to provide the braking action. This is made possible by a system of spring, piston and wedge slide gear 

together altering the contact section’s position. 

 

This figure shown above of the clamping element helps explain the phenomenon. The clamping element 

mainly contains a spring attached to a piston, a contact section that applies the braking effect, a wedge slide 

gear present inside the air pressure inlet of the element. The spring in the default position keeps the load on 

the piston that eventually keep the contact section pressed against the linear rail. Thus, providing the braking 

effect. This is the case when no air is provided to the element. 

When compressed air is provided to the element, it helps move the piston away from the contact section 

thanks to a wedge slide gear that slides towards the piston. Hence, resulting in removal of the contact section 

from the rail, accommodating movement. 

KEY CHARACTERISTICS – ZIMMER MKRS 

Min pressure 5,5 bar 

Max pressure 8 bar 

Holding force 350-1700 N 

Table 2: Key characteristics clamping element [ZTW12] 

 

 

Figure 8: Inside mechanism - clamping system     [ZTW12] Figure 7: Pneumatic clamping element – ZIMMER MKRS 

[ZTW12] 
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2.5 Linear guideways 

A linear guideway allows linear movement with the help of rolling elements. Usually, by using rollers or 

balls, a very precise linear movement can be obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Linear guideway [HI] 
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3 Linear position measurement 

This chapter deals with position measurement aspect of the master thesis. Position measurement mainly has 

to with the measurement of the position of the dynamometer between the rails. 

 

3.1 Need 

The need for position measurement arises from the plan to automatize the open-loop test stand. As the open-

loop test stand consists of two dynamometers that can be together used to run tests on mechanical parts like 

Gearbox or Engines, accurate positioning becomes very important for such experiments. Hence, by 

knowing the position of each dynamometer, we can align the axes of both dynos perfectly with respect to 

the tested part. This also aids in knowing how far the tested part should be placed from both dynos. 

 

3.2 Objective 

The main objectives for the linear position measurement can be summed up below: - 

1. The position measurement should be very accurate with a resolution of at least 1 mm. This would allow 

movement of the dynamometers in increments of 1 mm for an exact positioning.  

2. The total distance in between which the positioning must be measured is 1005 mm. Hence, the 

positioning sensor should have a measurement range of at least 1100 mm. 

Figure 10: Open-Loop Test stand: present scenario 
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3. The position measurement should be compatible with LabVIEW. Hence, the chosen solution should 

output the measurement in a form that can be used in LabVIEW. 

4. The measured position should also be displayed near the test stand in real-time for easy referencing 

when the manual mode of operation is in use. (The position is always reference from one end of the 

test stand) 

 

3.3 Present Scenario 

At present, there is no existing way to measure the distance or the position of the dynamometer. 

 

3.4 Approach and choosing of the sensor 

 

The decision-chart above explains very efficiently the process of arriving on a decision to choose a suitable 

position measurement sensor. 

Figure 11: Decision-making ; position measurement 
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• The initial literature survey was focused on finding out common ways of position measurement in 

the industry. 

 

• This could be broadly divided into two main types: - 

o Non-contact type sensors 

o Contact type sensors 

• Non-contact type sensors as the name suggests, have no contact between the sensor and the object, 

whose position is being measured. 

• The most used Non-contact type sensors can be mainly classified as: - 

o Hall-Effect Sensor: This type of sensor works on the principle of Hall-Effect, where when 

a magnetic object comes in the range of the sensor, a flux is generated and that can in-turn 

be measured in the form of a voltage. Although, a very cost efficient and simple to use 

sensor, it has a lower accuracy when measuring longer distances and the presence of other 

parts can interfere with the output signal. 

o Linear Inductive Sensor: This type of sensor has a coil inside it that creates a magnetic field 

around the sensor. When the target metal object is in the range of the sensor, an eddy 

current is created due to electromagnetic induction and that changes the amplitude of the 

output signal. The closer the object the smaller the output signal. This sensor also suffers 

from low accuracy at large distances and is susceptible to interferences from other objects. 

o Capacitive Position Sensor: A capacitive sensor acts like a simple capacitor.  A metal plate 

in the sensing face of the sensor is electrically connected to an internal oscillator circuit 

and the target to be sensed acts as the second plate of the capacitor.  Unlike an inductive 

sensor that produces an electromagnetic field a capacitive sensor produces an electrostatic 

field. Although, having a good resolution, the sensing distance depends on how large the 

face of the object is, which in our case is quite small (base plate of the dyno stand: 30 mm). 

o Single Point Laser Sensor: This type of sensor employs a laser beam to accurately point 

towards the object being measured but is an impractical solution in an industrial 

environment, given the safety hazard of using a Laser. 

• In conclusion, with regards to the Non-Contact type sensors, for our application it can be said that 

they are unsuitable due to the constraints related to measuring range, sensitivity to other objects 

around or some safety issues in one the types. 

• The Contact type sensors seem to be the go-to choice due to reliability in accurate measurement 

that is provided by a physical contact between the sensor and the object whose position is being 

measured. 
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• The contact type sensors, for our application can be divided into two types: - 

o Incremental Linear Encoder: This type of position sensor converts the rotary or angular 

motion of a shaft into a digital output signal. This can be a 0-5V digital output. They have 

a very good resolution. Due to their high accuracy, they are used for very large distances. 

Although, this type of sensor fits our needs but most of the present-day sensor 

manufacturers make the encoders which measure ranges of more than 2000 mm. This goes 

beyond our range and hence makes it an unviable option. 

o Draw-wire sensor: As the name suggests, a draw wire sensor has a wire wounded around 

a metal drum that wraps/unwraps around the drum based on how large the distance to the 

object is. This, outputs an analog voltage signal, usually in the range of 0-10V. Also, this 

sensor has a very good resolution and availability for short distance measurements. It is 

comparable to the linear encoder in terms of accuracy and resolution. The choice defining 

reason here is that there are many draw-wire sensors available in the distance measurement 

range of around 1100 mm that we have at the test stand and the encoder type sensors are 

not available for our measurement range. Hence, the draw-wire sensor is the go-to choice. 

 

3.5 Draw-wire sensor 

Draw-wire sensor is a low-cost position or change of position measurement device. As the name suggests, 

the sensor makes use of a wire and a sensor element arrangement. In our case, the sensor element is the 

potentiometer.  

To describe its operating principle, a flexible stainless-steel wire used to measure the distance or change in 

position is wound around a metal drum using a long-life spring motor. This helps in retracting of the wire 

Figure 12: Draw-wire sensor [ME19] Figure 13: Functioning - draw wire [ME19] 
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if left free. This drum is then coupled axially to a multi-turn potentiometer. The potentiometer helps to 

output this change in the distance in the form of voltage. 

 

As can be observed from the figure, the potentiometer is connected to the metal drum and it converts this 

movement into a voltage signal that can be read by a DAQ device. 

Another thing worth mentioning about the measurement is the maximum distance that is required to be 

covered by the dynamometer when it is allowed to reach the very end of the linear rails. This was 

recommended to be kept at 1005 mm. This was a factor considered while choosing the specifications of the 

sensor. 

This table highlights the main characteristics of the Draw-wire sensor from MICRO-EPSILON, model no. 

WPS-1250-MK46. 

As of today, the Draw-wire sensor has been purchased and tested. 

 

 

 

Measuring range 1250 mm

Resolution 0,4 mm

Output type Voltage

Supply voltage max 32VDC

Resistance 1kOhm

KEY CHARACTERISTICS

Figure 14: Maximum permissible movement 

Table 3: Key characteristics - draw-wire sensor [ME19] 
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3.6 Additional hardware: LED display for distance 

Another requirement along with the usage of a draw-wire sensor was to have a display near the test stand 

where the distance moved could be displayed in real-time. 

 

The approach to the finding of a display began with basic LED panels that can display in numeric. But the 

issue that arrived with the basic displays was that the type of input these displays can take is either an NPN 

or current(I). In our case, the input had to be a voltage signal that the draw-wire sensor would generate. 

This then had to be extracted through the wires and then be used with the display to show the instantaneous 

movement distance. 

 

Finally, after some researching and contacting the companies for exact specifications that would fit our 

requirements, I chose a display from the manufacturer Orbit Merret (also extensively used in CVUT 

laboratories) and hence recommend the OM502PM Display that can take 0-10 VDC input and then through 

a microprocessor, convert it into the distance moved.  

It was also found out upon enquiry in the Roztoky laboratory that there are a few existing displays that can 

take a voltage signal of 0 – 10 V as input. Hence, although the suggested display is a new type but it should 

be comparable with the existing options also from the same manufacturer, Orbit Merret. 

 

3.7 Data Acquisition and Connection of the sensor 

One of the objectives of distance measurement is to have a sensor that is compatible with 

LabVIEW. This is because the output from the sensor is an analog voltage signal of 0 – 10 V. But 

this signal in no way tells us how much distance the dynamometer has moved between the rails to 

know its exact position. 

 

 

 

Rated Power 250 VAC

Input Type 0 -10 V

Display 5-digit

KEY CHARACTERISTICS

Figure 15: OM502PM display [OM20] 
Table 4: Key Characteristics - OM502PM [OM20] 
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3.7.1 Data Acquisition 

LabVIEW is a graphical system engineering software that allows successful conduction of tests, 

measurements by combining the hardware and software. This is where the role of data acquisition comes 

into play. To interact with the software and to process the signal from the draw-wire sensor to the software, 

we need specific hardware that can act a bridge for communication. 

 

National Instruments, the company that developed LabVIEW also has various hardware solutions specific 

to various type of measurements or the type of output signals that the sensors produce. Based on that, in 

our case of an Analog Signal of 0 -10 V and the fact that many solutions from National Instruments are 

used in the laboratory at Juliska, a suitable hardware setting was found out.  

 

The type of hardware chassis would be a Compact DAQ (data acquisition) system, a type of hardware 

solution from NI, that allows various types of measurements in one chassis. 

 

The slots shown above in the picture can be used for various kinds of measurements. In our case, we can 

choose a compatible cDAQ CARD that can fit in one of these slots to allow data acquisition from our draw-

wire sensor. 

 

 

 

 

 

 

 

Figure 16: NI-cDAQ 9174 Chassis [NI21] 
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3.7.2 NI – cDAQ CARD 9205 

NI 9205 is a 16-channel analog input data acquisition card that is compatible with the Compact DAQ chassis 

9174. This type of the DAQ card can take analog input signals in the range of 0 -10 V, that is exactly what 

our draw-wire sensor outputs. The card can be easily put in one of the slots in the 9174 and can communicate 

with the PC through the connection of 9174 with a USB port. 

 

 
Analog Input: This is the signal that we receive from the draw-wire sensor. As this signal acts as an input 

for our DAQ device, we call it as an analog input. 

 

Analog Output: This is the signal that the draw-wire sensor provides. As it’s the signal that comes out of 

the sensor, hence we call it an analog output. 

 

 

 

 

 

 

 

 

 

 

Figure 17: NI-9205 DAQ Card [NI15] Figure 18: Port layout NI 9205 [NI15] 
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3.7.3 Wiring and electrical connections b/w DAQ and sensor 

 

Figure 19: Draw-wire sensor: electric connections 

Figure 20: Testing of Draw-wire sensor at Juliska 
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4 Motion and movement control 

This chapter deals with the motion and movement control aspects of the thesis project. Providing motion 

to the dynamometer is a fundamental part of the open-loop test stand. The testing of various 

engines/gearboxes involves aligning of the shaft connected to the dynamometer with the part being tested. 

This leads to adjustment of position of the dynamometer on the test stand and for that purpose motion and 

movement control play a key role. 

 

4.1 Need 

Allowing a perfect alignment of the test part and the dynamometer is an important task before a test can be 

started. This leads to a requirement for providing a fast and safer way to align and move the dynamometer 

between the rails. 

• The proposed solution should eliminate any manual work required to be done by the user to move the 

dynamometer between the rails. 

• The movement control aspect of the test stand should allow the maximum utilization of the available 

movement space on the rails with a control to prevent the dynamometer to reach the extreme ends of 

the rails, that could pose a danger to the user. 

• In case of complex tests where accuracy is required to be as high as possible, a solution to allow such 

motion remotely should be proposed. 

 

4.2 Objective 

The main objectives related to the proposed motion and movement control can be summed up as: - 

• The proposed solution should allow a permanent way of providing linear movement to the 

dynamometer between the rails with the minimum engagement by the user. 

• The proposed solution should be user-friendly and provide a very simplified way to control the 

linear movement of the dynamometer. 

• The proposed solution should prevent the dynamometer from reaching the extreme ends of the rails. 

Hence, safeguarding the user from danger. 

• The proposed solution should allow two ways of movement control to the user: - 

o Manual operation: Push-button based movement of the dynamometer on the rails for not 

very complex repeated experiments. 
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• Automated operation: A LabVIEW based mode of operation of the linear movement that 

allows highly precise movement, remotely while preventing the dynamometer from 

reaching the extreme endpoints of the rails. 

4.3 Present Scenario 

At present the open-loop test stand uses a non-standard way of linear movement of the dynamometer 

between the rails. This method utilizes a torque wrench head screwed to the gearbox that rotates the 

leadscrew, causing the eventual linear movement of the dynamometer. 

A manual wrench can be attached to this head to manually rotate the gears in the gearbox, leading to the 

movement of the dynamometer. This is a very tiresome and time-taking method to move the dynamometer 

while setting it up for tests. 

 

4.4 Approach and the choice 

The idea of the movement control should be to rotate the input shaft of the gearbox. This will lead to the 

rotation of the leadscrew attached with the gearbox and the rotary motion of the leadscrew will be 

transformed into the linear movement of the dynamometer between the rails. 

The easiest and the most widely used method to propel or rotate a shaft is to use an electric motor. To 

simply define electric motor in a line, “It’s a device that converts electrical energy into mechanical energy”. 

That is exactly what we require but with some added constraints related to compatibility and function. 

Hence for that purpose a comparison between the various available types of electric motor is done. This 

should make it easier in reducing the choice to a few types. 

Although, there can be many ways to categorize the electric motors, for our application, I based my selection 

criteria on five main factors: - 

WRENCH EXTENSION 

ATTACHED TO THE 

GEARBOX 

GEARBOX 
LEADSCREW 

DYNAMOMETER 

GUIDE RAIL 

Figure 21: Test stand with existing movement control 
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• Torque: First and most importantly, is the motor able to provide enough torque to move the 

dynamometer between the rails? 

• Accuracy: Can the electric motor provide enough resolution to allow movements as precise as 1 

mm when required? 

• Compatibility: Is the motor able to be easily controlled remotely via LabVIEW while allowing a 

simpler manual way of operation when needed? 

• Size: Is the motor compact enough to be installed with the gearbox on the test stand? 

• Cost: How does the motor fair, pricewise in comparison to what it offers? 

 

4.4.1 Torque calculation 

An important aspect in deciding the specifications and type of motor is the torque requirement. It must be 

clearly specified how much torque is required to be provided to move the dynamometer between the rails.  

 

4.4.1.1 Torque requirement measurement 

To measure the torque required to move the dynamometer between the rails, accurately a torque wrench 

with a range between 1 Nm to 5 Nm was used. 

The process of measurement can be described in steps as: - 

Figure 22: Choosing an electric motor 
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• Firstly, the torque on the wrench was set as 1 Nm and it was tried, to rotate the input shaft of the 

gearbox. No rotation was observed in the leadscrew. Hence, this value was too short to move the 

dynamometer. 

• Then, the torque was increased by 0,5 Nm to 1,5 Nm and the process was repeated. Again, no 

rotation of the leadscrew was observed. 

 

• Next, another increment of 0,5 Nm was made bringing the input torque to 2 Nm. Now, for the first 

time, the rotation of the leadscrew was observed. 

• Observing movement at 5 Nm, the wrench of a higher torque range of 5 – 60 Nm was employed, 

and the measurement was continued. This was continued in increments of 0,5 Nm until 6 Nm when 

no movement was observed in the leadscrew. 

• Now, the increments were reduced to 0,1 Nm and from 5 Nm the input shaft of the gearbox was 

rotated for torque with increments of 0,1 Nm. 

• At 5,7 Nm, no rotation of the leadscrew was observed. 

• Hence the torque range for moving the leadscrew came out to be in the range: 2 Nm to 5,6 Nm. 

 

Hence, the motor to be chosen must have an input torque in the range of 2 Nm to 5,6 Nm. 

 

 

Figure 23: Torque measurement using wrench 
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4.4.2 Factors that define the choice 

In the above chart comparing all the different type of motors, there were a few factors that played a greater 

role in deciding the preferred choice: - 

• LabVIEW compatibility and Size were the deciding factors, going in favor of the Stepper and Servo 

Motors. 

• With regards to conventional AC and DC Motors the synchronization with LabVIEW is complicated 

with requirements of Frequency Converters to be able to communicate with the software. 

• Size constraint all but very clearly tilts the choice making it in the favor of Stepper and the Servo 

motors. The space available next to the input shaft of the gearbox is concise and the mounting should 

not be connected to the ground. 

• Once, it was clear that the choice must be made between Stepper and Servo motors, the deciding factor 

had to be the cost. Due to the feedback-type working of the Servo motors, they are more expensive than 

simple Stepper motors. Although, Servo motors can offer even more precision, but as speed of rotation 

Figure 24: Space availability for motor mounting 
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shouldn’t be very high, hence the precision should remain comparable between Stepper and Servo for 

low rotation speeds of up to 800 – 1000 RPMs. 

• Hence, the type of electric motor suggested should be a Stepper Motor. 

 
4.5 Stepper motor 

Stepper Motor is an electric motor that rotates by performing steps, that is by moving by a fixed number of 

degrees. A standard stepper motor has a step angle of 1,8 deg. That translates to roughly 200 steps per 

revolution. 

The way a stepper motor communicates for control with a software like LabVIEW is through a drive. 

4.5.1 Stepper driver 

Stepper driver can be defined as a device that allows a stepper to do the function it’s built to do: make 

precise steps but smoother and possibly with even higher resolution. It takes care of the communication 

between the software and ensures smooth jerk-free movements. Now a days, the technique of microstepping 

is also widely applied using stepper drivers. Microstepping can be defined as breaking down the movement 

of a stepper into even finer steps. That can go up to 64000 steps in modern stepper drivers. That gives an 

unmatched resolution and can be used in very high accuracy demanding applications. 

Figure 25: Stepper Motor 

Figure 26: Stepper driver 
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4.5.2 Choosing between two sets of Stepper and driver combinations 

After choosing to work with stepper motors, initially based on the torque requirement and availability, a 

suitable combination of Stepper and driver was made. 

• This combination of Stepper and driver uses a Stepper motor from SANMOTION and a compatible 

driver from RTA. 

• The torque and other characteristics fall in an acceptable range. 

• This combination costs around 7500 CZK and would be required to be purchased. 

Figure 27: Suggested Combination 1 - Stepper and driver 

Figure 28: Suggested combination 2 - Stepper and driver 
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• This option of a Stepper motor and driver/microcontroller from the Czech manufacturer MICROCON 

was found upon enquiry in the laboratories at Juliska and Roztoky, if there was a presence of any spare 

hardware for providing linear motion.  

• Yet again, the torque and other characteristics fall in the acceptable range. 

• The biggest plus point with this suggestion is the readily available parts that are free-of-cost to test and 

use, in-house in the university. 

• Hence, this suggested combination was chosen as the final choice for providing linear motion to the 

dynamometer. 

• This also helps the department save around 5000 CZK! 

 

 
4.5.3 MICROCON 2740 Stepper and CD30x Driver 

4.6 Additional Hardware 

The motion and movement control part of the thesis project requires the use of some additional hardware 

to be able to perform all needed functions. 

 

These additional parts could be divided as: - 

• Limit switches 

• Push button switches 

• Emergency stop switch 

 

 

Current 3,3 A

Type Bipolar DC

Holding Torque 2,8 Nm

Size NEMA 34

Voltage Supply 48 V DC

Weight 2,3 Kg

SX34-2740 STEPPER

Table 5: Stepper motor characteristics Figure 29: Stepper Driver connection ports 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

4.6.1 Limit Switches 

Limit switches as the name suggests limit an object from moving beyond a point. In case our application 

the task remains the same with a slight modification. In our case, the limit switch can be moved and fixed 

anywhere along the linear length of the dynamometer. 

The idea is to place two limit switches very close to one another at one end of the dynamometer. This is 

ideal when a very precise positioning is required. Hence, while adjusting the position, in case the 

dynamometer goes too wide, the limit switches can prevent damage to testing parts or other attachment.  

 

4.6.2 Push button switches 

Push button switches are normal ON/OFF switches that allow performing certain functions with the help 

of the stepper driver. For our case, this function would be the operation of the stepper motor in clockwise 

(CW) and counterclockwise (CCW) directions. 

To explain a little more, when push button-1 would remain pressed, it would move the stepper motor in the 

CW direction and the motor would stop rotations only when the switch is once again depressed or if the 

dynamometer triggers one of the limit switches. 

Likewise, when push button-2 remains pressed, it should move the stepper motor in the CCW direction. 

The logic/functioning of the software is explained later in the software chapter. 

 

4.6.3 Emergency stop switch 

This type of switch is a manual way of overriding the movement of the dynamometer. This type of switch 

if once pressed, should immediately cut-off the power supply to the microcontroller and hence in-turn to 

the stepper motor, causing a shut-down of the system. 

This is a switch that is used in the rarest of cases when the stepper seems to be malfunctioning and doesn’t 

seem to respond well to commands. 

 

Figure 30: OMRON SS-01 GL111-3 Limit Switch [OM07] 

Rated Power 0-30 VDC

Type SPST- NO

Lever Type Long hinge lever

Terminals Solder

KEY CHARACTERISTICS

Table 6: Limit Switch characteristics [OM07] 
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4.7 Data acquisition and wiring diagram 

As explained earlier when introducing LabVIEW, data acquisition mainly deals with all connected 

hardware parts synced with the software for a seamless communication. 

Most of the communication with LabVIEW requires some form of NI-hardware. However, in our case as 

the in-house Stepper motor has an accompanying stepper driver from the same manufacturer MICROCON, 

this eliminates the need of additional hardware from NI. 

All the necessary additional hardware is connected to the Stepper driver. This driver is then finally 

connected to the computer via a Serial Port. 

 

 

 

 

 

 

 

Figure 31: Stepper motor control - scheme 
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5 Pneumatics and dynamometer braking 

This chapter deals with another major part of the proposed positioning system: the pneumatics. The test 

stand on which the dynamometer moves, has a braking system to lock the dynamometer in place when a 

test is done. This system utilizes compressed air that passes through pneumatic brakes to release or hold 

them in place. The proposed system aims to provide an efficient and a permanent way of using the 

pneumatics on the test stand. 

 

Compressed air: Supplied? Brakes 

 Yes  Released 

No Applied 
Table 7: Pneumatic Brakes mechanism 

 

5.1 Need 

The use of pneumatics on the test stand is although simple but needs some modifications to provide 

maximum efficiency to the user. 

The system should be always ready to be used, without requiring any additional work by the user before 

he/she can apply/release the brakes. 

The system should be able to be used in dual modes, a stand-alone manual operation, where the pneumatic 

brakes could be released/applied by just a press of a button. On the other hand, there should be a way to 

remotely apply or release brakes. This could also be done using the software. 

 

5.2 Objective 

The objectives can be described as follows: - 

• The first objective should be to allow a permanent connection of the compressor with the brakes 

on the test stand. This should ensure a continuous supply of compressed air, hence providing the 

option to release or apply the brakes, when needed. 

• There should be a choice of controlling the application of brakes via two modes: - 

o Manual Mode: A simple mode in which the pneumatic brakes could be applied or released 

by just a press of a switch, installed near the test stand. 

o Automated Mode: A remote way of operating the brakes, with the help of software, 

LabVIEW. 
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5.3 Present scenario 

The present operation of the pneumatic brakes can be termed as, not user friendly. This can be attributed to 

the way the brakes are controlled presently. 

• When a user wishes to use the pneumatic brakes, first the connection from the compressor to the 

pneumatic brake pipes should be made. This involves attaching a push-fit connector to the 

compressor outlet. 

• This immediately allows air to reach the pneumatic brakes and hence, the brakes are activated 

immediately as the connector is connected with the compressor outlet. 

• Once the user has moved the dynamometer to the desired position, the connection between the 

compressor outlet and the pipes of the pneumatic brakes must be broken, to release the pressure in 

the pipes and help in re-engaging the brakes. 

• Hence, the push-fit connector is removed from the compressor outlet and placed aside near the test 

stand. 

 

 

Figure 32: Current pneumatic brake actuation system 
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5.4 Approach towards providing a solution 

The first thought that comes to mind when you need to control the flow of something is a device called as 

a valve.  

 

Taking this as the starting point, I tried to base my research on the following factors: - 

• Medium: Compressed air 

• Pressure: Up to 10 bar 

• Power choices 

• Actuation: via a Switch/ remotely via LabVIEW 

• Speed 

• Lifecycle 

• Cost 

Based on the application, in the initial literature survey, the choice of valve was reduced to two types 

• Solenoid Valve 

• Ball Valve 

Then, the two types of valves were judged on five factors to decide the preference. 

Solenoid Valve Vs Ball Valve: 

• Pressure range (0-10 bars): Although, both types of valves are available in the commercial market 

for the pressure range, Ball valves are mostly employed for much higher-pressure range operation. 

• Actuation: Ball valve offers much diverse options of actuation, from the pneumatic actuation to 

electric signal to even manual levers on the device. On the other hand, solenoid valve is mostly 

actuated via an electric signal. This point, however, is an important consideration for choosing the 

Type of valve Pressure: 0-10 bar Actuation Speed Life-cycle Power choice

Solenoid Valve
Ideal for this 

pressure range
Electrical signal

Faster 

response time
Higher

Mostly 

120VAC or 

24VDC

Ball Valve
Suitable for higher 

pressures

Pneumatic/Electric 

signal/Lever

Slower in 

comparison
Low

Variety of AC 

or DC options

SOLENOID VALVE Vs BALL VALVE

Table 8: Solenoid valve and ball valve comparison 
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solenoid valve as ahead in the literature research it was found that a dual mode of pneumatic brake 

application could be realized by just using a single solenoid valve. 

• Speed: In comparison, the solenoid valve responds faster to actuation requests in comparison to a 

ball valve. They might be less important for our application; however, this is also a differentiating 

factor. 

• Duty-cycle: This consideration is also quite significant in deciding one valve over the other. 

Solenoid valves in comparison have a much greater duty cycle than the ball valves, meaning the 

valve could remain in operation on the test stand for a longer duration before it needs to be replaced. 

• Power choice: This is one of the factors, that is similar for both the type of valves. Both valves 

offer standard AC or DC supply options, with the solenoid valve offering more variety of options. 

 

5.5 Solenoid Valve: choosing the right type 

The next step in providing a suitable pneumatic actuation solution for the brakes was in choosing a suitable 

solenoid valve. 

After being sure, that the type of valve will be a solenoid valve, the literature research was focused on 

looking at various types of solenoid valves. 

Figure 33: Choosing a solenoid valve 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

The two applicable types of solenoid valves were considered to make the final decision: - 

1. Two-way Solenoid Valve 

2. Three-position, two-way Solenoid Valve 

Main factor for the decision: - 

• The defining factor for choosing one type of valve over the other was if the valve could release the 

existing pressure behind the inlet valve (after closure) in the system. 

• The Two-way valve is a standard solenoid valve, where the valve’s function is only to block/ allow 

the supply of compressor air through the outlet port. This, however, is not sufficient for our 

application where the existing pressure inside the braking system pipes must be released. This 

cannot happen, if there is no port or a way to ventilate the braking system once the valve has been 

closed (no flow of air into the valve). 

• Here, the Three-Position Two-Way Valve, comes into application. The differentiating feature of 

this valve is the presence of an exhaust port. This exhaust port exclusively operates to relieve the 

pressure in the area behind the inlet valve once it closes. This is exactly what we need as a function.  

 

5.6 Burkert 6012 Three-Way Two-Position Solenoid Valve 

After considering factors such as availability and suitability, the Burkert 6012 3/2 Solenoid Valve is 

recommended as a choice for controlling the pneumatic brakes application/release. 

 

 

Figure 34: Burkert Solenoid Valve [BU21] 

Figure 35: Functioning of the valve 
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The exact specifications for the valve were determined after consultation with the manufacturer. The key 

specifications are described below in the table. 

 

 
 

 

However, to create a pneumatic system that allows a choice between manual actuation and a remote 

actuation via LabVIEW, there is need to add more parts to the solenoid valve.  

This is described in the following sections. 

 

5.7 Additional hardware: Pneumatic system 

To successfully actuate the solenoid valve, additional parts are required. 

These parts then together form the pneumatic system. 

 

• Toggle Switch  

• Push-button switch 

• Electromechanical Relay 

 

 

Status Valve Position Effect

Turned on

Inlet port connected 

with the oulet port ; 

Exhaust port remains 

closed

Pneumatic 

brakes released

Turned off

Outlet port connected 

with the exhaust port 

; Inlet port remains 

closed

Pnematic brakes 

applied

Valve Functioning

Voltage Pressure range Power consumption 

24 VDC 0 - 10 bar 4 Watts 

BURKERT 6012 3-position 2-way Solenoid Valve 

Table 9: Solenoid valve characteristics [BU21] 

Table 10: Valve functioning 
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5.7.1 Toggle Switch 

The application of a toggle switch is to choose the way of operation of the solenoid valve: Manual or 

Automated. 

To define it exactly, it’s a Single-Pole Double-Throw switch. A Single-Pole switch only controls one 

electric circuit. Double-Throw refers to an actuator with two positions where the circuit is closed. That 

means by toggling the switch UP/DOWN, in both conditions a circuit is closed/allowed to function by 

completing the connection. 

 
5.7.2 Push-button Switch (for Manual Actuation of Valve) 

Push-button switch is a switch that is used in electric circuit to interrupt or complete the circuit when 

pressed. The Normally-Open switch keeps the circuit open until pressed (the circuit cannot function). The 

Normally-Closed switch allows the circuit to function until pressed. 

Figure 36: Toggle switch functioning 

Figure 37: Manual actuation with push-button 
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For our case, the idea is to use a push-button in the manual mode to allow the opening or closing of the inlet 

valve of the solenoid. Hence, the push button has to be placed on the Manual side of the toggle switch and 

should be a Normally-Open type. 

 

5.7.3 Electromechanical Relay  

This is one of the most important parts of the pneumatic system after the solenoid valve itself. The idea 

behind using an electromechanical relay comes from the need of providing a manual and automated way 

of operation.  

• The solenoid valve cannot handle two parallel connections for different ways of operation. 

• Hence, a device needs to be added before the solenoid valve that can handle two ways of actuation 

and then in-turn energize/de-energize the solenoid. 

• For such purposes, the most used devices in industrial applications are Relays. Relays can be 

defined as electrically operated switches that allow a contact circuit to be closed when a sufficient 

voltage is applied to the coil or the input section of the relay. 

The main types of Relays could be: Electromechanical and Solid-State Relays. 

The decision to choose the Electromechanical Relay is described by the factors affecting the choice in the 

table below. 

 

As it can be said about the Solid-State relays that they are mostly used in harsh and demanding work 

environments with High contact voltage requirements. Hence, we do not require such high spec relays. 

For a simplified operation of actuating a 24 VDC Solenoid valve, I recommend using an Electromechanical 

Relay. 

Relay Switching Type
Switching 

current
Initial Cost Typical Applications

Electromechanical 

Relay

via Physical 

contacts
Low Lower

General Purpose, Low 

Voltage

Solid-State Relay via Semiconductors High Higher

High Voltage, Areas with 

vibrations/harsh 

environment

ELECTROMECHANICAL Vs SOLID-STATE RELAYS

Table 11: Electromechanical Vs Solid-state relays 
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Electromechanical Relay can be simply defined as a device that can be controlled electrically to generate 

an electromechanical force in the relay coil when a voltage is applied. This causes the contact circuit to 

close and hence complete the electric circuit. 

 

OMRON G2R General Purpose Relay 

The relay suggested for our application is the OMRON G2R Relay. 

 

 

 

 

 

Voltage
Rated 

Current

Rated 

Voltage
Rated Load

Normally Open Single 5 VDC 106 mA Up to 30 VDC 10 Amps

Coil Contacts

Type Poles

OMRON G2R-1A ELECTROMECHANICAL RELAY

Figure 38: Solenoid valve actuation process using relay 

Figure 39: OMRON Relay 
[OM18] 

Table 12: Relay characteristics [OM18] 

Figure 40: Relay, Normally Open contacts type 
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5.8 Data Acquisition, Wiring and Pneumatic Circuit 

This section combines all the hardware introduced in the previous sections and introduces synchronization 

of the hardware with data acquisition. Finally, the completed schemes of Wiring the electrical parts and the 

Pneumatic circuitry is presented. 

 

5.8.1 Data Acquisition: Solenoid Valve 

In the pneumatic system, the solenoid valve is not actuated directly. In-turn it’s the electromechanical relay 

that is controlled in two ways: a manual operation and an automated way of operation. 

 

5.8.1.1 Manual Way of operation: As explained in the section with Push-button switch. The manual 

way of operation is realized through the Push-button switch. The push button switch closes a 

circuit with a 5 VDC Power supply. This is also the voltage required by the coil to be energized 

and hence, close the contacts circuit. This, then eventually actuates the solenoid. This means 

that the Valve is turned on and the brakes are released. 

 

Automated Way of operation: The automated way of operation is realized through a program 

in LabVIEW. The details of the program are explained extensively in an exclusive chapter on 

LabVIEW later. For now, the acquisition and connection of parts are described. 

 

To energize the coil circuit of the relay, the automated way uses a DAQ Card from National 

Instruments to send a 5 VDC voltage signal to the coils of the relay. This signal once received, 

energizes the coil, closes the contacts circuit and eventually turns on the solenoid valve once 

again. 

Hence, for the hardware point of view, we require a suitable hardware to generate this 5VDC 

digital signal from the computer. Here, the NI-9472 Digital Output DAQ card comes in. 

 
5.8.1.2 NI-9472 

NI-9472 is a Digital Output data acquisition card from National Instruments that is compatible 

with the compact DAQ chassis – 9174, commonly used in the Juliska Laboratory at CTU-

Prague. 
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This DAQ card has 8 digital output channels and can provide 6V to 30 V as a sourcing voltage.  

The NI-9472 is connected to the Automated end of the toggle switch described earlier 

in this chapter. Once selected, upon requirement a 5 VDC voltage signal can be 

generated to be sent to the coil circuit of the electromechanical relay. This energizes 

the coil and closes the contacts circuit, in-turn turning on the solenoid valve. 

 

5.8.2 Wiring Diagram: Pneumatic brakes circuit 

This section presents the complete diagram of all electrical connections made between the various 

parts of this pneumatic system.  

Figure 41: NI-9472 DAQ Card [NI07] 

Figure 42: Solenoid valve manual mode 
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5.8.3 Pneumatic Circuit 

The pneumatic circuit of the positioning system mainly consists of three main physical parts: - 

• Air distributor: A distributor mounted on the wall near the test stand from where the 

connection to compressed air can be obtained. This distributor is directly connected to the 

compressor present in the basement of the laboratory. 

Figure 43: Solenoid Valve automated mode 

Figure 44: Air distributor at the test stand 
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• Solenoid Valve: As described in the section about the chosen type of valve, a three-

position, two-way solenoid valve is connected to the air distributor and controls the flow 

of compressed air into the pneumatic brakes of the test stand. 

 

• Pneumatic brakes: Lastly, the brakes itself located underneath the base plate on which the 

dynamometer is mounted, complete the pneumatic circuit of the test stand. The pipes carry 

the compressed air from the outlet of the solenoid valve to the air distributor the brakes. 

This distributor splits the supply towards the two clamping elements. 

 

 

 

 

 

 

 

 

 

 

Figure 45: Distribution of air in the test stand brakes 
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5.8.3.1 Pneumatic Circuit: When Solenoid Valve is turned off 

5.8.3.2 Pneumatic circuit: When solenoid valve is turned on 

 

Figure 46: Pneumatic circuit: when solenoid is OFF 

Figure 47: Pneumatic circuit: when solenoid is ON 
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6 The Positioning System: Complete Scheme 

This chapter aims to combine all functional areas that together form the positioning system of the open-

loop test stand. This includes the Position measurement, motion and movement control, pneumatics, and 

dynamometer braking. 

 

The positioning system has been sub-divided into manual and automated systems with the active paths of 

connections highlighted by colored wires and arrows. This approach makes it easier to understand what 

parts of the scheme are being used in which mode to a person that hasn’t seen the system scheme before. 

 

6.1 Overall Positioning System: Scheme 

 

 

 

Figure 48: Complete Positioning system 
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6.2 Manual Positioning System: Scheme 

6.3 Automated Positioning System: Scheme 

Figure 49: Manual Positioning System: scheme 

Figure 50: Automated positioning system: scheme 
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7 LabVIEW and its Application 

LabVIEW is the short form of Laboratory Virtual Instrument Engineering Workbench. It can be defined as 

a system-design platform and development environment that enables combining various hardware types to 

facilitate testing and measurement. It is developed by National Instruments and is widely used in industrial 

setting for engineering measurements and testing. 

 

The important part of the LabVIEW environment is the Virtual Instrument or VI where users can create 

their interface and then measure/test as per their requirements. 

 

7.1 Need 

One of the many things that the open-loop test stand lacks currently is the ability to be monitored or 

controlled remotely. Such a way of control can help improve operator efficiency and remove 

unnecessary physical interaction between the user and the test stand. 

 

7.2 Objective 

The assigned project requires an automated way of control. This can be realized via LabVIEW where 

the tasks of movement, measurement, actuation can be undertaken by the software and the user is only 

required to control/measure the occurring processes via LabVIEW. 

This approach also allows for a more accurate and safer utilization of the test stand, eliminating the 

physical actuation of the movement or application/release of pneumatic brakes. This all can be realized 

via LabVIEW. 

 

7.3 Present Scenario 

At present, there is no application of LabVIEW in relation with the open-loop test stand. 

 

7.4 Virtual Instrument 

The part of the software where the user can create his/her tests/measurement programs is the virtual 

instrument. The virtual instrument can be divided into two distinct parts: - 

• Front Panel: This is the part of the program with which the user interacts. Hence, all the 

interactive controls and process indicators together form the front panel. 

• Block diagram: This part can said to be the brains of the program. It contains the graphical 

code of the program. How a particular measurement executes in steps, what all parameters or 

functions are involved, and various other controllable factors exist in this part of the program. 
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7.4.1 Approach to program creation 

Creating a complex program that involves a user interface to control parameters and to interact with 

the indicators can never be an easy task. So was also the case with understanding the creation of 

the program for our application. 

However, a large chunk of the time to create a LabVIEW program was spent in increasing the 

knowledge about the software. This included literature survey, online-certification course on basics 

of LabVIEW, interacting and exploring the actual LabVIEW environment. 

Once a sufficient understanding of at-least the basics and the necessary awareness on data 

acquisition was acquired, the development process for a LabVIEW program was started. 

The approach taken was to consider each of the physical parts of the positioning system separately 

as an individual virtual instrument. This would help in troubleshooting in case some errors were 

found. Once, the testing of the available parts was done, the various VIs would be combined into a 

single program for an easy usage. 

 

7.4.2 Draw-wire sensor Virtual Instrument 

The draw-wire sensor has a function to output an analog voltage signal between 0-10 V in a total 

distance of 1250 mm. However, the sensor only inputs a voltage signal and does not automatically 

convert it into the distance moved. 

Hence, the main task in creating a draw-wire VI was to be able to read the moved distance on the 

front panel. This is how the draw-wire sensor implementation into LabVIEW was realized. 

7.4.2.1 Front Panel 

Figure 51: Draw-wire sensor front panel 
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The front panel for the draw-wire sensor contains three main interface objects: - 

• Distance from the gearbox end of the dynamometer: This indicator displays the 

instantaneous distance the dynamometer has moved. This distance is referenced from 

the side of the test stand where the gearbox is attached. The total movable length of the 

test stand is 1005 mm. The scale for the sensor is up to 1250 mm. 

• Distance moved graphical indicator: This indicator shows in real-time how the signal 

from the sensor has changed with respect to the movement. This just adds a visual 

representation of the value. 

• STOP button: This button simply stops the loop which measures the signal. 

 

7.4.2.2 Block diagram 

 
The block diagram contains the following components: 

• DAQmx Task: This is a very useful way of creating a task in LabVIEW. The draw-

wire sensor originally outputs an analog voltage signal of the range 0 – 10V. This signal 

when read by the data acquisition hardware and then displayed in the virtual instrument 

would show a voltage value based on the change in the distance. However, that’s not 

what we require. This is where the DAQmx task comes into use. Through this we can 

create our own converted or interpreted logics to simplify the block diagram. In the 

DAQmx task settings, using the scaling feature, I converted the 0 – 10 V signal to the 

Figure 52: Draw-wire sensor block diagram 
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distance. This would help in only showcasing the distance as the output, reducing the 

need for additional logics to convert the voltage signal. 

• AI Start: This component of the diagram moves changes the state of the program from 

running to the beginning of the measurement. 

• DAQmx Read: It reads the incoming analog input samples from the task. In our case, 

as only one device is connected to the measurement hardware, so only one channel is 

read. But as in continuous sampling we sample 100 samples for every change, the 

number of samples in the settings is N. 

 

 

 

 

 

 

 

 

 

 

 

 

• Waveform chart: This displays a waveform in the front panel, as described already. 

• Mean operator: This operator takes the instantaneous values from the measurement and 

then does a mean operation to single out a single value for every change in the signal. 

This helps in easy transformation of signal into a single value for every change in 

distance. This is then used to display the distance moved in the front panel. 

• DAQmx Stop Task: This simply stops the task being measured and returns it to the 

initial state. 

• Clear Task: This clears the task once the loop or the operation has been stopped. 

• Simple error handler: This simply handles the errors, if any, encountered in the 

execution of the program and displays a dialog box explaining the error. 

 

 

 

Figure 53: Scaling Voltage signal to distance (mm) 
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7.4.2.3 Testing 

The part being already purchased and ready, it was possible to test the correctness and accuracy 

of the program. A sample picture of the test setup is displayed below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 54: Draw-wire sensor testing with DAQ card 
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7.4.3 Stepper motor and limit switch virtual instrument 

The stepper motor is controlled through its controller: MICROCON CD30x and then the 

controller communicates with LabVIEW. 

The type of communication also differs in case of the stepper motor. As the hardware is not 

from National Instruments, the connection with the PC is made through a serial port. 

 

Due to this reason, the type of communication within the virtual instrument also differs. The 

components in the VI are taken from the Serial library in LabVIEW. Also as the functioning 

of limit switch effects the stepper motor loop, hence they are described together. 

 
7.4.3.1 Front Panel 

 
The front panel mainly contains simple buttons to control the movement or to monitor the status 

of the limit switches. The main parts of the stepper motor front panel could be described as: - 

 

• Distance to move: This control allows the user to input the desired distance to be moved 

(in mm) by the dynamometer. 

Figure 55: Stepper Motor front panel 
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• VISA resource name: This control allows the user to select the appropriate COM port 

for communication with the stepper. Being a program that uses a Serial 

communication, there isn’t a way to pre-select the appropriate port before the program 

begins as in the case of other logics that use NI-hardware. 

• Move Dyno CW: This button if pressed, would allow the dynamometer to move in the 

clockwise direction based on the distance input in the “Distance to move”control. 

• Move Dyno CCW: This button moves the dynamometer in the counterclockwise 

direction based on the input distance. 

• STOP motor loop: This button stops the loop of the stepper motor. 

• Is any limit switch active: This indicator showcases the status of the limit switch. If a 

limit switch is active the indicator would be lit in green color. 

• Stop limit switch loop: This button stops the limit switch monitoring loop. 

• Emergency Switch: This switch when pressed, immediately instructs the stepper loop 

to stop the movement. 

 

7.4.3.2 Block diagram 

Figure 56: Stepper block diagram 
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The block diagram can be divided into three main loops: - 

• Stepper Motor loop 

The stepper motor loop runs in a while loop which has four event structures inside it: 

CW. CCW, Emergency Stop and STOP loop. 

The clockwise movement event is taken as an example for explanation. This event 

handles all the necessary logics for the clockwise movement of the stepper.  

o VISA Serial: This component of the block takes care of the initialization of the 

communication with the serial port. Settings crucial for the serial 

communication such as Baud Rate, Visa Resource, data bits, parity can be 

configured here. For our case the main settings need are the Baud Rate: 4800 

and the visa resource (COM port) 

o Logic to send the required distance movement specification: In this part of the 

program using the mathematical operators, a logic is devised to allow the user 

input of the distance (mm) to be converted in a form understandable by the 

stepper controller. The stepper controller understands ASCII commands 

written in the form of : Command-Argument-Carriage return. 

FOR EXAMPLE: To move 5 mm, the logic would be 

5 x 200(Unit step size) x 64(Stepping unit for the controller) = 64000. This 

number is preceded by a symbol for forward movement, F and at the end of 

the command comes the carriage return symbol \r.  

Hence, the command to execute 5 mm movement in CW direction is: F64000\r 

o VISA Write: This component of the block writes all the input values from the 

buffer into the device. 

o VISA Read: Reads the number of bytes and returns the value in read buffer. 

o VISA Close: Closes the session with the device. 

o Error handler: This is a simple error handler that displays any errors, if found 

during the execution of the program. 

 

• Limit switch loop: The limit switch loop is a digital input loop. This checks 

continuously for a digital signal input. The way a digital signal can be generated by a 

limit switch is when, the contacts of the limit switch are closed. That means if the limit 

switch is actuated, a signal is received in the limit switch loop. This received signal 

can be observed in the Boolean indicator on the front panel by the user. 
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o DAQmx Start: The signal received from the task input is received by the DAQmx 

start component. This starts the measurement of the signal. 

o DAQmx Read: This component reads the incoming signal and can be used to 

interpret the data present in the signal. 

o Index array: To present the data in a form that can be represented by an indicator 

on the front panel, the data is converted into a Boolean form using the index array 

feature. After this, it can be connected to an indicator. 

o A stop button is placed along with the stop button of the loop. If any of the stop 

buttons are pressed, the loop shall stop. 

o At the end are the standard, DAQmx Stop and DAQmx Clear commands to stop 

the signal measurement and then clear the task after the measurement stops. 

o All the signal processing is done in a While loop so that the processing continues 

until the user presses the stop buttons or an error is detected. 

 

• Emergency switch/limit switch trigger loop 

This loop deals with the condition when either the limit switch is actuated or if the 

emergency switch on the front panel is pressed. 

The logic of use is to use the Boolean value of the limit switch from the limit switch 

loop as a local variable and use it as an input to the emergency loop. If this value is 

true, then the emergency switch press command is actuated that through the logic 

presses the emergency switch and stops the stepper motor loop. 

 

In the true case, the loop monitors the signal value of the limit switch and the 

emergency switch on the front panel. If any of these are true/pressed, the stop case in 

the stepper is actuated. 

 

7.4.4 Solenoid Valve Virtual Instrument 

This virtual instrument deals with the processing of the signal for the solenoid valve. The setup for 

the solenoid valve uses NI- hardware for signal transmission. The function of the program for 

solenoid valve is to generate a 5V digital output signal to trigger the electromechanical relay. The 

solenoid valve is not attached directly to the PC but it is actuated through the electromechanical 

relay. This relay needs a 5VDC signal to be actuated that can be generated by LabVIEW through 

a NI-9472 Digital output data acquisition card. 
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7.4.4.1 Front Panel 

The front panel of the solenoid valve is a very basic panel that displays the status of actuation 

of the solenoid. In case, the solenoid has not been actuated, the Boolean control is not lit. In 

case the solenoid gets actuated a green light appears in the Boolean control. The way of 

actuation itself is controlled by this Boolean control. A single press of the control actuates the 

solenoid. Another press turns the solenoid off. 

 

 
7.4.4.2 Block diagram 

 

The block diagram contains the logic behind the functioning of the solenoid valve control. 

Figure 57: Solenoid front panel 

Figure 58: Solenoid valve - block diagram 
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For the sample testing of the program, a digital output task was created to simulate the digital 

signal. The overall structure of the loop utilizes similar components from the DAQmx library. 

The digital output task creates a 5V signal that is fed to the DAQmx start to start the generation. 

This is fed to the DAQmx write to execute the signal. This is a single channel, single sample 

setting as we want to send a single 5V signal every time we press the Boolean control in the 

front panel to actuate/turn off the solenoid. Lastly, the DAQmx stop and DAQmx Clear 

components are used to close the task and clear the task. 

 

As there was no physical part present to see the effect of actuation or triggering the accuracy 

of the virtual instrument can only be deduced from the ability to generate a 5V signal upon 

pressing of the Boolean control. 

 

 

7.5 Final Virtual Instrument 
This section showcases the combined virtual instrument for the positioning system. 

 
7.5.1 Front Panel 

 

 

 

 

 

 

 

Figure 59: Positioning system Front Panel 
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7.5.2 Block diagram 

 

 

 

 

 

 

 

 

 

 

Figure 60: Positioning system block diagram 
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8 Mountings and changes to the test stand 

This section describes the main changes suggested to the test stand. The suggested physical parts 

need to be mounted. Hence, to facilitate that, mountings are required to be designed and suggested 

in this section. 

 

8.1 Draw-wire sensor 
The draw-wire sensor takes care of the measurement of the distance and hence is a critical part of the 

system. 

 
8.1.1 Mounting location 

The draw-wire sensor must be installed at the gearbox end of the test stand. For reference of the 

distance measured, the side of the dynamometer that is facing the gearbox is considered the front 

of the dynamometer. Also, for the installation suggestion of mounting the draw wire sensor, the 

mounting is suggested to be done besides the gearbox stand. 

 

 

 

 

Figure 61: Draw-wire mounting location recommendation 
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8.1.2 Material & Fabrication 

The draw-wire sensor weighs 80 g and hence a lightweight solution for the mounting is suggested. 

The trend of using resins and plastic polymers has increased in the industrial applications. Hence, 

I suggest the usage of Acrylonitril Butadiene (ABS) as the choice of material. This material being 

lightweight and also sturdy enough to be used in an industrial environment is perfectly suitable for 

our application. 

The fabrication can be done in-house utilizing the 3D printing technology. 

 
8.1.3 Design and Assembly 

 

It is a uni-body design with flat surfaces for mounting of the sensor and also the fixation of the 

mounting with the test stand. The dimensions and the tolerances are considered and marked in the 

drawings attached in the appendix of the master thesis. 

 

The assembly of the complete system includes: - 

• 01 draw-wire sensor 

• 01 draw-wire sensor mounting 

• 03 M3 screws for the sensor attachment to the mount 

• 04 M5 screws for the mounting bracket 

Figure 62: Design and assembly of draw-wire mounting bracket 
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8.2 Stepper Motor 

This is the most complex and critical part to be mounted on the test stand. The motor and the entire 

mounting assembly involve various individual parts. 

 

8.2.1 Mounting Location 

The stepper motor is to be mounted next to the input shaft of the gearbox. 

 
8.2.2 Material and Fabrication 

As the stepper motor is a heavier component that has to be attached to the mounting, hence the 

suggested material for the mounting should be an Aluminum alloy steel 6061 that allows 

lightweight yet strong mount to be fabricated. 

The mounting should be prepared as a combination of two plates. One plate shall be the face plate 

for the stepper and the other shall be the face plate for the gearbox. These two face plates are then 

weld with other two thin plates to create a distance between the stepper plate and gearbox plate for 

the coupling of shafts. This arrangement of four plates together forms a mount. 

 

 

 

 

Figure 63: Stepper motor mounting location 
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8.2.3 Design and assembly 

As described in the previous section, the design consists of two face plates and two weld plates 

(used on to create a space between face plates for coupling) placed perpendicular to the face plates. 

 

Figure 64: Stepper motor - gearbox connecting mount 

Figure 65: Stepper motor – gearbox mounting assembly 
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The assembly of the complete system includes: - 

• 01 stepper motor 

• 01 gearbox 

• 01 bellow coupling 

• 01 stepper motor – gearbox mount 

• 04 M5 screws for the stepper attachment to the mount 

• 04 M8 screws for the gearbox attachment to the mount 

 

8.3 Solenoid valve and Limit switches 

Solenoid valve’s mounting does not require a special mount. It can easily be fitted in the existing 

panels in the Juliska laboratory. Various valves and other sensors are placed similarly in Juliska 

without the need of specific mounts. Also in the case of limit switches as they could not be procured 

in time, the final arrangement of their location wasn’t agreed upon. Hence, this area comes into the 

future scope of the project. 
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9 Future work and conclusion 

 

9.1 Future Work 

The proposal of the positioning system could be improved in its automated control aspect. A few parts 

could not be purchased within the completion of the master thesis. Hence, their mounting and placement 

on the test stand could not be agreed upon. Although, the suggested program logics are quite simple to 

verify and the suggested connections for such parts are based on hardware documentation and data 

acquisition manuals, the presence of physical parts can allow further advancement of the program with even 

more complications in what the program can do. 

The inter-dependence of the parts in the LabVIEW program could have been bettered. Although, the system 

does allow a very precise movement with a resolution of 1 mm and with the option to control the movement 

safely within the bounds. The proposed system provides a robust base for its further implementation on 

other test stands and equipment requiring similar control. 

 

9.2 Conclusion 

The proposed positioning system provides a convenient choice between manual and automated 

positioning of the dynamometer. The proposal extensively outlines and creates a blueprint of the 

entire system. The integration of the two systems together with an ability to switch between the 

two can be achieved with a few steps.  

Right from the pneumatic braking to the linear movement control, every possible aspect of parts, 

their interaction in the circuit, electrical connections have been thought out. The proper mountings 

of the key parts are also suggested. 

This presents a much higher improvement in the day-to-day operations of the dynamometer with 

a permanent solution to the utilization of the available resources. 

It also promotes and provides the researchers and teaching staff with the ability to manage their 

work efficiently, to impart knowledge to the future generation. Thus, making it a success also on 

a social level. 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

References 

 

[LG40] 

Federico Lorca Garcia. A poet in New York. Reed Elsevier Inc, 2007 

 

[RRH03] 

Anthony Ralston, Edwin D Reilly, David Hemmendinger. Encyclopedia of Computer Science.  Wiley 

Publishing, 2000 

 

[EC20]        https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-

%20Europe%202020%20-%20EN%20version.pdf   March,2010 

 

[AR09] 

Richard Atkins. An Introduction to Engine Testing and Development. SAE International, 2009 

 

[TT19] 

https://www.tea-hamburg.de/wp-content/uploads/2016/09/Spindelhubgetriebe-mit-rotierender-Spindel-

Screw-Jacks-with-Rotating-Screw.pdf  2019 

 

[ZTW12] Catalogue + Website 

https://www.zimmer-group.de/en/mainmenu/megamenu/col2/lineartechnik/klemm--und-bremselemente  

2019 

 

 

 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

[HI07] 

https://www.hiwin.nl/en/Dokumente.html&downloadLink=share/public/Downloads/Kataloge/Linearfuehr

ungen/GW-10-6-EN-1907-K.pdf  2007 

 

[ME19] 

https://www.micro-epsilon.com/download/products/cat--Micro-Epsilon--products--en.pdf 2019 

 

[OM20] 

http://shop.merret.cz/om-502pm/117-om-502pm-1000101.html 2020 

 

[NI15] 

http://www.ni.com/pdf/manuals/371303n.pdf 2015 

 

[NI19] 

https://www.ni.com/en-gb/innovations/white-papers/12/introduction-to-modbus-using-labview.html 2019 

 

[NIM08] 

http://elektro.fs.cvut.cz/dokument/TECO/7300CV%20Modbus.pdf 2008 

 

[NI21] 

https://www.ni.com/cs-cz/support/model.cdaq-9174.html 2021 

 

[NI15] 

https://www.ni.com/pdf/manuals/374188f.pdf 2015 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

 

[OM07] 

https://omronfs.omron.com/en_US/ecb/products/pdf/en-ss.pdf 2007 

 

[BU21] 

https://www.burkert.com/en/Media/plm/DTS/DS/DS6012-Standard-EU-

EN.pdf?id=DTS0000000000000001000011028ENW 2021 

 

[OM18] 

https://cz.mouser.com/datasheet/2/307/en_g2r-1670578.pdf 2018 

 

[NI07] 

https://www.ni.com/pdf/manuals/371570d.pdf 2007 

 

 

 

 

 

 

 

 

 

 

 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

Appendix 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

GEARBOX 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

STEPPER MOTOR 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

STEPPER CONTROLLER-01 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

STEPPER CONTROLLER-02 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

STEPPER CONTROLLER-03 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

SOLENOID VALVE 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

LIMIT SWITCH 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

RELAY-01 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
 

RELAY-02 



_____________________________________________________________________________________ 
 

_____________________________________________________________________________________ 
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