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Abstract 

 

The speed of a pneumatic cylinder during extension or retraction usually is not constant because of 

compressibility, slip-stick effects, and possible cushioning. Objective of this project is to create a 

LabVIEW-based data acquisition system that allows capturing precisely the position measurement of 

the piston by an analogue displacement encoder during piston movement. Eventually, the position has 

to be plotted vs. time. The slope over time represents the piston velocity as it extends or retracts. 
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1. Introduction 

The project performed at Institute of Fluid and Thermodynamics, Faculty of Mechanical Engineering, 

University of Siegen, Germany with objective is to create a LabVIEW-based data acquisition system of a pneumatic 

cylinder on a pneumatic system. The speed of a pneumatic cylinder during extension or retraction usually is not 

constant because of compressibility, slip-stick effects, and potential cushioning. The data acquisition system allows 

capturing precisely the position of the piston as measured by an analogue displacement encoder during piston 

movement and it has to be plotted vs. time. The slope over time describes the piston velocity as it extends or retracts.  

Work packages of this project are brief description of the pneumatic circuit; get proficiency in LabVIEW and 

the given NI-data acquisition board; design of the LabVIEW program including the graphical interface; 

commissioning; and documentation. 

Organization of the project in this paper are Introduction, describes the objectives, work packages, and 

organization of the project; Existed Pneumatic System, explains the existed pneumatic system completely with 

components and circuit description including experiment packages; New Pneumatic System, describes the new 

developed pneumatic system with modification of the circuit and changes x-t recorder system into industrial 

PC/laptop output display; LabVIEW Program Fluid Power 1.0, gives detailed description about the LabVIEW 

program; and Summary and Conclusion, gives result and suggestion of the project. 

 
2. Existed Pneumatic System  

The existed pneumatic system consists of the real complete system layout and components including 

experiment packages with results [1]. The existed circuit layout can be shown on figure 1. It consists of pneumatic 

circuit with pneumatic cylinder and steel disc (load) plus analogue displacement cylinder; signal amplifier; and x-t 

recorder. Figure 2 shows the real complete existed system layout. 

 

2.1. Existed pneumatic circuit 

Figure 2 shows the existed pneumatic circuit consists of a main 5/2-way valve, two 3/2-way valves, two one-

way flow control valve, a regulator with manometer, and a pneumatic electrical (PE) converter [2]. 

The configurable 5/2 way valve is a way valve with five connections/ports and two positions, where both its 

body elements and its operation modes are user-definable. The real circuit uses J-5-1/4 B 14295 type. The 5/2-way 

valve is used for the control of cylinders primarily as a final control element. The valve is shown here with pilot 

pressure applied at port 12. The valve can be mounted onto a common sub-base for supply and exhaust air.  

The 3/2-way valve with pushbutton and spring, normally closed is a way valve with three connections/ports 

and two position. The Start is 1.2 and the Stop is 1.3. The real circuit uses F 308 type. Pressing the pushbutton 

operates the valve. The flow passes freely from 1 to 2. Releasing the pushbutton allows the valve to return to its 

starting position through the use of a return spring and connection 1 is shut. This valve is operated by a directly 

acting signal at port 12. This is referred to as a single pilot valve since there is only one control signal and the valve 

has a spring return. When actuated, a signal is applied at port 12 and the valve plunger is moved against the reset 

spring. The connections 1 and 2 are then inter-connected creating a signal 2. The pressure at port 12 must be 

sufficient to move the disc against the supply pressure.  
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Figure 1: Existed circuit layout 

 

The one-way flow control valve GRA-1/4B 6509 type is made up of a throttle valve and a check valve. The 

check valve stops the flow from passing in a certain direction. The flow then passes though the throttle valve. The 

cross-section of the throttle is adjustable via a regular screw. In the opposite direction the flow can pass through the 

check valve. Adjustable parameters for opening level are from 0-100%. The supply of cylinder 1.01 on figure 1 

installed with quick exhaust valve plus silencer 1.5 (in the real photos 3 on figure 2, quick exhaust valve plus 

silencer is removed). The exhaust of cylinder 1.02 installed with silencer (1.6 on figure 1 and 3 on figure 2). One-

way flow control valves influence the volumetric flow of the compressed air. It is normally adjustable and the 

setting can be locked in position. The influence of speed control is in one direction only. The valve is generally 

mounted as close to the cylinder as possible. The valve is usually provided with a locking nut to allow finite 

adjustments to be regulated and then set.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Existed system layout 



The pressure control valve LR 1/4-S 1852 type (1.4 on figure 1 and 4 on figure 2) regulates the supplied 

pressure based on the adjustable operating pressure and the variations in the pressure. The scale value manometer (5 

on figure 2) displays the actual supplied pressure at its connection. 

The converter PE 1/8 282 type (6 on figure 2) produces an electrical signal, if the preset differential pressure 

of the differential pressure switch is exceeded. 

Double acting cylinders (1.0 on figure 1 and figure 2) are used particularly when the piston is required to 

perform a work function in both directions of motion. The real system uses PE 1/8 282 type [3]. Table 1 shows the 

specification of pneumatic cylinder. The piston rod of a double acting cylinder is operated by the reciprocal input of 

compressed air at the front and back of the cylinder. The end position damping is adjustable via two regular screws. 

The piston of the cylinder contains a permanent solenoid which can be used to operate a proximity switch. If large 

masses are moved by a cylinder, cushioning is used in the end positions. Before reaching the end position, a 

cushioning piston interrupts the direct flow of air to the outside. For the last part of the stroke the speed is slowed to 

reduce impact on the cylinder. Steel disk installed on the top of the cylinder as a load. Also, analogue displacement 

encoder HBM W100 installed at the side of cylinder to sense displacement of the piston.  

 

Table 1: Specification of pneumatic cylinder 

Part 

number 
Order code 1 

Mode of 

operation 

Piston 

diameter 

Theoretical force at 6 

bar, advance stroke 
Stroke Cushioning 

163345 
DNC-40-250-

PPV-A 
double-acting 40 mm 754 N 

250 

mm 

PPV: Pneumatic cushioning 

adjustable at both ends 

 

An electronic signal amplifier is a device for increasing the power of a signal. It does this by taking power 

from a power supply and shaping the output to match the input signal. This process invariably introduces some noise 

and distortion into the signal, and the process cannot be 100% efficient—amplifiers will always produce some waste 

heat [4]. The system uses Hottinger Baldwin KWS 3082 (figure 2) consists of the modules: measuring amplifier 

KWS 3082 A; analogue display module AE 02 A; and A mains supply/battery charger module. [5] 

Output x-t recorder displays the measurement results. The system uses Rohde & Schwarz XY-recorder ZSK 

2 290.2016.06 type as shown on figure 2. 

 

2.2. Experiment packages 

Experiment packages consist of detailed experiment procedures and it expecting results [1]. Experiment 

procedures explain detailed sequence of instructions. As an Introduction, by contrast to a hydraulic cylinder, the 

speed of pneumatic cylinder during extension or retraction usually is not constant because of compressibility and 

slip-stick effects. The overall speed can be controlled by a flow restricting value (throttle) in either the supply or in 

the exhaust. Cushioning slows the piston prior to full extension or retraction. The Objectives are to measure the time 

dependent extends velocity; to study the characteristic differences of a throttle in the supply and in the exhaust; and 

to study pneumatic cushioning. Table 2 shows the experiments procedures. The expecting Results are: briefly 

description of the circuit; deduction (qualitatively) and discussion the time-velocity – characteristics of the piston 

from the x-t diagram; the differences of the speed control by a throttle in the supply and in the exhaust; and 

discussion of cushioning.  

Table 2: Experiment procedures 

Experiment I: Speed control by throttle in the supply and in the exhaust 

a)  Load the cylinder with 180 N (2 red steel disks) 

b) Close carefully and then open the cushioning throttle by 1.5 revolutions. 

c) Close carefully the throttles in the supply and in the exhaust. 

- Case A:  Throttling in the supply: Open the throttle in the exhaust completely and in the supply by 2 revolutions. Adjust the air 

supply to 4 bar. Measure the x-t diagram. 

- Case B:  Throttling in the exhaust: Open the throttle in the supply completely and in the exhaust by 2 revolutions. Adjust the air 

supply to 4 bar. Measure the x-t-diagram. 

Experiment II: Cushioning 

a)  Load the cylinder with 180 N (2 red steel disks). 

b)  Open the throttle in the exhaust and in the supply completely. 

c)  Adjust the air supply to 2 bar. 

d)  Close carefully and then open the cushioning throttle by number of half revolutions and measure each time x-t diagram during the 

extension of the piston. 

 

2.3. Experiment results 

2.3.1. Circuit description 

The pneumatic cylinder must lift up with 180 N (18 kg). The controlled part of the circuit based on two 3/2 

Directional Control Valves, DCV (1.2 and 1.3 on figure 1) and the main valve is a 5/2 DCV (1.1 on figure 1). The 

circuit contains also two throttle valves, one is placed in the supply and the second one is placed in the exhaust. A 



cushioning throttle is also included. A signal amplifier is placed in the circuit to amplify the signal, which goes to 

the x-t recorder. In this system, the extend velocity of the pneumatic piston should be measured in dependency of 

the time (x-t diagram) in two cases. In the first case a throttle is placed in the supply and in the second case the 

throttle is placed in the exhaust. The moving characteristic of the cylinder is shown on figure 3. Another subject, 

which user learns of this experiment, is the effect of cushioning. 

 

2.3.2. Characteristics of x-t diagram 

At case A: throttling in the supply line, the piston moves sluggishly at the beginning because of slip stick 

effect. After that, it moves smoothly at the constant velocity. The pressure enters the actuator is lower than the 

supply line. At case B: throttling in the exhaust line, the piston accelerates rapidly at the beginning and has little bit 

sluggish moving. After amount of time the, velocity decreased. The pressure enters actuator is equal to the pressure 

in supply line. 

 

2.3.3. Characteristics of the speed control by a throttle  

The differences of the speed control by a throttle in the supply and the exhaust: If throttling in supply line, the 

slip stick occurs explicitly, the piston takes more times to start moving, and the pressure enters the piston is less 

compare to throttling in the exhaust line. If throttling in the exhaust line, the velocity is much higher in the 

beginning and the piston will reach the end quicker than throttling in the supply line.  

In the first case (figure 3a) the throttle is placed in the supply. According to the diagram, the piston moves 

linear, but before the piston reaches the end-position, the linearity turns into kind of “step movement”. At the end 

the piston reaches the end position (upper half of the cylinder) and the graph is parallel to the x-axis. The first reason 

for this “step movement” of the piston is the slip stick effect, which is caused by the compressibility of air and 

which is caused by friction. This is typically for a throttle in the supply but it can not see this effect clearly in the 

graph. An another reason for this movement is the cushioning setting, which is only opened by 1.5 revolutions, so 

the system needs more pressure to be compressed and continue the linear movement. 

 

 

 

 

 

 

 

 

 

Figure 3: Experiment result (a). Experiment I (b). Experiment II 

 

In the second case (figure 3b) the throttle valve is placed in the exhaust. The velocity is very high, which is 

shown at the beginning of the graph because the x-t writer could not write the graph quickly so the line is a bit 

interrupted, when the graph is linear. It can also see a “step movement” and that the speed is smoother at the end 

than first graph. At the end the piston reaches the end position (upper half of the cylinder) and the graph is parallel 

to the x-axis. The curve linearity at the end shows a better cushioning because it have more pressure at the exhaust, 

which work better against slip stick. The advantage of a throttle in the exhaust is the high pressure (which is not 

fully available in the supply) and the fact, that the speed is steadier. The cushioning is also better. The only 

disadvantaged is the high speed at the beginning. The only advantage of the throttle valve in the supply is the low 

speed at the beginning of the movement.  

 

2.3.4. Cushioning 

Cushioning is the way to slow down the piston before it reached the end of the stroke, to avoid impact load. 

Cushioning avoids fast and strong collision between the piston and the “head of the cylinder”, which avoids 

damages in the hydraulic cylinder and piston. This is done by a throttle, which can be set with a screw from outside 

of the cylinder. The movement of the piston when varying the cushioning throttle valve (0.5, 1, 1.5, and 2 

revolutions) is shown on figure 3b. From the graph it can notice that: if the cushioning throttle valve is completely 

close, the piston will not reach the end position due to the volume of the air left inside the actuator; the more open 

cushioning throttle valve, the quicker the piston will reach the end position and it results in decreasing in cushioning 

level; and the curve linearity is getting better with the higher amount of revolutions. 

 

3. New Pneumatic System 

The new pneumatic system consists of the new real complete system layout and components including 

experiment packages with results. The main difference between existed and new system is output x-t recorder 

(a). Experiment I result, case A and B (b). Experiment II result (0.5, 1, 1.5, 
2 revolutions) 

A 

B 
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changed into industrial PC/Laptop display with data acquisition system as shown on figure 4 (by FluidSIM 3.6 

software [6]). Figure 5 displays the real complete system layout. 

 

3.1. New pneumatic circuit  

The new modification is to remove the PE converter because x-t recorder has removed too and changed by 

industrial PC/Laptop display (figure 5). There is no change in the pneumatic cylinder and the signal amplifier 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: New circuit layout 

 

 

 

 

 

 

 

 

  

 

 

   

 

 

 

 

 

Figure 5: New pneumatic system layout 
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3.2. Data acquisition system 

DAQ stands for Data AcQuisition. It is process of acquiring data, usually by performing an analog-to-digital 

(A/D) conversion. Its meaning is sometimes expanded to include data generation (D/A). DAQ is simply the process 

of measuring a real-world signal, such as a voltage, and bringing that information into the computer for processing, 

analysis, storage, or other data manipulation. Physical phenomena represent the real-world signals that user are 

trying to measure, such as speed, temperature, humidity, pressure, flow, pH, start-stop, radioactivity, light intensity, 

and so on. It uses sensors (sometimes also called transducers) to evaluate the physical phenomena and produce 

electrical signals proportionately. For example, thermocouples, a type of sensor, convert temperature into a voltage 

that an A/D (analog to digital) converter can measure. [7] 

LabVIEW can command DAQ devices to read analog input signals (A/D conversion), generate analog output 

signals (D/A conversion), read and write digital signals, and manipulate the on-board counters for frequency 

measurement, pulse generation, quadrature encoder measurements, and so on, to interface with the transducers. In 

the case of analog input, the voltage data from the sensor goes into the plug-in DAQ devices in the computer, which 

sends the data into computer memory for storage, processing, or other manipulation. This project uses DAQ system 

consists of DAQ card, connector block, and cable as shown on figure 5.  

 

3.2.1. Data acquisition card 

As shown on figure 6, this project uses NI DAQCard-6024E (for PCMCIA) 200 kS/s, 12-Bit, and 16 Analog 

Input Multifunctions DAQ with specifications: consider the NI USB-6251 for 1.25 MS/s, 16-bit analog input, built-

in connectivity, and more; two 12-bit analog outputs, 8 digital I/O lines, two 24-bit counters; use with the LabVIEW 

PDA Module for handheld data acquisition applications; NIST-traceable calibration and more than 70 signal 

conditioning options; Superior LabVIEW, LabWindows™/CVI, and Measurement Studio integration for VB and 

VS .NET.; and included NI-DAQmx driver software and additional measurement services. [8] 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: DAQ system components (a). DAQ card (b). Connector block 

 

3.2.2. Connector block 
This project uses NI BNC-2110 Shielded Connector Block (Figure 6) with BNC for X Series and M Series.  

It simplifies the connection of analog signals, some digital signals, and two user-defined connections to the DAQ 

device while maintaining the integrity of the measurements with a shielded enclosure. The specifications are: BNC 

connectors for analog I/O; terminal block for digital and timing I/O connections; interfaces to X Series, M Series, E 

Series, S Series, and analog output devices; and shielded enclosure. [9] 

 

3.3. Experiment packages 

Experiment Packages consist of detailed experiment procedures and it results. Experiment procedures are 

similarly from previous existed layout, only few modifications by change 2 revolutions by 3.5 revolutions at 

experiment I to adapt condition of cylinder. The result can be shown in display monitor of industrial PC/Laptop with 

LabVIEW programming.  

 

4. LabVIEW Program Fluid Power 1.0 

4.1. Overview of LabVIEW 

LabVIEW, originally was an acronym for Laboratory Virtual Instrument Engineering Workbench is a 

graphical programming language and development tool from National Instruments. It is a programming environment 

in which user can create programs using a graphical notation; in this regard, it differs from traditional programming 

languages like C, C++, or Java, in which based with text. The LabVIEW development environment works on 

computers running Windows, Mac OS X, or Linux. It runs on those platform, as well as Microsoft Pocket PC, 

Microsoft Windows CE, Palm OS, and a variety of embedded platforms, including Field Programmable Gate Arrays 

(FPGAs), Digital Signal Processors (DSPs), and microprocessors. [7]  

(a). DAQ card 

(b). Connector block 



4.2. Description of the program 

The designing of this project develops the previous program SITRAN 1.02 from University of Siegen [10]. 

SITRAN 1.02 is program that developed by Body, 2007 [11]. This LabVIEW program Fluid Power 1.0 including 

the graphical interface with data flow chart of modules and functionality configuration: 

 

4.2.1. Data flow chart  

Data flow chart consists of main eight modules (figure 7). Data Acquisition Module (Block A) contains the 

task and channel configuration. One channel is selected for the input signal because one analogue displacement 

transducer will be used and one signals acquired from transducer have to display. The measurement type is selected 

in the first step and it is a voltage analog input. Sample Rate Control Module (Block B) is an added module only for 

allowing the users to have a direct control on the sampling rate frequency value. Calibration Module (Block C) is 

another control module and users set the value of the calibration factor directly in the graphical user interface. The 

value of the calibration factor is defined by: The range of cylinder position is 250 mm. Voltage range is -10 V 

(because falling type from 4.8 to -4.8 V). Based on the block diagram, the calibration factor is 250/-10 = -25. 

Reading and Filtering Voltage Signal Module (Block D) is set to read one dimensional waveform from one input 

analog channel reading a thousand samples per second. The voltage signals acquired by the one input analog 

channel are read by Data Acquisition Measurement Explorer. The data after reading have big noises during 

operation of the system. For smoothing the noises, all the data are passed through a filter (highpass, bandpass, 

bandstop, or smoothing filter). Converting Voltage to Position Module (Block E) converts voltage signal from 

transducer to position values. Triggering and Gate Module (Block F) triggers the acquired signal. The actions is 

initiated, terminated, or synchronization a data acquisition event. Write to Measurement File Module (Block G) 

writes and stores the triggered signals in text files for easy readable and save disc space. Read from Measurement 

File Module (Block H) reads measurement result file and display into waveform graph.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Data flow chart of program FLUID POWER 1.0 

 

4.2.2. Functionality 

The figure 8 shows the main window of Fluid Power 1.0 program with sample result of experiment I. It is the 

graphical user interface of the program. Fluid Power 1.0 is organized in three parts: controls part, indicator part, and 

displaying part. Control part is defined by the controls palette. Five values can be directly set and controlled by the 

users on every control box: Sampling rate shows the value of the sampling rate frequency which are read the voltage 

signal by Fluid Power 1.0 program and is measured by hertz. Starting value shows initial value of measured voltage 

in volt. Display size shows the time in second at x-axis. Calibration factor allows the user to set the value of the 

calibration factor by calibrating the signal acquired by the analogue displacement transducer and displayed in the 

continuous signal waveform display. Zero Point shows the actual zero value of measured voltage in volt. 

There are also three buttons starting measurement, end program, and open event files to execute the program: 

Starting Measurement button has function to start measurement and then write measurement in a *.lvm file on 

default folder C:\My Document\ LabVIEW Data; End Program button has function to stop and end the program; 

and Open Event Files button has function to open and display the *.lvm measured file.  

Indicator part is the part which gives information about the actual position value. The position is measured in 

millimeter (mm). The user can see the time and date when the program was first started and the actual time and date 

that the program is running. Similarly time and date in the event file, the indicators are shown on figure 8. 

Data Acqusition Module 

Sample Rate Module 

Reading & Filtering 
Voltage Signal Module 

Converting Voltage to 
Position Module 

Triggering & Gate Module 

Write to Measurement 
File Module 

Read Measurement File 
Module 

Continuous Signal 
Waveform 

Instantaneous Values 
Display 

Stored Signal 
Waveform 

Calibration Module 



Displaying part is compound by one waveform chart. Oscilloscope displays actual measurement data by 

shows the actual waveform. Event Files shows measured file data waveform. Result displays each event file 

waveform in one graphic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Front panel with result of experiment I 

 

5. Summary and Conclusions 

The creation of a LabVIEW-based data acquisition system that allows capturing precisely the position of the 

piston as measured by an analogue displacement encoder during piston movement has been done. The project also 

covers of complete documentation of existed pneumatic system include results and the new pneumatic system with 

LabVIEW Program Fluid Power 1.0. The program can be modified as the pneumatic system is changed as needed. 

For the clear display of the result mainly in experiment II, the sampling rate can be reduced at lower value for 

example 100 Hz. 
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