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Pumping systems account for over 20 % of all electricity consumption in European industry. 
Optimization and correct design of such systems is important and there is a reasonable 
amount of unrealized energy saving potential in old pumping systems. The energy efficiency 
and therefore also the energy consumption of a pumping system heavily depends on the 
correct dimensioning and selection of devices. 
 
In this work, a graphical optimization tool for pumping systems is developed in Matlab pro-
gramming language. The tool selects optimal pump, electrical motor and frequency con-
verter for existing pumping process and calculates the life cycle costs of the whole system. 
The tool could be used as an aid when choosing the machinery and to analyze the energy 
consumption of existing systems. 
 
Results given by the tool are compared to the results of laboratory tests. The selection of 
pump and motor works reasonably well, but the frequency converter selection still needs 
development. 
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Sähkötekniikan koulutusohjelma 
 
Petteri Mustonen 
Pumppausjärjestelmien optimointityökalu 
 
2013 
 
Kandidaatintyö.  
31 s. 
 
Tarkastajat: Tero Ahonen ja Antti Kosonen 
 
Pumppausjärjestelmät kuluttavat Euroopassa jopa yli 20 % kaikesta teollisuuden käyttä-
mästä sähköenergiasta ja viimeaikaisten tutkimusten mukaan niissä on merkittävä määrä 
hyödyntämätöntä energiansäästöpotentiaalia. Pumppausjärjestelmän energiatehokkuus ja si-
ten energiankulutus riippuu paljon sen oikeasta suunnittelusta ja mitoituksesta.  
 
Tässä työssä suunnitellaan ja toteutetaan Matlab-pohjainen graafinen pumppausjärjestel-
mien optimointityökalu, jolla voidaan helpottaa mitoitustyötä ja analysoida olemassa olevien 
järjestelmien energiankulutusta. Tehty työkalu valitsee olemassa olevalle pumppausjärjes-
telmälle optimaalisen pumpun, sähkömoottorin ja taajuusmuuttajan sekä laskee koko järjes-
telmän elinkaarikustannukset. 
 
Työkalulla laskettuja tuloksia vertaillaan laboratoriomittausten tuloksiin. Pumpun ja moot-
torin valinnan osalta työkalu antaa oikeita tuloksia, mutta taajuusmuuttajan valinta vaatii 
vielä jatkokehitystä. 
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ABBREVIATIONS AND SYMBOLS 

 

C  Cost 

E  Energy consumption ��		  Specific energy consumption 

f  Frequency 

g  Gravity constant 

H  Head 

I  Current 

m  Year after the investment 

n  Rotational speed 

p  Price 

P  Power 

Q  Volume flow 

t  Time 

T  Torque 

U  Voltage 

 �  Efficiency �  Density 

 

CSV  Comma-separated values 

GUI  Graphical user interface 

LCC  Life cycle costs 

NPV  Net present value 
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 INTRODUCTION  

Centrifugal pumps driven by electric motors are important devices in numerous industrial 

applications. Depending on the application, sizes and therefore also power requirements of 

such pumps can differ greatly from each other. Input powers can range from few kilowatts 

of small water pumps to several hundred kilowatts that heavy pulp pumps require to operate. 

Pumping systems account for over 20% of all the electricity consumption in European in-

dustry. (de Almeida, et al., 2003) 

 

According to recent studies, there is significant amount of unrealized energy saving potential 

in industrial pumping systems. The total energy consumption of pumping systems could be 

lowered up to 30% with better controlling methods and more careful choosing of pumps. 

(Kaya, et al., 2008) During the last few decades, energy costs have significantly increased 

and environmental awareness has arisen. These are one of the main reasons, why energy 

effectiveness has become an important matter when designing industrial facilities.  

 

Traditionally both pumps and motors have often been oversized during design phase to pro-

vide margin for some unknown future needs. Also, the flow is usually controlled by throttles 

or by-pass valves in piping. Therefore the machines are in many cases driven outside their 

optimal operating region, leading to lower efficiency and reduced reliability (Barringer, 

2003). Modern variable speed electrical drives and computer-aided design of the pumping 

system greatly help to avoid such problems and increase the efficiency of the system. 

 

Selection of a suitable pump for a specific process, and a suitable motor for the pump, can 

be challenging. To ease this task, pump and motor manufacturers have made plenty of dif-

ferent selection tools. One of the main disadvantages in the existing tools is the emphasis on 

one single part of the whole process of converting the electrical power into flow of fluid. It 

turned out that a tool that considers all parts of the system together could be useful and give 

better and more economic results than separate selection tools. The main objective of the 

work described in this thesis was to create such tool with emphasis on the energy consump-

tion and life cycle costs of specific pump-motor combination used in known process. 

 

This thesis divides into three main parts. The first part consists of defining the problem and 

choosing suitable mathematic methods and data structures to create a Matlab based selection 

tool. The created algorithms and the user interface of the tool is explained in the second part 

of the thesis. In the third part laboratory measurements are carried out to verify the results 

given by the tool. 
  



7 

 

 STRUCTURE AND OPERATION OF PROGRAM  

The pumping systems considered in this work consist of an electric motor-driven centrifugal 

pump that is connected to a system having pipes, valves, tanks and other instruments. The 

electric motor is controlled by a variable-speed electrical drive, typically by a frequency 

converter. Various flow rate and head values are generally created by a single pump during 

its operation, and frequency converters provide the most convenient and energy efficient 

way to manipulate these characteristics. An example drawing of the pumping system in the 

pump laboratory of LUT is shown in Appendix I. 

 

The selection tool considers all parts of a pumping system. As shown in Figure 2.1, the tool 

is divided into four parts: the input process, the pump selection for the process, the motor 

selection for the selected pump and frequency converter selection for the selected motor. In 

addition, the tool also calculates life cycle costs of the whole pumping process using the 

selected pump – motor – frequency converter combination. The input data is intended to 

consist of measured volume flow and head values. This data includes the characteristics of 

piping and pumped fluid, and therefore they are not separately considered by the tool. 

 

 

To calculate the energy consumption of a pumping system in a specified operating point, the 

tool requires the energy consumption of the pump and efficiencies of the motor and fre-

quency converter at this point. Since the pump manufacturers usually provide performance 

curves only for the nominal rotational speed of the pump, the values should be mathemati-

cally approximated for other rotational speeds. Also efficiency values of induction motors 

Figure 2.1  The basic structure of the developed selection tool. 
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and frequency converters for different loads and rotational speeds often need to be approxi-

mated in similar way.  

2.1 Format of input data files 

Specific formats are selected for input files describing process requirements and character-

istics of pumps, motors and frequency converters. Input files are stored as plain text CSV-

files. This format enables adding new data or modifying existing data easily by the user. 

2.1.1 Process 

In the input data file each row represents a single process point of the pumping process. Each 

row contains volume flow Q [l/s], head H [m] and the duration of the point t [min] values 

separated with a single comma character. An example of file contents is shown on Figure 

2.2. 

 

 
 

 

2.1.2 Pump 

The input values for the pump selection are digitized �� and �� curves for nominal rota-

tional speed of the pump. The �� curve contains the head values of a pump as a function of 

the volume flow and the �� curve contains the power requirement of a pump as a function 

of the volume flow. Such curves are usually always provided by the pump manufacturer. 

 

Data for each pump is stored in a separate file. Each row in the file represents different point 

on a curve, but first row is reserved for the nominal (best efficiency) operating point of the 

pump. The first column contains the volume flow of the point; the second contains the head 

and the third the required power for the corresponding volume flow, respectively. An exam-

ple of the pump data file is shown in Figure 2.3. 

 

591.73,30.237,5 
441.27,34.199,5 
549.10,31.329,5 

 

Volume flow 

Q values [l/s] 
Head H va-

lues [m] 

Duration of process 

point t [min] 

Figure 2.2  Explained structure of the input file. 
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The format of a pump file name is specified to individualize each pump. In addition, the 

optimization tool parses various pieces of information from the file name. An example is 

shown in Figure 2.4. 

 

 

2.1.3 Motor 

The motor file is shown in Figure 2.5. The file contains the plate values of an induction 

motor. The efficiency maps are created using this information. 

 

32,18,7.6 

 2,25,4.8 

 8,24,5.0 

14,23,5.6 

22,21,6.5 

26,20,7.0 

34,17,7.8 

36,16,8.0 

38,15,8.2 

40,14,8.4 

42,13,8.6 

Nominal operating point 

(first row). 

Volume flow Q val-

ues [l/s] 

Head H values [m] 
Required input 

power P values 

[kW] 

Figure 2.3  Structure of pump data file. 

sulzer_P22_K13837_80_1450.csv 

Manufacturer 

Model 

Impeller mo-

del 

Impeller 

diameter [mm] 

Nominal rotational 

speed [rpm] 

Figure 2.4  Structure of filename containing pump data. 
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The file format is explained in Table 2.1. 

Table 2.1  An explanation of contents of motor data file. 

Label Explanation 

size IEC frame size 

pn nominal input power [kW] 

in nominal current [A] 

un nominal voltage [V] 

nn nominal rotational speed [rpm] 

ns synchronous rotational speed [rpm] 

cosfi power factor 

f  nominal operating frequency [Hz] 

ie IE energy efficiency class (optional) 

 

Also the motor file names use a specified format in the same way as the pumps. An example 

is shown in Figure 2.6. 

 

 

ABB_M4BP-200MLA_4.txt 

Manufacturer 

Model 

Number of poles 

size=200 
pn=30.000000 
in=54.100000 
un=400.000000 
nn=1482.000000 
ns=1500.000000 
cosfi=0.850000 
f=50.000000 
ie= 

Figure 2.5   An example contents of the motor data file. 

Figure 2.6 The format of the pump file name. 
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2.1.4 Frequency converter 

The frequency converter data is stored as CSV files, where a single file represents a single 

converter model series, and every row in the file represents one possible power option. An 

example is shown in Figure 2.7. 

 

 

The name of the frequency converter file contains information about the manufacturer and 

the model of the converter. For example, if data is in file named “ABB_ACS800.csv”, the 

tool assumes that ABB is the manufacturer of the converter, and ACS800 is the model series 

of the converter. 

2.2 Creation of pump and motor efficiency matrices 

The selection tool uses pre-generated efficiency matrices for the pump and motor optimiza-

tion. This approach has several advantages over the approach of calculating efficiency values 

on-the-fly during the optimization process. The most important of them is that it speeds up 

the optimization process greatly by reducing number of required calculations. Especially 

generation of induction motor efficiency maps involve numerical methods that consume a 

lot of processing time. Generated matrices are stored on a hard disk in Matlab’s MAT-for-

mat, which is a binary format that can store multiple variables in a single file. 

2.2.1 Generation of pump matrices 

A pump performance matrix for a given rotational speed interval can be generated using a 

digitized ��� curve for nominal rotational speed as input data. Matrices are generated using 

the general affinity laws of hydraulics, which consist of three equations (Wirzenius, 1978). 

 

According to these affinity laws, the flow is proportional to the pump rotational speed 

 

1400,14,50,97 

1800,18,50,97 

2500,25,50,97 

3000,30,50,97 

Efficiency in nominal 
operating point [%] 

Nominal frequency 
[Hz] 

Nominal current 
[A]  

Price of the 
converter [€] 

Figure 2.7 The structure of frequency converter file 
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 �	�
 = �	�
 (2.1) 

 

where � is the volume flow and � the rotational speed in the given operating point. The head 

is proportional to square of the shaft speed 

 

 �	�
 = �	�
�


 (2.2) 

 

where � is the head in the given operating point. Last, the required input power is propor-

tional to cube of the shaft speed 

 

 �	�
 = �	�
�
�
 (2.3) 

 

where � is the input power in the given operating point. Pump efficiency � is defined as  

 

 � = �� ∗ � ∗ ρ ∗ g��  (2.4) 

 
where � is the density of the transferred fluid and g the gravity constant (~9.81�� ).  

 
Energy consumption of a pump is measured with specific energy consumption �� [���� ] that 

is calculated as follows  

 

 �� = ��. (2.5) 

 

The pump performance data has to be interpolated to achieve dense enough performance 

matrix, because the typical �� and �� data contains only a few points digitized from the 

curve. The program uses interp1-function of Matlab to approximate a total of 100 points 

between the lowest and highest volume flow value in the given data. 

 

The generated MAT-files contain variable matrixPump that is a performance matrix of 

the pump, and a variable model which is the model name of a pump (string). Structure of 

matrixPump is shown in Figure 2.8. 

 

n [rpm] Q 'l
s*  H [m] η P [kW] E� [kWh

m� ]
⋮ ⋮ ⋮ ⋮ ⋮ ⋮

 

Figure 2.8 Structure of pump performance matrix matrixPump. 
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2.2.2 Generation of induction motor efficiency maps 

Generation of induction motor efficiency maps is based on the functions created by Paula 

Immonen and Vesa Ruuskanen. For each motor, two different maps are created; one for 

optimal flux and one for constant flux produced by the frequency converter. 

 

MAT-files contain the motor data that consist of vectors n for rotational speed, Torque 

for motor torque and Tmax for maximum torque of each rotational speed. Efficiency matrix 

eff has the same number of rows as the torque vector, and same number of columns as the 

rotational speed vector. Each row in the matrix includes efficiency values for single torque 

value, and each column for single rotational speed value. The structure of the generated data 

is described in Figure 2.9. The figure clarifies the relationship between torque, rotational 

speed and efficiency. 

 

 
 

 

2.3 Selecting pump 

Function find_pump determines the best pump from the candidates selected by the user. 

The function takes a path to the input process file and the structure array of pumps as an 

input argument. It returns structure pumpOut that contains internal data required in the mo-

tor selection, and several variables that contain information shown to the user. The internal 

data includes information about required torque and rotational speed in each process point, 

and data shown to user includes the total energy consumption of the pump, specific energy 

efficiency of the pump and the amount of total transferred volume. 

 

The volume flow and head produced by a pump depend on the rotational speed of the pump. 

The required rotational speed for each process point is found out iteratively; first roughly 

⋮59.973.386.7⋮
 

⋯ 646 800 954 ⋯ 

0.9525 0.9320 0.93500.9271 0.9340 0.93730.9283 0.9354 0.9391

Vector n (rotati-

onal speed) 

vector Torque 
Efficiency 

matrix eff 

Figure 2.9 Structure of motor performance data. 
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from the sparse matrix of rotational speeds, and then more precisely from the denser matrix. 

This increases the speed of the program especially when optimizing large processes.  

 

The correct operating point of the pump is found from the row of the matrix where 

 

 ;�<=�< − �<?@AB��; + ;�<=�< − �<?@AB��; (2.6) 

 
gets a minimum value. �<=�< and �<=�< are the volume flow and head values of the pump, 

respectively. Normally, the minimum value should be close to zero. If the value is greater 

than zero, the pump is not powerful enough to fulfill the required performance on the given 

rotational speed interval. The amount of tolerable difference depends on the nominal volume 

flow of the pump. In this tool, value  
DEFG
H   is used but the limit can be changed. 

 

As shown in Figure 2.8, the mechanical power required by the pump on the specified oper-

ating point can be read directly from the matrix. Combining this information with duration 

of the current process point, the optimization tool calculates energy consumption of the 

pump in kWh as follows 

 

 � = �<=�< ∗ IJKFLMNNJFOEP
QH . (2.7) 

 

The total energy consumption of the process is sum of energy consumptions of individual 

process points. The most suitable pump for the process is the pump that has minimal energy 

consumption, but is powerful enough to produce enough flow for all the process points. 

 

After the best pump is found, the program calculates required torque values for the process. 

These are required for the motor optimization. When the rotational speed and the shaft power 

of the pump are known, the torque can be calculated as 

 

 R = �<=�<
2π ∗ �

60
 (2.8) 

 
where � is the rotational speed [rpm] and �<=�< the power [W]. 

 

The process is presented as a flowchart in Figure 2.10. 
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Figure 2.10 Selection process of a pump. 

2.4 Motor selection 

Function find_motor finds the most suitable induction motor for the selected pump. The 

function takes structure pumpOut and structure array motors as an input argument.  

 

The selection process of the best motor is quite similar than the selection process of the 

pump. First, the indices of nearest rotational speed and torque values are searched from ro-

tational speed and torque vectors. The efficiency when motor operates with these parameters 

can then be read from the efficiency matrix. In the efficiency map (matrix), the index of 

rotational speed vector represents a row and index of torque vector a column of the matrix. 

After that the function calculates time-weighted average values for efficiency and input 

power. The function then returns values for the motor with lowest energy consumption. The 

selection process is presented as flowchart in Figure 2.11. 

 

The function also approximates the current of the induction motor by using methods de-

scribed in ”Tekninen opas 7: Sähkökäytön mitoitus” (ABB Automation Group Ltd, 2001). 

The calculated current is currently used in the frequency converter selection function. The 

current in the induction motor is divided into two components, the magnetizing current and 

the load current. When the rotational speed of the motor is under the point of field weaken-

ing, the magnetizing current can be approximated as follows 

 

 T�U = TV WsinYV C cosYV \]R�^_RV �
 > 1 > ]R�^_RV �
 > R̀@^URV �
ab 
(2.9) 
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where TV is the nominal current of the motor, cos YV is the power factor, R�^_ is the break-

down torque of the motor, RV is the nominal torque of the motor and R̀@^U is the torque 

required by load. 

 

The load current is approximated as follows 

 

 T�c =	 TV R̀@^URV � cosYV	 (2.10) 

The total motor current is calculated as  

 

 T� = dT�U
 + T�e
 	. (2.11) 

 

 

2.5 Frequency converter selection 

Instead of a pre-generated efficiency map the program uses mathematical formula to calcu-

late losses of a frequency converter. Power losses can be roughly approximated by equation 

(ABB Automation Group Ltd, 2002) 

 

 �̀@�� = 0.35 C 0.1 ∗ ffV@� C 0.55 ∗ RRV@�� ∗ �̀@��_V@�hV^`	, (2.12) 

 

where �̀@��_V@�hV^`	is the power loss in the nominal operating point of the frequency con-

verter. 

 

Figure 2.11 The selection process of an optimal induction motor. 
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The function find_converter calculates time-weighted average power loss for process 

by calculating converter power losses in all the process points using (2.12). The best con-

verter is the one with the lowest average power losses and enough output current for all 

process points. 

2.6 Calculating the life cycle costs 

For any piece of equipment, the life cycle cost (LCC) is the total cost of ownership of the 

device for the operator. It consists of the total cost to purchase, install, operate, maintain and 

dispose of the equipment (Ferman, et al., 2008). By analyzing the life cycle costs of multiple 

possible combinations of components in a pumping system, the most economically profita-

ble combination of machinery can be found out. 

 

In this work the total life cycle costs of a pumping system are approximated to consist of 

three parts: investment costs (price of the equipment), operating costs (price of the electricity 

consumed during the operation) and maintenance costs (price of servicing during the opera-

tion). The total life cycle cost is the sum of these three parts. 

 

The investment costs are calculated as follows 

 

 jhVk = l<=�< + l�@m@? + lA@Vk (2.13) 

 
where l<=�< is the price of the pump, l�@m@? is the price of the motor and lA@Vk is the price 

of the frequency converter. The total investment cost is simply the sum of the prices of the 

machinery. Currently, prices are approximated from the nominal power of the devices, and 

the user can adjust the €/kW-ratio. It is clear that if the tool is developed further, exact price 

data from manufacturers or resellers is required for realistic calculations. 

 

In the operating costs and maintenance costs calculations, the annual inflation and interest 

rates of the investment are taken into account via net present value (NPV) factors. The NPV 

factor of each operating year is calculated as follows 

 

 p�qr = 1�1 + interest + inflation�r (2.14) 

 

where m is the year of operation after the investment (Ferman, et al., 2008). Annual interest 

and inflation rates are given by the user before the calculations. 

 
The operating costs j@< are calculated as follows 
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 j@< =wxp�qr ∗ y^VV ∗ jB ∗ �̂ kz{r  (2.15) 

 

where y^VV is the annual operating time in hours, jB is the price of the electricity in €/kWh 
and �̂ kz is the weighted mean input power the frequency converter takes from the electrical 

grid, calculated from the energy consumption value of one pumping cycle. 

 

The maintenance costs j�^hVm are calculated as follows 

 

 j�^hVm �wxp�qr ∗ j�^hVm,^VV{r  (2.16) 

 

where j�^hVm,^VV is the annual maintenance. 

 

Therefore, the total life cycle cost of the pumping system j|}} is 

 

 j|}} � jhVk C j@< C j�^hVm. (2.17) 
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 USER INTERFACE OF SELECTION TOOL  

The designed selection tool consists of several Matlab m-functions and FIG-files (figures). 

FIG-files contain the structure of the graphical user interface (GUI) of the program.  The 

main window that is displayed when the program is started calls the functions used to read 

existing data from the mass memory, and to select the optimal devices for the selected pro-

cess. The windows and functions used to select the applied motors, pumps and frequency 

converters can also call the functions used to create the efficiency maps for devices when 

adding new devices to the program.  

3.1 Program window 

The main user interface of the program is divided into three parts. The user makes the selec-

tions about the input process and optimization settings in the upper part of the window, 

whereas the results of the optimization are shown in the middle part. Information and life 

cycle costs of the whole optimized process are shown in the bottom part of window. The 

main interface is illustrated in Figure 3.1. 

 

 

Figure 3.1 Graphical user interface (GUI) of the tool. 
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After the program is started, the input process file has first to be loaded. The file is loaded 

by using Open button in Input Process panel. If the file is correctly formatted and loading is 

successful, information about the process is shown in Input Process panel. The format of 

data file was described in Section 2.1. 

 

From the panel Simulation parts the user can choose the parts to be optimized. To run only 

the motor or frequency converter optimization, the data of the existing pump (and in case of 

the frequency converter, motor) optimization should exist in the memory. Life cycle cost 

calculation requires that data of all three optimization parts is available. Otherwise an error 

message is shown to the user. 

 

The induction motor efficiency map can be changed from the panel Motor optimization set-

tings. Currently, the program generates two efficiency maps for each motor: One with flux 

optimization and one without it.  

 

Pushbutton Run runs optimization for the loaded input process with the selected settings. 

The results are shown in the lower part of the window numerically and graphically. The 

values shown in the panel System are calculated from all the parts of the optimized system 

that exist in the memory. Data can be deleted from the memory by using the pushbutton 

Clear in according panel. 

 

From the results of the pump part the tool plots �� curves for different rotational speeds. 

The points of the input process are drawn to the plot as red crosses and the nominal operating 

point of the pump is drawn as a black circle. An example is shown in Figure 3.2. 

 

 

Figure 3.2 An example of �� curve plotted by tool. 
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Figures drawn from the induction motor and frequency converter optimizations are effi-

ciency maps. The motor plot has rotational speed [rpm] and torque [Nm] as axes, and equiv-

alent data from the results of the pump part is drawn to the figure as red crosses and the 

nominal operating point of the motor is drawn as a black circle. An example is shown in 

Figure 3.3.  

 

 

Figure 3.3 An example of induction motor efficiency map plotted by tool (Fig. courtesy of P. Immonen and 

V. Ruuskanen). 

 

Similarly, the frequency converter plot has frequency [Hz] and output current [A] as axes, 

and data from the motor part is drawn in the figure as red crosses and nominal operating 

point of a machine is drawn as a black circle. An example is shown in Figure 3.4.  

 

All the figures can be saved to a file using Save image as… pushbuttons or opened in new 

Matlab figures using pushbutton Draw. Currently, the tool supports saving figures in Encap-

sulated PostScript (.eps), Windows MetaFile (.wmf) and Portable Network Graphics (.png) 

formats. 
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Figure 3.4 An example of frequency converter efficiency map plotted by tool. 

 

The life cycle costs of the optimized process are shown in the panel Life cycle costs if results 

of all three optimization parts are available. Additional input values required for calculation 

are read from the fields in the Life cycle costs panel. The different costs are shown numeri-

cally in Euros [€] and graphically as percentage of total costs. An example of life cycle cost 

plot is shown in Figure 3.5. 

 

Figure 3.5 An example of life cycle cost distribution plot drawn by program. 
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3.2 Selecting devices used in optimization 

Program includes browsers for pumps, motors and frequency converters in the program da-

tabase. From the browser window, user can add new pumps or motors to database and deac-

tivate or activate the existing ones. An example of browser window is shown in Figure 3.6. 

 

 

Figure 3.6 Pump browser window. 

A new device is added to database by clicking the Add pump… or Add motor…-pushbutton. 

When the button is clicked, program shows a prompt where user can select the input file, 

which should comply with the structures described in Section 2.1. The file can exist any-

where in the file system; the program copies the file to the correct location and generates 

necessary efficiency maps or matrices. 

 

Pumps, motors and frequency converters used in the optimization process can be selected by 

ticking or unticking the Active-property. Changes are saved when the window is closed, but 

the selections of activated devices are not stored in the mass memory. Hence all the devices 

are enabled on every startup. 
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 TESTING 

To verify the correctness of the results calculated by the selection tool, a test run was carried 

out at the pump laboratory of LUT. 

4.1 Test profile and used equipment 

The pumping system consists of a Sulzer Ahlstar A22-80 centrifugal pump equipped with a 

265 mm open impeller, an ABB M3BP-160MLA4 induction motor and an ABB ACS800-

01-0020-3 frequency converter. The piping is equipped with several pressure, flow and tem-

perature sensors. Also the shaft of the motor is fitted with a torque transducer. To adjust the 

flow of the pumped fluid (water), the piping contains several pneumatically adjusted control 

valves. A drawing and a photo of the used equipment are shown in Appendix I. 

 

The test profile is presented in Table 4.1. The target was to create six distinct operating points 

with different volume flow and head values. In the laboratory environment, the controllable 

parameters that affect mostly the operating point are the rotational speed of the pump and 

the position of the main control valve of the piping. 

 

Table 4.1 The used test profile. 

No. Rotational 

speed [rpm] 

Control 

valve [%] 

Operating 

time [min] 

1 1100 60 3 

2 1100 80 3 

3 1100 95 3 

4 1300 60 3 

5 1300 80 3 

6 1300 95 3 

 

The measured volume flow and head values in the given operating points are presented in 

Table 4.2. 
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Table 4.2 The volume flow and head values of the used test profile. 

No. Volume 

flow [l/s] 

Head [m] Operating 

time [min]  

1 9.76 14.23 3 

2 15.27 13.99 3 

3 26.55 12.39 3 

4 30.91 17.39 3 

5 25.66 18.51 3 

6 11.49 19.82 3 

4.2 Results 

The measured mechanical values and values calculated by the selection tool are compared 

in Figure 4.1 and the measured electrical values and the values calculated by the selection 

tool are compared in Figure 4.2. The full results are shown tabulated in the Appendix II. The 

torque values are calculated using the methods described in Section 2.3 and the currents are 

calculated using (2.9) – (2.11). 

 

 

Figure 4.1 The measured and calculated mechanical values. 

The calculated mechanical values are relatively correct. The difference of 6-7 % between 

the measured and calculated torque values can be treated as pretty good and accurate result. 
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The rotational speeds are even more accurate, the difference is only 1-2 %. The difference 

is probably composed of the inaccuracy in digitization of the curves, and approximating 

them to different rotational speeds using the affinity equations. It should be also noted that 

the correctness of the curves provided by pump manufacturer is not verified at all. 

 

 

Figure 4.2 The measured and calculated electrical values. 

 

The electrical values are a little more problematic. The calculated currents are fairly correct, 

which is important in the frequency converter selection process. On the other side, the volt-

ages are somewhat wrong as they are calculated using a simple relation  

 

 ffV = ~~V. (4.1) 

 

However, the voltages don’t affect the energy consumption values because they are calcu-

lated using the motor input current values and the frequency converter efficiency values that 

turned out to be relatively correct. More precise voltage approximations would require 

knowledge about the power factors of the motors in different rotational speeds and torques. 
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 CONCLUSION 

Creating the selection tool described in this thesis was a challenging task. It required a lot of 

knowledge in different areas that many electrical engineer students are not familiar with. For 

example, some elementary knowledge of hydraulics, programming and economics were 

mandatory when implementing different functions of the tool. Anyway, the work resulted as 

a functioning and fairly usable program that is easy to extend and to develop further. 

 

According to the test runs, the selection tool gives relatively realistic results when choosing 

pumps and motors. However, the frequency converter part doesn’t give very precise results 

when selecting new devices. The main reasons behind that are very rough approximations 

used in frequency converter efficiency calculations and uncertainties in motor input voltage 

calculations. Despite of that, the energy consumption calculations are rather realistic because 

the efficiency of frequency converter is always approximated to be relatively high (>95%). 

 

Currently it seems that the tool could be reliably used to select new machinery for existing 

pumping processes and to analyze the energy consumption and life cycle costs of such pro-

cesses. If the tool is developed further, comparing different machine combinations for same 

process should be made easier and more user friendly. Also the LCC calculation should be 

made more realistic by including the price information of machinery in input data or giving 

the user possibility to give the prices during the calculation. Other subjects of development 

could be implementing a more realistic frequency converter model and models for other 

types of electric motors. 
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APPENDIX I 

 

FIGURES OF THE APPLIED TESTING EQUIPMENT 

In Figure I.1, a drawing of the equipment used in the test runs is shown. The pneumatically 

controlled valves are marked in green and red. 

 

Figure I.1 A drawing of the used test equipment. 



APPENDIX I 

 

Figure I.2 is a photograph of the user equipment. The ABB M3BP-160MLA4 induction mo-

tor (the motor closer to the computers) and the ABB ACS800-01-0020-3 frequency con-

verter (the converter on the left) can be seen in the photo. The torque transducer is the yellow 

component between the motor and the pump. The whole system is controlled using the com-

puter on the left side of the photo using a LabVIEW-based controlling program and ABB 

DriveDebug-tool. 

 
 

 

Figure I.2 A photo of the laboratory. 

 



APPENDIX II 

 

TABLES OF THE MEASURED AND CALCULATED VALUES OF THE  LABORA-

TORY TEST RUNS 

 

Table II.1 The measured and calculated mechanical values. 

No. Measured 

torque [Nm] 

Calculated 

torque [Nm] 

Measured rotational 

speed [rpm] 

Calculated 

rotational 

speed [rpm] 

1 25.2 23.3 1100 1110 

2 29.4 27.0 1100 1110 

3 38.2 35.1 1101 1110 

4 52.2 48.7 1299 1300 

5 47.6 44.5 1299 1310 

6 34.3 32.4 1299 1310 

 

Table II.2 The measured and calculated electrical values. 

No. Measured 

voltage [V] 

Calculated 

voltage [V] 

Measured motor 

current [A] 

Calculated 

motor current 

[A] 

1 256 296 10.6 10.4 

2 267 296 11.5 11.0 

3 291 293 11.3 12.5 

4 362 347 16.5 15.4 

5 360 349 15.4 14.5 

6 331 349 12.6 12.0 

 

 


