
 

 



 

  



Abstract 

Mass spectrometry is an analytical technique used for analysis of both organic and 

inorganic compounds. This topic is usually discussed in terms of chemistry, as this 

method can be used for identification of compounds of many kinds. However, the actual 

operation of machines performing the mass spectrometry can only be found in specialized 

books about mass spectrometry and these books usually offer only a very complicated 

description. Therefore, I decided to write a thesis that describes general information about 

mass spectrometry from the view of electric engineering, defining the individual steps of 

the analysis comprehensibly without emphasising the result but the process. In the second 

half of my bachelor thesis I focus on practical use of mass spectrometers in industry for 

leak detection testing and on types of leak detection tests, I explain important terms and 

describe the spectrometer LDS3000 in detail.  My aim is to explain that this method is 

interesting and captivating and I would like to present it to the others.  
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Abstrakt 

Hmotnostní spektrometrie je metoda analytické chemie používaná k analýze organických 

i anorganických sloučenin. O tomto tématu se běžně dozvídáme z prací týkajících se 

chemie, protože tato metoda může být využita k identifikaci mnoha druhů sloučenin. 

Vlastní fungování přístrojů používaných v hmotnostní spektrometrii ale musíme hledat 

ve specializovaných knihách zaměřených na tuto metodu a tyto informace jsou obvykle 

popsané velmi komplikovaně. Proto jsem se rozhodla napsat práci, která uvádí základní 

informace o hmotnostní spektrometrii z pohledu elektrotechniky, srozumitelně popisuje 

jednotlivé fáze této metody a která nebude zaměřena na výstup analýzy, ale na technický 

proces. V druhé části práce se věnuji praktickému použití hmotnostních spektrometrů 

v průmyslu při testování těsnosti produktů a typům testování těsnosti, vysvětluji důležité 

termíny a detailně popisuji spektrometr LDS3000. Mým záměrem je ukázat, že tato 

metoda je skutečně zajímavá a poutavá a chci ji proto představit ostatním. 
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1 Introduction 

The mass spectrometry is an analytical technique to determine chemical components or 

analytes in a sample. This method is able to define the amount and chemical identity of 

compounds present in a material. This has wide applications in a scientific laboratory; i.e. 

identification of unknown samples, structure elucidation of small molecules and proteins 

or quantitative and qualitative analysis of samples. As this chapter is an introduction to 

mass spectrometry, the principle will be explained briefly and simply and each of the 

subjects will be discussed in the following chapters.  

To understand the basic principle of mass spectrometry, imagine a person standing 

on the top of a skyscraper on a windy day. He has with him a set of various sports balls 

and he began to drop them down to the park under the building; the direction of the 

trajectory of the thrown ball is perpendicular to the direction of the wind. A tennis ball is 

light and, therefore, the wind will noticeably curve its trajectory, probably this ball will 

fly like a feather. On the contrary, a bowling ball is heavy and the wind will not be able 

to adjust its trajectory that easily, it will not fall very far from the building. The mass of 

an item affects how it falls. 

Anybody can try this experiment at home, as the composition is very easy. Turn on 

a hairdryer, lay it on the floor and then try to flick diverse small balls – cork, rubber, 

plastic or glass ball – perpendicularly to the air current. This experiment will prove that a 

diverse-mass balls roll in different directions under the same conditions and the heaviest 

ball will be deflected the least. 

In the mass spectrometer, the same physics is applied. The balls are substituted with 

atoms or molecules and the wind is an electric or magnetic field; the particular principles 

will be explained more complex in the following chapters. The environment is composed 

of a sample inlet, ion source, mass analyser and detector. The sample molecules are 

ionized in vacuum and accelerated using added voltage. Then the ions are separated in 

the magnetic field, an ion current is formed and using a detector, the ion current is turned 

into an electric current. The current is then measured and the output of the mass 

spectrometer is mass spectrum - the mass spectrum is a direct proportion to chemical 

properties of the input.  
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Besides scientists, physicians and technicians many ordinary people come into 

contact with the technique, although do not need an in-depth understanding of the method. 

Pavia states events from real life: the pharmaceutical industry uses mass spectrometry in 

the medicament development process, mass spectrometers are used for presence and 

quantitative analysis of blood and urine, also this method enables precise monitoring of 

water and level quality and is also used in airport security screenings and forensic 

investigations to detect traces of explosives. (2014) 

Greaves and Roboz in the book called Mass Spectrometry for the Novice express 

their passion for this technique, emphasising the diversity of combining instrument 

components into systems, which enable sophisticated approaches to introduce and 

analyse samples. Mass spectrometers are versatile instruments that can be used to analyse 

an enormously wide range of compounds from simple gases to complex biopolymers and 

the software packages can handle an enormous quantity of generated data. (2014) 

I am very interested in this topic, during my internship in Robert Bosh GmbH I had 

a chance to see and work with numerous machines that I have found captivating; one of 

these machines was molecular leak detector LDS3000, a mass spectrometer used for leak 

tests. My intention was to explain a complete theory of mass spectrometry in my semester 

thesis (chapters 1 – 6) and in the second semester add to the thesis a real machine 

description and a machine layout of LDS3000 that Robert Bosh GmbH agreed to borrow 

to me and explain the use of mass spectrometry in the field of leak testing  

(chapters 7 – 10) .  
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2 Basic Principles of Mass Spectrometry 

The basic principles of this method include the ability of electric and magnetic fields to 

affect charged particles in vacuum. Charged particles are called ions. They are created 

from atoms, molecules or fragments of molecules by adding or removing electrons, i.e. 

the number of protons in the nucleus of a molecule is higher than the number of nucleons. 

Removing electrons produces positive (cationic) ions and adding electrons produces 

negative (anionic) ions. Both positive and negative ions can be applied, modern 

instruments are able to operate independently on the type of charge. Vacuum is a physical 

space with lower air pressure than the atmospheric pressure. The matter (especially air) 

has been removed; thus, there is lower air pressure in vacuum than in the atmosphere. 

In physics, mass refers to the quantity of matter in a body.  Mass spectrometry refers 

to molecular mass and uses the mass-to-charge ratio. “The mass-to-charge ratio of an ion 

is the number obtained by dividing the mass of the ion (m) by the number of electrical 

charges (z) acquired by the sample during the ionization process.” (Greaves & Roboz, 

2014, p.5). According to printed sources, the mass-to-charge ratio is represented by m/z; 

however, on Wikipedia.org and other internet sources it is represented also as a m/Q. 

Also, some scientists use the term charge-to-mass ratio, both are identical in meaning, or 

a Thomson (Th); however, Kenkel claims that it is not used widely (2013). The m/z is a 

dimensionless number and m and z are always written in italics. The equals sign is not 

used when specifying an ion with mass-to-charge ratio, e.g., m/z 201 and not m/z = 201. 

 𝑚𝑎𝑠𝑠 − 𝑡𝑜 − 𝑐ℎ𝑎𝑟𝑔𝑒 𝑟𝑎𝑡𝑖𝑜 =  
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑡𝑖𝑜𝑛

𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑐𝑎𝑡𝑖𝑜𝑛
 

A mass spectrum is a graph or a table consisting of series of vertical lines, each due 

to an ion of a particular mass-to-charge ratio, i.e. the number of ions introduced into the 

mass analyser and then separated according to their m/z values. The mass spectrometry 

finds use in the analysis of compounds whose mass spectrum is either known, then the 

spectrum is compared to the library of mass spectra, or unknown, then the identification 

is executed based on the features of molecular ion. The mass spectrum is a graphic 

approximation of real signals, signal shape is usually Gaussian function and the area 

under the curve carries the message about the amount of the compounds present in the 

material. 



12 

 

 

Figure 1: The mass spectra of three compounds: bromine, vinyl chloride and methylene 

chloride 

 

A mass spectrometer is “an analytical instrument that produces a beam of gas phase 

ions from samples (analytes), sorts the resulting mixture of ions according to their mass-

to-charge (m/z) ratios using electric or magnetic fields (or their combination) and provides 

analog or digital output signals (peaks), from which the mass-to-charge ratio and the 

intensity (abundance) of each detected ionic species may be determined.” (Greaves & 

Roboz, 2014, p.2) The mass spectrometer is able to differentiate between the masses of 

particles bearing the most common isotopes of the elements and the masses of particles 

bearing heavier isotopes.  

 

Figure 2: Mass spectrometer 
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3 Sample Introduction System 

The sample introduction system ensures a sufficient quantity and correct form of input 

sample into the ion source. The sample is inserted into a larger tank, converted into vapour 

and send through a small pinhole, so-called molecular leak, to the ionization chamber. 

The input sample is possible to be of any form; however, as the mass spectrometers 

operate in vacuum, they can only analyse samples in the vapour state; therefore, the 

sample introduction system converts liquid and solid samples into the vapour. It also 

reduces the pressure of gaseous samples, provides sufficient quantity of the sample 

molecules to the ion source and simultaneously the original chemical properties remain 

unchanged. In newest techniques the sample introduction and ionization happen 

alongside, thus, the sample introduction system and ionization chamber are together one 

piece of equipment.  

The conversion of the original sample into a vapour state could have a negative 

influence on the utility of mass spectrometry because it is frequently necessary to add 

heat to vaporize the samples and heating can destroy the compounds before they vaporize. 

To avoid this scenario, a chemical derivatization could be used. This method is based on 

a conversion of an alcohol to its trimethylsilyl ether or the acetylation of an acid group – 

it reduces the polarity, increases the volatility of analytes and increases the probability of 

obtaining full spectra. It was namely the development of Atmospheric Pressure Ionization 

and Matrix Assisted Laser Desorption Ionization, where vapour formation and ionization 

occur simultaneously, what eliminated most of the problems of sample decomposition. 

Successful vaporization depends also on the polarity and mass-to-charge ratio. 

The sample inlet system does not operate in vacuum unlike to the ionization 

chamber, still, the inlet system air pressure is lower than under normal atmospheric 

conditions.  
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4 Ionization 

Regardless of the method used for ionization, the mass spectrometer can provide 

information only about ionized particles as mass spectrometer use electric or magnetic 

fields for identification of the molecules. However, molecules are electrically neutral, so 

they cannot be manipulated unless they carry a charge.  Therefore, the sample molecules 

must be converted to ions by the ion source before the analyse and detection. Also, the 

samples must always be in a form of vapour as mass spectrometers operate in high 

vacuum. 

4.1 Electron ionization (EI) 

The widely used ionization method which is also the most developed one is electron 

ionization. The procedure contains a source, tungsten or rhenium filament, which is 

heated to several thousand degrees Celsius. From this filament, a beam of high-energy 

electrons is emitted, which is used on molecules from the inlet system. The electron-

molecule collision displaces an electron from the molecule resulting in creating a cation. 

During my research, I have come across collocations ‘electron bombing’ or 

‘electron bombarding’. At first, I considered them to be inappropriate for scientific 

literature; however, these expressions are accurate. The energy of the electron in the 

stream must be greater than the ionization energy of the molecule; otherwise, a 

rearrangement of the isometric structure of the inlet electron can occur. Therefore, this 

amount of energy can be referred to the phrase “to bomb the molecules”.  

On the opposite of the source is a trap. A potential difference between the filament 

and the trap directs the electrons across the ion volume and provides energy to the 

electrons as they cross the ion source (set usually to 70eV). To control the electron steam 

is used the electric current, ranging from 200 to 300μA, connected into a feedback circuit. 

Approximately between the source and the trap, on the opposite the exit leading to 

the mass analyser, there is a repeller plate. Repeller plate carries a positive electric 

potential and directs the newly created ions toward a series of accelerating plates. It 

produces a beam of rapidly quickly travelling positive ions because of a large potential 

difference (1-10kV) applied across these accelerating plates. The repeller plate also 

absorbs ions, which were converted to negative through the absorption of electrons. To 
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direct the ions into a uniform beam is used one or more focusing slits and to draw off the 

molecules which are not ionized is used a vacuum pump connected to the ionization 

chamber.  

This procedure of ionization is adopted in routine mass spectrometry of small 

organic molecules. Electron ionization hardware is robust; however, not very expensive. 

Fragmentation pattern of a compound is consistent and duplicatable and many libraries 

of electron ionization mass spectrometry data are available. Thus, comparing the mass 

spectrum of a sample compound against thousands of data sets in a special electronic 

library is a quick process and determining or confirming a compound’s identity is 

executed in a few seconds. On the other hand, the ionization often results in extensive 

fragmentation leading to the complete absence of molecular ion [M+] or the compounds 

fragment so easily that the lifetime of the molecular ion is too short to be detected in a 

mass analyser (fragmentation: see Sub-chapter 5.3 Mass spectrum). Also, the sample 

must be relatively volatile so it can integrate with the electron beam during the ionization. 

Therefore, it is difficult to analyse high molecular mass compounds and most 

biomolecules using electron ionization mass spectrometry. 

 

Figure 3: Electron ionization chamber 
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4.2 Matrix Assisted Laser Desorption Ionization (MALDI) 

MALDI is a method of ionization that uses a laser energy. The sample is mixed with an 

organic matrix material (to absorb the laser radiation and add a proton to the sample) 

and then spotted onto the plate. The matrix absorbs the laser energy and heats up 

transferring its energy to the inlet molecule, resulting in producing ionized molecules. 

When ionizing small mass samples, the matrix does not have to be used. MALDI is 

performed on specially designed time-of-flight instruments, as MALDI mostly forms 

singularly charged ions. However, MALDI mass spectrum is not as reproducible as the 

spectrum obtained by electron ionization.  

“Generally, MALDI surpasses conventional electron ionization in terms of 

sensitivity (detection levels in the low attomole range have been reported) and is more 

tolerant to salts. Superior sensitivity, relative simplicity of operation, and ease of 

automation have made it a top choice as an analytical technique for a variety of 

proteomics-related (high throughput) applications.” (Kaltashov & Eyles, 2012, p.62) 

 

Figure 4: MALDI 
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5 Mass Analysis 

Once the sample has been ionized, it passes as an accelerated beam of ions into a mass 

analyser (terms mass filter or mass separator could also be used). In mass analyser are the 

ions separated according to their mass-to-charge ratios. The choice of an appropriate 

analyser is crucial as it affects many features of the generated data, including the mass 

resolution, the accuracy of the measurement and the available dynamic range. On the 

contrary, almost any type of analyser integrates with any type of source since molecules 

are usually ionized in diverse parts of mass spectrometer from where they are analysed. 

When selecting a particular analyser, the required degree of resolution, mass 

measurement accuracy and the type of data required should be considered. 

Several types of analysers are used, the most common are:  

 quadrupole (Q) 

 time-of-flight (TOF) 

 magnetic sector (B) 

 ion cyclotron resonance (ICR) 

 ion trap (quadrupole (QIT) or linear (LIT) ion trap) 

It is possible to combine the analysers into sophisticated tandem instruments; the 

advantage of tandem instruments is the capability of providing significantly more data. 

Frequently used analysers created by compounding are for instance QTOF and LIT-FT-

ICR. 

 

5.1 Quadrupole mass analyser (Q) 

Nowadays the most frequently used type of analyser, quadrupole mass analyser, also 

called quadrupole analyser, consists of four charged electrodes attached parallel to the 

direction of a beam. The electrodes are connected to a radiofrequency (RF) and a direct 

current (DC) potential, generating an oscillating electrostatic field in the region between 

the electrodes. From this electrostatic field, the ions obtain an important property - 

oscillation. The amplitude of the oscillation increases and the ions of correct m/z acquire 

a stable oscillation of constant amplitude and are sent with the corkscrew-type of 

trajectory through the analyser to the detector. The ions with an inaccurate m/z ratio have 
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a different trajectory of motion, which cause them to strike the electrodes and do not come 

through the analyser.  

“Quadrupole mass spectrometers are low-resolution instruments (R~3000) 

incapable of providing exact elemental composition of the sample but their relatively low 

cost makes them popular for many applications. An additional drawback is their relatively 

slow acquisition rate due to their scanning nature.” (Pavia, 2015, p.121) 

 

Figure 5: Quadrupole mass analyser 

 

5.2 Time-of-flight (TOF) 

The TOF analyser is based on the fact that the velocities of two ions with the same features 

(with the same kinetic energy and created at the very same moment of time) vary 

according to the mass of ions. The lighter ion has a higher velocity and, therefore, strikes 

the detector first. Thus, TOF mass analysers require very fast electronics to measure ion 

flight times accurately, as flight times may be sub-microsecond. Also, the pulses must be 

well-defined so that the ions are all released at the same moment. 

 

Figure 6: TOF mass analyser 
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5.3 Mass spectrum 

The mass spectrum (see Figure 2) is in most cases a graph consisting of series of vertical 

lines in which each bar represents an ion.  

An explanation of the mass spectrum in a detail is rather complex and involves a 

broader chemistry knowledge. It is not the intention of this document to describe the mass 

spectrometry from the perspective of chemistry but to study the general principle and the 

contribution of electrical engineering to analytical chemistry. If the reader would like to 

study the mass spectrum of specific substances, I highly recommend materials on 

www.youtube.com (keywords: mass spectrum or mass spectrometry), there are many 

animations and explicit explanations.  

As described in Chapter 4 Ionization, the most significant product of ionization is 

a molecular ion. It is a molecule which had lost one or more electrons; thus, it is positively 

charged. However, besides the ionization, another process is performed – so-called 

fragmentation. It is a process when the original molecule or a molecular ion disintegrates 

into smaller particles. Molecules exposed to the beam of electrons may break into 

fragment ions. Fragment ion is “an electrically charged dissociation product of an ionic 

fragmentation. Such an ion may dissociate further to form other electrically charged 

molecular or atomic moieties of successively lower formula weight.” (McNaught & 

Wilkinson, 1997, p.593) 

Consequently, the mass spectra can be complex - care must be taken to be sure that 

a particular peak is composed of molecular ions and not fragment ions. Especially if the 

volume of molecular ions is low, when the molecular ions are rather unstable and when 

these particular ions fragment easily since the mass spectrum must be compiled precisely.  

Intensity of the molecular ion peak increases with decreasing electron potential. 

Therefore, the evaluation if the particular ion peak corresponds to molecular mass can be 

done by varying the energy of the ionising electron beam during ionization. The volume 

of fragment ions should decrease with increasing the energy of the electron beam.  
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6 Ion Current Detectors 

Ions flowing through the parts of mass spectrometer constitute an ion current. This current 

is detected when the ions arrive at the ion current detector plate and the arrival of one ion 

per second corresponds to a current of 1,6 x 10-19 A. Ion detectors can also be called 

multipliers - they amplify (multiply) current as it is very low. The current is amplified 

several times against more surfaces resulting in a current great enough to be recorded by 

a data system.  

“In modern mass spectrometry, a detector consists of a planar assembly of small 

electron multipliers, called an array in one case (spatial separation) and a microchannel 

plate in the other (temporal separation). These collectors can either detect the arrival of 

all ions sequentially at a point (point ion collector) or detect the arrival of all ions 

simultaneously (array or multipoint collector).” (Gauglitz & Moore, 2014, p.340) 

 

6.1 Faraday cup 

“One of the simplest detectors is a Faraday cup detector, which is composed of an 

individual cylindrical diode (electrode), which, upon a contact with ions, will emit 

secondary electrons and induce a current.” (Hofmann, Simon, Grkovic & Jones, 2014, 

p.162) The Faraday cup is used for high-precision measurements because the charge of 

the incoming ion beam is measured directly by the voltage drop across a large feedback 

resistance so there is a direct relationship between the measured subjects, nevertheless, 

they are not very sensitive in comparison with electron multipliers and also the response 

of a Faraday cup detector is slow; therefore, they are not preferred detector technique 

currently used.  

 

Figure 7: Faraday cup 
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6.2 Electron multiplier 

Nowadays, the most common detector is an electron multiplier because of its high 

sensitivity, fast response time and high gain. There are three types of dynodes; in  

Figure 7 there is a multiplier with linear dynode, also called discrete dynode, which 

consists of series of dynodes usually made of Be/Cu instead of a single diode. The 

dynodes are joined together through a chain of resistors of identical value; thus, the 

applied voltage is separated into equal steps between the dynodes. The beam of ions 

strikes the first, so-called conversion dynode. The dynode emits and amplifies secondary 

electrons in direct proportion to the number of the inlet ions and sends them to collide 

with the next dynode. The amplification and dispatch occur at each stage, culminating in 

amplification of the signal and current gain. In Figure 8 there is a cascade dynode, in 

several printed resources called continuous dynode, which is a leaded glass funnel coated 

with a semi-conductive substance on the inside. The process is similar to the discrete 

dynode multiplier – ions are passed to a conversion dynode and then accelerated to the 

multiplier. For time-of-flight instruments is often used a multichannel plate detector, see 

Figure 9.  The ions land at the plate what forces them to rebound and strike the opposite 

plate, resulting in a cascade. The output of any type of multiplier is further amplified 

electronically. 

 

Figure 8: Linear dynode electron multiplier 
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Figure 9: Cascade dynode electron multiplier 

 

 

 

 

Figure 10: Multichannel plate detector 
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7 Use of Mass Spectrometry in Industry 

Mass spectrometry is used in industrial and academic fields for both routine and research 

purposes. From this moment the centre of attention of this bachelor thesis is a practical 

use of mass spectrometry; the following chapters focus on its use in industry, particularly 

in product testing. Also, in this bachelor thesis, I have been focusing on the technological 

process so far, regardless of substances processed. From now on we will be discussing 

mass spectrometry from a practical point of view; therefore, we will discuss also the 

molecules to be detected.  

One of the most important stages of testing of some products is leak detection. A 

simple definition of leak detection is that it detects product’s leakages and if there are any 

how severe they are; therefore, it determines whether the product is suitable for further 

use. The place where the leak testing is performed is called a testing station. Each testing 

station must be designed for the specific needs of the customer with regard to tested 

products. The leak detection as a discipline started to evolve quickly after the Second 

World War. Development of new devices and processes which need a controlled 

environment without significant leakages was stimulated in particular by the development 

of the electronics industry and by increase of the cosmic research activity. The gas analysis 

using mass spectrometer was known since 1920 but the concept was accepted for leak 

detection after the Second World War. Progressive technical innovations led to forming 

a useful method for testing a wide range of products and systems.   

In this thesis, I will be describing the method used by company Robert Bosch 

GmbH. Bosch uses mass spectrometry for testing fuel pumps, which are an essential part 

of combustion engine devices, for example cars. Customers of company Bosch who order 

pumps with unique requirements to fit into their cars are especially German automobile 

brands - Audi, BMW, Mercedes-Benz, Porsche, Volkswagen and many more around the 

world. German cars are known for their reliability and long life, what is caused by various 

factors including mainly precious design, but also proper testing of used components; 

therefore, their testing methods are innovated as often as possible. Robert Bosch GmbH 

is currently using two methods of leak detection, bubble test (see Sub-chapter 8.3.2.3 

Bubble test) and helium leak detection (see Sub-chapter 8.3.2.4 Helium leak detection), 

to ensure that their pumps are manufactured preciously.  
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8 Leak Detection Testing 

 

8.1 Definition of a leak 

Dictionary.com defines leak as “an unintended hole, crack or the like, through which 

liquid or gas enters or escape.” (Dictionary.com, n.d.) A leak in a component can cause 

damages ranging from simple loss of efficiency or economic loss; however, it can cause 

serious industrial disasters involving releases of hazardous chemicals. 

“The unintentional release of hazardous substances and mixtures from pressure 

vessels may cause major damage to people and properties in process industries and nearby 

areas.” (Kanes, Basha, Véchot & Castier, 2016, p.3) 

 

8.2 Leak rate 

The concept of leak rate was introduced in order to be able to measure leaks. The symbol 

of leak rate is qL and its unit is mbar l/s.  

“A leak rate of qL = 1 mbar·l/s is present when in an enclosed, evacuated vessel 

with a volume of 1 l the pressure rises by 1 mbar per second or, where there is positive 

pressure in the container, pressure drops by 1 mbar.” (Rottländer, Umrath & Voss, 2016, 

p.5) 

The unit of leak rate (mbar l/s) may look confusing, but company LABTECH offers 

on its website a comprehensible explanation. The leak rate of water can be measured 

rather easily, e. g. in litres per hour (imagine a dripping tap). However, gases are 

compressible hence their volume depends on pressure (bar), which cannot be neglected 

in a computation of leak rate. (LABTECH, 2011) 

 

8.3 Leak detection testing methods 

In any leak detection there are two basic scenarios - it is either measurement of an overall 

leak or finding an exact position of the leak. When the aim of the test is to find the leak, 

the method is chosen from a group of methods described in sub-chapter 8. 3. 1. Leak 

location identifies the sources of measured leaks in order to facilitate repair, 
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remanufacture or redesign. The other group of methods is described in sub-chapter 8.3.2. 

and finds use in the measurement of the amount of gas that leaked from the test object. 

Its purpose is to report the quality of the tested object (severity of imperfection or damage) 

to evaluate the suitability of the product. 

To compile the following lines it was necessary to have a discussion with an expert 

rather than to use a book. Comparison of various methods, explanation of each method in 

a practical context and individual usage according to different objects are pieces of 

information which are difficult to find in professional literature; therefore, I attended an 

expert seminar held by company LABTECH in Ostrava on 13th of March 2019, and 

compared the knowledge I gained with other sources of information. The resulting 

subchapters are focusing both on theoretical principles and on use in practice.  

 

8.3.1 Leak localization 

 

8.3.1.1 Sniffer-probe mode 

The tested object is pressurized, what causes the gas to escape through a leak if there is 

any. Then, the sniffer is used to suck in the air around the tested object in quest for leaked 

molecules of gas (in the spectrometer there is lower pressure than around the tested object, 

which causes the air to flow inside the spectrometer). Although this method is frequently 

used, it is generally used only for detection of the position of leaks; molecules of gas are 

escaping into the atmosphere during the operation hence the displayed result is indicative. 

The detection limit can be deteriorated (operation in "high flow" mode) in order to capture 

leaks at a larger distance from the expected leak.  

 

Figure 11 Sniffer-probe mode 
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8.3.1.2 Spray-probe mode 

This method involves a tested product connected to the pumping system of spectrometer. 

The tested product is sprayed by the gas and the amount of gas that penetrates inside is 

determined. This principle is used for example to prove quality of welds of pressure 

vessels because pressurization is generally dangerous (even if the gas used for the test is 

air); pressure vessels need a lot more pressure to be tested than other objects because they 

are manufactured to resist high values of pressure. When this test is used, the danger is 

limited.  

 

Figure 12 Sniffer-probe mode 
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8.3.2 Leak measurement 

 

8.3.2.1 Accumulation test 

When using this method, a tested product is sealed, pressurized with gas and placed in an 

enclosed chamber with atmospheric conditions. Then a sniffer is inserted, and it sucks in 

leaked molecules of gas and sends them to the detector. The chamber should be as small 

as possible because its size affects the precision of the whole system (lowering the number 

of disturbing molecules). Although is not the most precise, this method is frequently used 

for its universality.  

 

Figure 13 Accumulation test 

 

8.3.2.2 Bombing test 

This method is used on the most complex testing objects - objects which are completely 

sealed (have neither input neither outputs); thus, they cannot be pressurized, filled with 

gas or depleted.  

These objects are placed into a pressure vessel and using a specifically chosen gas 

the chamber is pressurized. This action creates a pressure difference between the inner 

and outer part of the component; if there is a leak in the component, the gas will penetrate 

inside and will gradually fill the component. In the second step, the object is removed 

from the pressure chamber and placed into a vacuum chamber. The vacuum chamber is 

interconnected with a spectrometer; if some molecules of gas penetrated into the object, 

they will leave the object in the vacuum chamber. The environment of the chamber is 

consequently analysed by the spectrometer and the detected molecules of gas are the  
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evidence of the leak. However, this method must be performed with caution to correct 

timing, to prevent the molecules of gas to escape from the object during the transfer. 

 

 

Figure 14 Bombing test 

 

Netěsnost = Leak 

Tlakovací komora = Vacuum chamber 

Uzavřený objekt (součástka) = Sealed object (component) 

Součástka je vyjmuta z tlakovací komory = The object is removed from the vacuum chamber 

Helium unikající ze součástky = Helium penetrating from the component 

Testovací komora = Testing chamber 
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8.3.2.3 Bubble test 

This method is simple, inexpensive and its principle is based on a natural occurrence 

known for every human being. This method belongs to the group of the first tests in leak 

analysis and is used to this day. The object of testing is pressurized, submerged in water 

and then watched. Escaping air bubbles reveal that the component is faulty; furthermore, 

the position of leak is evident. 

 Although it has certain benefits, this method is subjective, does not allow 

quantitative leak detection and is only suitable for large leaks. The process of testing can 

be time-consuming since the tested product becomes damp and it is necessary to dry it 

thoroughly; moreover, the bubble test is influenced by the temperature, the viscosity and 

the surface tension of the fluid. Also, it is only suitable for 10-4 mbar.l/s and larger leaks. 

Company Bosch uses this method as an additional quality test, apart from the classical 

helium method used for pump testing. 

 

 

Figure 15 Bubble test 
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8.3.2.4 Helium leak detection 

This method is used almost exclusively in the fuel pumps testing and will be discussed in 

more detail in the next chapters. The basic component of a detection system is a helium 

detector working on the principle of a mass spectrometer. This mass spectrometer is 

optimised to the detection of atoms of helium, alternatively helium and hydrogen (see 

Sub-chapter 8.4 Gas used for detection). A tested object is placed into a sealed chamber 

and helium is injected into the object or into the chamber (according to the type of 

application, see Sub-chapter 8.3.2 Leak measurement). In case of a leak in the system, 

helium penetrates into a vacuum chamber (or into the object) and is sampled to the 

spectrometer. The number of ions of tracer gas is measured, and the result is displayed on 

the LCD (the process is described in detail in chapters 2-6). Response time depends on 

the residual volume of the chamber (therefore, the vacuum chamber should be designed 

as small as possible) and on the effective speed of turbo molecular pump.  

“Tracer gas leak testing is a simple and highly-efficient method of leak detection 

that provides high sensitivity, accuracy, and repeatability. A tracer gas leak test can be 

used to test parts with very low leak rates that are outside the range for conventional air-

flow pressure decay and mass flow testing, or to replace bubble test methods. The tracer 

gas leak test uses escaping tracer gas to identify micro-leaks in the range of 1x10-4 to 10-

9 scc/s. “(Cincinnati Test Systems, 2019)  

When choosing a sufficient method for leak testing the engineer focuses on the 

detection limit which is required because various leak tests require specific accuracy. In 

industry a very important factor is price and operation time, it is not necessary to have a 

more accurate system that required if it would have an impact on those two factors. 

Therefore, the systems are designed individually. It is essential to imitate real use 

conditions during testing to make sure the system will behave as is required.     

The testing station is composed of aluminium industry profiles assembled into 

modular construction. The testing station design of helium-vacuum systems is based on 

the optimized design of vacuum chamber (eventually on vacuum chambers in case of 

multi-chambered systems) including adapters and always regarding the tested product 

and minimalization of vacuum chamber volume. The aim of the system design is a 

reduction of testing time and operational costs (in particular the consumption of helium).  
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Control of the station is performed using a modular PLC or an industrial computer 

connected to the software which is created for every testing station individually based on 

specific needs of the customer and the user interface is simple and intuitive. Every testing 

station requires a complete documentation and certification mark (CE). 

 

Complete leak detector is a system containing the following modules:  

 Helium mass spectrometer leak detector 

 Vacuum system to maintain sufficiently low pressure in the spectrometer 

 Primary vacuum pump to evacuate the tested product 

 Valves which control individual steps of the measuring cycle, from evacuation to 

testing to airing 

 Electronic measuring and control system 

 Power sources for individual components - valves, circuits, etc. 

 Fixtures, which connect the tested product to the detector (LABTECH, 2011) 

 

Figure 16 Helium leak detection 
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8.4 Gas used for detection 

This method uses so-called tracer gas, which is used to fill up the product connected to 

the detector. Probably the most popular choice for a tracer gas is helium. Helium is a 

noble gas, it is nontoxic, nonreactive and inert and it is regarded as the safest option for 

testing. Helium's low molecular weight allows it to flow through the smallest leaks - 

helium atoms are small; the only hydrogen has a smaller or lighter molecule. Moreover, 

helium is to be found in a very small part of the atmosphere (only 5.24 x10-4 per cent by 

volume of the atmosphere); therefore, leak detectors can be easily calibrated to ignore 

atmospheric helium background - the only helium which is detected is used for the testing. 

Helium is also very distinguishable; its mass properties make it easy to recognize (with 

the exception of deuterium) by the mass spectrometer.  

However, mixing helium with hydrogen is also a popular option in leak testing - 

hydrogen molecule is smaller than helium (relative atomic mass of hydrogen is 1 and 

helium is 4) but it is not an inert gas. Hydrogen is the lightest and least viscous of all 

gases and it spreads quickly throughout the test object. Hydrogen is also environmentally 

friendly and much less expensive than helium. However, hydrogen is flammable, reactive 

and can even cause explosions. But in the right concentration, hydrogen can be safely 

used for leak testing - 95% nitrogen and 5% hydrogen is used most often. When mixing 

two elements with the intention to form a new mixture of gasses, the resulting gas is called 

forming gas.  

Other chemical elements are not suitable enough for leak detection, as they are not 

as accurate in localization and quantification as helium or hydrogen leak detection 

method. Mass spectrometers used in testing stations are mostly designed to detect tracer 

gas composed of helium or forming gas with a certain ratio between the amount of 

hydrogen and helium. Please notice from now on that when mentioning “helium method” 

it can be also a method using tracer gas, not only helium; it is only to facilitate reading 

(remember that the major component in the mixture is still helium). 
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9 Molecular Leak Detector LDS3000 

 

Figure 17 Mass spectrometer module LDS3000 

1. Connection block. Connections for test system, backing pump, pressure sensor PSG500, internal test 

leak and sniffer line 

2. Pressure sensor PSG500 for measuring the pressure of the backing pump 

3. Preamplifier of the mass spectrometer module 

4. Turbo molecular pump with cooling unit 

5. MSB box. Interfaces of the mass spectrometer module  

6. Inverter for turbo molecular pump 

7. Fasteners for installing the mass spectrometer module in a test system 

 

The LDS3000 leak detector is currently one of the most successful products in leak testing 

systems. It is popular for its high accuracy, compactness, reproducibility of measurement 

results, possibility of uploading measured data on a flash disc and optional field bus 

connection. This detector offers a wide variety of calibrated test leaks for almost every 

application.  
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Particularly for its speed of leak testing LDS3000 is a suitable choice for industry 

solutions – the time needed to start-up is 150 seconds; then, leak rates of up to 1 x 10-11 

mbar l/s are detected in less than 1 second and response time in Sniffer mode ranges from 

less than a second to five seconds, depending on the mode of operation (see Sub-chapter 

9.1 Operational modes). Other advantages of these detectors include the possibility to 

save some space on a workplace because of its small dimensions (330 X 240 X 280 mm) 

and light weight (14.3 kg – detector does not require its own support structure); also, this 

detector can be mounted in any position - in delivery condition, the bearings are attached 

to the base frame and for the installation self-locking nuts are supplied. (INFICON, 2017) 

The LDS3000 contains an optional touch screen; the operation is easy and can be 

performed by an average factory worker, who is not educated in chemistry nor 

engineering.  The LDS3000 is also available as LDS3000 AQ for the use in accumulation 

systems.  

As discussed in previous chapters, a leak detector is a device that is used to detect 

gas that is emitted from a test object. LDS3000 can be used both as a vacuum leak detector 

and a sniffer leak detector (see Sub-chapter 8.3 Leak detection testing methods). For the 

sniffer mode sniffer lines are available - XL sniffer adapter and sniffer line SL3000XL.  

Input current should not exceed 10 A and should not be lower than 8 A. If the short-

circuit current of the power supply pack is higher than 10 A, it is necessary to connect a 

fuse between the power supply pack and the mass spectrometer module. The device is 

operated with electric voltages up to 24 V. Inside the device there are voltages that are 

considerably higher. (INFICON, 2013) 

„In order to detect a maximum ion current with the ion detector, the control 

computer adjusts the voltage for accelerating the ions within the selected mass range 

accordingly.” (INFICON, 2018, p.8) 

The concept of measurement uncertainty introduces test which is generally known 

as a calibration. It requires comparing measured results with calibration standard of 

known value defined by the manufacturer to ensure person performing assembling that 

installation is correct. These values are saved in the mass spectrometer module. 

Calibration and sniff factor of LDS3000 are dependent on the configured mass (i. e. on 

the kind of gas).  Calibration is also necessary after replacement of sniffer line or filter. 
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The new, patented routine allows calibration of the LDS3000 leak detector within 20 

seconds; however, calibration is seldom needed. (INFICON, 2016) 

The LDS3000 leak detector includes a wide range of analog interfaces, as well as a 

variety of digital interfaces - RS485, RS232, USB and optional Profibus. The MSB box 

outputs data on digital interfaces to the control unit CU1000, I/O module IO1000 or bus 

module BM1000. The mass spectrometer module can be operated in a test system together 

with a bus module or I/O module and a data cable without additional INFICON 

accessories. With the IO1000 module there is a possibility to communicate with the 

LDS3000 via serial interface protocols ASCII Protocol (enabled by default) and LD 

Protocol. (INFICON, n.d.)  

The device is composed of parts and assemblies that are low maintenance to retain 

the testing speed, an important feature of the industry process. Servicing the mass 

spectrometer module requires changing of the operating fluid reservoir of the turbo 

molecular pump and checking the fan on the turbo molecular pump. The turbo molecular 

pump is filled with an operating fluid for the lubrication of the ball bearings. The 

operating fluid reservoir must be replaced only every 2 years but with an extreme strain 

of the pump or in unclean processes, the lubricant reservoir must be replaced at shorter 

intervals. The replacement interval of the sniffer probe depends on the ambient conditions 

and the filter cartridge must generally be replaced every 500 to 1500 operating hours. 
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9.1 Operational modes 

 

Figure 18 Operational modules ULTRA, FINE/SNIFFER, GROSS/FOREPUMP 

 

1 …………………….... Connection ULTRA 

2 ……………………… Connection FINE/SNIFFER 

3 ……………………… Connection ROSS/FOREPUMP 

 

This molecular leak detector offers three modes of operation – ULTRA, FINE and 

GROSS, which are defined by leak rate, inlet pressure and pumping speed. The LDS3000 

operates with two selectable turbo molecular pump rotational speeds -1000 Hz or 1500 

Hz; the speed is set according to parameters of testing and selected configuration 

(ULTRA, FINE and GROSS) and the configuration is set according to the physical 

vacuum conditions found in the test system. GROSS is the connection with the lowest 

sensitivity to allow high inlet pressures (up to 15 mbar); however, the response time is 

considerably delayed because of the high inlet pressure. The detection limit is 1. 10-9 mbar 

l/s but if a rotational speed is 1500 Hz, detection limit falls to 2 . 10-8 due to the high 

compression of the turbo molecular pump and the allowed inlet pressure is decreased to 

15 mbar. FINE is a connection to the turbo molecular pump for inlet pressures up to 0.4 

mbar or for the "sniffing" operation mode. In comparison to GROSS has this 

configuration higher sensitivity (1. 10-11 mbar l/s at 1000 Hz) and reduced inlet pressure 

(0,9 mbar). ULTRA denotes the connection to the turbo molecular pump for the 

measurements with the highest sensitivity (in comparison to both mentioned modes) at 

inlet pressures below 0.4 mbar. By varying the turbo pump rotational speed the ULTRA 

mode introduces the highest pumping speed (6 l/s) and the maximal sensitivity (5. 10-12 

mbar l/s at 1000 Hz). (INFICON, 2013) 
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Figure 19 Parameters of operational modules ULTRA, FINE and GROSS 

 

9.2 Background helium 

Apart from the helium and hydrogen used in the test, in the system can also be found an 

amount of residual helium. The reason of this occurrence is a small portion of helium and 

hydrogen in the atmosphere and small portion of this gas remained in the system from the 

previous testing - in supply tubes, in the leak detector itself or in the volume on the 

surfaces of the test chamber. This leftover gas distorts the result of the testing and creates 

an internal measurement signal component (background signal). However, using 

appropriate settings of LDS3000, this background signal can be suppressed - this function 

is called Automatic zeroing. If a more accurate result is required, a longer evacuation time 

will reduce the amount of residual helium on minimum. This function is activated by 

pressing the start button or can be adjusted to run automatically after a set of 

measurements. Unfortunately, the amount of naturally occurring helium or hydrogen in 

air causes a constant background signal. 
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10  LDS3000 on a sniffer probe mode 

When the testing is performed with a sniffer probe, the tested object is pressurized, what 

causes the gas to escape through a leak if there is any. Sniffer line SL3000XL is used for 

sucking in the air around the tested object and take in molecules of gas that penetrated 

outside the tested object. For the connection of the XL Sniffer Adapter, the following 

electrical connections are required. 

 

 

Figure 20 Assembly of the components 
 

 
1 …………………….... Pressure sensor PSG500 

2 ……………………… Turbo molecular pump 

3 ……………………… FINE throttle flange 

4 ……………………… GROSS throttle flange 

5 …………………….... Connections on the MSB box 

6 ……………………… Control panel CU1000 

7 ……………………… XL Sniffer Adapter 

8 ……………………… Backing pump 
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10.1 XL Sniffer Adapter 

The XL Sniffer Adapter is the interface between the electrical and the vacuum unit, i.e. 

between LDS3000 and SL3000XL. With the addition of the XL Sniffer Adapter, mass 

spectrometer module LDS3000 can be used as a sniffer leak detector. The display on the 

handle shows the amount of measured gas and other data. 

In order to capture leaks at a larger distance from the expected leak, XL Sniffer 

Adapter offers the "high flow" mode. The detection limit is deteriorated when the adapter 

operates on high flow, but small leaks can be detected from a great distance. The best 

detection limit is achieved in low flow.  

The use of forming gas causes a background signal that influences the sniffing 

application (see Sub-chapter 9.2 Background helium) - the helium concentration in the 

measuring environment must be kept as low as possible. Forming gas has a certain 

percentage of hydrogen; thus, when choosing the testing environment emphasis must be 

placed on sources providing natural hydrogen (e.g. through breathing air). 

XL Sniffer Adapter must be calibrated as well. Because of the occurrence of 

background signal in the volume on the surfaces supply, the device should additionally 

be calibrated daily. Calibration is necessary after the sniffer line replacement, switching 

of the gas type (tracer or forming gas), the filter replacement and the prompt for 

calibration by the system. (INFICON, 2016) 

 

A)     B)  

A) Figure 21 XL Sniffer Adapter - Front view 

B) Figure 22 XL Sniffer Adapter - Rear view 
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A) The front view 

1 ……………………… Connection for the sniffer line (SL3000XL) 

2 ……………………… Status LED - permanently lit when the XL Sniffer Adapter is supplied with voltage 

 

B) The rear view 

1 …………………….... Hose connection to the "HIGH FLOW” 

2 ……………………… Hose connection to the "LOW FLOW” 

3 ……………………… Connection A, RJ45 (power supply for The XL Sniffer Adapter) 

4 ……………………… Connection B, RS232 (for transmission of the sniffer line signals to the LDS3000) 

5 …………………….…Connection C, M8 (for transmission of the switching signals between low flow 

and high flow of the sniffer line or the XL sniffer adapter to the MSB box) 

 

 

10.2 FINE throttle flange 

The FINE throttle flange is the connection to the LOW FLOW connection of the XL 

Sniffer Adapter. It also includes the connection to the FINE input of the backing pump. 

 

1 Hose connection to the FINE connection of the backing 

pump 

2 Union nut (for filter) with hose connection to the low flow 

connection on the XL Sniffer Adapter 

3 Flange connection to the FINE connection of the connection  

block on the LDS3000 (INFICON, 2016) 

Figure 23 FINE throttle flange 

 

10.3 GROSS throttle flange 

GROSS throttle flange connects the backing pump with the LDS3000. 

 

1 Flange connection to the GROSS connection of the 

connection block on the LDS3000 

2 Hose connection to the GROSS connection of the backing 

pump (INFICON, 2016) 

Figure 24 GROSS throttle flange 
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10.4 Sniffer line SL3000XL 

Sniffer line SL3000XL is the head of Sniffle Adapter and is used for sucking in the 

molecules of gas that penetrated outside the tested object. In the spectrometer there is 

lower pressure than around the tested object – equalization of the pressures causes the air 

to be sent inside. 

The SL3000XL contains two round buttons and a small screen which displays part 

of the information of the main display – for example the gas type, the tracer gas 

concentration or the messages when warnings or error messages are generated. The 

message can be acknowledged with the right button, whereas the right button works as a 

switch between low flow and high flow. The left button can also be used for a ZERO 

adjustment; the background display is set to ZERO by pressing the key. The handle of the 

probe has LEDs that illuminate the area around the line. The leak rate is shown as a bar 

graph and displayed numerically. The unit of measurement is the same as in the main 

display. If the XL Sniffer Adapter is operated in the high flow operating mode, then the 

gas type display has a dark background. (INFICON, 2016) 

 

 

 

Figure 25 FINE throttle flange 
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10.5 Backing pump 

The backing pump is not included in the LDS3000 original package but can be ordered 

in addition to LDS3000 and SL3000XL.  

 

 

 

Figure 26 Backing pump 

 

1 Hose connection to the "HIGH FLOW" connection of the XL Sniffer Adapter  

2 Hose connection to GROSS throttle flange on the LDS3000 

3 Hose connection Fine. Hose connection to FINE throttle flange on the LDS3000 

4 Pump outlet 

 

 

  



43 

 

10.6 Installation 

 

 

Figure 27 Installation 

 

SL3000X……………………………….………….….. the sniffer line belonging to the XL Sniffer Adapter 

FINE throttle flange …………………………………...… is on the "FINE SNIFFER" connection (see 10.2) 

GROSS throttle flange……..………………………is on the "GROSS FOREPUMP" connection (see 10.3) 

Pressure sensor PSG500……………………………………………..… is on the second FINE connection. 

TMP………………………………………………...…………. the abbreviation for turbo molecular pump. 

MSB…………………………………………………………………….. the term for the connection block. 

 

The operating setting for the XL Sniffer Adapter are based on the settings for the sniffer 

line without the adapter. The responsible operator must provide a suitable holding fixture 

of the XL Sniffer Adapter set and install it in the immediate proximity of the LDS3000 

(40 cm).  

1) Throttle flanges (FINE and GROSS) are connected to on the connecting block with 

the centering ring on each throttle flange’s port and attached with the clamping ring. 

2) The pressure sensor PSG500 is attached on the FINE connection with the centering 

ring.  

3) The "HIGH FLOW" output of the XL Sniffer Adapter is connected with "XL HIGH 

FLOW" input of the backing pump and the "LOW FLOW" output of the XL Sniffer 

Adapter is connected with the filter of the Fine throttle flange.  
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4) The hose installed on the XL Sniffer Adapter is connected with the filter on the Fine 

throttle flange with a luer lock connection.  

5) The Fine throttle flange on the LDS3000 is connected with the "Fine" connection of 

the backing pump.  

6) The GROSS throttle flange on the LDS3000 is connected with the "GROSS" 

connection of the backing pump.  

7) The end of the SL3000XL sniffer line is connected with the front of the XL Sniffer 

Adapter. 

 

   

Figure 28 Types of luer lock connections, centering ring, clamping ring 
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11 Conclusion 

In the first part of this thesis (chapters 1 – 6) I focused on the theory of mass spectrometry. 

I discussed the basic principles of mass spectrometry, offered a brief summary of various 

ionization techniques, different types of mass analysers and ion detection. My aim was 

not to focus on comparing the output compounds with the databases or to examine them 

from the chemical point of view, I wanted to understand the principle of mass 

spectrometer instead, examine individual parts and find out possibilities of its adjustment. 

One of my main intentions was to explain that no one ionization technique is universal, 

all problems cannot be solved using one mass analyser, mass and mass-to-charge ratio 

are not commutable values and even a miniature current of charged particles can be 

recorded and considered reliable. At present it is a routine to couple a mass spectrometer 

to various chromatographic instruments, allowing this method to be even more used and 

valued, as it can be applied to more analytical processes.  

That lead to the use of mass spectrometry in various fields of research and analysis, 

including the industry. That is the topic of the second part of my thesis where I 

concentrated on the industrial use of instruments based on the concept of mass 

spectrometry. I chose a leak detection testing because I have experience with this type of 

machine thanks to my internship in the company Robert Bosch GhmH. Leak detection is 

an important part of the testing process particularly in the automotive industry since it 

partly determines the quality of a product. Its purpose is to determine if a leak has 

occurred in a tested system and to measure the amount of substance that has outflowed 

over time. 

Leak testing must be performed in a dedicated place under certain conditions.  The 

main criterium of designing a testing station is customer’s requirements with regard to 

tested products. The vacuum chamber is adjusted to the size of a product, is as small as 

possible and the evacuation and filling are consistently controlled. The method and type 

of the test are designed individually, adjusted to the needs of the product. Due to the rising 

demand for quality products, the most used method of leak detection is the helium method 

since it offers high accuracy, sensitivity, reliability and adjustment to a wide variety of 

tested products. Nevertheless, some products do not require as accurate measurement as 

other products and some other systems can also be used to detect the leakages. Methods 

used for those cases are for example accumulation tests or sniffer line tests. Products 
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which cannot be evacuated or pressured are tested by bubble test or bombing test and still 

the results are relatable.  

Practically demonstrated device that is using mass spectrometry for the analysis of 

leakages was the leak detector LDS3000. This instrument is widely used for the leak 

detection of fuel pumps in the automotive industry since it offers high accuracy, short 

operating time and reproducibility of measurement results. I compared the usability of 

various adjustments and described the operation modes of LDS3000, installation of its 

individual parts and installation of the whole system.  

In my thesis, I also introduced some formal terms of mass spectrometry and I 

applied them in context. These terms are rather interchangeable, e.g. terms mass and mass 

to charge ratio, or appear trivial but can be misunderstood, e.g. leak rate. These terms 

were defined, and the reader is able to interpret the text correctly without using a 

dictionary.  

My intentions were to introduce the topic of mass spectrometry to the students on 

the Faculty of Electrical Engineering since the method is based on electrotechnical 

principles. My personal opinion is that the mass spectrometry is a genuine technique 

which deserves more attention not only from biologists and chemists but also from 

students on our faculty. I decided to compile a document which could bring interest to 

this topic using readable text form and simple explanation of key points. I would like to 

consider that I have fulfilled my intentions.  
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