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Abstract. The sealing gaskets are mechanical systems that seal and fill the
gap between two or more jointed surfaces. The gasket have been created and
designed to prevent leaks that can occur between surfaces subjected to
compression and also, to prevent contamination with dust, mud or other
impurities from outside of the system. The applicability area of these gaskets has
increased visibly and they are currently used in a full range of equipment, such
as mechanical transmissions, machines for terrain works, equipment production,
etc. The way that seals help to fix and connect the mechanical assemblies, their
stress resistance and their durability over the time have been studied by
literature. The paper presents the influence of the components assembly in a
high-pressure pump and its impact on sealing. Using the Taylor Hobson
measurement system and scanning electron microscopy we were able to find out
the composition of the gasket studied and determine the dimensional variations,
mainly due to the assembly process.
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1. Introduction

The main assemblies of the diesel pump are the front plate, housing,
driveshaft, gasket and hydraulic head. The gasket is the component in the high
pressure pump that helps the sealing, prevent leakage from the pumps
(Bistriceanu and Bujoreanu, 2019a; 2019b).

The sealing gaskets are mechanical systems that seal and fill the gap
between two or more jointed surfaces (Gasket Handbook, 2017; Toshiyuki and
Ogata, 2002).

The gasket have been created and designed to prevent leaks that can
occur between surfaces subjected to compression and also, to prevent
contamination with dust, mud or other impurities from outside of the system
(Aibada et al., 2017).

The applicability area of these gaskets has increased visibly and they
are currently used in a full range of equipment’s, such as mechanical
transmissions, machines for terrain works, equipment production, etc. (Drago,
2008).

According to the classification of the European Sealing Association, the
gaskets are metallic and non-metallic (also, called soft seals) manufactured by
the compaction process in which the mixture, a wide variety of fibers (carbon,
cellulose, glass and lyts) are compressed between two cylindrical drums.

The way in which the seals help to fix and mechanically connect
assemblies, withstand stress and durability over time has also been studied by
literature (Speck, 2005; Paunescu, 2006).

The sealing by compression fittings can be performed by screws, their
force must be large enough to prevent leakage and filling the irregularities
between the joint surfaces by making the sealing, this has also been studied by
literature.

This paper presents the assembly process of the components from a
high-pressure pump and its impact on sealing (Hoyes and Bond, 2007). The
geometry of the seal, the properties and material from which they are made are
adapted according to the conditions at which they must withstand. Temperature,
relative movements, vibrations and pressure differences are environmental
factors that can influence sealing (Gonzalez, 2017).

2. Methodology and Materials

The assembly mode of the pumps is carried out in several stages. The
term: 'ensemble’ indicates both the sum of all the components united or caught,
but also includes the screwing process of all the screws that maintain together
these parts. According to the standard EN 1993-1-8, only screws of classes 8.8
and 10.9 can be pre-tensioned and the utilization of other classes is prohibited
(Couchaux, 2010).
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Also, EN 1993-1-8 pre-tensioned screws must have a minimum number
of four thread wires on top and a thread wire under the surface of the nut.
Besides, another standard EN 1090-2 imposes a minimum screw size for those
used in structural applications M12 (Nijgh, 2006).

M12 screws are among the most used screws being used in metal
constructions, for joining because they have a good resistance to traction,
hardness, breaking elongation, resistance to test load. After the condition of
the material in the finished product there are screws without heat treatment
and screws with heat treatment, as the screws used in assembly of the pumps
(Nijgh, 2006).

The components of a high-pressure pump must have a certain degree of
cleaning directly from the supplier (Abid and Hussain, 2008).

The composition of the studied seal is made of Cr-Si and elastomers.
Our paper presents an experimental analysis of the jointing process and the
impact that the gasket and screws have over the sealing of the pump.

Some components have certain manufacturing processing and therefore
it is important that after each processing the degree of cleanliness is respected.
Very important is that all the components that enter the high pressure pumps fall
into the required cleaning class. The assembly of components is carried out in a
clean room (Xu, 2007). The clean room represents an environment with a low
level of polluting factors in which it operates under predetermined and carefully
controlled safety rules. The air is permanently filtered to remove particles and
impurities that can harm activity in the specific field. All relevant parameters
(temperature, humidity, pressure, speed) are controlled according to Europa- I1SO
14644 and 1SO 14698 (http://mww.xlab.ro/ro/Prezentare_concept_camere_curate).
Clean rooms are used in different fields of activity: public health systems,
pharmaceutical industry (drug production and packaging), chemical industry,
food industry, fine mechanic industry, aerospace industry. The purity of the air
in the clean working area is conventionally defined by the cleaning class which
represents the maximum number of particles with a size starting from 1um. The
components must be within the permissible limits because any deviation from
the drawing can have negative effects in the assembly and functionality of high
pressure pumps.

The assembly process is carried out in several stages depending on each
component assembled. The assembly of the housing, driveshaft, gasket and
front plate are carried out with the help of Janome screwdrivers that control
torque and angle for each screw (Meher and Rao, 2006).

From Fig. 1, we can see the order of the components from which is built
a high pressure pump (Bistriceanu and Bujoreanu, 2019a; 2019b).

The conditions of the components/ surfaces but also the dimensional
characteristics requirements have a very important role in the assembly of an
ideal pump. Any deviation from permissible limits may have a negative impact
on the engine pump (Bistriceanu and Bujoreanu, 2019a; 2019b).
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Fig. 1 — The components of an injection pump.

3. Results and Discussion

Our investigation for the determination of dimensional deviations, due
to assembly process, was performed using the Taylor Hobson measurement
system.

Measurements on 50 Front Plate
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Fig. 2 — Measurements on 50 Front Plate on 3 heights.
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To determine the condition of the components, if the parts from
incoming are within the allowed limits, fifty front plates on three heights were
measured. It has been shown that the components are within the necessary
limits. Also, various cleaning tests were carried out to determine the cleaning
degree of the components and collect the particles.

Using the SEM (Scanning Electron Microscope) device, different seals
were analyzed to determine if the parts respect the required chemical
composition (Cardey and Fleurentin, 2013).

From Fig. 2, we can see the results of 50 measurements performed by
Taylor Hobson system on 3 heights to determine if the components meet
acceptable limits. Measurements were made on fresh components.

Also, a very important component is the gasket, because it helps the
pump to operate with different parameters, preventing the fuel to leak from
inside to outside (Jiaa and Dornfeld, 1990).

Using the Energy Dispersive X-ray Spectroscopy (EDX), we are able to
determine the composition of a sample. Not only relative amounts of each atom
can be measured, but the distribution of the atoms in our samples can be
mapped. The EDX can be used for the analysis of metals, powders, and liquids.
It is used extensively in the steel and nonferrous alloy industries (Smith and
Verhappen, 2010).

Fig. 3 presents the chemical analysis of a gasket that was carried out
using the semi-quantitative EDX (Energy-dispersive X-ray) Spectrometry.

Chemical composition of steel Chemical composition of rubber
Cr-Ni
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Fig. 3 — Chemical composition of steel.

The main alloy elements for this type of material comply with the
requirements of EN10088-2 for stainless steel. According, to the British
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Stainless Steel Association, the chemical composition of flat stainless steel
products used for general purposes contain in total: 97 stainless steel grades,
including 25 ferritic, 14 martensitic, 2 precipitation hardening, 44 austenitic and
12 austenitic-ferritic (duplex) grades (https://www.bssa.org.uk ).

Using EDX, Fig. 4 shows the coating thickness for this gasket.
Thermoplastic elastomer (TPE) is used to cover the seal.

The reason consists in the elastic properties with similar performance
as the elastomers, extrusion processing is simple and similar to plastics. In
addition, the TPE substrates allow (through coextrusion) the coating of
surfaces subjected to friction with a sliding TPE material (Astalosch and
Atanasiu, 2012).

Fig. 4 — The coating layer.

4. Conclusions

The conditions of the components/ surfaces but also the dimensional
characteristics requirements have a very important role in the assembly of an
ideal pump. Any deviation from permissible limits may have a negative impact
on the engine pump. The geometry of the seal, the properties and the materials
from which they are made are adapted according to the conditions under which
they must withstand. Temperature, relative movements, vibrations and pressure
differences are environmental factors that can influence sealing.

Using the Taylor Hobson measurement system and scanning electron
microscopy we were able to find out the composition of the gasket studied and
determine the dimensional variations, mainly due to the assembly process.
Given that these components are in permissible limits and respect the
requirements of cleanliness we can say that all tested components meet the
imposed requirements.
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INVESTIGATII EXPERIMENTALE ASUPRA PROCESULUI DE ASAMBLARE A
COMPONENTELOR POMPEI DE INALTA PRESIUNE

(Rezumat)

Tn aceasti lucrare este prezentata o investigatie asupra procesului de asamblare
a componentelor unei pompe de Tnaltd presiune. Cele mai importante ansamble care
alcdtuiesc pompa de inalta presiune sunt: carcasa, arborele de antrenare, placa frontala,
suruburile si capul hidraulic. Garniturile sunt sisteme mecanice care sigileaza si umplu
golul dintre doua sau mai multe suprafete articulate. Garnitura a fost creatd si proiectata
pentru a preveni scurgerile care pot aparea intre suprafetele supuse comprimarii si, de
asemenea, pentru a preveni contaminarea cu praf, noroi sau alte impuritati din afara
sistemului. Garnitura ajutd ca pompa si functioneze in parametri diferiti, impiedicand
combustibilul de la iesirea din interior spre exterior.

Folosind spectroscopia cu raze X dispersivdi a energiei, am reusit sa
determindm compozitia unei garnituri impartind-o in mai multe folii subtiri. Cu ajutorul
sistemului de masura Taylor Hobson si SEM am reusit sa aflam compozitia garniturii
studiate si de a determina variatiile dimensionale, datorate procesului de asamblare.
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