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Purpose. Experimental research of technical state change in metal-metal sealing units of pneumatic valve with two-positioned
polarized electromagnetic drive.

Design/methodology/approach. It has been shown that the work peculiarity of pneumatic valves with two-positioned electromagnetic
drive and with metal-metal sealing is shock loads during its closure and opening. Such loads lead to intensive wearing process and
increasing of gas leakage through the sealing units of different design and made of different materials. It has been experimentally
confirmed, that the effective way of wear intensiveness decreasing in metal-metal sealing units is the use of special damping units in
the valve

Findings. As a result of experimental research it was concluded that including in the valve design of special damping device reduces
the stress in the sealing unit elements, which occurs in the sealing units elements during the valve closing, and, as a result, the wear
intensiveness of the sealing unit decreases. Usage of less wear-resisting, comparatively to the stainless steel 08X18HI10T materials
leads to the increase of wear intensiveness of the sealing unit contact surfaces.

Originality/value. Comparative analysis of the obtained experimental dependencies shows, that including of the damping device
decreases the intensiveness of gas leakage increase through the closed valve, which occurs with the increase of the operational
cycles. Damping element provides the kinetic energy dissipation that decreases the wear speed of the sealing surfaces of the valve
slide and the saddle.
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Introduction

The electromagnetic valves with the metal-metal sealing unit are widely used in systems that work at high
temperatures, in the aggressive environment or working liquid. Use of hard metal sealing leads to the shock loads on the
valve elements during its closing and thus increases the processes of wear. That has a direct influence on the valve
lifelength and operational reliability of the electromagnetic valve. For the resource evaluation of such valves it is
important to evaluate the level of the dynamic loads, which are present on the valve sealing unit and are characterized
by the dynamic coefficient. As it is shown in the work [4], the processes of closing in the valves with hard metal-metal
sealing are characterized with the periodic shock loads with high dynamic coefficient that leads to fast destruction of the
valve elements. It has been revealed, that dynamic coefficient highly depends on the hardness of kinematic links of the
electromagnetic valve and the damping properties of the valve design [7].

The literature sources [5] give many examples of wear processes decreasing for the metal sealing unit of the
electromagnetic valve with the use of damping properties of the valve assembly. In most cases that is achieved by
including in the assembly a special element, which has less rigidness, than the valve slide or saddle. But this method has
significant limitations by the damping factor, because the deformation of included spring damping element should be
reversible. The most popular designs of the valve sealing units are shown on the Fig. 1.

The valve sealing that is shown on the fig. 1, ¢ has normal rigidity, and the property of elastic deformation. It’s a
traditional design of valve metal sealing units, which requires careful surfaced job. In other designs the valve elements
can be protected from the high loads with the help of the saddle with the spring bounding ring (Fig. 1, d). Sealing unit
also can use the saddle with the spring properties that is made as thin bush (Fig. 1, a, b). For the high vacuum systems
the valves can be made as it is shown on the Fig. 1, g, e. Such design has great sealing during the work at high
temperatures, and has lifelength up to 3-10° cycles.
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In present time there is a tendency at increasing the valve work time, so it is necessary to decrease the dynamic
loads on the elements of the metal-metal sealing unit. This can be achieved by optimizing the sealing units, giving to it
damping properties, and using special damping devices, that are implemented in the valve.
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Fig. 1. Typical examples of the valve design with metal-metal sealing, which have damping properties

Aims of the research

Experimental research was conducted for solving next problems:

+ determining the influence of cyclic shock loads on the change of the sealing element’s geometry.

+ studying the transition processes of the valve sealing into the non-working condition under the influence of
long cyclic shock loads.

* evaluating the effectiveness of using special damping devices as the part of the electromagnetic valve.

Research

Object of the research. For the object of study it was chosen the serial pneumatic valves with two-positioned
polarized electromagnetic drive, which were designed in PC «Kiev Central Design Bureau of Valves», and
experimental modifications of those valves with the sealing units of different design:

— EMYV with the cone valve slide and saddle;

— EMYV with the cone valve slide and rectangular saddle;

— EMYV with the spherical valve slide and rectangular saddle.

The experimental units were made of steel 08X18H10T, CT45, and BT1-0

! Fig. 2. Pneumatic electromagnetic valve
with «metal-metal» sealing unit:
5+ 1 —rod head; 2 — case of the electromagnet (upper stop);
b= 3 —rod neck; 4 — buffer spring; 5 — armature; 6 — bottom stop;
i

7 —saddle; 8 — valve slide; 9 — closing coil; /0 — constant magnet;
11 — separaion tube; /2 —rod; /3 — opening coil;
14 — lock washer, /5 — damping spacer
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Types of used experimental sealing units of electromagnetic valve with metal-metal sealing unit are given on the
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fig. 3. Such designs of the sealing unit were chosen because of their wide use in the practical designing.
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Fig. 3. Types of used experimental sealing units of electromagnetic valve with metal-metal sealing unit

With the purposes of the damping element the elastic nitril-butadien rubber ring was used. It was installed
between the valve slide and the rod (see Fig. 2). For the effectiveness evaluation of this damping device the results
obtained for the experimental units with and without damping were compared.

One loading cycle for the experimental unit of metal-metal sealing of the valve was conducted in the next way.

In the beginning position the valve is closed, and its opening coil /3 and closing coil 9 of the electromagnetic
system are shut off from the electrical supply. Valve retaining in the closed position is provided by the force of the
constant magnet /0, and buffer spring 4. In this position the valve slide &8 is pressed against the sealing surface of the
saddle 7. The spring 4 is compressed to its setting force N,

set *

After the turning on the power supply to the coil /3 of the valve electromagnetic system, the armature 5 starts
going upwards, and in the same time its compressing the buffer spring tarts going upwards, and in the same time its
compressing the buffer spring 4 to the working force N, . During this the armature 5 through the rod /2 transfers its

motion to the valve slide 8. During the armature movement, when the air gap between the armature and the upper stop 2
of the electromagnet decreases to the value, that is less than the air gap between the armature and the bottom stop 6, the
constant magnet is magnetically switched to the retaining of the armature in the open position. After the armature
moves to its full path 7, it collides with the upper stop of the electromagnet, and is retained in the upper position by the
electromagnetic forces of the opening coil, and the constant magnet.

The closing process happens due to the armature movement in the reverse direction after the electric impulse in
the closing coil 9. During the movement of the armature with the rod, the constant magnet is reversed, and from that
moment it creates the electromagnetic force, which retains the valve slide in the closed position.

The shock load onto the surfaces of the saddle and the valve slide is created during the closure, when the valve
slide reaches the sealing surface of the saddle. The kinetic energy of the valve slide movement is transformed into the
potential energy of deformation of contacting surfaces of the valve slide and saddle.

Observation of the technical condition changes of the metal-metal sealing was conducted as the gas leakage
measurement through the sealing unit. Measuring of leakage was conducted during the increasing number of working
cycles. The measurements were conducted for the experimental valves with and without the damping device in its
design.

The obtained results of the gas leakage measurements for the closed valve made of stainless steel 08X18H10T,
are given on the Fig. 4.

Given dependencies show, that use of the special damping device in the valve design decreases the speed of the
gas leakage increase through the closed valve with the rising number of work cycles. The speed of leakage increasing

for the sealing unit made of the valve slide type 1, and saddle type 2, has the average rate at 2,2- 107 m*hour for the
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one cycle. And the same parameter for the sealing unit made of valve slide type 1, and saddle type 1 is in average
2,0-10° m’/hour for the one cycle.
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Fig. 4. Dependency of the gas leakage through the sealing unit, which is made of stainless steel,
from the amount of the operating cycles:
a — sealing unit made from valve slide type 1 and saddle type 2; b — sealing unit made from
valve slide type 1 and saddle type 1; / — without the damper, 2 — with the damper

Given dependencies show, that use of the special damping device in the valve design decreases the speed of the
gas leakage increase through the closed valve with the rising number of work cycles. The speed of leakage increasing
for the sealing unit made of the valve slide type 1, and saddle type 2, has the average rate at 2,2-10° m*/hour for the
one cycle. And the same parameter for the sealing unit made of valve slide type 1, and saddle type 1 is in average
2,0-107° m’/hour for the one cycle.

Pair of valve slide type 1 and saddle type 2 is modeling the sealing unit, which is shown on the fig. lc. Such
design allows to simplify the sealing unit design without decreasing its sealing ability. That is achieved because of the
sharp edge of the saddle, which is made with an angle of 90°, and it creates high contact pressure on the valve slide. In
this case the valve slide is damped as if it was made from the soft material, as it is shown on the fig. 1g. The stress,

which occurs during closure inside the sealing unit elements made from valve slide type 1 and saddle type 2, are shown
on the Fig. 5.
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Fig. 5. Visualization of stress during the valve closing in the elements of the valve sealing units,
which were made of stainless steel 08X18H10T for the valve slide type 1 and saddle type 2:
a — without damper; b — with the damper

The presented picture of stress disperse, which was obtained using the finite-elements method [4], correlates with
the real picture of deformation for the valve slide, which is shown on the Fig. 6.
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Fig. 6. Photos of the valve slide, which is made of stainless steel 08X18H10T,
after the 300000 operation cycles without damping

Conducted calculations show, that in the sealing unit elements, which consists of valve slide type 1 and saddle
type 1, in the moment of closing, there is slightly less level of stress (4,5% in average), that in the pair made of valve
slide type 1 and saddle type 2. The reason for that is bigger area of the contact zone. Distribution of the stress, which
occurs in the elements of the sealing unit made of valve slide type 1 and saddle type 2 in the moment of closing, are
shown on the Fig. 7. Such valve design has less intensiveness of the gas leakage increase during operational cycles,
because its elements receive less plastic deformation per one operational cycle. But the valves, which use the pair of
valve slide type 1 and saddle type | require higher sealing force, which is generated by the electromagnet. That leads to
the increase of mass of the whole valve, and increases energy consumption.

Experimental research has also shown that with the equal sealing force generated by the electromagnet, valves
with the sealing unit made of valve slide type 1 and saddle 1 have slightly higher starting leakage in the closed position
at zero working cycles, than the valve made of valve slide type 1 and type 2.
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Fig. 7. Stress distribution in the elements of the valve sealing units, which has no damper, and that are made of
stainless steel 08X18H10T, in the moment of closing for the valve slide type 1 and saddle type 2

The conducted valve operation research with the use of different sealing units design, which were made of
stainless steel also show, that including in the valve design of special damping element reduces the stress, which occurs
in the sealing units elements during the valve closing (cm. puc. 5), and, as a result, the wear intensiveness of the sealing
unit decreases.

Usage of less wear-resisting, comparatively to the stainless steel 08X18H10T materials, such as steel CT45 and
titanium alloy BT1-0, leads to the increase of wear intensiveness of the sealing unit contact surfaces.

The experimental dependencies of the gas leakage change for the closed valve of the different valve slide and
saddle design made of steel CT45 is shown on the Fig. 8.
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Fig. 8. Dependency of the gas leakage through the sealing, unit made of steel CT45, from the number of the operational cycles:
a — sealing unit consists of the valve slide type 1 and saddle type 2;
b — sealing unit consists of the valve slide type 2 and saddle type 2; 1 — without damping, 2 — with the damping

For the valve sealing unit, which consists of the valve slide type 1 and the saddle type 2, the average speed of the
leakage increase in the closed position is 3,0-107° m?/hour for the one operational cycle without the damper, and

2,9-10"° m’/hour for the one operating cycle with the presence of damper. For the sealing unit made of valve slide type

2 and saddle type 2 — correspondingly 5,33- 1078 m*/hour for one operational cycle without the damper, and 3,96- 1076
m’/hour for the one operational cycle with the presence of the damper.

The Fig. 9 shows experimental dependencies of the gas leakage change in the closed position if the valve for the
different sealing unit design made of titanium alloy BT1-0.
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Fig. 9. Dependency of the gas leakage through the valve sealing unit made of titanium alloy BT1-0,
from the number of the operational cycles:
a — sealing unit consists of the valve slide type 1 and saddle type 2;
b — sealing unit consists of the valve slide type 2 and saddle type 2; I — without damping, 2 — with the damping

Installed sealing unit made of titanium alloy BT1-0 with the valve slide type 1 and saddle type 2 had an average
increment of the gas leakage in closed position per operational cycle 4,4-107° m’/hour without the damping device,

and 3,2-107% m’/hour per one cycle with the damping device. For the sealing unit made of the valve slide type 2 and

saddle type 2 — correspondingly 4,8- 1078 m*hour per operational cycle without damper and 2,8- 1078 m*hour per one
operational cycle with the damper.
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Comparative analysis of the obtained experimental dependencies shows, that including of the damping device
decreases the intensiveness of gas leakage increase through the closed valve, which occurs with the increase of the
operational cycles. Damping element provides the kinetic energy dissipation, when the valve slide shocks at the saddle.
That decreases the wear speed of the sealing surfaces of the valve slide and the saddle. It has been confirmed by the
conducted scanning for surface profilograms for the experimental speciment made of stainless steel after the 300000
operational cycles (Fig. 10).
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Fig. 10. Profilograms of the sealing surfaces of the valve slides type 1, made of stainless steel 08X18H10T,
after 300000 operational cycles:
a — without damper; b — with the damper

It is necessary to note, that including the damping device in the kinematic scheme of the valve in certain manner
changes the character of the transient processes in the valve during its closing and opening [5]. There is an increase of
the oscillation process. Fig. 11 shows experimentally obtained dependencies for the valve closing timet, which
increases with the number of the operational cycles. Including the damping element in the kinematic scheme of such
electromagnetic drive only slightly increased the opening time 7, and its change intensiveness during operation.
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Fig. 11. Changes of the closing time with the increasing of the operational cycles:
a — without damper; b — with the damper

Summary

1. It has been experimentally confirmed, that the peculiarity of work of pneumatic drive with two-positioned
polarized electromagnetic drive with the rigid metal-metal sealing unit is the occurrence of shock loads onto the
surfaces of the sealing unit, which leads to the intensive wear processes of sealing surfaces of the valve slide and saddle
during operation.

2. Experimentally obtained dependencies of the gas leakage increase trough the closed valve, with the operational
cycles, for the different sealing elements design and different used materials (stainless steel 08X18H10T, steel CT45,
titanium alloy BT1-0).

3. It has been shown the reasonability to use the cone valve slide and a saddle with a sharp edge in the sealing
unit with metal-metal work surfaces. Usage of the cone valve slide with the cone saddle slightly decreases the level of
stress inside the sealing unit elements under the shock loads, but it requires increasing of the sealing fors during the
valve closing, which is created by the electromagnetic system of the valve.
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4. For the electromagnetic valve lifelength increase it is reasonable to use as the constructive material for the
sealing units with the metal-metal sealing surfaces the stainless steel 08X18H10T, which is more resistant to the shock
loads comparatively to steel CT45 and titanium alloy BT1-0.

5. For decreasing the dynamic stress and wear intensiveness for the valve sealing surfaces with the meta-metal
valve slide and saddle, it is effective to use special damping devices, which are implemented into the valve design.

Anomauia. B cmammi HageOeHi pe3ynbmamu eKCnepuUMeHmaibHuxX O00CAIOHNCeHb 3MIHU MEeXHIYHO20 CMAHY 3aNipHUX 8Y37i8 Muny
«Meman — Memany NHeBMAMU4HUX KIananie 3 0BONO3UYINHUM NOTAPUZ0BAHUM e1eKMPOMACHIMHUM npueodom. Iliomeepdoiceno, wo
0co6UBICIIO QYHKYIOHYBAHHA MAKUX eeKMPOMASHIMHUX KIANAHIE € 6UHUKHEHHS YOaPHUX HABAHMAJICEHb HA eNeMeHMU 3anipHO20
8Y31a KIANana nio 4ac to2o 3aKpumms, wo npu3eooums 00 iHMEHCUBHUM NPOYecam 3HOCY ma 30inbueHHs NPOMIuKU 2a3a yepes
KIanama 6 1ozo 3aKpumomy nonodxcenti. Ilpedcmaeneni excnepumenmansti 3a1excHocmi 30inviuents NPOMIuKu 2aza yepes 3anipHuil
8Y30]1 KIANana pizHo2o KOHCMPYKMUGHO20 6UKOHAHHA 3 BUKOPUCAHHAM PI3HUX KOHCMPYKYiuHux mamepianie. Excnepumenmansro
nIOMBEPOHCEHO, WO eheKMUBHUM 3ACOO0M 3MEHUEHHS IHMEHCUBHOCTE 3HOCY eNleMEHMI8 3aniPHO2O 8Y31a KIANAHA THUNY «Memas —
Memany € 3acCmocy8ants cneyianoHux 0eMnghipyrouu npucmpoie 8 KOHCMpyKyii Kianaua.

Kniouosi _cnosa: enexmpomacnimnuii xnanan, memanese YWinbHeHHA, YOapHi HABAHMAICEHHA, NPOYecU 3HOCY, NPOMIuKa 2asy,
Odemnyrouuii npucmpil.

Annomayun. B cmamve npusedeHvl IKCNEPUMEHMANbHBIX UCCI008AHUL USMEHEHUI MEXHUYECKO20 COCMOAHUA 3aNOPHbIX Y3108
MUna «Memanl — Memauny NHeEMAMUYeCKUX KIANAHO8 ¢ O08YXHOUYUOHHBIM NONAPUZOBAHHBIM INEKMPOMASHUNMHBIM NPUBOOOM.
Toomeepoicdero, umo 0cobeHHOCHbIO QYHKYUOHUPOBAHUS MAKUX INEKMPOMACHUMHBLX KIANAHO8 SA6/IAeNCS. BO3HUKHOBEHUE YOaPHBIX
HAZPY30K HA 2NeMEeHmbl 3aNOPHO20 Y31d KIANAHA NpU €20 3aKPLIMuU, Ymo npugooum K UHMEHCUSHLIM Npoyeccam UsHoca u
yeenuueHus npomeyKy 2aza yepe3 Kiandam 8 3akpulmom noaodxcenuu. [pedcmasnenst sKcnepuMeHmanbHble 3a6UCUMOCIU YeeudeHe
npomeuku 2asa uepes 3ANOPHbIL Y3€i KIANAHA PA3IUYHOZ0 KOHCMPYKMUBHO20 UCHOAHEHUA C UCNONb308AHUEM PA3TUYHBIX
KOHCIMPYKYUOHHBIX — MAMepuanos.  DKCHEPUMEHMATbHO — NOOMEEPHCOEHO,  4mo  IPHekmuenvim — cnocobom — ymeHvuleHs
UHMEHCUBHOCU UZHOCA 1eMEHMO8 3aNOPHO20 Y31d KIANAHA MUNd «Memail — Memauly A6IAemcs NpuMeHeHue CneyuairbHblx
demnupyrouux ycmpoiicms 6 KOHCIMpPYKYuu K1anaua.

Knrwuegvie cnosa: s1ekmpomMasHUmMHbL KIANAaH, Memaiiuieckoe YHIOmHeHUue, YOapHble HAZPY3KU, Npoyecchl U3HOCA; NpomeuKd
eaza, oemngpupyroujee ycmpoicmeo
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