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Abstract. This article considers the main ways of improving the reliability and durability of small-size
electromagnetic valves. Major changes in the technical state of the valve components under dynamic operating loads
were revealed using the results of resource tests of two-position valves with polarized electromagnetic actuator. An
effective way for reducing the dynamic loads has proved to be the introduction of the damping element into the
kinematic scheme of the electromagnetic valve actuator. Damping elements efficiency in reducing dynamic loads has

been confirmed experimentally.
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1. Introduction

Pneumatic and hydraulic valves with a solenoid
actuator, hereinafter — electromagnetic solenoid
valves (EV), are technical devices designed to
control the working medium flow in pneumatic and
hydraulic systems of various purposes.

There is a separate class of EV which consists of
small-size valves. They are widely used in space and
aircraft systems, particularly in life-support systems,
orientation and stabilization systems, in thruster
control systems and other aircraft systems.

Structurally EV has two components: the actuator
and the drive unit, which actually is an electromagnetic
drive (ED). EDs are of various designs, and differ in
activation modes and principle characteristics. Usually
EDs working on direct current are used in aircraft
systems. Among those two-position valves with
polarized push-pull EDs are the most promising [1].
These devices are characterized by minimal energy
consumption because they use it only for movement of
the drive moving assembly at the moment of opening
and closing of the valve. Retention of the valve slide in
any position is made by permanent magnetic flux of
constant magnet integrated into the valve structure.
Another advantage of this valve group is greater
operating speed: opening and closing time is about
8...12 ms. Such performance is provided by the high
moving speed of the valve motion device. However
this is one of the reasons of developing intensive
periodic shock loads resulting in fatigue deformations
and destructions of the valve mechanical elements.
This is especially true for small-size EVs, which have

relatively small contact areas. Similar problems occur
during EV operation when they have the lock unit
“metal to metal”. During closing there is shock
interaction of the metallic valve saddle with metal
sealing surface at the bottom part of the valve slide.

It should also be noted that nowadays one of the
trends in the development of aviation and airspace
techniques is enhancing the products resource.
Therefore the issue of improving reliability and
durability of small-size EVs for modern aircraft
systems is currently relevant.

2. Analysis of the latest research and publication

Preliminary analysis of the existing information array
about aircraft systems EV failures shows that high
level of dynamic loads that occur during small-size
valve operation causes degradation processes of high
intensity on the contacting surfaces and in structural
material [2]. Thus, the typical EV failures with push-
pull ED at the operation are the destruction of the core
elements (the rods), shut off unit, lock washers and
other components [3, 4].

The principle ways for increasing the reliability and
lifetime of the small-size EVs are further improvement
of their design, reduction of dynamic loads on the
valve components and units, which limit their resource,
and rational choice of work reserves [5—7].

3. Aim of the work

The aim of the work is to develop scientifically-based
recommendations for increasing the reliability and
durability of small-size EVs, driven by the push-pull
ED, as well as valves with “metal-to-metal” sealing as a
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result of additional damping in the valve moving
assembly for reducing dynamic loads on components
and units of the EV. To achieve this goal experimental
research of serial and experimental valve samples,
designed by PC «Kyiv Central Design Bureau of
armature engineering» for use in aircraft systems,
were conducted.

4. The results of the resource tests of EV with the
push-pull ED

To determine the principle degradation processes,
which occur in the elements and units of the EV
with ED, five serial valves of this type, used in
aircraft stabilization systems, were subjected to the
resource tests. Structural scheme of such valve is
shown in fig. 1.

Fig. 1. Structural scheme of two-position valve with
electromagnetic drive:

1 — rod head; 2 — electromagnet casing; 3 — rod; 4 —
buffer spring; 5 — slider (armature); 6 — lower stop;
7 — saddle; 8§ — slide; 9 — lock washer; 10 —
distribution pipe; /1 — closing coil; /2 — opening coil;
13 — constant magnet

One of the design features of push-pull
electromagnetic drive is the presence in its moving
assembly of rod 3, which transfers executive force
from the drive to the valve shut off unit.

During the test periodically every 20 000 cycles,
which make wup one block-cycle, the main
parameters of the valve were checked (opening

voltage U, and time 7, , closing voltage Ujose

and time 7)), geometrical measurements were

conducted and the slide travel distance xgj;4. Was

determined. Valve details were also photographed
after the failure and subjected to the metallographic

and the fractographic examination of the contact
areas and the destruction zones of the wvalve
mechanical elements.

The analysis of conducted resource tests has
shown that during the valve operation the following
changes occur in the valve technical state under the
operation loads.

During the valve opening (when moving units
travel away from the saddle) there are such effects as:

— shock cyclic contacting of the slider and
locking washer, that leads to spalling as a result of
fatigue of the contact end face surfaces (fig. 2) and
changes in the relative position of these valve parts
by the value ¢” (fig. 3);

Fig. 2. Damage of the top end face surface of the
slider (armature)

— cyclic application of distributed impulse force,
which is normal to the contact plane of the washer
and the rod head, that leads to changes in the
configuration of parts 9 and 3 as a result of
accumulation of one-sided plastic deformations,
changes in the relative position of parts and
accumulation of microdestructions in rod neck 3;
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Fig. 3. Change in the relative position of locking
washer (2), the head of the rod (1) and the slider (3).

— cyclic application of distributed shock force,
which is normal to the contact area of the washer
and rod head, which causes the change of the rod
head configuration as well as lock washer (fig. 3) as
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a result of accumulation of the one-sided plastic
deformations, change their mutual positions by value
c'and accumulation of microdestructions in the rod
neck material;

— shock cyclic contacting of the slider and upper
stop, that leads to the degradation of the contact
surfaces macrorelief of these parts (fig. 4).

Puc. 4. Rod and slider mounting unite after valve
lifetime end

At the valve closing (when moving assembly
travels down to the saddle) there are such effects:

— shock cyclic contacting of the slide valve and
saddle, that leads to the degradation of the contact
surfaces macrorelief of the slide valve (fig. 5);

— shock cyclic contacting of the slider and lower
stop, that leads to degradation of the contacting end
face surfaces.

Fig. 5. Groove on the rubber surface of the rubber seal
that is formed under the influence of operating loads

Deformation of the moving unit of EV results in
significant changes in the relative position of the
slider, the locking washer and the rod due to circular
groove generation on the slider surface end face
(¢”) and plastic deformation of rod parts and locking
washer by the value ¢ (fig. 3), which leads to the
decreasing of slider travel distance by the value:

Ax

and that also increases the length of the chamber for
buffer spring 4 (see fig. 1), which reduces the
adjusting and operating force of the spring.

In addition, at the reciprocating motion of the valve
moving unit the wearing process of the cylindrical
surfaces of the slider and separation pipe occurs. As a
result, there is a gradual degradation of friction
surfaces microrelief and increase of friction forces.

The accumulation of microdeformations in the
rod structural material leads, after a certain number
of valve cycles, to the rod neck fracture (fig. 6) and
complete EV failure.

’ ”
som —C=C +c ,

Fig. 6. Fatigue destruction of rod neck

Under other equal conditions the intensity of the
detected degradation processes is defined by the
kinetic energy of the wvalve elements shock
interaction that transforms into the deformation
energy of these elements and accumulates in their
structural material. The research conducted [6]
shows that the condition of indestructibility of the
core elements (rods) of the given EV type, is the
inequality

»
E{Y (1=K < Ey; (1)

where E,?/I U'is the specific kinetic energy of a
moving unit of the valve electromagnetic actuator;
K j;; is the dispersion factor, which depends on the
kinematic scheme of the valve moving unit and the
presence of the damping element in it; n is the
number of load cycles; EKZC . is the critical value of

specific kinetic energy which transforms into the
energy of structural material deformation and causes
its destruction.

Analysis of the expression (1) shows that one of
the effective ways to increase the number of valve
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operation cycles until the destruction of its rod is to
increase coefficient K, by the installation of the

damping element in the valve kinematic system, for
example, rubber damping gasket 5 in the fastening
unit of the slider and rod (fig. 7).

2 3 4 5
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Fig. 7. Mounting unit of the rod and the slider with
damping element:

1 — slider; 2 — lock washer; 3 — rod; 4 — washer; 5 —
elastic element with low stiffness (damping gasket)

Experimental research of evaluating the
effectiveness of such design decision has shown that
the implementation of the damping element in the
kinematic chain of the ED leads to the following
effects:

— increasing valve opening time from 32 ms to 44
ms and increasing valve closing time from 36 ms to
46 ms;

— appearance of fast damping oscillation process
at the valve opening;

— significant reduction of changing the rod head
and lock washer (fig. 8, as a typical example, shows
the photos of the valve rod head after a certain
number of cycles for the valve of usual design and
with the damping element);

— significantly increased valve lifetime before the
fatigue fracture of its rod (during comparative
resource tests of the five usual design valves, the rod
fracture occurred after respectively 6500, 6500, 10
000, 12 000 and 20 000 operational cycles, while
two valves with the damping elements have worked
1000000 cycles without the rod destruction).

The positive impact of artificial damping on
reducing the dynamic stresses and wear processes
was also detected for the valves with the metal-to-
metal lock unit (fig. 9), which have circuit groove in
the structural material of the contact area of the slide
and the saddle (fig. 10).

b

Fig. 8. Photos of valve drive rod head after resource
loads: @ — moving unit without damping device,
operating time — 20 000 cycles; b — moving unit with
the damping device, operating time — 1 000 000 cycles

As a damping eclement a rubber ring of 1 mm
thickness was used.

E

Fig. 9. Experimental prototype of the valve with
metal-to-metal lock unit:

1— saddle, which is combined with the valve body; 2 —
slide; 3 — damping element; 4 — rod, 5 — spring; 6 —
opening coil; 7 — armature; 8§ — closing coil; 9 —
magnetic core
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Fig. 10. Photos of the circular groove in the valve
made of steel 08HI18N10T after 3-10° cycles
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Fig. 11. Experimental dependencies of the leakage on
the number of cycles:

1 — valve without damping element; 2 — valve with the
damping element

The wear intensity reduction of the valve lock unit
with damping element is confirmed by experimental
dependencies of leakage change (fig. 11) and profile
diagrams of the valve sealing elements after 300 000
cycles (fig. 12)
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Fig. 12. Profile diagrams of the slide and saddle
contacting areas after 300 000 cycles:
a — without damping; b — with damping

5. Conclusion

Summarizing the results of conducted research on
the reliability and durability of the small-size EVs
allows make the following resume:

1. It was experimentally determined the typical
changes in the valve elements and units technical
state of small-size EV with push-pull ED under the
working loads of the shock-impulse type. Such
valves have a critical element — the rod, which has
insufficient fatigue strength.

2. One of the ways to increase the reliability and
durability of the small-size EV is the use of damping
elements in kinematic scheme of the ED for
reducing the intensiveness of the dynamical loads in
valve elements and units.

3. Damping elements effectiveness in the reduction
of dynamical loads is proven experimentally for the
EV with two-positioned polarized ED and for the
valves with the metal-to-metal sealing.
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Po3rissHyTO OCHOBHI NIUISIXU IMiIBUIIEHHS HAIIHHOCTI i JOBFOBIYHOCTI MaJorabapuTHHUX eNEKTPOMATHITHUX KIIAIaHiB.
Ha mizncraBi pe3ynsTaTiB pecypcHUX BHIIPOOYBaHb KIIATIAHIB 3 JBOTIO3UIITHOM MOJSIPU30BAHAM EIIEKTPOMArHITHHM
MPUBOZOM BHSABICHO OCHOBHI 3MIHM TEXHIYHOTO CTaHy JeTajliell i By3miB KJamaHa I di€l0 JWHAMIYHUX
eKCIUTyaTalliflHnX HaBaHTaXeHb. I[loka3aHo, 1m0 epEeKTHMBHUM 3acO00M 3MEHIICHHA IWHAMIYHUX HABAaHTAXCHb €
BBEZICHHsI JIeMII(ipyBalbHOIO €JIEMEHTa B KIHEMaTHYHY CXEMy €JIeKTPOMArHiTHOTO MpUBONY KianaHa. EdexTuBHICTH
BUKOPDHCTaHHS  AeMI(IpYyBAILHUX  €JIEMEHTIB sl  3HIDKEHHS  JUHAMIYHMX  HAaBaHTAXEHb  IiATBEpPKEHA
EKCIICPUMEHTAJIBHO.
KurouoBi ciioBa: nemmdipyBaHHS; JOBMOBIYHICTh; €IICKTPOMArHITHUN KJIalaH; Ha(iiHICTh.
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PaccMOTpeHbl OCHOBHBIC IMyTH IOBBINICHHS HAJCKHOCTH M JOJTOBEYHOCTH MAJIOTA0APUTHBIX 3JIEKTPOMATrHUTHBIX
KianaHoB. Ha ocHOBaHMM pe3yibTaTOB PECYPCHBIX HCIBITAHUN KIIANaHOB C JBYXMO3ULIUOHHBIM MOJSPU30BAHHBIM
9JIEKTPOMArHUTHBIM MPUBOJIOM BBISIBIIEHBI OCHOBHBIE U3MEHEHUS] TEXHUUYECKOIO COCTOSIHUS JETajeil U y3/10B KianaHa
OJT ICHCTBHEM JMHAMHYECKUX 3KCIUTYyaTAIlMOHHBIX Harpy3ok. [1oka3aHo, 9To 3(h(eKTUBHBIM CIIOCOOOM YMECHBIICHUS
TUHAMUYECKAX HArpy30K SBISETCS BBEACHUS NeMII(DUPYIOMIErO 3JeMEHTa B KHHEMATHUYECKYI0 CXEMY 3JEKTpOMar-
HUTHOTO TpUBOJa KjiamaHa. DPQPEKTHBHOCTh HCIOIB30BAHUS AEMIIUPYIOMNX 3JIEMEHTOB U CHIDKCHHUS JWHAMHU-
YECKUX HArpy30K MOATBEPKICHA KCIIEPUMEHTAIIBHO.
KiaroueBble cjioBa: 1eMI(pupoBaHUEe; TOITOBEYHOCTh; HAJEKHOCTD; 3JICKTPOMArHUTHBIN KIIalaH.
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