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Abstract: Hydraulic power cylinders are the main bearing elements of powered supports at mining enterprises, ensuring
reliable fixation of the roof in the required working position, as well as providing advancement of the support in the
face. Thus, hydraulic power cylinders ensure stoping safety, so strict requirements are im-posed on them both in terms
of workmanship and operational reliability. To ensure reliability and efficiency of powered support operation in
faces, it is necessary to ensure stable service life of their hydraulic props, which mainly depends on the quality of
manufacturing of mating surfaces and the accuracy of assembling functional joints. The required accuracy of hy-
draulic prop joints is achieved by selective assembly, which allows ensuring the specified technical requirements
and service life of the joints. At the same time, along with the issues of ensuring the accuracy of assembling the
props to provide proper safety of the face operation, it is extremely important to identify and analyze the causes of
dimensional wear of critical parts of the joints, leading to decreasing service life of the hydraulic props in the
course of exploitation. In the paper, using the methods of the analytical theory of bases, the reasons for formation
of positional variations of the parts of the powered support hydraulic prop joints in the course of assembling and
operation of the unit are identified and described. It was found that arising mismatches and formation of local
stress zones on the cylinders, pistons and rods, characterized by intense wear, occurs due to the uncertainty of
basing (positioning) of rod and piston in hydraulic cylinder. The dependencies allowing calculating deviation of
the rod axis from the required position, taking into account the initial clearance gap in the joints and the adopted
design parameters of the hydraulic cylinder, have been obtained.
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Bausinne HeomnpeaeJeHHOCTH 02a3MPOBAHNUS ITOKA THAPOCTOMKH
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Annotanusi: /1y obecrieueHnst HaIe)KHOCTU U dPPEKTUBHOCTH IKCILTyaTalluK B 32005X MEXaHU3UPOBAHHBIX Kpe-
et HeoOX0AMMO 00€eCTIeYnTh CTa0MIIBHBIN pecypc paboThl BXOSIINX B MX COCTaB THIIPOCTOEK, KOTOPBIH TiaB-
HBIM 00pa30M 3aBHUCHUT OT Ka4eCTBa U3TOTOBJICHUS CONPSIKEHHBIX OBEPXHOCTEH M TOUHOCTH COOPKH (YHKLIMO-
HaJIBHBIX coearHeHnd. TpeOyeMasi TOUHOCTh CO€IMHEHNH THIPOCTOCK AOCTUTAETCS CEIEKTUBHOM COOPKOM, UTO
Mo3BOJISIET 00ECTIEYNTh 3aJJaHHbIE TEXHUYECKUe TpeOOBaHUS U pecypc coelMHeHni. Bmecre ¢ TeM Hapsy ¢ BO-
npocaMu obecrieueH st TOYHOCTH COOPKH JaHHBIX Y3JIOB JUIsl TapaHTHH JIOJDKHOM 0e301acHOCTH padoThl B 320051
Ype3BbIYaHO Ba)KHBIMU SBIISIIOTCS BBISIBIICHHE M aHAIW3 NMPUYMH Pa3MEPHOTO M3HOCA OTBETCTBEHHBIX JETaJel
COEIMHEHHH, TPUBOAALINX K YMEHBIIICHHIO pecypca THAPOCTOEK B TpoIlecce dKCIUTyaTtanui. B cratee mpu mo-
MOIIM METOJIOB aHAIMTHYECKON TEOPHH 0a3 BBISBICHBI M OMMCAHBI IPHYMHBI ()OPMUPOBAHHS MTO3UIIMOHHBIX OT-
KJIOHEHHH JeTaneil CoeqMHEHNH THAPOCTONKN MEXaHW3UPOBAHHOM KPENu B Ipolecce COOPKH U 3KCILTyaTaliu
y371a. Y CTaHOBJIEHO, YTO BO3HUKHOBEHUE IIEPEKOCOB U 00pa30BaHUE HA LIMIMHAPAX, IOPLIHAX U IITOKAX JIOKAJIb-
HBIX HaINPsDKEHHBIX 30H, XapaKTePU3YIOIMNXCS HHTEHCHBHBIM M3HOCOM, ITPOMCXOANUT BCIIEACTBHE HEONPEENEH-
HOCTH 0a3MpOBaHuUs IITOKA M MOPLIHS B ruapoumnuHape. IlomydeHsl 3aBUCUMOCTH, TIO3BOJISIIOIINE PACCUUTATD
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OTKJIOHCHHEC OCH IITOKa OT Tpe6yeMor O MOJIOXKCHUA C YUCTOM HCXOAHOI'0 3a30pa B COCAMHCHUAX WU MPUHATBIX

KOHCTPYKTHUBHBIX ITapaMeTPOB THAPOLMIHHIPA.

KuioueBble ci10Ba: MEXaHU3UPOBAHHAS KPETIb, THAPOCTONKA, TOUHOCTH COOPKH, U3HOC, HEOTIPEIEIIEHHOCTh 0a3n-

poBaHHus, CMeHa 0a3, MO3UIMOHHBIC OTKJIOHCHHSI

st umtupoBanusi: Hro Ban Tyan. Bnusiaue HeonpeneneHHOCTH 0a3upOBaHus IITOKA THAPOCTONKH Ha pa3Mep-
HBII U3HOC ero 6a30BBIX MOBEpXHOCTEN. I opHbie Hayku u mexnonocuu. 2020;5(3):201-207. DOI: 10.17073/2500-

0632-2020-3-201-207

Hydraulic power cylinders are the main
bearing elements of powered supports at mining
enterprises, ensuring reliable fixation of the roof
in the required working position, as well as
providing advancement of the support in the face.
Thus, hydraulic power cylinders ensure stoping
safety, so strict requirements are imposed on them
both in terms of workmanship and operational re-
liability. At the same time, the condition of work-
ing surfaces of the hydraulic cylinder elements
plays decisive role in ensuring proper service life
of the critical joints. General technical require-
ments for manufacture of hydraulic props of pow-
ered supports and the main parameters are regu-
lated by the standards [1-3].

As production statistics show, the main fail-
ures of mine supports in most cases are caused by
seal failure of the hydraulic cylinder joints due to
wear of the mating surfaces, which causes leakage
of the hydraulic fluid and, correspondingly, the loss
of the support bearing unit working ability. The lat-
ter can cause the roof collapse, emergency situation,
and even lead to casualties. All this requires system-
atic monitoring of the condition of sealing elements,
timely replacement of failed hydraulic cylinders
with new or repaired ones [4-6].

It is known that the remanufacturing of hy-
draulic power cylinders in the conditions of spe-
cialized repair shops is rather laborious and costly
process. At the same time, the quality of the re-
stored surfaces, for example, the cylinder bearing
surface, the rod working surfaces, should not be
inferior to the corresponding indicators of new

parts, since these surfaces determine the proper
service life and bearing capacity of the joints. The
required accuracy of the hydraulic props joints is
achieved by selective assembly using the methods
of group and inter-group interchangeability. This
assembly technique ensures compliance with the
specified technical requirements and the availa-
bility of the required joint service life [7-12]. At
the same time, along with the issues of ensuring
the assembly accuracy provide proper safety of
work in the faces, it is extremely important to an-
alyze the reasons for the change in the relative po-
sition of a hydraulic prop joint parts in the course
of operation, their positional variations from the
required position, arising mismatches under load,
which produce significant effect on the stress
state, the process of part wear, and the joint ser-
vice life [13, 14].

Due to the presence of a gap in the sliding
joints of hydraulic cylinder, the deviations of the po-
sition of the hydraulic prop rod are manifested as an
uncertainty of its basing, which occurs due to unor-
ganized change of bases resulting from elastic
movements and deformations in the hydraulic prop
under the load on its working surfaces.

To identify and unambiguously mathe-
matically describe the basing schematics for
parts and units, we use the method of identifica-
tion and modeling of bases [11, 12, 15, 16].

The coordinates of the position of a part
or unit supporting points can be divided into two
groups: plane coordinates (Xi, Yi, Zi), which de-
termine the supporting points location on three
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base surfaces (plan view of the base surface), which uniquely determines the basing sche-
and normal coordinates (4xi, 4yi, 4z;), defining matic and the location of points on the coordi-
the deviations of the supporting points in the di- nate planes.
rection perpendicular to the basing surfaces. The main bases of a hydraulic prop, which

If the normal coordinates of the support- determine its position in the powered support, are
ing points are grouped by base and written in the two hemispheres (Fig. 1), which allows the prop
sequence of decreasing points on the bases, then to self-align under the external load, thus provid-
we get a column matrix T of normal coordinates, ing the required kinematic flexibility.
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Fig. 1. Hydraulic prop elements basing schematics:
1 —cylinder; 2 — rod; 3 — piston; 4 — neck bush

This means that the prop is based accord- of which is played by the 0Z axis, and the compo-
ing to the schematic with the use of double guid- nents Azs, Aye are the normal coordinates of the
ing base (see Fig. 1), which is described by the supporting points of the supporting bases, which

rowed matrix: are X0Y (Azs) and X0Z (Ays) planes.

Self-alignment of the prop along the base is
ensured by the support points (Axi, Ays), and self-

According to (1), the components (Axi, Axz, alignment along the roof, by the support points
Ays, Aya) are the normal coordinates of the sup- (Axa, Aya)

porting points of the double guiding base, the role

T = (AX1, AX2, Ay3, Aya, Azs, Ays). @
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Table 1
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Position schematics and calculation formulas to determine the deviations of the rod and piston in the hydraulic prop

Schematic | Schematic of the piston and rod position in | Description of unorganized change of bases by ma-
No. the cylinder when changing bases trices of normal coordinates
Basing schematic:
T = (AX1, AXz, Ays, Aya, AZs, Ays);
values of normal coordinates:
Mo A1 = 0,5Sp; Ayz= 0,55,
I Ax2=0,5Sy; Aya= 0,55
| b F angle of the rod axis vertical deviation:
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Basing schematic:

3 a
+ T = (AX1,, AXZ', Ay3'7 Ay4', AZs, Ay6),
values of normal coordinates:
AXl': SBT; AyS,: SBT;
’ AXZ': SBT; Ay4,: SBT;
angle of the rod axis vertical deviation:

Basing schematic:

T = (AX1", AX2", Ays", Ays", Azs, AYe);
values of hormal coordinates:

AX1"=Sp; Ays'= Sp;

AX2"= Sp; Ays'= Sy,

angle of the rod axis vertical deviation:
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Note. M, - bending momentum acting on the rod; F is the normal load on the joints parts, which increases as a result of the rod
mismatch; 1, 2 - supporting points — zones of critical loading on the joints parts.
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In turn, basing of the piston and rod in the
hydraulic cylinder is also carried out using a dou-
ble guiding base (Table 1):

T = (AX1, AX2, Ay, Aya, Azs, Ays),  (2)

where (Ax1, Ays) are the normal coordinates of the
supporting points, which determine the position
(centering) of the piston in the cylinder; (Axz, Aya)
are the normal coordinates of the supporting
points, which determine the position (centering)
of the rod in the neck bush.

With correct basing (see Fig. 1), each ele-
ment (Axy, Ays) is equal to a half of the diame-
tral clearance gap Sp between the piston and the
cylinder:

Ax1=0,5Sp; Ays= 0,5Sp, (3)

and the elements (Axz, Aya) are equal to half of the
diametric clearance Sr between the rod and the
neck bush:

AX2=0,5S; Aysa=0,5S:. 4)

However, under variable load, an unor-
ganized change of the piston and rod bases takes
place, which can be represented by three schemat-
ics presented in Table 1.

According to schematic No. 1, the unor-
ganized change of bases leads to one-sided con-
tact between the piston and the rod, when the
clearance gap is filled on one side, and the
equalities take place:

AX1 = Sp; Ayz = Sp; (5)

AX2=Sr; Aya=Sr. (6)

According to schematic No. 2, the unor-
ganized change of bases leads to the fact that the

basing of the rod and the piston takes place only
along the neck bush (points 1 and 2):

T = (AX1*, AX2*, Ays*, Aya, Azs, Ays), (7)

with one-sided contact of the rod with the neck
bush surface:

References
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AX1* = Sr; Ays* =Sy, (8)
AX2* = Sy; Ays* = Sr. €)]

The upper symbol "*" means that the ele-
ments of the matrix (7) determine the basing along
the neck bush (points 1 and 2).

According to schematic No. 3, the unor-
ganized change of bases leads to the fact that the
basing of the rod and the piston takes place only
along the inner surface of the cylinder:

T' = (AXY, AX2', Ay3', Aya, Azs, Aye), (10)

with one-sided contact of the piston with the cyl-
inder surface:

AX1' = SBT; AY3' = SBT; (11)
AXo' = SBT; Ay4’: SBT, (12)

where Sq; is the diametral clearance gap "cylinder
pocket - outer surface of the neck bush™ (“cylin-
der pocket - neck bush™).

Taking into account the numerical values
of the design parameters A, B, C, the vertical de-
viation of the rod axis o, o, o3, due to the unor-
ganized change of bases, can be calculated using
the formulas given in Table 1.

Conclusions.

It has been established that the presence of
gaps in the "cylinder - piston” and "neck bush -
rod" joints leads to uncertainty in the piston and
rod basing (positioning). Applying the analytical
theory of bases enables determining numerical
values of the angular and linear deviations of the
joints parts arising in this case, depending on the
adopted design parameters A, B, C.

With an unorganized change of bases, the
load acting in the hydraulic prop is transmitted
not along the working surfaces of the joint parts,
but through small (in area) support points, caus-
ing increased stresses at the contact points and,
as a result, local intensive wear, which leads to
decreasing service life of the hydraulic prop.
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