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Аннотация: Приведены результаты исследований поперечной устойчивости одноряд-
ных и двухрядных щитовых секций механизированных крепей и их стабилизирующих 
устройств при выемке тонких и средней мощности пологих и наклонных угольных пла-
стов. При этом в качестве стабилизирующего устройства рассматривались широко при-
меняемые пружины сжатия, установленные на толкателях выдвижных бортов перекры-
тия и заднего ограждения. Установлено, что эффективное применение пружин сжатия 
возможно только при выемке тонких и средней мощности пологих угольных пластов. 
При выемке наклонных угольных пластов, особенно средней мощности, эффективность 
применения пружин сжатия в качестве стабилизирующих устройств резко падает. Обос- 
новано использование в качестве стабилизирующего устройства гидродомкратов вы-
движных бортов перекрытия и заднего ограждения с установленными на их поршневых 
полостях гидроблоками, в которые встроены предохранительный и разгрузочный кла-
паны. Установлена зависимость настройки предохранительного клапана гидродомкрата 
от горизонтальной составляющей усилия распора гидростоек секции крепи. При рас-
поре секции крепи усилие на гидродомкратах выдвижных бортов должно быть не ниже 
удерживающего секцию усилия. Разработана методика определения давления срабаты-
вания предохранительного клапана гидродомкратов, т. е. заданной нагрузки выдвижных 
бортов, обеспечивающих поперечную устойчивость однорядной и двухрядной щитовой 
секции механизированной крепи. 
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Introduction
One of the criteria for the technical 

perfection of powered support units is the 
coefficient of self-stability of the unit.

Unit stability is the ability of a unit 
to maintain such a spatial position under 
the influence of external force factors, in 
which its normal operation in a mecha-
nized support system is possible. 

The main type of stability is transverse 
or lateral stability. When the transverse 
stability is lost, the unit overturns, i.e. the 
unit rotates around the edge of the base 

or axis located at some distance from the 
edge, depending on the physical and me-
chanical properties of the soil [1, 2].

The critical angle at which it is possi-
ble to overturn the support unit without a 
stability system can be determined from 
the condition of equality of the overturn-
ing and equalizing moments relative to the 
edge line of the base from the side of the 
seam gradient. With an increase in the an-
gle of occurrence of the seam, a progres-
sive loss of stability of the unit is observed 
both in the system of internal stability of 
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the units and in the system of their external 
connections, leading to an increase in the 
complexity of their operation and mainte-
nance.

The ratio between the number of shal-
low seams with angles of incidence up to 
18° and inclined from 19° to 35° is 78.4% 
and 21.6%, respectively.

In addition, the stability of the sup-
port unit is significantly affected by the 
removed seam height. According to the 
seam height, the seams are divided into 
four groups: very thin bed seams to 0.7 m; 
bed seams  — from 0.71 to 1.2  m; mid-
dle seams — from 1.21 to 3.5 m and high 
seams — over 3.5 m. 

An increase of seam height leads to 
changes in the center of gravity of the unit 
relative to the base and, accordingly, the 
stability of the support unit.

The loss of stability of the support unit 
and the resulting deterioration of the inter-
action of the unit with the lateral rocks of 
the seam contributes to the destruction of 
the roof over the unit.

As the operation of the complexes has 
shown, when excavating inclined seams, 
powered support units should be equipped 
with special stability systems.

The purpose of the research is to deter-
mine the power parameters of the trans-
verse stability system of the shield powe- 
red support unit and the development of a 
stabilizing device.

To achieve this goal, it is necessary to 
solve the following main tasks:

•	 analyze the results of the operation 
of powered support units when excavating 

seam with angles of incidence up to 30° 
in order to determine the causes of loss of 
stability of units;

•	 perform an analysis of studies aimed 
at ensuring the stability of powered support 
units;

•	 to establish a rational structure and 
power parameters of the stabilizing device 
of the transverse stability of the shield 
powered support unit for shallow and in- 
clined seams.

Research methods: analysis and gene- 
ralization of information contained in lite- 
rary sources, analytical studies of trans-
verse stability by methods of theoretical 
mechanics.

Results
Currently, single-row and double-row 

shield sections with solid rigid bases and 
with bases divided into elements (skids), con-
nected along the blockage by clamps, and 
along the bottom screed, are widely used. 
In accordance with GOST 33164.1-2014, 
the blockage fence and the overlap of the 
support unit on both sides are equipped 
with retractable sides to block intersectio- 
nal gaps from spilling into the face space 
of the bayonet lying on the overlap and 
the blockage fence (Fig. 1) [3—5]. The 
retractable sides 1 are equipped with pu- 
shers 2, with compression springs 3 moun- 
ted on them, which perform the functions 
of a stabilizing device when moving the 
support unit.

The operation of powered support units 
has shown the effectiveness of compression 
springs only when excavating bed seams  

Fig. 1. Section of the sliding side on the overlap
Рис. 1. Сечение выдвижного борта на перекрытии
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shallow coal to 18°. When excavating incli- 
ned (from 18° to 30°) seams, the efficiency 
of using compression springs as a stabiliz-
ing device drops sharply due to their oper-
ating characteristics, i.e., the dependence 
of the spring force on the magnitude of its 
compression (working stroke) [6—9]. 

To correct the position of the support 
section that has lost stability after moving, 
before the strut in the overlap or under it 
and the blockage fence, hydraulic jacks of 
the retractable sides are installed, which 
forcibly carry out their sliding and folding 
[10—14].

To increase the transverse stability of 
the units when excavating not only flat, but 
also inclined (α = 18—30°) coal seams, 
double-row shield powered support units 
with a solid rigid base (CD90, CD90T) are 
additionally equipped with a package of 
springs 1 installed in the pocket 2 of the 
base 3 and resting on the cylinder 4 of the 
front lower hydraulic support (Fig. 2). In 
addition, a solid rigid base made it possible 
to install paired (welded together) rigid front 
levers of the four-link rear guard [15—19].

However, when excavating shallow 
middle coal seams, the springs were bro-
ken and, as a result, the transverse stabil-
ity of the support unit was lost. The con-
sequence of the fracture of the springs was 

their insufficient rigidity (the ratio of the 
load to the corresponding deflection), es-
pecially when the units are spaced. With a 
sufficiently low stiffness, the spring can-
not have the necessary strength to ensure 
its operation under variable loads.

The installation of paired rigid front le- 
vers of the four-link rear guard ensures the 
transverse stability of the blockage of the 
support section within the design toleran- 
ces.

It should be noted that their installation 
in the skids of a divided base is not possi-
ble due to the peculiarities of the kinemat-
ics of the interaction of skids with the soil 
of the formation when the unit is operating 
in difficult mining and geological condi-
tions (soft floor or the presence of «thresh-
olds» in the soil of the formation).

When determining stability, the rotati- 
on of the maximally extended support unit 
during its movement occurs around the 
lower edge of the solid rigid base or around 
the edge of the lower element (skid) of the 
divided base. 

Fig. 3 shows the design scheme of the 
transverse stability of a single-row shield 
support unit.

Tipping moment relative to point A:
M G h h Go h� � � � � sin� , kN,

Fig. 2. Element of the system of the stabilizing device of the KD90 support section
Рис. 2. Элемент системы стабилизирующего устройства секции крепи КД90
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where G is the weight of the support unit, 
kN; Gh  — the horizontal component of 
the weight of the support unit, kN; α — 
the seam gradient, deg.; h — the shoulder 
of the horizontal component of the unit 
weight, m.

Restoring moment relative to point A:

M G
b b

Gv v� � � � �
2 2

cos� , kN,

where Gv — the vertical component of the 
weight of the support unit, kN; b  — the 
width of the base, m.

Stability condition:
M Mo v= .

Stability margin of the support unit:

n
M
My c
v

o
. . =  1 .

It is known that when the tipping moment  
exceeds the restoring moment (M Mo v ), 
the transverse stability of the support sec-
tion must be provided by stabilizing de-
vices.

Since in the shield powered support 
units, the sliding sides of the overlap and 
the rear fence of the higher units are sup-
ported by the sides of the lower unit, the 

stabilizing devices of the sliding sides must 
compensate for the missing restoring mo-
ment.

Compensating moment of the stabiliz-
ing device:

M M M P Hk o v c y� � � �. . , kN·m,

P
M
H

nc y
k

y. . � � , kN,

P Pnp c y. . . ,
where Рс.у. — the force of the stabilizing 
device, kN; H  — the arm of stability of 
the force application of the stabilizing de-
vice, m; nу — stability margin; Рnp — the 
force of deformation (compression) of the 
spring, kN.

It follows from the moment equations 
that the restoring moment depends on the 
seam gradient, the power and structural 
parameters of the support unit (unit weight 
and base width), and the tipping moment 
depends not only on the seam gradient, but 
also on arm of stability of the horizontal 
component of the unit weight, i.e. the seam 
height.

The force of the stabilizing device Рс.у 
(the deformation force of the springs Рnp) 
of a specific design of the support unit is 

Fig. 3. Design diagram of the transverse stability of a single-row shield support unit
Рис. 3. Расчетная схема поперечной устойчивости однорядной щитовой секции крепи
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determined at its maximum extensibility 
and the maximum angle of incidence of 
the inclined formation of 30°. At the same 
time, the minimum deformation force of 
the spring should be within 0.1·Рmax ≤ Рmin≤ 
≤ 0.5·Рmax and increases to the value of 
Рmax when it is compressed within the work-
ing stroke equal to the value of the exten-
sion of the side shields.

Based on the design features and oper-
ating conditions of the compression spring, 
i.e. its operating characteristics, it is not 
advisable to use compression springs as a 
stabilizing device.

A significant influence on the transverse 
stability of the support unit is exerted by 
the angle of inclination of the struts along 
the seam gradient. The minimum angle of 
inclination of the racks creates the smallest 
horizontal component of the strut force 
of the racks and thereby contributes to 
increasing the transverse stability of the 
support unit when it is spaced (Fig. 3).

Therefore, as a limiter of the angle of 
inclination of the struts along the seam 
gradient and, accordingly, the displacement 
of the overlap, it is advisable to use the 
hydraulic jacks of the retractable sides. To 
do this, it is necessary to equip the hydraulic 
jacks with hydraulic blocks, in which the 
safety and discharge valves are integrated. 
Fig.  4 shows the hydraulic circuit of the 
hydraulic jack 1 of the retractable side and 
the hydraulic unit 2, with built-in safety 3 
and discharge 4 valves.

The safety valve is designed to pro-
tect the hydraulic jack from overloads and 
provide a set pressure in the piston cavity 
of the hydraulic jack, i.e. a set load that 
ensures the transverse stability of the sup-
port unit both during its movement and 
during the spacer. The safety valve is trig-
gered when the horizontal component of 
the strut force Pc

h is exceeded [20—22]. 
At the same time, there is no need to ad-
just the position of the support unit before 
its expansion after moving.

Determination of the actuation pres-
sure of the safety valve of the hydraulic 
unit of the hydraulic jack of the retractable 
side.

The requirements for directional move-
ment of the support unit are presented [2]: 
support of the movable unit on the lower 
prostrate; retractable sides to overlap the 
intersectional gaps of active action; pro-
vision of directional movement when the 
unit deviates by 2° from the normal to the 
plane of the formation.

In this case, the force holding the mov-
able support unit must be higher than the 
force required adjusting the position of the 
unit.

When the support unit is spaced after 
its movement, the holding force should be 
higher than the horizontal component of 
the Pc

h of the racks, i.e. the force on the 
hydraulic jacks of the sliding sides should 
not be lower than the holding force of the 
support unit.

Fig. 4. Hydraulic diagram of the hydraulic jack of the retractable side and the hydraulic unit
Рис. 4. Схема гидравлическая гидродомкрата выдвижного борта и гидроблока
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The actuation pressure of the safety 
valve of the hydraulic unit of the hydraulic 
jack of the retractable side of the single-
row shield powered support unit.

The structure of the single-row shield 
powered support unit includes two racks 
and two hydraulic jacks of the sliding si- 
des of the overlap and the rear fence.

The actuation pressure of the hydraulic 
jack safety valve, i.e. the maximum force 
is determined from the strut of one rack:

P
P

Dkl
d

n d

�
�

� �
4

102 3� . .

, MPa,

where Dn.d — is the diameter of the hydrau- 
lic jack piston, m; Рd  — hydraulic jack 
force, kN:
P P P Pd c

h
c
v

c� � � � � �sin cos sin� � � , kN,

where Pс  — the force of the rack when 
sliding, kN; Рс

v — the vertical component 
of the rack force in the longitudinal plane 
of the support unit, should be determined 
at the maximum height of the support unit, 
kN (Fig. 1); Pc

h — the horizontal compo-
nent of the Рс

v force in the transverse plane 
of the support unit, kN; γ — the angle of 
inclination of the rack relative to the base 
in the longitudinal plane of the support 
unit, deg.; β — the angle of inclination of 
the rack, i.e. the Рс

v forces in the transverse 
plane of the support unit, deg.

P
D

Pc
n c

n�
�

� �
� . .

2
3

4
10 , kN,

where Dn.c — the diameter of the rack pis- 
ton, m; Рn — the pressure of the working 
fluid entering the piston cavity of the rack 
during the expansion period, taking into 
account losses, kN.

The pressure of actuation of the safety 
valve of the hydraulic unit of the hydrau-
lic jack of the retractable side of the doub- 
le-row shield support unit.

In contrast to the single-row shield 
support unit, the pressure of the safety val- 
ve of the double-row shield support unit  

is determined from the strut of the two 
struts.

At the same time:
P P Pd c

h
c� � � � � �2 2 cos sin� � , kN,

Pressure losses are the losses consumed 
for the delivery of the working fluid from 
the pump station to the rack.

It is recommended that the pressure of 
the working fluid of the Рn be determined 
by the indicators of pressure gauges or 
pressure indicators of the rack hydroblocks 
during the unit expansion in identical min-
ing and geological conditions.

Thus, during the testing period of the 
2KTK mechanized support unit in the face 
No.  3016 of JSC «SHU Obukhovskaya» 
the expansion of the hydraulic units was 
carried out with a pressure from 15.0 to 
22.0 MPa, an average of 19.6 MPa when 
setting the pressure at the pumping station 
of 29 MPa. At the same time, the actuation 
pressure of the safety valve of the hydrau-
lic unit of the hydraulic jack of the retract-
able side was 32 MPa. There was no loss 
of transverse stability of the support units.

Conclusion
1. The results of studies of the trans-

verse stability of the shield powered sup-
port units and their stabilizing devices 
based on compression springs, a package 
of springs, and hydraulic jacks built into 
the ceiling and rear fence are presented.

2. The structure of the stabilizing de-
vice based on the use of hydraulic jacks as 
power elements for extending the sides of 
the overlap and the rear fence, with built-
in safety and discharge valves, is substan-
tiated.

3. The dependences for determining 
the values of the actuation pressures of the 
safety valves of the hydraulic jacks of the 
extension of the sides of the single-row and 
double-row of the shield powered support 
units on the force of the hydraulic struts 
are proposed.
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