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Abstract. The paper studies the horizontal loads arising from the movement of vehicles under the action of dissipa-
tive forces (torsion of ropes, aerodynamic forces, loading cages with eccentricity in the frontal and lateral planes), which
act on single-row rope-profile guides (hereinafter referred to as RPGs or guides).

In the paper, for the case of two moving cages of one lifting unit, in accordance with the current regulatory tech-
niques and Safety Rules, shaft cross-sections for various types of shaft reinforcement were designed, their advantages
and disadvantages were analyzed, and their comparative analysis was carried out.

On the basis of the research, the structures of single-row RPGs have been developed that have a smaller number
of ropes and the structure of an enclosing profile in the form of an elongated hexagon, which makes it possible to in-
crease the reliability of the kinematic link in the "vehicle-guide" system and ensure an increase of safety gaps between
the vehicles and the shaft lining.

The development of various structural solutions for single-row RPGs for cages makes it possible to achieve:

- high reliability of a single-row RPG operation;

- increased service life due to a significant decrease in the level of dynamic effects;

- reduced labor intensity of maintenance and operation compared to rigid reinforcement;

- reduced metal consumption compared to rigid reinforcement;

- reduced level of dynamic oscillations at the meeting point of vehicles in the middle part of the shaft by reducing the
RPG deflection;

- increased reliability of the kinematic link in the "vehicle—-RPG" system due to the use of specially designed guide
legs;

- reduced safety gaps per side (- 500 mm per side) for cage hoists along the entire depth of the shaft compared to
flexible reinforcement;

- reduced operating costs due to the high service life of a single-row RPG;

- elimination of the use of fender ropes;

- increased service life of rope-profile guides to the level inherent to guides of rigid shaft reinforcement.

The result of the implementation of the developed structures of single-row RPGs with reinforcement is the extension
of the service life of the reinforcement, and the reduction in the cost of capital construction and operation in the extrac-
tion of minerals from deep horizons.

Keywords: mine vertical shafts, single rope-profile guides, reinforcing guides, increasing the safety gaps between
cages and the shaft lining, guiding safety devices, horizontal forces in frontal and lateral directions.

1. Introduction

Vertical shafts of any mining enterprise that mines minerals underground are
long-term capital structures that provide the main transport and communication links
with the underground part of the enterprise. The construction, maintenance and op-
eration of vertical shafts determine the main part of the costs in the lifting complex.
One of the most important elements in the system is the shaft reinforcement which
ensures the directed movement of lifting vehicles.

To date, the following types of reinforcement have been widely used:

- rigid reinforcement (with rail and box-shaped guides);

- flexible reinforcement where steel ropes are used as guides (ropes with a steel
core, closed structure, etc.)

Each of the above types of reinforcement has its own advantages and disad-
vantages.
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Rigid reinforcement makes it possible to ensure high speed movement of lifting
vehicles, reliability and durability; however, due to the action of dynamic and static
loads in the “vehicle-reinforcement™ system, the following problems occur:

- significant wear of structural elements;

- the need for a large amount of maintenance and repair work;

- reduction of the aerodynamic capacity of the shaft;

- the need for a significant metal consumption of the structure;

- high corrosive wear.

Flexible reinforcement (based on rope guides) with a relatively low metal con-
sumption and low resistance against the ventilation jet has the following disad-
vantages:

- limited service life of rope guides;

- the need to install additional fender ropes;

- the need for additional regulatory safety gaps [1] - 350 mm per side for skip
hoists and - 500 mm per side for cage hoists along the entire depth of the shaft, which
leads to a significant increase in the diameter of the shaft and capital costs during
construction;

- the need for a significant amount of tension weights in the sump part of the
shaft;

- the need for a duplicate rigid reinforcement in the headframe and in intermediate
horizons.

When creating a new type of reinforcement based on rope-profile guides (herein-
after referred to as RPGs or guides) [4, 5, 7], the task was to save advantages of the
two types of reinforcement listed above, as much as possible, and significantly reduce
their disadvantages.

Purpose of the Research. The research is aimed on the problem of developing the
structures of a single-row RPG in the "vehicle- reinforcement" system where the car-
rier ropes are interconnected by a rigid enclosing box, which can significantly reduce
the level of dynamic loading in the system.

The study of the processes arising in this system and the improvement of struc-
tures provides an opportunity to obtain the following results:

- to ensure high reliability of operation and service life of damper buntons;

- to ensure significant damping of horizontal loads that occur during the emergen-
cy mode of movement of vehicles;

- to ensure a long trouble-free service life of RPGs;

- to reduce the labor intensity of reinforcement maintenance and operation;

- to reduce the level of dynamic oscillations in the “vehicle-reinforcement" sys-
tem;

- to increase the reliability of the kinematic link in the “vehicle-reinforcement"
system.

2. Methods, Results and Discussion
Ropes of RPG are fixed at the top of the shaft in a headframe and hung along the
depth of the shaft. Preload is provided using damping tension weights located in the
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sump part of the shaft [2], the weight of the ropes of the enclosing box and fastening
elements or due to tension multi-groove pulleys located in the shaft headframe.

The vessel, when moving in guides along the shaft depth, is exposed to various
factors, namely:

- torsion of the head ropes;

- loading vehicles with eccentricity;

- aerodynamic forces at the meeting point of the vehicles,
and generates horizontal forces in the "vehicle- reinforcement” system, acting in the
frontal and lateral directions.

Forces acting on the RPG in the frontal direction for a loaded cage:

tot. _ . 17 . .
ﬁ;JMJ_Q%iQU+¢ﬁ$$J+¢ﬁ%$y

where P((Jf,‘,)tlg ad,)” is the total horizontal force in the frontal direction applied to the

RPG from the moving loaded cage, N; P((;flco)a 4~ is the horizontal force in the

frontal direction applied to the RPG from the eccentricity of the suspension of the
loaded cage, N; P((}O’;;C)Z 4~ is the horizontal force in the frontal direction applied to

the RPG from the torsion of the ropes of the loaded cage; N; P((;elr > éfi. )~ is the hori-

zontal force in the frontal direction applied to the RPG from the action of the aerody-
namic forces of the loaded cage, N.
Forces acting on the RPG in the lateral direction for a loaded cage:

(tot.) _ plecc.) (tors.) (aero.)
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where P((Z;Ottl)o ad) ~ is the total horizontal force in the lateral direction applied to the

RPG from the moving loaded cage, N; P((lfzfcl(f wd,)— 18 the horizontal force in the lat-

eral direction applied to the RPG from the eccentricity of the suspension of the load-
ed cage, N; P((IZ); lSo{z 4~ is the horizontal force in the lateral direction applied to the

RPG from the torsion of the ropes of the loaded cage, N; P((IZ%ZC{d ) —is the horizontal

force in the lateral direction applied to the RPG from the action of the aerodynamic
forces of the loaded cage, N.
Forces acting on the RPG in the frontal direction for an empty cage:

(tot.) _ pltors.) ( )
P(ﬁ?.emp.) - P((ﬁ(f).’:mp.) + P(;ff;(;dp.) ’



76 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 163

where P((}ftefnp )~ is the total horizontal force in the frontal direction applied to the

RPG from the moving empty cage, N; P((Jg‘f;sn'fp ) — is the horizontal force in the
frontal direction applied to the RPG from the torsion of the ropes of the empty cage,

N; P((f‘:;eg% ) — is the horizontal force in the frontal direction applied to the RPG from

the action of the aerodynamic forces of the empty cage, N.
Forces acting on the RPG in the lateral direction for an empty cage:

(tor)  _ p(tors.) (aero.)
P(laot.emp.) - P(Ia()t’.gmp.) + P(ZZ;Z.’;(I)np.)’

where P((lilofe)mp )~ is the total horizontal force in the lateral direction applied to the
RPG from the moving empty cage, N; P((Zizotan)a p, — is the horizontal force in the lateral

direction applied to the RPG from the torsion of the ropes of the empty cage, N;

P((theg% ) — is the horizontal force in the lateral direction applied to the RPG from the

action of the aerodynamic forces of the empty cage, N.

According to the data of All-Union Research Institute of Organization and Mech-
anization of Mine Construction, the horizontal force that arises when loading cages
with eccentricity, statistically reaches 0.3-0.5 of the total load weight in the horizontal
plane [8]. The total value of horizontal forces arising from the movement of vehicles
at maximum speed along the shaft depth with a combination of the most unfavorable
factors is approximately: 1.5-2.5 kN in the frontal direction and up to 0.5 kN in the
lateral direction for loaded cages, and 0.2-0.6 kN in the frontal direction and up to
0.2 kN 1n the lateral direction for empty cages.

When vehicles move, the horizontal load generated by them is not static, deter-
mined by formulas (1-4), has a probabilistic character and varies depending on the
coincidence of various factors, namely:

- the degree of loading of vehicles with eccentricity,

- torsion of ropes,

- aerodynamic forces,
and as a result its maximum value is 2.5 kN, and it acts for a short time on the guide
when the vehicle moves along the shaft depth.

Let us conduct a comparative study by locating in the shaft cross section two cag-
es (type 2KH4-2) of one lifting machine moving in guides located in the center of the
shaft for various types of reinforcement (rigid, flexible, RPGs, and reinforced RPGs)
and determine their advantages and disadvantages (see Figure 1-8).

The influence of horizontal forces arising from the movement of the cages (empty
and loaded) along the guides located in the center of the shaft according to the above
diagrams (see Fig. 1-8) can be: directed towards each other; directed in opposite di-
rections from each other; and coinciding in the direction of influence.
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According to the existing techniques [2, 6] and the current “Safety rules in coal
mines: NPAOP 10.0-1.01-10” [3], let us perform calculations and use them to con-
struct a shaft cross section for the movement of two cages of the 2KH4-2 type of one
lifting unit for the conditions of the action of horizontal forces on the rope guides at
the meeting point of the vehicles in the middle of the shaft and determine the shaft
diameter over its entire depth (the scheme used for calculation is shown in Figure 1).
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1 - lifting vehicle (cage type 2KH4-2); 3 - shaft lining; 4 - flexible rope guides;
5 - safety gap

Figure 1 — Cross-section of the shaft with cages moving in rope guides

It can be seen from Figure 1 that under the action of forces from rope torsion,
without taking into account the action of horizontal forces arising from the eccentrici-
ty of the loading of vehicles, the angles of rotation of the loaded cage are 1.174 de-
grees, and taking into account the dynamic factor Kd=5 and the safety factor Ks=1.5
the angle of rotation is 8.81 degrees, and for an empty cage, taking into account
Ks=1.5, it is 1.76 degrees. Taking into account all the gaps, we obtain the shaft diam-
eter shown by a dashed line in Figure 1, and add (according to the technique [2]) a
safety gap A=510 mm per side. As a result, we obtain the shaft diameter in compli-
ance with all the necessary gap requirements.
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Calculation of the shaft diameter for two cages of type 2KH4-2 of one lifting unit
moving in rail guides (P43) of rigid reinforcement of the shaft is carried out taking
into account all the requirements of the calculation technique [1] and the current
"Safety rules for coal mines: NPAOP 10.0-1.01-10" [3], and its results are shown in
Figure 2. A box-shaped guide made of welded angles according to GOST 8509-86
with a cross section of 200%x200x14 is installed as a central bunton. It is fixed to the
shaft lining with concrete embedding on both sides and installed along the shaft depth
with a step of 3.126 m. The rail guides are fixed in overlays (“floorbeams”) welded to
the bunton from above and below, and fastened with the help of two pairs of staples
(Briar type), tightened with a bolted joint above and below the bunton. The kinematic
link of the cage and the rail guide is carried out with the help of closed guided legs, as
can be seen from the structure of the reinforcement tier (see Figure 3), the diameter of
the shaft has significantly decreased, but at the same time, the metal consumption and
aerodynamic resistance of the shaft have significantly increased.

|

| / B I

{27y

- L7

| [7 <

! ‘ X /.
o<

,_-é\f() |

| | 2

|| D

| | 7
1y

| | 2

|- oo [
e | /7
@ 0] o /

‘ ! o /////

2y

|

' 7

!/- //// A

447 ‘

1 — lifting vehicle (cage type — 2KH4-2); 3 — shaft lining; 8 — guiding legs of vehicles;
9 — central bunton; 10 — rail guides

Figure 2 — Cross-section of the shaft with cages moving in guides (P43) of rigid reinforcement
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Figure 3 shows a scheme of the movement of two cages (type 2KH4-2) of one
lifting unit in double-row RPGs located between the cages in the middle of the shaft
without buntons, where the roller guides are used as main guides during the move-
ment of cages, and the rigid guides with grippers are used as safety guides [4, 5, 7].

1 — lifting vehicle (cage type 2KH4-2); 2 — RPG (double-row); 3 — shaft lining
Figure 3 — Cross-section of the shaft with two cages moving in the RPG (double-row)

Figure 4 shows the interface of the RPGs and the fastening of cages to them (view
B), where the cages (type 2KH4-2) move in double-row RPGs, consisting of 6 ropes
d=42 (GOST 7669-80) with a steel core (item 2.1) located in the enclosing profile 2.2
(commercially available 200x180x8 channel according to GOST 8278-83) and
closed with a back cover 2.5 (made of sheet 5 mm thick), assembled into a single
structure with the help of lower (2.9.1), upper (2.9.2) and middle (2.9.3) parts of
clamping brackets tightened with bolt joints 2.3. The main kinematic connection of
the cage with RPGs is provided with the help of rollers with grips 6.3. Straight rollers
6 provide directional movement of the cage and damping vibrations due to the rubber
layer. Rollers are attached to the cage using attachments 6.2. The reliable kinematic
connection is ensured by a safety leg 5.2 with grips. The enclosing box 2.2 is protect-
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ed against the wear due to the leg inserts 5.3. Connection of adjacent RPGs is carried
out using the [-beam segment 11 attached to the sole with bolts 2.3 (see Fig. 6) [4, 5].

As can be seen from the reinforcement shown in Figures 4 and 5, the use of dou-
ble-row RPGs as guides for the movement of cages significantly reduces the metal
consumption of the reinforcement and the aerodynamic resistance of the shaft, elimi-
nates the need for embedding buntons in the shaft lining and installing them, as in a
rigid reinforcement of the shaft, and allows you to fit in the same shaft diameter
while achieving a higher level of safe operation, taking into account all regulatory
requirements [3].
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1 — lifting vehicle (cage type 2KH4-2); 2 — RPG (double-row); 2.1 —rope; 2.2 — enclosing profile;
2.3 — attachment of RPG parts; 2.5 — enclosing bar of RPG;
2.9.1 — lower part of RPG bracket; 2.9.2 — upper part of RPG bracket; 2.9.3 — middle part of RPG
bracket; 5.1 — leg attachment; 5.2 — safety leg with grips; 5.3 — leg inserts; 6 — RPG roller; 6.1 —
roller axle; 6.2 — roller attachment; 6.3 — roller with grips; 11 — I-beam segment (0.3 m long)

Figure 4 — View B

Deviation of cages under the action of horizontal forces arising during the move-
ment as a result of all three exposure options is the most critical in the case of their
movement towards each other at the meeting point of the vehicles in the middle of the
shaft, especially in terms of the impact of the torsion of cages.

Therefore, in order to increase the reliability of vehicle movement, it is necessary
to develop the structures that can significantly reduce the harmful effects of horizon-
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tal forces that arise when the cages of one lifting unit move towards each other at
their meeting point in the middle of the shaft.
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1 — vehicle; 2 — RPG; 2.6 — RPG of reinforcement; 3 — shaft lining

Figure 5 — Joint reinforced RPG for the movement of cages

Consider the option for cages 8 m long (see Figure 1). In addition, a single-row
RPG, which structure is shown in Figure 7, is proposed to use for the main RPGs.

As can be seen from Figure 5, for a cage of type 2KH4-2 with L=8 m, the length
of the meeting area of the vehicles is L=16 m. To reduce the influence of vehicle os-
cillations, we take a double length equal to L=32 m, in more remote places on both
sides of the RPG they do not have reinforced sections of the RPG 1 m long.

Figure 6 shows the layout of cages moving in one-sided RPGs. The meeting area
of vehicles in the middle of the shaft is reinforced at the length of 4 vehicles
(L=32 m) with the help of a rectangular RPG section mounted between RPGs with a
length of L=1 m and with a step of 8 m.

Figure 7 (View A) shows a cross-section of a double single-row RPG and cage
guiding devices. A single-row RPG has an enclosing profile 2.2 (6 mm thick) made
in the form of an elongated hexagon with parts of a tightening bracket (lower 2.9.1
and upper 2.9.2) inside with places for ropes. In this case, the lower part of the brack-
et 2.9.1 1s welded into the enclosing profile 2.2, the upper part with ropes 2.1 is bolt-
ed into a single structure. On the enclosing rear bar 2.5 made of a plate 5 mm thick, a
profile of a reinforcing RPG is attached (in this embodiment, 140x90x10 unequal leg
angles according to GOST 8510-86) and a bar of a reinforcing RPG, with parts of
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tightening brackets (right 2.10.1, middle 2.10.2 and left 2.10.3) inside and the seg-
ments of ropes d=36.5 with a steel core between them according to GOST 7669-80.
The entire structure is tightened into a single unit by through bolted joint 2.4 (see

Figure 7). The preload of the ropes 2.1 of the reinforcing RPG is carried out in as-
sembled state.

1 — lifting vehicle (cage type — 2KH4-2); 2 — RPG (single-row); 2.1 — reinforcing RPG; 3 — shaft
lining

Figure 6 — Cross-section of the shaft with two cages moving in single-row RPGs

The main guides that provide the kinematic connection of the cage and the single-
row RPG are rollers with grips and a recess for the hexagonal single-row profile of
the RPG fixed on the vehicle by means of the roller axle 6.1 and attachment 6.2.
Safety guides are made as rigid legs 5 with a grip that repeats the profile of a single-
row RPG. They are attached to vehicle 1 by attachment 5.1 (see Figure 7).

This structure of the kinematic attachment of a single-row RPG makes it possible
to have a large contact area of the guide with the safety guide leg 5, a large number of
guide front rollers 6.3, high bending rigidity of the joint guide at the meeting point of
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vehicles, ensuring safety gaps between the shaft lining and the moving cage up to
341 mm (see Figure 6).

1 — lifting vehicle (cage type — 2KH4-2); 2 — RPG (single row); 2.1 — rope; 2.2 — enclosing profile;
2.3 —bolted joint of RPG parts; 2.4 — through bolted joint of RPGs; 2.5 — enclosing bar of RPG;
2.6 — enclosing profile of reinforced RPG; 2.7 — reinforcing RPG bar; 2.8 — mobile RPG connec-

tion; 2.9.1 — right side of RPG bracket;

2.9.2 — left part of RPG bracket; 2.10.1 — lower part of reinforcing RPG bracket; 2.10.2 — middle
part of reinforcing RPG bracket; 2.10.3 — upper part of RPG reinforcing bracket; 5 — safety leg; 5.1
— leg attachment; 6 — side roller; 6.1 — roller axle;

6.2 — roller attachment; 6.3 — frontal roller

Figure 7 — View A

In addition, this design allows you to significantly reduce the angle of rotation of
vehicles at the point of their meeting due to single-row adjacent RPGs which have
many times greater torsion resistance compared to single rope guides. There is also
no need to increase the shaft diameter, taking into account the safety gaps of 510 mm

and hanging fender guides along the entire shaft length.
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Figure 8 shows the arrangement of cages moving in single-row RPGs in a section
not located in the center of the shaft, while the joint horizontal forces acting on the
guide have significantly decreased due to a decrease in aerodynamic forces and vehi-
cle torsion. At the same time, the safety gaps comply with the requirements of regula-
tory documents [3].

View B

1 — lifting vehicle (cage type — 2KH4-2); 2 — RPG (single-row); 3 — shaft lining
Figure 8 — Cross-section of the shaft with two cages moving in single-row RPGs

For the developed structures and schemes (see Figures 1-9), we use the finite el-
ement method software to determine the values of frontal deflections (as the most
dangerous) for various guides under a maximum static load of 2.5 kN. These struc-
tures are:

- rope guides d=52 (see Figure 1);
- rigid reinforcement with P43 rail guides (see Figure 2);

- double-row RPG, consisting of 6 ropes d=42 (GOST 7669-80) with a steel core
and enclosing profile (200x180%8 channel according to GOST 8278-83) and a rear
cover 5 mm thick (see Figure 3);
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- two single-row RPGs, consisting of 5 ropes d=36.5 (GOST 7669-80) with a steel
core and enclosing profile and a back cover 5 mm thick.
The results and values are summarized in Table 1.
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1 — lifting vehicle (cage type — 2KH4-2); 2 — RPG; 2.1 —rope; 2.2 — enclosing profile; 2.3 — attach-
ment of RPG parts; 2.5 — enclosing bar of RPG; 5.1 — leg attachment;
6 — RPG roller; 6.1 — roller axis; 6.2 — roller attachment; 6.3 — frontal roller
Figure 9 — View B

Table 1 — Comparative table for determining deflections when applying a static horizontal load

2 RPG
No _ [ d4ropeguides |, pp | Hppg | 97dF42)
Name Unit per vehicle (6xd=42) | (5xd=42) +
d=52 1 RPG
(6xd=42)
Rope guide deflection in the
' | middle of the shaft mm 00 >8 67
) Guaranteed gap between vehi- mm 50 50 100 100
cles AT
3 .Gulde.deﬂectlop at the meet- mm i 58 6.7 33
ing point of vehicles
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Table 2 — Comparative table of reinforcement metal consumption

Fl;);;ble Variable

NP A 2 RPGs
No. Name Unit | Rigid rein- force- 2 REG (5xd=42) +

forcement ment 8 (6xd=42)

ropes 1 RPG

4=52 (6xd=36.5)
Buntons

1 Shaft depth m 1,200.00 1,200.00 1,200.00 1,200.00

2 Bunton type box beam

3 GOST 8509-06 7669-80

4 Bunton cross section mm | 200x200x14 - - -

5 Bunton weight kg/rm 85.60 - - -

6 Buntons length in the m 2,600 i i i
tier

7 Reinforcement step m 3.126 - - -

8 Number of tiers pcs 384 - - -
Bunton weight in the ¢ 282.68 ) ) )
shaft
Guides

1 Guide cross section mm P43 d=52 200x180x6 380x100x6

2 Guide weight kg/rm 43 11.85 77.12 71.6 and 80.26

3 Guide length rm 1,200.00 1,200.00 1,200.00 1200+32=1232

31 Reinforcing guide m i i i 37
length

4 Weight of fender ke/rm i 11.85 i i
ropes

5 Number of guides and pes i 2 4 449
fender ropes
Weight of shaft t 821.76 113.76 | 370.176 348.82
guides
Attachment

1 Weight of attachment | kg/pc 9.10 - 28.00 25.00

) Number of attachment pes 2.00 i 400 4
per tier

3 | Number of attachment | .o | 307200 : 300.00 310.00
per shaft
Weight of shaft at-| 27.96 7.68 33.6 31.00
tachment

Total weight of shaft rein-| 849.72 121.44 | 403.77 348.85

forcement:

The developed structures of a single-row RPG with reinforcement make it possi-

ble to reduce the weight of the reinforcement, significantly increase safety gaps be-
tween the cages and the shaft lining, reduce the number of ropes, reduce the deflec-
tion of guides, and as a result significantly increase the service life, and also increase
the safety and durability of the RPG, as well as the entire shaft reinforcement system.




ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 163 87

3. Conclusions

The development and implementation of the structures of a single-row RPG with
reinforcement between adjacent guides at the meeting point of the vehicles in the
middle of the shaft makes it possible to achieve the following results:

- to ensure high reliability of operation of a single-row RPG;

- to increase the service life due to a significant decrease in the level of dynamic
effects;

- to reduce labor intensity of maintenance and operation compared to rigid rein-
forcement, due to the complete absence of buntons;

- to reduce metal consumption compared to rigid reinforcement;

- to reduce the level of dynamic oscillations at the meeting point of vehicles in the
middle of the shaft in the frontal and lateral planes;

- to increase the reliability of the kinematic connection in the "vehicle-RPG" sys-
tem due to the use of special forms of side rollers and guide legs;

- to reduce safety gaps per side - 500 mm per side for cage hoists along the entire
depth of the shaft;

- to reduce capital costs during installation and construction;

- to eliminate the effect of reinforcement on the shaft lining.

In general, the use of single-row RPGs with reinforcement at the meeting point of
cages in the middle of the shaft with an enclosing profile made in the form of an
elongated hexagon will improve the reinforcement of vertical mine shafts, signifi-
cantly reduce the level of dynamic effects in the "vehicle- reinforcement" system due
to the absence of buntons, and achieve high service life and reliability level of
equipment.
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LNOCNIIKEHHSA | PO3POEKA KOHCTPYKLIA OOUHAPHUX KAHATHO-MPO®INbHUX MPOBIOHUKIB
ana Pyxy KniTiB B APMYBAHHI CTOBBYPA
Py6enb A.O., Kypaesa O.B.

AHorTauisi. B poborTi 4ocnimKkeHO ropu3oHTanbHi HaBaHTaXEHHS, L0 BUHMKAKOTL NPM PYCi CYAWH nig Aieto auemna-
TUBHUX CUN (KPYYEHHS KaHaTiB, aepOaMHaMIYHUX CUM, 3aBaHTAXEHHS KNiTeN 3 eKCLEHTpUCUTETOM Y noboBii Ta GivHii
NMOLLMHI), SIKi Ail0Tb HA OAHOPSAAHI KAHATHO-NPOMINbHI NPoBigHKKK (aani: - KIIT; - abo npoBiaHwK).

Y poboTi Ans ABOX PyXOMWX KMiTeid OAHIET NigAOMHOI YCTAHOBKM BiANOBIAHO A0 YMHHMX HOPMATMBHWX METOAUK i
Mpasun Gesnekn nobyaoBaHO nepepian CTBONIB 415 Pi3HKUX TWUMIB apMyBaHHS CTOBOYpY, NpoaHanisoBaHO nepesary i
HeJonikM Ta NPOBEAEHO X NOPIBHSANBHUIA aHani3.

Ha nigctasi gocnimkeHb po3pobneHo KOHCTpyKLUii oaHopsaaHux KIM, siki MaloTb MeHLLY KinbKiCTb KaHaTiB Ta KOHCT-
PYKLi0 OropofyBansHOro npodifto y BUMMSALI BUTATHYTOMO LUECTUrpaHHWKA, SKUA [O3BONSE NiABULLMTM HALiAHICTb
KIHEMaTUYHOrO 3B'A3KY B CUCTEMI «CyOMHA-NPOBIAHUK» Ta 3abe3neynty 36inblueHHs 3anobikHUX 3a30piB MiX CyauHaMm
Ta KpinneHHsm ctoBbypa.

BukoHaHa po3pobka pisHWX KOHCTPYKTUBHUX pilleHb ogHopsgHux KNI ans knitei, ska 403BONsiE 4OCAITY:

— BUCOKOI HaiHocTi ekcnnyartauii ogHopsigHoro KIr;

— 36iNbLUEHHS TepMiHy ekcnnyatauii, BHaCigoK 3HaYHOrO 3HXKEHHS PIBHS AUHAMIKY;

— 3HWKEHHS TPYLOMICTKOCTi 0BCryroByBaHHS Ta ekcnnyatauii, y NOPIBHAHHI 3 KOPCTKUM apMyBaHHAM;

— 3HUXEHHS! METaNOMICTKOCTI, NOPIBHSIHO 3 XOPCTKUM apMyBaHHSM;

— 3HVKEHHS PIBHS AMHAMIYHUX KOMMBAHb Yy MICLji 3yCTpiyi NOCYAWH Y cepeauHi cToBbypa 3a paxyHOK 3HUXEHHS Npo-
ruHiB KM

— 36inbLUEHHST HAAINHOCTI KIHEMATUYHOTO 3B'A3ky B cucTeMi «mocyauHa - KMy, 3a paxyHoK 3aCTOCyBaHHs Hanpas-
NAKYMX Nan cnewianbHOi KOHCTPYKUT;

— 3HWKEHHS 3anobixHMX 3a30piB Ha Oik ( §o 500 MM Ha 6ik) Ans KNITLOBMX NiANOMIB NO BCil rMubKHI CTOBOYpPa, AK Y
MOPIBHSAHHI 3i THYYKUM apMyBaHHSIM;

— 3HWKEHHS eKcnnyaTauiiH1X BUTpaT Yepes BUCOKWN TepMiH cryxou ogHopsiaHoro KIIT;

— BUKITOYEHHS 3aCTOCYBaHHS BiaGiNHWX KaHaTIB;

— 36iNbLUEHHS TePMiHy ekcnnyaTauii KaHaTHO-NPOMINbHNX NPOBIAHWKIB 4O PiBHS NPOBIAHWKIB XXOPCTKOTO apMyBaHHS!
cToebypa.

Pe3ynbTaToM BNpoBagXeHHS pO3pobneHnx KOHCTPYKLin ogHopsiaHnx KT 3 nocuneHHsM, € NPpOAOBXEHHS TEPMIHY
Cnyx6u apMyBaHHS1, Ta 3HWKEHHS BUTPAT Ha kanitanbHe OyAiBHALTBO Ta ekcnyatalito npu BUgobyTKy KOPUCHMX Kona-
TUH 3 IIBOKMX FTOPU3OHTIB.

KntouoBi cnoBa: waxTHi BepTuKanbHi CToBOYpU, OAMHAPHI KaHATHO-NPOINbHI NPOBIAHWKMA, NOCUINEHHS NPOBIAHW-
kiB, 30inbleHHs 3anobiKHUX 3a30piB MiX KNITSMM i KpiNneHHam cToBOypa, LU0 HanpaBnskTb 3anobixHi NpucTpoi, ropu-
30HTanbHi cunmn B 1060BOMY Ta BiYHOMY HAMPAMKY.





