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Abstract

Experimental design developments and theoretical studies of disk (tubular type) - shoe
brakes of drilling drawworks with forced air cooling of their friction pairs made it possible to
establish the following: a method for selecting materials for friction pairs based on their dynamic
and thermal energy loading was proposed; the average radius of the disk friction belt and their
mutual overlap coefficient were introduced to the known design parameters of friction pairs; the
influence of the design parameters of a serial disk brake on the weight of the drill pipe string
lowered into the well and its operating parameters, from which the braking torque was extracted,
the influence of constant and variable design and operating parameters on the braking torque and
a comparison of its value for different cases.
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Qazima bucurgadinin yeni nov diskli-kiindali aylacinin strtiinma
ciitii ticiin materiallarin secilmasi vo istismar parametrlarinin
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Xulasa

Surtinma citlorinin macburi hava ilo soyudulmasi zamani qazima bucurqadinin diskli-(boru tipli)-
kiindali aylacinin tocriibi-konstruktor islori Vo noazori todgiqatlar1 asagidaki noticalori mlayyon etmoya
imkan verir: surtinms cdtlorinin dinamik vo istilik enerji yuklonmasi nazors alinmagla materiallarin
secilmasi Usulu toklif edilib; surtinma citlari Gglin molum konstruktiv parametrlors slavs olarag, diskin
stirtinma komorinin orta radiusu vo onlarin qarsiligh 6rtik omsali kimi yeni parametrlor daxil edilib;
seriyali diskli aylacin konstruksiya parametrlorinin quyuya endirilon gazima boru kemoarinin ¢akisina va
istismar parametrlorina, xisusan do ayloc momentina tasiri todgiq olunub; ayloc momentino sabit vo
doayiskan konstruktiv va istismar parametrlorinin tosiri aragdirilmis va onun mixtalif hallar G¢in giymatlori
migayisa edilib.
Acar sozlar: yeni diskli-kiindali oyloc, surtinma citl, konstruktiv vo istismar parametrlori,

parametrlorin qarsiligh slagoesi.
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AHHOTAUA

ONBITHO-KOHCTPYKTOPCKHE Pa3paOdOTKH U TEOPETUUYECKUC HCCIEAOBAHUS ITHUCKOBO (TpyOUaToro
THIIA) —KOJIOJIOYHBIX TOPMO30B OYPOBBIX JI€OCA0K MPH MPUHYAUTEIHBHOM BO3AYIIIHOM OXJIAXKICHUH UX T1ap
TPEHHS ITO3BOJIMIIN YCTAaHOBUTH CIIEIYIOIee: IPEUI0KEeH METO/ BEIOOpa MaTepraioB Map TPEHUsI, HCXOs
13 UX JUHAMHYECKOW M TEIUTOBOM DHEPrOHATPY>KEHHOCTH; K M3BECTHBHIM KOHCTPYKTHBHBIM TapaMmeTpam
nap TPEHHs BBEJICHBI CPEIHUN pajinyC MOsca TPSHHS JUCKA U UX KOI(DPUIIMEHT B3aMMHOTO MEPEKPHITHUS;
BIMSIHHE KOHCTPYKTHBHBIX ITapaMETPOB CEPUHHOTO JMCKOBOTO TOPMO3a HAa BEC KOJOHHBI OYPHIIBHBIX
TpyO CITyCKaeMBbIX B CKBR)XXHHY W €0 3KCIUTyaTallMOHHBIE MapaMeTphl, U3 KOTOPHIX BBIIEIEH TOPMO3HOMN
MOMEHT; BJIUSHHE Ha TOPMO3HOM MOMEHT TIOCTOSHHBIX U TIGPEMEHHBIX KOHCTPYKTHUBHBIX U
AKCILTYyaTallMOHHBIX MTAPaMETPOB U CPABHUTH €T0 3HAUCHUE ISl PA3IMYHBIX CIIydacB.

KialoueBbie cii0Ba: HOBBIM JHCKOBO-KOJOJOYHBIH TOPMO3, Tapa TPEHHs, KOHCTPYKTHBHBIE U
AKCIUTyaTallMOHHBIC TTApaMEeTPBhl, B3AUMOCBSI3b ITAaPaMEeTPOB.
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Introduction

With the current level of development of
computer technology, which allows even on a
personal computer to simulate objects with a
total number of degrees of freedom of the
order of hundreds of thousands using the finite
element method (FEM), there are still many
unsolved technical problems, including in the
field of drilling winches, such as the
conditions of frictional interaction of the
friction belt of the brake disk with the working
surface of the friction lining, the problem of a
comprehensive study of the braking process in
the relationship of design and operational
parameters affecting the energy capacity of a
new type of disc-shoe brake of a drilling
winch.

Analysis of literature data and problem
statement

In the work [1] a comparison of foreign
models of disc-shoe brakes with hydraulic
drive PS440-9000 and PS40-900 of drilling
rigs ZJ12 and ZJ15 was made. It was found
that in order to increase the braking torque by
11 times, the diameter of the brake disc is
increased by 1.7 times, the number of brake
units is increased from 2 to 7, during sharp
braking from 1 to 3, and the pressure in the
hydraulic system increases from 7.0 to 8.0
MPa.

Based on a systems approach, the
possibility of forming equivalent series of
friction pairs of modular disc-shoe brakes of
mine hoisting machines of various lifting
capacities has been demonstrated [2], using
brake friction pairs in them, which have been
tested and studied on vehicles as a dynamic
model.

The method of forced air-nano-liquid
cooling of friction pairs of a drilling winch
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disc-shoe brake [3] consists in the fact that the
evaporation zone of the nano-liquid is the
volume of the main brake disc, and the zone of
its condensation is the volume of the
additional disc, and at the same time, diffusers
and confusers perform the functions of a
transport zone between them, as well as
accelerators and retarders of internal heat
exchange processes associated with different
aggregate states of the nano-liquid, and the
external system of forced cooling of matte and
polished surfaces of rotating discs is subject to
convective and radiation heat exchange,
washed by air flows of the environment.

In [4], it was proven that the thickness
of the brake disc has an uneven effect on the
surface-volume temperatures and equivalent
stresses that arise during electrothermo-
mechanical friction.

In a 45.0 mm thick disc, the surface-
volume temperatures are somewhat lower due
to its metal content than in a 35.0 mm thick
disc. In the first disc, high equivalent stresses
arise due to a more uneven distribution of the
surface-volume temperature in it. In the
second disc, the surface-volume temperature
was higher, but lower equivalent stresses arise
in it.

The work [5] is devoted to the
development of a disc-shoe brake for high-
speed rail transport. It addressed the issue of
increasing the traction and motor-car rolling
stock while maintaining a high level of safety.

The aim of the work

The aim of the work is to establish a
connection in the selection of materials and
design and operational parameters of new
types of disc-shoe brakes for drilling winches
when lowering pipe candles into a well.
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Interrelation of operational para-
meters of disk (tubular type) - shoe brakes
of drilling winches when choosing materials
of their friction pairs. According to
fragments of a new type of disk-shoe brakes
with a forced air-nano-liquid cooling system,
we have the following (Fig. 1). The design is
tubular. The main brake disk with friction
belts 1 rests on strength solid 7 and with non-
solid cuts 8 rings. Here are also located the
overlap zones of friction linings 2. The main 1
and additional 9 disks have chambers, the
volumes of which are connected to each other
on semicircles by diffusers 4 and confusers 3.

When selecting materials for the friction
pair of a tribosystem, it is necessary to adhere
to its structural-parametric synthesis (Fig. 2).

a)

A
\

7

1

Figure 1 a, b — Combined friction belt of a disc-
shoe brake with a forced air-nano-liquid cooling
system: 1 — friction belt; 2 — zones of overlapping
by friction linings; 3 — confusers; 4 — diffusers;
5, 6 — zones: evaporation, condensation; a and b —
upper and lower parts of the tubular system, which
is not filled with nano-liquid

[ Optimization l—|Administrationl—— Regulation

Quality I_.| Persistence Stabilization
Structural and parametric synthesis |

Figure 2 — Structural-parametric synthesis of
brake friction pairs
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Selection of materials for the friction
pair of the tribosystem:

- according to reference data, using the
HB (Brinell hardness) and & p (linear
elongation at break) criteria, the most wear-
resistant counterbody material is selected in
proportion to this criterion);

- based on a comparison of the friction
heat resistance curves in the form of
dependencies of the dynamic friction
coefficient x and wear intensity | on the
maximum friction surface temperature t max
(below and above the permissible temperature
for friction lining materials) 4 = u (W, N,
tmax) and 1 =1 (W, N, tmax) (where W - friction
power; N - normal clamping force; p - pulse
specific load), a friction pair is determined that
meets the technical conditions [6-9];

- select the design of the friction unit
(single- or multi-pair) and the type of loading
(aperiodic, cyclic or long-term), ensuring
pulsed or long-term heat supply (one-sided or
two-sided) to the friction surfaces, the
dynamic coefficient of mutual overlap s and
the design dimensions of the friction pair, as
well as the duration of their indirect forced
cooling by heat carriers having different states
of aggregation;

- assessment of the thermal balance of
the serial and main brake disc using the
temperature method, measuring the surface
temperatures of their working surfaces with
sliding thermocouples during cyclic braking
with a disc-shoe brake, determining the
efficiency of forced air-nano-liquid cooling; in
the case of cooling of heated brake discs, the
efficiency of their natural cooling is
determined,
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Table 1 — Main design parameters of drilling rig models with winches equipped with serial disc-shoe

brakes with hydraulic drive

Model PS440- PS295- PS240- PS165- PS60-

9000 6700 4500 3150 1350 PS40-900
Drilling rig Z2J120 ZJ90 Z2J70 ZJ50 2320 2J15
Braking torque, KNm 440 295 240 165 60 40
Bending moment at rest 245 160 120 85 40 o5
kNm
Sharp bending  moment | o 455 360 250 100 65
kNm
Brake disc diameter 2100 1900 1600 1500 1400 1200
Average radius of disc| o), 720 570 520 470 370
friction belts, mm
Number of supports 7 5 4 4 3 2
Number of calipers during
hard braking 3 3 2 2 1 1
System pressure, MPa 8 8 8 7 7 7
Coefficient of -~ mutual | ) 0.33 0.34 0.37 0.30 0.26
overlap of friction pairs

The relationship between the design

and operational

parameters of various

models of disc-shoe brakes with hydraulic
drive of drilling rig winches. According to
work [1] from which Table 1 is borrowed and

average value of the large and small radii,
indicating what part of the disk's metal
capacity affects temperature gradients. The
second parameter characterizes the energy
load of a single support. The values of surface

supplemented by two design parameters: the
average radius of the disk friction belt and the
dynamic coefficient of mutual overlap of
friction pairs. The first characterizes the

and depth temperature gradients are
influenced by the location of the calipers
around the circumference of the main brake
disc (Table 2).

Table 2 — The arrangement of the calipers around the circumference of the main brake disc

Number of supports

1 | 2 | 8 | 4 [ 5 | 6 | 17 | 8
Location of calipers:
symmetrical
- ! 2 1 - | 4 | - | 6 | - | 8
asymmetrical
- ! - [ s ! - [ 5 [ - | 7 [ -

Let us analyze the results presented in
Table 3.

With one number of paired supports
(n) at variable values of the dynamic friction

coefficients (x) at constant values of the pulse
specific loads (p, MPa), a new parameter was
obtained - the weight of the drill string falling
on a unit area of the working surface of the
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friction linings (G, N/mm?). In this case, for
each of their paired supports (n), the ratio of
the maximum to minimum values of G was
2.4. This circumstance indicates uniform wear

of the working surfaces of the linings
frictionally interacting with the friction belts
of the main disks of the drilling winches when
lowering the tool into the well.

Table 3 — The weight of the drill string per unit area of the working surface of the friction linings

n u p, MPa G, N/ mm? n u p, MPa G, N/ mm?
2.0 1.8 2.0 54
2.4 2.16 2.4 6.48
0.3 0.3
2.8 2.52 2.8 7.56
3.2 2.88 3.2 8.64
2.0 2.1 2.0 6.3
2.4 2.52 2.4 7.56
0.35 0.35
2.8 2.94 2.8 8.82
5 3.2 3.36 6 3.2 10.08
2.0 2.4 2.0 7.2
2.4 2.88 2.4 8.64
04 04
2.8 3.36 2.8 10.08
3.2 3.84 3.2 11.52
2.0 2.7 2.0 8.1
2.4 3.24 2.4 9.72
0.45 0.45
2.8 3.78 2.8 11.34
3.2 4.32 3.2 12.96
2.0 3.6 2.0 7.2
2.4 4.32 2.4 8.64
0.3 0.3
2.8 5.04 2.8 10.08
3.2 5.76 3.2 11.52
2.0 4.2 2.0 8.4
2.4 5.04 2.4 10.08
0.35 0.35
2.8 5.88 2.8 11.76
4 3.2 6.72 8 3.2 13.44
2.0 4.8 2.0 9.6
2.4 5.76 2.4 11.52
0.4 0.4
2.8 6.72 2.8 13.44
3.2 7.68 3.2 15.36
2.0 5.4 2.0 10.8
2.4 6.48 2.4 12.96
0.45 0.45
2.8 7.56 2.8 15.12
3.2 8.64 3.2 17.28

35



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2025, cild 17 (4), s. 30-37
0.X. Canahmadov vo basq.

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (4), pp. 30-37
A.Kh. Janahmadov et al.

Let us analyze the graphical
dependencies shown in Fig. 3 and 4,
concerning the change in braking torque by
friction pairs of disc (tubular type) - shoe
brakes with their forced air cooling: 3 a, b, ¢, d
— with an increase in the weight of the drill
pipe column G with an even number of
supports n and constant working areas of the
pads A and dynamic coefficient of friction x at

different pulse specific loads p, the braking
torque increased from 491.0 to 729.0 kNm; 4
a, b, ¢, d — with an increase in the weight of
the drill pipe column G with an even number
of supports n and constant working area of the
pads A and pulse specific load p with different
dynamic friction coefficients u, the braking
torque increased from 610.0 to 848.0 KNm;

M kHm G, kH

848

610

1413
1215
1015
815
615
415
215 1A

15

Figure 3 a, b, ¢, d — Patterns of change in the braking torque M, developed by friction pairs of disk
(tubular type) - shoe brakes of drilling winches and the weight of the pipe column G from the number of
supports n and a constant working area of the linings A with a constant dynamic coefficient of friction pu =
0.35 and different pulse specific loads: a-p=2.0MPa; b-p=24MPa;c—-p=28MPa; G-p=3.2

Mpa

a)
M, kHm G, KH
491 4 815

Figure 4 a, b, ¢, d — Patterns of change in the braking torque M, developed by friction pairs of disk
(tubular type) - shoe brakes of drilling winches and the weight of the pipe column G from the number of
supports n and a constant working area of the linings A at constant pulse specific loads p = 2.8 MPa and
different dynamic friction coefficients y:a—pu=03b-p=035v-pu=04g—-pn=0.45
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Moreover, the initial and final values
of the braking torque in the first case were
24.1% and 16.3% less than in the second case.

Discussion of results

Experimental design developments and
theoretical studies of disk (tubular type) - shoe
brakes of drilling winches with forced air
cooling of their friction pairs allowed us to
establish the following:

- a method for selecting materials for
friction pairs based on their dynamic and
thermal energy load is proposed;

- the average radius of the friction belt
of the disk and their mutual overlap
coefficient were introduced to the known
design parameters of friction pairs;

- the influence of the design
parameters of a serial disc brake on the weight
of the drill pipe column lowered into the well

and its operating parameters, from which the
braking torque is extracted;

- the influence of constant and variable
design and operational parameters on the
braking torque and compare its value for
different cases.

Conclusions

Thus, the choice of friction pair
materials has been made and the relationship
between the design and operational parameters
of various models of disc-shoe brakes with
hydraulic drive of drilling rig winches has
been established.
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