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Abstract. The underground working environment of the shearer is complex and the working conditions are relatively
poor. It is necessary to continuously adjust the height of the rocker arm during the operation, improve the operation efficiency,
and improve the ability of the shearer to adapt to the more complex coal seam working environment. In order to optimize the
structure of the shearer adjustment mechanism, the strength and strength of the adjustment mechanism are improved by
increasing the size and angle of the adjustment mechanism and reducing the size and angle. Therefore, an optimized particle
group design method is proposed to optimize the drum adjustment mechanism of the shearer. Seven parameters such as
large lever, small lever and maximum swing angle are selected as design variables. Under the condition of limiting mining
height and rocker length, an optimization model with rolling angle and cylinder stress as objective functions is established.
The working characteristics of each part of the coal machine height adjustment mechanism are analyzed. The particle swarm
optimization algorithm is used to optimize the key parameters, and the optimization results are verified to ensure their accuracy.
The optimization results are compared with the original parameters. The results show that compared with the pre-optimization,
the cylinder stroke is shortened by 17.9%, the cylinder length is shortened by 8.94%, the rolling angle is reduced by 2.83%,
the cylinder tension is reduced by 12.1%, and the rocker bending moment is increased by 6.83 %, which meets the original
design goal. Therefore, the research provides a reference for the optimal design of the coal machine height adjustment system.
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MALLWHOCTPOEHUE

HayuHas ctatbs
YOK 622.23.05

OnTMMM3aUNOHHAA KOHCTPYKLUA MeXaHM3Ma perynupoBKu
BbICOTbl 6bapabaHa MaluMHbI A4NA A00bLIYX YIS HA OCHOBE
anropuTma pos YacTtuu

Oaranb In'™™“, BaHb60 L3512 YyHbnuH XaHb®
3X3linyHU3SHCKUU Hay4YHO-mexHU4YecKul yHugepcumem, e. XapbuH, KHP

Pestome. Llenb — onTyMm3aLyst KOHCTPYKUMKM MeXaH3Ma perynmpoBky BbicoTbl BapabaHa yrnenobbiBatollein ma-
LUMHBI NyTEM M3MEHEHUS pa3mepa U1 yrma MexaHu3ma perynupoBKW Ans MOBbILIEHNS HAAEXHOCTH paboTbl MexaHn3ma B
TSKENbIX 3KCMyaTalMoHHbIX YernoBusix. B paboTe ncnonb3oBaH METOA ONTUMMU3ALMM POsi YacTuL. B kauecTBe onopHbIX
napaMeTpoB Obiny BbiGpaHbl 3Ha4YeHNs AfIMHBI BONBLLIOTO pblvara, AnNVHbI Maroro pblyara 1 MakCMMarnbHOTO yria noBOpo-
Ta kopombicna. MNpu ycnoBum orpaHndeHnst paboyert BeICOTbI M AMUHBI KOPOMbICIIA YCTAHOBNEHA MHOMoLeneBast OnTUMu-
3aLMOHHas MOAENb C YIIOM KavyaHus 1 HanpshkeHueM uunuHapa 6apabaHa B kayecTBe LienesbiX (OYHKUMIA 1 NepeBeneHa
B OZHOLIENEBY (OYHKLMIO (MPY MOMOLLM NIMHENHBIX BECOBbLIX KO3 (MLIMEHTOB). [PaHNYHbIE YCNIOBUS ONTUMM3ALIMM MOy~
YeHbl Ha OCHOBE aHanm3a paboymx XxapakTepUCTUK KaX4on YacTu MexaHu3ma perynmpoBkM paboden BeiCOThl yrneaobbl-
BatoLLiel MaLLMHbI — Yron KavyaHus, X0 LMnvMHApa, Harpyska Ha LMnWHAP U KOPOMBICIO, OFPaHNYEHME NO BbICOTE W ASTMHE
KOpoOMbICra ¥ pbl4aroB. ANrOpUTM ONTUMM3ALMK POSi YacTuL, UCMOMb30BaH A8 ONTUMMU3ALMK KMIOYEBLIX pasMepHbIX 1
YIMOBLIX NAPaMETPOB KOpoMbIcna. Pe3ynbraTel OoNTUMM3aumm NPOBEPEHbI 418 OLEHKM MX TOYHOCTW. YCTaHOBIIEHO, YTO
MO CPaBHEHMIO C UCXOAHBIMM MapaMeTpaMmn yaanocb AOCTUYb CReayoWMX U3MEHEHNUIA ONMTUMU3NPYEMbIX BENUYNH: XOf,
umnuHapa cokpatuncs Ha 17,9%, anuHa uunuHapa cokpatunack Ha 8,94%, yron kavaHust ymeHblumnncs Ha 2,83%, Ha-
MPsPKEeHVe LunuHapa ymeHbwunnock Ha 12,1%, Ha 6,83% yeennunncs narmbatoLmin MOMEHT KopoMbicria. Takum obpasom,
NPeanoxeHbl PEKOMEHZALMU MO ONTUMM3ALMIN KOHCTPYKLIMW CUCTEMbI PETYIIMPOBKMA BLICOTHI KOPOMbICHA YriefobbliBato-
LLiel MaLLWHbI, CNOCOOCTBYIOLLME MOBLILIEHWIO HAAEXHOCTH €€ paboThbl B CMIOXHBIX YCIOBUSIX.
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Mumn3auus, p017| YacTuy, oNTUMU3aUNOHHAA KOHCTPYKLUNA

tDUHchupoeaHue. Pabora 6bina BbinonHeHa npn nogaepxxke HawuuoHansHoro (bOHD,a €CTEeCTBEHHbIX HayK Kntas

(npoekT No. 51974111).

Ansa yumupoearus: v araxb, LU3s BaHb60, KaHb YyHbnnH. ONTUMU3aLMOHHAs KOHCTPYKLWS MeXaHn3ma peryni-
POBKM BbICOTbI BapabaHa MalunHbl AN fobbium yris Ha ocHoBe anropuTMma post vyactuy, // iPolytech Journal. 2024. T. 28.
Ne 1. C. 31-39. (In Eng.). https://doi.org/10.21285/1814-3520-2024-1-31-39. EDN: QCPJUN.

INTRODUCTION

The working efficiency and stability of coal
mining machine determines the mining rate of
coal which is as one of the key parameters of coal
mining [1]. During the working process of the coal
miner, the swing of the rocker arm mainly relies
on the height adjustment mechanism for control,
therefore, the height adjustment mechanism is an
important part of the coal miner and affects the
working efficiency and reliability of the coal miner
[2]. The key components of the height adjustment
system are easily damaged due to excessive
forces due to the complex working environment
and changing loads. This is why it is so important
to optimise the size of the key components of the
raising mechanism.

Liu Chunsheng et al. [3] used the interior point
penalty function method to optimise the height
adjusting mechanism of the coal mining machine
and obtained the optimal solution for the key
components of the height adjusting mechanism
of the coal mining machine. Zhao Lijuan et al.
[4] used similar theory to optimise the design
of the coal mining machine height adjustment
mechanism and obtained the optimal solution
for the key components of the coal mining
machine height adjustment mechanism. Wang
Yadong et al. [5] verified the accuracy of the
control strategy for adaptive height adjustment
of the coal mining machine by simulating the
drum through idealised signals and combining
the virtual prototype with algorithms. Li Fuqging
et al. [6] used Matlab/Simulink to dynamically
analyse the height-adjustment mechanism. Ji
Cheng [7] established a mechanical model of
the height adjustment system of the coal mining
machine and concluded that the hydraulic
cylinder damping was negatively correlated with
the vibration of the cut-off section. Drawing on
the aforementioned research results, the author
applied the particle swarm algorithm to optimise
the key components of the height adjusting
mechanism and used a coal mining machine as
a design example to verify the accuracy of the
optimised design results.
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MATHEMATICAL MODEL OF THE HEIGHT
ADJUSTING MECHANISM

The control of the roller coal mining machine
height adjustment mechanism mainly relies on
the hydraulic cylinder, the hydraulic cylinder is
an important part of the coal mining machine,
owing to the harsh working environment of the
coal mining machine, and the small space of the
body, the structure is more compact, the size of
the cylinder requirements are also more strict.
Damage to the cylinder is mainly comes in the
form of cylinder head breaking off or piston rod
breakage; repairing the damage will not only
reduce efficiency, but also increase costs, so
the design of the height adjustment mechanism
must ensure the minimum load on the hydraulic
cylinder to effectively improve the reliability of the
machine.

When determining the design load of the
height adjustment cylinder, it is important to
select the correct working conditions for the
calculation. The working condition of the coal
miner down-hole is to adjust the height while
hauling, with the front drum rotating counter-
clockwise and the drum adjusting downwards
at its highest position to calculate the design
load of the heightening cylinder. The structure
and dimensions of the coal miner’s height
adjustment mechanism is shown in Fig. 1.
When the drum is adjusted upwards, the push
cylinder moves forward, pushing the bottom
end of the lower trunnion plate forward, the top
end of the lower trunnion plate upwards, the
rocker arm moves upwards together with the
lower trunnion plate, and the drum is raised
together with the rocker arm; when the drum
is adjusted downwards, the push cylinder
contracts, driving the bottom end of the lower
trunnion plate downwards, and the top end
of the lower trunnion plate. When the drum
is lowered, the push cylinder contracts and
moves the bottom end of the lower trunnion
plate down, the top of the lower trunnion plate
is lowered and the rocker arm is lowered and
the drum moves down.
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Fig. 1. Structure (a) and dimensions (b) of the height adjustment mechanism
Puc. 1. Koncmpykuus (a) u pasmepsl (b) MexaHu3Ma pe2yiupoeKu ebICOMbI

DETERMINATION OF THE OBJECTIVE
FUNCTION, PENDULUM ANGLE

In the diagram, L, is the vertical distance
between the full extension point A of the cylinder
and the swing center O, L; is the length from the
swing centre O of the rocker arm to the end of the
body, L; is the vertical distance from the swing
centre O to the rear stranding point O; of the
cylinder, L4 is the straight line distance from O to
the point O4, Ls is the horizontal distance from the
swing centre O to the rear stranding point O, of the
cylinder, Lg is the length of the rocker arm, H; is the
maximum upper swing height of the drum, H. is the
maximum lower swing height of the drum, @, is the
maximum upper swing angle of the drum, @, is the
maximum lower swing angle of the drum, 8 and
y are the installation position angles, A and B are
the positions of the piston rod and the stranding
point of the small rocker arm when the cylinder is
fully deep out and retracted [8-10].

The expansion and contraction of the push
cylinder drives the movement of the rocker arm.
In the process of coal mining, the height of the
drum needs to be adjusted continuously, and
the rocker arm swings continuously. In order to
improve the efficiency, the angle of swing should
be reduced to make the adjustment more rapid,
i.e. the angle of swing of the cylinder up and down
A¢ is minimum. In other words:

Ag= (Kcol -K o, )+ (ch — K, )% (1)

_ L;siny—Rsin(B+y+4+¢,)
A4 L cosy—Reos(B+y+d +,)
_ Rsin(f+y)—L,siny
o _L4 cosy—Rcos(f+y)

_R-L,;siny

co,

L,cosy
Rectifying equation (1) yields that the
objective function is expressed as follows:
v = R-L,siny
L,cosy

Lsiny-Rsinpeyrd e L
L,cosy —Rcos(B+y+d +¢,)

N R—-L;siny Rsin(f+y)-L,siny 2,
L,cosy  L,cosy—Rcos(f+y)

CYLINDER STROKE

The swinging arm needs to be driven by the
expansion and contraction of the cylinder, the
stroke of the cylinder should be reduced, i.e.
the minimum cylinder stroke in order to improve
efficiency,

Sax =S8+, +85,+85,+5,=5+5_.

m

Eq: S.. Axial dimensions required for the
construction of the cylinder, which can be
considered as a constant, mm.

The requirement that the cylinder stroke s be
minimal is equivalent to s =\/R*+ L —2RL,cos B is
minimal, so that the objective function

s:\/R2+Li—2RL4cosﬁ : (3)

OBJECTIVE FUNCTION OF THE FORCES

ON THE CYLINDER
In order to protect the key components of the

raising system, it is necessary to minimise the
load on the system, i.e. to minimise the force on
the cylinders.
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Fi=—>

Rsina’
Mlz{Fysingé1 +(FZ—G1—%)C05¢1}L6;
siny = 2 L24 Al e ;
JR* + L2 ~2RL, cos(¢ + 4, + )’

0.55T LIIXI0'N,nK _ . G,

{ R > ¢ 2)COS¢1}L6

5= RL, 54, + 6, + ) (4)

JR? + 2 —2RL, cos(¢, + ¢, + )

ROCKER ARM FORCES

The rocker arm is an important part of the
coal mining machine, connecting the machine
body to the drum. It is necessary to minimise the
force on the rocker arm to protect the rocker arm
during work.

F, ={Fy sing, +(F. -G, —%)COSQ}L(). (%)

In summary, there are four sub-objective
functions, which belong to the multi-objective
optimization problem. It is generally converted
into a single objective function for optimization
in order to make the optimization objective
function simple. In this paper, the linear weighting
coefficient method is used to convert the multi-
objective function into a single objective function
for optimization, from the formulae (2), (3), (4),
(5) can be obtained from the optimal objective
function, that is

F(x) i =WAP+wWs +wF, +w,F, . (6)

Where w1, w,, ws, wsand are weighted factors
indicating the magnitude of the influence of
each sub-goal on the overall goal. General
requirements  witwotwstw,=1. Consider the
level of impact, Fetch wy= 0.3, w.=0.3, w5;=0.3,
Wy = 0.1.

BINDING CONDITIONS, MINING HEIGHT
CONSTRAINTS

There is a limit to the height at which the coal
miner drum can swing up and down [11, 12], and
the range of heights at which the drum can swing
up and down, H; and H., can be obtained, as
shown in Fig. 2. There are L sing=H,, L sing,=H..
The constraints are

g()=L,sing, — H,=0; (7)
g(2)=L,sing, — H,=0. (8)
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COAL THROWING CONSTRAINTS

During the working process of the coal miner,
the cut-off teeth on the drum cut off the coal and
the falling coal blocks are thrown down to the
scraper conveyor with the movement of the drum
blades to the coal outlet, the rocker mechanism
of the coal miner is shown in Fig. 2.

Fig. 2. Rocker arm mechanism model
Puc. 2. Modenb kopombicna

To keep the coal from falling on the body, as
shown in Fig. 2, there is

L=L,;

L, =L, cosg —%Dy cos [¢1 + arcsin(Diy)}-

In Eq, L is horizontal distance from E to point
O, mm;

D, is blade diameter, mm;

H is rocker width, mm.

Binding conditions are

g(3)=Lscosg —%Dy cos {qﬁl + arcsin(Diy)} " )
-L,>0.

CONSTRAINTS ON THE LENGTH
OF THE ROCKER ARM

The gearing system inside the rocker arm
is shown in Fig. 3. In order to extend the length
of the rocker arm, a number of idler pulleys are
installed in the rocker arm, generally the number
of idler pulleys is n,=2~5.Z, is the number of
teeth of the idler pulley. Z,>Z; (Transmission
ratio requirements), m is the modulus, maximum
length of rocker arm is 1 =[4z +(Z +Z,)/2m .
Thus with _ =1, i.e.

g4 =L, —L;=0. (10)
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Fig. 3. Rocker arm transmission system
Puc. 3. Cucmema nepedayu Kopombicsa

CYLINDER STROKE
As seenin Fig. 1, the stroke size of the cylinder
depends on the maximum swing angle, i.e.

§=5401 7 Spor :\/R2 +Li —2RL,cos(¢+¢,+ ) -

—\jR2+Li—2RL4 cos 3 ;
Q+e

or s~ 2Rsin —= -
2

The size of the cylinder stroke should meet
Spor =S+ S, +8, +8,+5, +5, =5+,
well organized
g(5)= 2\/R2 +1; —2RL, cos B —

(11)

—JR* + 2 —2RL, cos(¢, + 4, + B) — 5. 0.

NON-INTERFERENCE CONDITIONS
AT POINTS AAND B

The perpendicular distance from A and B to
point O cannot be too small, then there is

R Sin(ﬂ + 7/)>L4min;
Rsin(B+y+¢ +¢,)=L;,..
g(6)=Rsin(B+y)-L,,,,=0; (12)
g(M)=Rsin(f+y+¢ +¢,)-L, . =0. (13)
CYLINDER REAR STRAND POINT
CONDITIONS

The rear pivot point should be higher than the
height of the transported coal seam, then there is

LSmax 21’4 cosy» Lzmax >L4 sin }/ZLBmin ) i.e.

8(8) = Ls sy
g(9) = L3max
g(10)=L,siny—L,

—L, cos y=0;
— L, sin =0, (15)
=0. (16)

SMALL ROCKER CONDITIONS
R ZR=>R_

ie.
(17)

(18)

g(l)=R_ —R>0;
g(12)=R-R_ =0.

THRUST OF THE CYLINDER
After determining the maximum working
pressure of the cylinder p and the inner diameter
of the cylinder D; and the diameter of the piston
rod d, it is required that the hydraulic pressure
generated by the cylinder should be greater than
or equal to the load force [13-15], i.e.
a2
4 (DF =d")phy Rsin A
In the formula, ki is residual factor, k;=0.8,
then

T, M
13)= (D> -d*)pk, ———1_=>0. 19)
g(13) 4(1 )Pk, Rsin

PARTICLE SWARM ALGORITHMS

The particle swarm algorithm (PSO) is a swarm
optimisation algorithm [16—18] for solving non-
linear functions that iteratively searches for the
optimal solution to an objective by simulating the
flight foraging behaviour of a population of birds.
without the selection, crossover and mutation
operations required by genetic algorithms, the PSO
algorithm is characterised by fast computational
speed and easy parameter adjustment, and is
widely used in the field of optimization® [19, 20].

Suppose that the population of the particle
algorithm consists of N particles moving in an
D-dimensional search space. Then the position
of the i particle, ie. X =(Xx,X,, X)),
the velocity v, =(v,,v,.---,v,,) of the i particle,
the optimal position p_ =(2,P,,---,P,)" of the
particle, and the population optimal position
Py =(P,.P,,++,F,)" of the population.

The iterative equations for position and
velocity are expressed as follows; x*" = x* +v-",

k

Vit =l +en(By - X))+ e (P — X)) where v,

id T

‘KanToBuy J.M., MepanskoB B.I. TopHble MallMHbI M 0BopyLoBaHME AN MOA3EMHbIX FOPHbIX paboT: yyeb. nocobue.

M.: M3g-so MITY, 2014. 408 c.
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is the velocity component of the particle in the
d-dimensional direction after k iterations; x*
is the position component of particle i in the
d-dimensional direction after k iterations; p,_ is
the position of the optimal fitness value reached
by particle / after k searches; p,  is the optimal
position reached by all particles after k searches,
w is the inertia factor, k is the number of iterative
searches, r, r, represent the random number of
the interval at [0,1]. ¢1 and ¢, are the acceleration
factors, which represent the cognitive and social
factors respectively. The flow chart of the particle
swarm optimisation algorithm is shown in Fig. 4.

()

b

> Imitialize each parameter

!

Calculation of individual particle
adaptation values

Find individual and group optima

y
Update the velocity and position of
individual particles

Satisfaction of termination
conditions

Fig. 4. Particle swarm optimization process
Puc. 4. [lpoyecc onmumu3ayuu posi Hacmuy,

Table 1. Variable optimization results
Tabnuua 1. Pesynbratbl onTUMmU3aumum nepemMeHHbIX

ISSN 2782-6341 (online)

EXAMPLE OF AN OPTIMISED DESIGN

Parameter setting of the particle swarm
algorithm Set the population parameters as
follows: population dimension b=7, number of
individuals in the population »=1000, maximum
number of iterations A =200, learning factor
¢1=C,=0.5, inertia weights w = 0.44.

CALCULATION EXAMPLES

MG300/700-WD coal mining machine as
an example of calculation, raw data: H, =3187,
H,=267,D, =1200, D=1400, / =500, L,,, =2267,L, =628,
L. =320, A=8325, L__=1900, L__ =460, L, =360,

Smax 3max 3min

R =420,R_ =600; N, =300, n=42, T =5.9x1, G, = 25440,
G,=24800, P=23, D =180, d =140, w, =03, w,=03,
w =03, w,=0.1, Z=22, z =40, n=7. From
equation (5), this objective function has seven
variables that do not interfere with each other,
i.e. kv hv @1+ @2n R, B, y, replacing these
7 variables with x.

Initial  values of design variables,
X =[l,1,4.4.R, B,y]" =[2313,1753,57°,15°,476,35°,16°T
the optimised results are shown in Table 1.

The changes in each objective function after

optimisation are shown in Table 2.
As can be seen from Table 2, through

optimisation, the cylinder stroke and length
have been reduced by 17.9% and 8.94%
respectively compared to before optimisation,
improving the safety of the cylinder, the swing
angle of the rocker arm has been reduced by
2.83% compared to before optimisation, which
can make the coal miner more suitable for the
narrow space downhole, the cylinder pressure
has been reduced by 12.1% compared to before
optimisation, improving the reliability of the
cylinder, and the bending moment of the rocker
arm has been increased by 6.83% compared to
before optimisation, improving the strength of the

Design volume L6/mm L4/mm a11(°) 2/(°) R/mm BI(°) vI(°)
Original 2313 2754 37.8 16.0 504 38.0 14.0
Optimisation 2480 2684 36.5 15.8 550 40.6 12.7
A% 7.22 -2.45 -3.44 -1.38 9.13 6.84 -9.29
Table 2. Objective function optimization results
Tabnuua 2. PesynstaThl ONTUMM3aLMMN LIENEBOW DYHKLMN
Design volume Cylims:l;er:]:]troke, CyIig::/rnl]?Tr‘\gth Svsg:il(agl)gle Cylir;;:/e";' pull Rock%‘momen
Original 1017.5 1850.0 53.80 485324 7.352x10°8
Optimisation 835.4 1684.6 52.28 426589 7.854x108
A2/% -17.9 -8.94 -2.83 -12.10 6.83
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rocker arm. The bending moment of the rocker
arm has increased by 6.83% compared to that
before optimisation, improving the strength of the
rocker arm.

CONCLUSION

A particle swarm optimisation algorithm
is applied to optimise the key dimensions
of the key components of the height raising
mechanism by constructing an optimisation
model for the height raising system of the coal
mining machine. The particle swarm optimization

algorithm was applied to the optimal design
of the height-adjusting mechanism of the coal
mining machine, and the optimization results
were obtained with seven key parameters as
the optimization objects. The result is that the
cylinder stroke is shortened by 17.9%, the
cylinder length is reduced by 8.94%, the swing
angle is reduced by 2.83%, the cylinder tension
is reduced by 12.1% and the rocker bending
moment is increased by 6.83%, which has a
better effect on the improvement of efficiency
and the protection of the machine.
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