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The paper gives an analysis of implementation of hydropneumatic accumulators that provide significant reduce of
energy consumption work processes and increase performance of mining machines, in particular cone crushers.
A method that allows passing a body that is not to be crushed through a crushing chamber of a cone crusher with
hydraulic cylinders and hydropneumatic accumulators is given. The system that presses crushing bowl to a frame is
described. A system of hydraulic unloading from non-crushing bodies and blockages is presented. A basic hydraulic
scheme of pressing system is proposed. The paper gives a description of mechanism that creates work pressure inside
hydropneumatic accumulator. Parameters of hydraulic cylinders and hydraulic accumulators are determined.
The crushing force is set by dimensions of hydraulic cylinders and pressure of work fluid in hydropneumatic
accumulator. When a non-breaking body enters a crushing chamber a movable cone moves an armor of a bowl with
support and control rings and associated elements. An example of calculation is given. Calculations are necessary to
design a new hydraulic unit that control discharge slot of a cone crusher. A method for determination of geometric
parameters of crushing chamber when passing a non-crushing body is given. Calculation of power parameters of
hydraulic system of a cone crusher including hydraulic cylinders and hydropneumatic accumulators is proposed.
The method can be applied in design departments of mining and industrial enterprises while design of cone crushers.
A proposed hydraulic scheme with throttle installation will reduce speed of fluid flow when unloading a hydraulic
accumulator. That will reduce impact of accumulator piston and foaming of liquid in a tank.

INpuBesieHa oleHKa IPUMEHEHHs THAPOITHEBMOAKKYMYJISITOPOB, 00ECIIEUHBAIOIINX CYIECTBEHHOE CHUIKEHUE PHEPrOEMKOCTH
pabounx MPOLECCOB M MOBBIIICHHE MPOM3BOAMTEIBHOCTH TOPHBIX MAlIMH, B YaCTHOCTH KOHYCHBIX APOOHIIOK.
OxapakTepn3oBaHa METO/MKA pacyeTa IapamMeTpoB IPHU IMPOITYyCKe HEAPOOMMOro Tela depe3 Kamepy ApOONICHHs] KOHYCHOMH
JIPOOMIIKK € THAPOILMIIMHAPAMH M THEBMOTHPOAKKyMyJIsTopamu. OnuicaHa cucTemMa IpyKaTis ApOoOUIIbHOI Jallii K CTaHHHE.
TlokaszaHa cucTeMa THIPABINYECKOH pa3rpy3kd OT HEJPOOMMBIX TEl U 3aBajloB. IIpeasiokeHa IPHMHIMIHAIbBHAS
TH/IpaBIIMYECKast CXeMa CHCTeMbl nprokaTus. [IpuBesieHO omnmcaHue TOBEAEHUS JIABICHUS B IMIPOITHEBMOAKKYMYIATOPE 10
pabouero. JlaHO omucaHMe Mpolecca MOMKATHA M pasrpy3ku dvammd. OnpenesieHbl MapaMeTpbl THAPOLMINHAPOB
U TUJPOAKKYMYJISATOPOB. Ycuiane ApoONeHMs 3ajaeTcst pa3MepaMy THAPOLMIMHAPOB M JaBIeHHeM paboueil KHIKOCTH
B THAPOIHEBMOAKKyMyJsiTope. IIpy monafaHuu HeApoOMMOro Tena B Kamepy IpOoOJICHHUs IHMOABHKHBII KOHYC IepeMelaeT
OPOHIO YalIN C OMOPHBIM M PETYJIMPYIOIIMM KOJIbIIAMH, a TAk)Ke CBA3AHHBIC C HUMHM dJIeMeHTHI. [IpuBesieH npumep pacuera.
Pacuerbl HEOOXOMMMBI Ul TPOCKTUPOBAHHMS HOBOTO THAPO(GUIHPOBAHHOIO Y374 PEryJIMpPOBAHMS PA3rPy304YHOM IIEIH
KOHYCHOH Jipo6mtkh. [TpeutoskeHsl MeTOIMKa ONPEIeIeH s TeOMETPHISCKHX MapaMeTPoB KaMephl APOOJICHHUS TIPH HPOITyCKe
HEAPOOMMOro Tena M pacyeT CHJIOBBIX MApaMEeTPOB THAPABIMYCCKON CHCTEMbl KOHYCHOH IPOOWIIKH, BKIIIOYAIOLICH
THAPOLMJIMHAPB M MHEBMOTHIPOAKKYMYJIITOPBL. MeTo/uKa MOXKeT ObITh NMPUMEHEHAa B KOHCTPYKTOPCKHMX OTZIENaX TOpHO-
HPOMBILIICHHBIX HPEANPUATHHA [PH MPOSKTUPOBAHWM KOHYCHBIX JIpOOMIOK. IIpemmoxeHHass TrHApaBIMYecKas cxema
C YCTAHOBKO#1 APOCCEIst MO3BOJIUT YMEHBIINTh CKOPOCTh TEUCHHMS HKUIKOCTH TP Pasrpy3Ke THAPOAKKyMYJIITOpa, YTO CHU3UT
yaaphl MOPLIHS aKKYMYJISITOPa U BCIICHHBAHHE JKUIKOCTH B Oake.
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Introduction

Crushing of rock in a cone crusher is carried
out by grinding pieces of rock in a crushing
chamber formed by an armor of a cone and bowl.
An eccentric sleeve which is rotated by a drive
provides oscillation of a cone along spherical
bearing surface of raduis R and change volume of a
chamber [1-13].

For workflow description a design model
is usually represented by a vertical cross section

and open position on the right. If eccentric
is turned there is movement of an armor
and decrease of crushing chamber. A chamber
is switched then from an open to closed
position.

Crushing force is set by size of hydraulic
cylinders 7 and work fluid pressure in the
hydraulic accumulator 8. Hydraulic accumulators
are permanently connected to a working chamber
of a hydraulic cylinder and provide required force
to press a support ring to a crusher body.
Calculation of parameters at normal crushing

(Fig. 1). There are a closed position
of a crushing chamber on the left of a model regime is given in [14].
6\
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Fig. 1. A model for calculation of parameters: / — shell of crusher; 2 — cone;
3 — armor of a bowl; 4 — support ring; 5 — control ring; 6 — load part; 7 — hydraulic
cylinders; 8 — hydropneumatic accumulators; 9 — non-crushing body; Dy, —
diameter of a support ring; Dy, — diameter of position of rods of hydraulic
cylinders; R,y radius from a point of suspension to non-crushing body;
O — conditional suspension point (center of curvature of bearing surface of a cone);
O, — turning point of a support ring; Fi,.; — force on i rod of a hydraulic cylinder; F,
— force transmitted through a non-crushing body from a cone to an armor
of a bowl; y — nutation angle

When a non-crushing body enters a crushing
chamber a movable cone moves an armor of a
bowl with support and control rings, as well as

associated elements. A support ring moves by
turning with respect to a point O;. When a support
ring is rotated, hydraulic cylinder rods move and
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displace  volume of liquid in hydraulic
accumulators. Pressure increases if fluid is added
into accumulator. Movement of rods depends on
the size of a non-crushing body and its position in
a crushing chamber.

Description of pressing system
workflow [19]

A crushing bowl is pressed to frame by rod
chambers of hydraulic cylinders. Each hydraulic
cylinder is connected to its accumulator. Set the
initial pressure of gas in accumulator, which maintain
the pressure in a chain of hydraulic cylinders after
disconnection of a hydraulic unit pump.

If a non-crushing body with a width of value
larger than an unloading slot on closed side, but
less than width of unloading slot on an open side
enters a crushing chamber, it must pass it without
stopping. That is called amortization, i.e. one-side
lift of crushing bowl. In this case, the stroke of all
the pistons will be proportional to a projection of
distance from a hydraulic cylinder to a turning
point of a crushing bowl relative to a frame (the
largest move from a side of non-crushing body) on
the axis "non-crushing body - turning point".
During a lift of a crushing bowl, some oil is
displaced  from  hydraulic cylinders into
hydropneumatic accumulators by the force of a
crushing cone (Fig. 2). Then, after amortization it
moves back under the influence of overpressure
inside of accumulators.

If a non-crushing body with a width greater
than width of unloading slot on an open side enters
crushing chamber then there are several cycles of
amortization with a clamped non-crushing body.
The main drive is overloaded and after several
cycles of overload should stop. In case a drive is
stoped due to its overload from amortization
system triggered a system has to be unloaded
through draining oil in a tank of a hydraulic unit.

In the event of oil leakage, i.e. when pressure
in a chain of hydraulic cylinders falls to the
set pressure, a pressure switch must turn
on a pump and restore pressure, after which a
pump is switched off. If pressure inside of
hydraulic cylinders is not automatically restored
and falls below the set value, a pressure
switch must be triggered, which will give a signal
to turn off the main drive. A red low-pressure

warning light is on. A crusher can not be
operated in such state.

to
=
s
N
N/
w2

B
L |

Fig. 2. The basic hydraulic scheme
of a system that press a crushing bowl to a frame

A system of hydraulic unloading from
non-crushing bodies and blockages [19]

When a crusher stops under force due to the
fact that a large non-crushing body enters a
chamber or due to power shutdown or power
overload, a crushing chamber is filled up with
crushing material. To clean a crushing chamber
from a blockage or a non-crushing body it is
necessary to do following actions: to depressurize
hydraulic cylinders that press a crushing bowl;
pump pressure to a piston chamber of unloading
hydraulic jacks from non-crushing bodies; lift a
crushing bowl to a certain height; after a crushing
chamber is unloaded lower a crushing bowl to
work position by pumping pressure to rod chamber
of hydraulic jacks; restore the force that press a
bowl by creating working pressure in rod chambers
of hydraulic cylinders of bowl pressing.

The proposed basic hydraulic scheme
of pressing system is presented on the
Fig. 2 (positive decision on the application
No. 2015151500).
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A hydropneumatic accumulator accumulator
(HPA) is charged with nitrogen in advance.

Bringing the pressure inside hydropneumatic
accumulator HPA to work one. A hydraulic
distributor P, is switched to position 2, liquid from
a pump H is directed through back-pressure valves
CV; to a hydropneumatic accumulator PHA and
increases inside pressure to work pressure. When
work pressure is acheved a safety valve SV is
triggered, a distributor P, is switched to position 1
by a control system P;, a pump H is stoped.

Bowl pressing. Bowl pressing is provided
by 16 hydraulic cylinders HC;-HC;¢ by pressure
of liquid supplied to a rod chamber of
16 hydropneumatic accumulators HPA through
a hydraulic distributor P,, located in position 5.

Pass of a non-crushing body. If a non-crushing
body enters a chamber a movable cone begins to
deflect a bowl. When a bowl turns, hydraulic
cylinders (HC) rods begin to move. Liquid from
rod chamber is replaced into accumulators PHA
through a hydraulic distributor P, in position 5. To
avoid an emergency, a check valve CV, is installed
in parallel to P,. In case of a non-crushing body
enters a chamer liquid goes to PHA through P, if
due to any reason P, is not turned to position 5.
Supply of liquid from HC to HPA leads to pressure
increase in it. Wherein, a signal from pressure
switch PS hydraulic distributer P, switches to
middle position 4 and provide a pause to pass a
non-crushing body. It happens when a cone starts
to move away from a bowl. After a pause, P,
switches to position 5 again and press a bowl if a
non-crushing body is leaved the crushing zone. A
pause and switching of distributors are provided by
electronic control system.

Bowl unloading. 1f the pressure in an
accumulator after set time interval does not
decrease to operating value, i.e. a non-crushing
body did not leave crushing zone and a bowl did
not lower back to its original position, then a
control system generates a signal for switching a
hydraulic distributor P, to position 3. Liquid from
an accumulator goes into a tank. Rod chamber of
hydraulic cylinders is connected to a drain system.
At the same time, distributors of unloading
hydraulic jacks are switched (are not shown in the
diagram) and a bowl is lifted. Hydraulic cylinders
do not impede lifting because their rod chambers

are connected to a drain system. Throttle
installation allows reducing flow rate of the fluid
when unloading a hydraulic accumulator. That
reduces impact of an accumulator piston and
foaming of liquid in a tank.

Design of calculation models

Fig. 3 and 4 show -calculation models for
determination of volume of liquid displaced from
each hydraulic accumulator. The designations of
parameters and initial data for calculation example
are given in Table 1.

The parameters are calculated as follows.

Calculation of geometric parameters. A non-
crushing body with a width of d,; is at distance of
hy, in vertical plane and at b,. in a horizontal
plane from a set point of suspension O. The largest
angle that is passed by generator of a cone is equal
to double nutation angle 6. When turning a cone
lifts an armor of a bowl and associated control and
support rings through a non-crushing body. Cone
rotation occurs around a conventional suspension
point. Rotation of bowl armor and associated
elements occures around the reference point O;.

Distance from conditional suspension point to
a non-crushing body

Lo, = (h172c’b + bl12ch ):

where h,e, bur — ddistance from the point of
suspension to a non-crushing body along the
vertical and horizontal planes respectively.

Section length ab

L, =2L,,sinb.

Horizontal distance from a conventional
suspension point to a point of contact of a non-
crushing body with bowl armor

L, .=b,+d  sino, .

nch

Horizontal distance from a point of rotation of
a support ring O; to a point of contact of a non-
crushing body with bowl armor

Ly =Lo, +0.5D,,.

Ocx

Taking into account small size of a non-
crushing body relative to dimensions of a crusher
(Dpe = 3180 mm, d,.,, mm) it is possible to assume
Lcd = Lab-
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Taking this into account an angle of rotation of
a support ring relative to a point O,

0.5L,

B =2arctg .

Ocx

The maximum stroke of a rod that is the most
distant from point O, of a hydraulic cylinder is

L,= 2[D,. + O.S(Dmp - D, )cosP].

Calculation of distance from the point of rotation
of a support ring to a rod oof i HC in horisontal plane
with change in ay,.; between horisontal axis x and a
line that connects point O and a rod of HC (Fig. 2),
from 0 to 2n

R,..=05(D,

he.di.x sup

-D, )+0.5D, +0.5D, cosa,, .

Extension of a rod of i hydraulic cylinder

hhc,l = Rhc.i.x Sin B
D sup
| D he
2v f
d\p
hncb \ b
Y o
\ < e
buet Oversize thickness
a/‘ \ Qarm

Bowl armor

Cone armor

AL

\

Fig. 3. A scheme for calculation of support ring rotation angle

hhc i

’ her(h

Rhc.i

15
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Fig. 4. A scheme for calculation of displacement of rods of hydraulic cylinders
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Table 1
Parameters and initial data for calculation
Name Sign Value

Nutation angle, degrees 0 2.1
Thickness of a non-crushing body, mm dneh 90
Number of hydraulic cylinders that press a support ring to a frame Npe 16
Distance between rods of hydraulic cylinders, mm Dy 3180
Diameter of circle of points of contact of a support ring with a crusher frame when passing a non-crushing body J 3478
Distance from a conventional suspension point to an upper point of crushing chamber:

vertical Mych 190

horizontal bych 660
Distance from a conventional suspension point to a lower point of crushing chamber:

vertical hich 644

horizontal bien 1100
Angle of tilt of bowl armor to horizon, degree Olarm 50
Crushing force, kN Foush 7000
Fluid pressure in a hydraulic cylinder for pressing a support ring, MPa Py 25
Adjustable maximum pressure in hydraulic accumulator when determining its volume, MPa P 30
Reserve volume of liquid in an accumulator for replenishment of volumetric leaks with pressed support ring, 1 Vi 0.2
Ratio of rod diameter to hydraulic cylinder diameter k 0.6

Calculation of force parameters and
parameters of a hydraulic system. The crushing
force acts perpendicular to a surface of bowl
armor. Horizontal component of this force is
transferred to a crusher shell. Vertical component
of the force must be provided by forces of
hydraulic cylinders.

Ferushhoriz = Flerush*SIN Olcrushs,

Fcrush.vert = Fcrush'COS Olcrush-

Force on a rod of i hydraulic cylinder to
provide crushing force

ic.i = Fcrush‘vert/Nha

Fluid pressure in a rod chamber of a hydraulic
cylinder to provide crushing force
Pie=4 Fiei/ 1 (D = dpoq) =
=4 Fyei/ n D1 - ),

where Dy, d,,s are diameter of piston and rod of
hydraulic cylinder.
According to adjusted pressure

4F,

he.i

D —hei
" AmP, (1-k%)

Calculation of parameters of accumulators
[15-20]:

Vl = Vr.l + Lefﬂ: (Dzhc - dzrod) / 4’

where V,; is reserve volume of liquid in an
accumulator to compensate volumetric leaks with a
pressed support ring.

Design volume of an accumulator will be

Y (1_ij
- s
I/c P max
where Pn.x 1S set maximum pressure in an
accumulator when determining its volume.
Considering the value of the maximum

pressure it is possible to determine design volume
of an accumulator

A —
B ™
Pmax

Pressure in an accumulator when its liquid
volume changes

V. _I/Ll

C

By= Rt
VS0,

where V}; — liquid volume supplied by i hydraulic
cylinder when its rod is displaced by support ring
mming, Vl.i: hhc.i T (Dzhc - dzrod) /4.

The force created by i hydraulic cylinder,

ic.i = Phc.i T (Dzhc - dzrod) /4.
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Total force of hydraulic cylinders applied to a
support ring

th

FIiC.tOt = Z F;lC.i ‘
i=1

Total torque with respect to a point O; during
rotation of a support ring

Npe
th.tot = ZF;lC.i ’ Rhc.i.x'
i=l1

Position of resultant forces of hydraulic
cylinders Fi o in respect to a point O,

thlot = th.tot / FI’IC.IOt :

Armor force at a point of location of a non-
crushing body in accordance with a condition of
static equilibrium of a torque that hold a
hydrocylinder and torque from a vertical
component of a crushing force

M b

ncb 2

=F,_ . cosa

hetot — * cruc cruch

from which

F — th.tot .

h
T cosa b

cruch ~ “neb

In fact, there is a greater (by the coefficient of
dynamics) force on a non-crushing body.

Example of calculation

Table 2
Calculation of maximum displacement of a
hydraulic cylinder rod

hncb bncb LOa Lab Locx LOIc'x ﬁa deg Lef

190 660 687 50.3 729 2468 10.0204| 67.9
240 707 746 54.7 776 2515 10.0218| 72.4
291 753 808 59.2 822 2561 10.0231| 76.9
341 800 870 63.7 869 2608 10.0244| 81.4
392 847 933 68.4 916 2655 |0.0258 | 85.7
442 893 997 73.0 962 2701 | 0.027 | 90.0
493 940 1061 77.8 1009 | 2748 |0.0283| 94.2
543 987 1126 | 82.5 1056 | 2795 |0.0295| 98.3

594 1033 | 1192 87.3 1102 | 2841 |0.0307| 102.3
644 1080 | 1257 | 92.1 1149 | 2888 |0.0319| 106.2

Table 3
Force parameters and parameters
of a hydraulic system
Name of parameter Value
Horizontal component of a crushing force, kN 5362
Vertical component of a crushing force, kN 4500
Force applied to a rod of i hydraulic cylinder to
. . 281,24
provide a crushing force
Diameter of a piston of hydraulic cylinder, mm 150
Diameter of a rod of hydraulic cylinder, mm 90
Liquid volume entering an accumulator with 1.4
maximum displacement of a rod, | ’
Design volume of an accumulator, 1 8,4
Table 4

Calculation of extension of rods of hydraulic
cylinders when a non-crushing body is in the
lower part of a crushing chamber

Number of hydraulic cylinder

Pargmeter in accordance with Fig. 2
sign 1 [2.16]3,15]4,14]5,13]6,12|7,11] 8,10] 9
Tres 180 | 157.5| 135 |1125] 90 | 675| 45 | 225| 0
R 149 | 270 | 615 | 1131]1739]23482863| 3208 | 3329
T 48 | 86 | 196 36.1 | 555] 749|913 | 1023|1062

Vi1 0.05 [ 0.10 | 022]041[063]0.85|1.03]| 1.16 | 1.20

P 25.17| 253 |25.73|126.38|27.19|28.04{28.81| 29.35] 29.55

Fie KN | 284.6 | 286.2290.9|298.2|307.3|317.0/325.7| 331.8 | 3340

My, KNm | 424 | 773 |178.8|337.1|5344|744.1)1932.6| 10644/ 11119

Coefficient

of pressure | | o7 |1 131,029 1.055|1.087| 1122|1153 1174 1182
increase
k=P hc.i/ P he
Table 5
Force parameters of a crusher
Name of parameter Value
Total force of hydraulic cylinders applied to a support
. 2775.5
ring, kN
Total torque relative to a point O; when a support ring
. 5023.2
is rotated, kKNm
Position of resultant forces of hydraulic cylinders
. 1810
Fe1o from a point O, mm
Force applied to a point of contact of a non-crushing
7235
body, kN

Conclusion

The method of determination of geometric
parameters of a crushing chamber during passing
of a non-crushing body is proposed. Calculation of
force parameters of a hydraulic system of a cone
crusher including hydraulic cylinders and
hydropneumatic accumulators is proposed. The
method can be applied in design departments of
mining and industrial enterprises during design of
cone crushers.
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