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Abstract. The article discusses the analytical dependence of the movement of the inertial cone
crusher, which is a hard cylinder that is moving along the inner elliptic trajectory of the
stationary cone of the inertial cone crusher.

1. Introduction

Theoretical studies of the steady-state mode of details of the operation of an inertial cone crusher were
published in the works A.K. Rundkvist and I.I. Blekhman [1-8]. They investigated the mode of the
regular running inner cone on the outside in the approximation of constancy of the angle of nutation.
This mode can be realized in case of slow running with the right geometry of the lining cone, as well
as in the operating mode with a uniform filling of the crushing cavity material both by the volume and
by the grain-size composition.

The lining of the cone, as a rule, has ellipticity of the working surfaces even with their careful
mechanical operation. The movable cone, even during slow running, is driven around the outside cone
at each point of the surface, describing an elliptical trajectory. With irregular wear of lining, the
ellipticity increases and with sufficiently severe wear can experience movement trajectories, close to
triangular and polygonal. The presence of irregularity in this character of the movement leads to the
variability in time of the crushing force, what causes the deterioration of the technological parameters
of the inertial cone crusher and increases stresses in the nodes and details.

Higher stresses, obviously, should occur in the case of the elliptical trajectory of the movable cone.

In this regard and also due to the fact that the movement of the movable cone in an elliptical
trajectory in the first approximation reflects the picture modes of the inertial cone crusher, it is
advisable to produce a theoretical study of this movement of the movable cone.

2. Statement of the problem
Let us consider the problem of running in the nerinertial cone crusher on the elliptical surface the
outside cone in the "flat" setting, namely, let us suppose that the movable cone consists of a rigid
cylinder, moving along the inner elliptic trajectory of the stationary cone with axes ¢ (drrt) [1,
9].

To solve this problem, let us make the following assumptions:

— The plane of action of centrifugal force of the unbalanced-mass vibration generator coincides
with the plane of action of centrifugal force of the rolling cylinder and plane, where the line of contact
interactive cones lies;
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— in the initial time, the movable cone contacthwibn-movable in the point "A" (Fig. 1);

— the current position of the contact of the mogabbne with non-movable as a result of its
motionon the inner surface of themovaablecone tgcselistancer from the centre of the elliptic
trajectory to the contact and anglewvhich forms the distance with the positive dii@ctof axis «OX»
(Fig. 1).

Let us denote Cartesian coordinates of the c&dtef movable cone through x, y, and through
its rotation.

3. Analytical studies
According to the results of [1, 10], the expresdimnthe motional energy of the system consistihg o
the movable cone and the unbalanced-mass vibrg#ioarator, would be:
2 2
_M +m(),(2+y2)+ Ly~ 1o +me
2 2 2
where M, |, — accordingly mass and central mass moment ofianeft the conem, I, ¢ —
accordingly mass, central mass moment of inertéhextentricity of the unbalanced massy, v —

Cartesian coordinates of the cenfiecone and its pure rotation;— rotation of the unbalanced mass.
¥

E j? +mgj(ycogy - xsinj), (1)

N

Figure 1. A design scheme of the running inner cone at tiasel of the outsidel —
inner surface of the outside cor= outside surface of the inner cole=- centre of
unbalanced mass.

It is possible to observe that during the runnihthe movable cone as stationary without slippage,
there is the following expression:

o2 +\ 2 — 4 2.
X“+y =Rf )
Taking into account (2), the expression for motl@rergy (1) takes the form:
2
T=201, + (M +mRep? + 2T TE 2 4 me(ycosg - xsing)g ©)

As independent variables for the system with twgrees of clamping, let us choose generalized
coordinate®) andy (figure 1); then:
dé
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Taking into account equation (4), relation (3) banwritten in the form:

1 A o, 1 +me? dy . dx . ...
T==[1, +(M R?| =% | 02 +—<——¢p? + me(—= -—= 0¢. 5
b+ aem) ][dgj +=— 9" +me(_Zcosj - __sing)op.  (5)

According to the design scheme in figure 1, onereaord that:

{X= p € )osy,

y=p@)sind. ©)

In Cartesian coordinates, the equation of thetadlipajectory has the form:
2 2
X +y_ = (7)
d* c¢c?

Whered, c— accordingly the semimajor and semiminor axefefdliptic trajectory.
Substitution of equation (6) into equation (7) le&al the ratio:

g :—C . 8
p(6) o oow (8)

e= 1-¢7/, (0<e<1) (©)
is the eccentricity of the ellipse.

Because of the lack of slippage during the rotatba movable cone by angte in an elliptical
trajectory it will describe an angle equalkdBecause of this, let us get the following ratio:

Here,

_Lt 2o+ [ go-
¢/_Rj p (49)+(de do-a (10)

Relation (10) establishes a relationship betweeylesa, 0, andy and allows one to compute the
value of angley as a function of generalized coordinafes
Using ratio (8), let us calculate:

d ce? cosdsing

— == , (12)
d¢ (1— e’ cos’ 0)%
) (dpj2 B c? c’e* co fsin’ 6 _
pi+|—| = + =
dé 1- 62 COS2 ) (]_— e2 COSZ 8)3
(12)

_ cy1-26% cos 6+¢” cos’ 6 +e* cos’ O(1L- cos’ 6) _ cy1-€?cos’ 62-¢?)
(1— e’ cos’ 0)% (1— e’ cos’ 9)72
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Next, let us write the expression relating anglesdé, i.e. let us express angteas a function of
generalized coordinatés

1ldp
a=@-arctg———. 13
gp 90 (13)
From relation (13), it follows that:
1dp :—tgﬁ—tga. (14)
pdd 1+tgftga
Taking into account relations (8) and (11), expgms§l4) takes the following form:
2 : _
_€ cc;sﬁsmH: tgé tgal (15)
1-e’cosd 1+tgbtga
From relation (13), it follows that:
tgé
tga= . 16
9a=-" (16)
From relations (16), let us find that:
tgéd
a=arct . 17
9. (17)

Let us calculate the value of the derivative oflamagon generalized coordinafe To do this, let us
differentiate with respect to expression (17)d@nd get:

1
da_fi-e)ood e _ 1-¢ - ¢ . (18)
e, t9°6 (1—e2)2cos’-9+sin29 1-(2-e?f?cos @

b-ef

Then it is necessary to calculate the derivativangfiey on generalized coordinate To do this, let
us differentiate with respect to ratio (10) tband get:

W _1 [ 2, (d0) _da
a6 R p(e)+(dej a6’ (19)

Substituting equations (8), (11) and (18) in relatj19), one can obtain the following expression:

dy _cl-f-ekreoss)? - i
dé R (1—e2c0520)% 1—(2—e2)e200526' (20)

Let us assume that the eccentricity of the elliptijectory is a small amount of the first order of
smallness, and then resulting expression (20)extland in power series of "e" with accuracy up to
guantities of the second order of smallness.
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?;Z R(l e co§6’)(1 e cosza)/ (1-€)(1-26*cod 6)™ O
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c e’ c C (21)
O—|1+—cos 8 |-1+e*-2e’coF @ =—-1+| — -2 |e’cos 8+€* [
R 2 R 2R

0< -1+ 14 —= -2 |cog 8 |¢?
R 2R
It is obvious that the condition of running the rable cone on a stationary one in the case of the
elliptic trajectory is:

I% =y<l. (22)

Taking into account relation (22), let us presentation (21) as:

1-4y
_ y+ cos @
Y1 14 2 o2]cogale Yi1+ 2 e |. (23)
aé vy 2y y 1-y

In obtained relation (23), in view of the smallnegsparameters and e, let us assume that the
values are proportionale’ are the amount of the third order of smallness.
Owing to the made assumption, relation (23) takeddrm:

2
d_¢/ 1__}/ 1+ €
g y 1-y

Let us write the relations between Cartesian coatds x and y of generalized coordinéte
According to figure 1, it is possible to write egpsions:

} (24)

X = pcosd — Rcosa, (25)
y = psingd - Rsina. (26)

Let us compute the derivative of relation (25) esagalized coordinate

X _ 90 s psing + Rsina 2, (27)
dg dé dg’
because of ratio (17):
sind

DsindfL+e? cod ) (28)

sina=

(1— e’ (2 -€° )cos2 19)%
Taking into account relations (11), (18) and (28)uyation (27) is reduced to the form:

=-sing R(l ez)

dx
do (1 e C0529)7 (1 2 e cos?&)y

(29)
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Obtained expression (29) can be decomposed ini@ssef small parametens and e with the
accuracy equal to the values of the second ordemaflness, thus it is possible to obtain:

dx 3e2 cos 8
— O-c(@-y)sin ... 30
40 d-y) 2(1_y) } (30)
Second, let us calculate the derivative of rat®) (@r generalized coordinafe
_y p3|n9+,oc059—Rcosa%, (32)
dé dé dé
Here,
2
cosa= [i-¢)ooss Dcose(l— e’ sin® H). (32)
(1—e2 (2—(92)cos2 H)/VZ
Taking into account relations (11), (18) and (32) obtains the following expression:
dy _ ci-e?)cosw  R{-€?)coss (33)

de (1—e2c0526?)% (1—e2(2—e2)co§6’)%.

Decomposition of obtained expression (33) in aeseinto small parameteysand e leads to a

result:
1-3 00526?
dy Y Oc- y)cov{ e2+...]. (34)

4. Conclusions
Thus, the authors of the paper described the pparfemovement of movable cones on the surface of a
stationary cone in an elliptical path under ceresaumptions.

5. Acknowledgments

The article was prepared within the developmengranm of the Flagship Regional University on the
basis of Belgorod State Technological Universityned after V.G. Shoukhov, using equipment of
High Technology Center at BSTU named after V.G.ukhov.

References

[1] Rundkvist K A, Ivanov N A, Ivanov B G, ZarogatsKiyP 1970Inventor's certificate 596280
USSR MKI V 02 S 2/00The inertial cone cruskiet422777/29 33

[2] Blekhman |1 1994The Vibrational mechanicéMoscow: Fizmatlit)

[3] Blekhman I11971Synchronization of dynamical systeifdoscow: Nauka)

[4] Afanasiev M M 1976cience of machinés8—14

[5] Barzukov O P 1988re processing foredh3—4

[6] Revnivtsev V | 199%/ibratory disintegration of solid materialfMoscow: Nedra)

[7] Bogdanov V S, Bogdanov D V, Vasilenko O S, Fadfu M, Shekhovtsova Yu A 2017
Construction and road machind24—-28

[8] BogdanovV S, Bogdanov D V, Vasilenko O S, Fadu M 2017Cement and its applicatiah
107-109

[9] Katsman I M 1984Dre processing forrb 34—38

[10] Kotelnikov B D 1980Study the influence of geometrical and kinematicapeeters of cone
crushers fine crushing in the formation of the grmmetric composition of the crushed



MEACS 2017 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 327 (2018) 042113 doi:10.1088/1757-899X/327/4/042113

product. Sverdlovsk2



