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EFFECT OF GEOMETRIC DRIVE PARAMETERS
ON DYNAMICS OF PLANETARY MILLS WITH
INTERNAL ROLLING

P. E. Vaitekhovich and D. V. Semenenko

Planetary mills represent a new generation of pulverizing equipment, a characteristic feature of the design of which
consists in the fact that they normally possess two-four drums that rotate about the central axis and their own axes simult:
neously. The drums are therefore involved in complex motion, which is usually divided into transient (rotation of the carrier)
and relative (rotation of the drum) motions. Significant inertial forces, which are a basic source of action on the magerial bei
fractured and which contribute to improvement of comminution efficiency, develop as a result of a similar motion [1]. Struc-
turally, planetary mills can be classed as horizontal or vertical in terms of axis positioning, and as mills with external and
internal rolling in terms of method of rolling over a stationary annular surface.

Complex research on planetary mills was begun in the mid twentieth century [4]. Industrial and laboratory investi-
gations of this type of mills is being conducted in such countries as the United States, France, Germany, Japan, and Russ
The first theoretical works involving the motion dynamics of grinding bodies in a planetary mill were founded on the postu-
late concerning equivalence between the forms of motion of the charge in drum and planetary mills [2], while the charge wa:
represented as a single whole, disregarding the dynamics of the individual grinding bodies. This approach is subject to cri
tique, and is recognized as unsubstantiated [3]. The fact that the effect of gravitational forces on the pattern of reotion is di
regarded is, in our opinion, highly incorrect. At the moment when the grinding bodies separate from the walls of the drum,
and when transient and relative inertial forces may be in mutual equilibrium, gravitational forces will exert a decisive influ-
ence on their motion.

Considering these deficiencies, Vaitekhovich et al. [4, 5] examined the motion of a single grinding body subject to
inertial and gravitational forces. Here, the constraint reaction at the point of contact between the grinding body and walls o
the drum was adopted as a determining parameter. It is possible to determine not only the pattern of motion of the grindin
body (with or without separation), but also to evaluate the pressure of the grinding body against the wall of the drum, and
consequently, on the material being ground on the basis of the magnitude of this reaction.

The angular velocity of the drums about the central (the angular velocity of the carrier) axis and its own axis, the
constraint reactioil, and the frictional forc&; characterizing the crushing and pulverizing capacities of grinding bodies are
basic parameters on which the operating efficiency of planetary mills depends. The ratio of the radii of the drum and non
stationary annular surface along which the rolling occurs will exert, in turn, an influence on the enumerated parameters. Th
geometric criteriork = ry/R, wherer 4 is the radius of the drum, aitiis the radius of the stationary annular surface, is intro-
duced for evaluation of this influence.

The formulas for basic kinematic and dynamic characteristics of planetary mills with internal rolling, which were
obtained in [4, 5] with consideration of the fact that the drums of the mill are in direct contact with a nonstationary annular
surface, are as follows:
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Fig. 1. Computtional diggram for planetay mill.
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where N, is the elaive constaint reaction;Q is the angular elocity of the caier; ¢ is the angle ofataion of the carier;
g is the acceletion of free fll; Ffre' is the elaive frictional force; andw is the limiting angular @ocity of the dum aout
its ovn axis,which chamacteizes the tansition fom a cascade to a cdhigal regime.

The dums mg be olled, however, by friction, gear, or other tansmissions mounted on millingutins or their shafts
[6, 7]. In this connectiorformulas (1)—(3) a& neededdr adjustmentsince in adition to the adii of the dum and stdon-
ary anrular surfce it is nov necessarto consider theadiusr of the dive wheel (see i§. 1), which will roll over the sta
tionaly anrular surfice Here, the mdiusr may be lager or smaller than theadius of the dmim.

The pupose of this studis to detemine basic kinenta& and ¢ynamic damacteistics of planetar mills with inter
nal mlling with allovance or the adius of the dve wheel.

The geometic criterion b = ry/r was intoduced aditionally for realizaion of the stéed poblem.

Consideing wha has been sted dove, let us &amine the position of arigding bod (ball) & arbitrary point B
(Fig. 1).

Let us assume théhe carier bagins to mae countetlockwise from axisX, and is tuned & an angleb. At this time
the dum is tuned in the opposite diction ty the angla).

The motion of the gnding bod is represented in madng coodinate systemXAY, which is displaced drward
around the cicumference eldive to stéionaly coodinae systemX,0Y,. In tha case gravitational force G, frictional force
F:, constaint reactionN, and tansientr, and elaive Fg, inettial forces act on the ball [8].

For the case in questiothe inetial forces can be detmined fom the brmulas

Fa = MQ2R(1 —K); 4

(1- k)

Fga = MQ?
BA Kk

bR, )

wher mis the mass of theripding bod.
For planetay mills with intemal rolling, the reldion between the angularelocities of the caiage and dum is estb-

lished fom the brmulas
1-k 1-k
w=0Q—; Y=¢ _k .
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Fig. 2. Dgpendence ofaldive constaint reactionN, (&) and fictional force Ffre' (b) on tun angled of
cariage whenk = 0.4:1) b= 1.50;2) b = 1.25;3) b = 1.00.

Using the d’Alamberprinciple [8], and setting up the egtiran for equilibium on the adial and tangntial axs,
which pass though pointB, we anayzedthe motion of a singlerqnding bod/ in the dum of a planetgrmill. After a rum-
ber of tansbrmations, we obtained drmulas br deteminaion of the eldive constaint reactionN,, and the elaive fric-
tional force Ffre' with allowance br geometic criterion b. The formula for the elaive reaction taks on thedm
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The formula for deteminaion of the elaive frictional force is deived identical todrmula (2),since the fictional
force is indpendent of gometic criterion b. The eplandion for this is eadily found in anajlzing computtional reldion-
ships (4) and (5)dr the inetial forces. Since theetdive inetial force Fg, always remains pgrendicular to fictional force
F;, only the tansient inefal force F,, which is indgendent of gometrc criterion b, will affect its \aration.

Analysis of the opettion of a planetar mill [9] indicates tha& the worst conditions under kich the ginding bod/
is retained gainst the sudce of the dim ae creaed when the I#ter is in the laver position,and the bod is & the upper
point of the ginding chamber

Setting up the eqtian of equilibfum of all forces & pointB, it is possilke to detemine the angularelocity, which
is required to deelop the inetial force and waich is suficient to maintain the bgdat the upper point:
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To detemine the ange of gplicdion of ciiterion b, it is necessarto sohe the inequalityp(1 —k) —k = 0; hence

k

b= .
1-k

)

It is gopaent from inequality (7) thiacriterion b may vary within rather boad limits. It nust be consided, how-
ever, that for planetay mills with intenal rolling, geometic criterion k may vary from 0 to 0.5.

The inluence gerted ty criterion b on basic batacteistics of a mill vas esthlished ty computéional means using
the Mahcad softvare pa&age. Calculdions were perbrmed br the bllowing fixed paametes: k= 0.4,Q = 12 iad/se¢cand
R= 0.2 m. In the calcuteons,the tun angled of the cariage was \aried within the limits fom zro to 2, and the dterion b
from 1.0 to 1.5and the elaive constaint reactionN,, and fictional force Ffre' were detemined (Fg. 2).
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Fig. 3. Deendence of limiting angularelocity w during transition
from cascade to ceiftrgal opegting regime on citerionk: 1) b= 1.00;
2) b=1.25;3) b= 1.50.

It is gppaent fom the computional relaionships thavaiation in the constint reaction and fctional force is
cyclical in naure. The elaive constaint reaction br a centifugal regime alvays remains positie. The point waere it comes
in contact with the h@ontal axis caresponds to gation of the ginding bod/ from the sutdice of the drm. The fiictional
force dhanges its diection seeral times duing one gcle of the cariage. Vaiation in citerion b exerts a major infuience on
reldive constaint reactionN,y, which increases with inerasing dterion b.

It is possilte from results of anafsis of the elative frictional force and conséint reaction to corlade tha variation
in criterion b has no d&ct on the brasive componentand afects the pulerizing component of the baking brces to a sig
nificant dgree

Figure 3 shas the dpendence of the limiting angulaglacity on tansition fom a cascade to a ceafugal regime,
which was calculted from formula (6),0n geometic criteria k andb. Reldionship1, which was obtained in [10jndicates
that there is a sthle range ofk values fom 0.1 to 0.4dr which this citerion has no ppreciable efect on the &nsition fom
one egime to the otheAnalysis of computional relaionships2 and3 indicaes thathe limiting angular &locity deceas
es with inceasing dterion b, but this efect is not as vigrous in this case asifthe nomal constaint reaction.

In anayzing the kinemac and ¢ynamic darmcteistics of planetar mills, it is theefore necessarto consider the
geometic relaionships of their dve elementswhich exert a consideable influence on the pulsizing component of the
breaking brces.
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