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Optimum blade profile of a groundthrower as a solution of the brachistochrune for the ceatrifugal
foree of inetia
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Alstract 11 has Been deseeibed @ methiod for finding the brachistochrone lor the centritugal foree of fnertize A time functional in the

polir coardinate system has been buily and the conesponding Fuler equition has bean reeorded; its first integril has been obtined,

an dnnlviic solution for thie inteeral has been found. 1t has been ascertained that its strieture depends on the boundary conditions. Tix-

amnples of caleulations of optimal trgjectaries huve been provided; the blade of the groundthower with brachistochrons prafile has
been buill

Keywords: brachistochrone, the centvifigal foree of inertia, functional. pelor coordinates, the Euler equation. the aptinint hladv

profile

Introduction. When creating some technical (technologi-  der the influence of centyrifugal foree reaches the point 8
cal) devices there Is the problem of choosing an optimal  in the minimum tme. Solution of the probleit and the
form ﬂf }HHI'I!."'{ m “"hth SO ['lflllii.[l"'h 1OV (I o, i_,l'[,l\ll‘l.l’l eonclusinn of the functional movenent tine canveilionely
ones) under pressure of centrifupal forces of inertip, In earried out in the polar coordinate system centered at the
particular, the actual problem s the ereation of ground-  specified point. The current coordinates of the point M are
thrower mechanisms to be used for extinguishing fires in - denoted as kag poand @ the coordinates of points, A and
arcas where there s a lack of water sources. Similar errmediarrsian | oy ;
mechanisimg are used in road, agriculiurgl machinery ete f= mhl}tu,m”l,y (J’n-%) ami_. @i_"’w‘Pt)- L
Rowry proundthrowers huve a pumber of advantages as Thf: pr-nj_m.‘._!mn “i? ufl-"" _cc!n_rlhi.ga_! ﬂ‘n_‘(:c _\-1f.mt::.'fla. u_f'.t.llc.'
they thyow ground using blades located o the rotating 1o- mau:rml point ‘::.‘:sr-m::!tml with the rotating body, the dirée-
tor. Methuds for selecting form, position of biudes, aualy- uon of the radius plias the form
si§ ur sx‘urmn uf :m! mrtlr!;q on tht.m are currently not F =ma, —-mm"p (1
. +oresolinen I
AEL Arg aimed 31 improve (Schnaicgical characiernstics of where m - the mass of the pomnt, d, ={111'i) WIS~
the devices are ﬂ.lwa'm. , :

The task of chuosing the optimal blade profile can be
schematized as a problem of determining the shape of o
curve in the field of centrifugal forces of inertia, which
provides the minimum motion time of a particle (the
problem of the brachistochrone for the centrifugal force).

It is known that the ¢lassical problem of the brachistn-
chiiie for unifurm field strength of gravity was the start-
ing point for the creation of the caleuus of variations [3].
Salvations of similayproblems for some types of eentrifu-
gal farces wre given in' [ 11 Questions about constructing
an uptimat trajectory of the point in the field of cenuwifu-
pal forced of inertia are reviewed in an article [4]

Iy this paper, we propose @ method for solving the
problem ol the brachistochirone for & central Toree, which
is 1he centrifugal force of inevtli, Functignal Ume built in
the polar coordinate system, For the corresponding Tuler
eyfuation obtained his fust integral wy e form of first oy
der dufferential squetion. An analvtical solution ol this
equation. 1t has been established thar its stoneture depends
onthe bopndary conditions: Results of caleulations of ap-

dirgeted (nbrmal) aceeleration; o -angular velocity.
Then the exprossion for the potential enervey of the cen-
trifiigal force fanertia can be represented as [2]:

Fig. 1. Scheme for congtruction brichisto-
chrone in neentrifugal foree field

tmal trajeetorics construcred  hlade Tle bruchisto-
‘]. jeotories constructed  blade profile  brachisto J-,l d'p mq) f,-’. (2
ehirone, 2
1. Building the time functional. Led the pomts 4 and
A are tocated mohe eentrnl field ollrepulsive folces - cens Whien wnting the Immul.s (2) 11 was assuimed that the

iifugal forces of mertine Let's draw a plane through the  nntial position o determine the potertial encrgy 18 o re-
punnLs A and & and the center repulsion point O (Fig. 1), pulsive center, in whick the potential energy Is 2ero.
Comsider the curves. joining these poits located on 1he In a coordinate system uniformly rotating around a
plane. W choose from these curves siieh that o material  fixed axis, if we neglect the forces of friction and e
point A4 atwspeeid v, =0 of apening by moving only un-
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dstihee, the juw of consiraan
pestion [ 2]
7411 = s eonst. £

Kinetie encrgy of o pont i the

i

-yt a
where 1= = -
)

elative motion with respectto the rataging coordine sys-
teny;
mm

2

1n the future, we believe that in the formula (3) it takes
into account only the potentinl energy of the centrifugal
foree of inertin. From the point of view of applications,
that is the most important case. An angular velocity
technological deviees is such that the effect of gravita-
tianal forces on the motion of 4 point slightly. Tn the dnal-
vsts of movement on the honzontal plane ol the reserva-
tlon s generally unnecessary.

Now on the hasis of (3) for the velocity point, we have

h=-

p,‘ conglant encrgy.

22

P=anpt —py (p2pg) (4)
From the definition of the algebruie value of veloeity (a
projection of velocity on the tangent to the tajectory)

vy —-d—! the cxpression of the differential for the
it

. . . 3 L | ) =
squarc of the are in polar coordinates ds” =dp”™ 4 prdip”
and the formula (4) it follows that

K
/ _dy \[;) =y
=== __._.._.II' =
+ (“‘\.
where p’ -—EE-.
dip

Note that when counting the are in the divection of no-

ton of the point differential pith will coificide with the

differential of the arc coordinate ds and the paint veloci-

ty module will coineide with iis algebraic value v =1,
Integrating, we are ubla'ini-ug the lunctional

L

i
2. 8earch funcrional extremum. For the lmcvrund Wi
mlmdlh the noration

A r}q.w (6

_'I"n

[ ple)]

thet on the elirve realizing extremum of the considered
{unetlonal, the sondition must be satisfied (this follows
fromy the necessary camditions for in exaeomm of the

tfunctional (63 [3])
p,—ad

y =, (8]
"odp )

A

Pl

gy
where 7, 5,

derivatives 2 yespectively poand g’ .

Thus; the desired Tinctjon, P p(tp} is the solution of

secomd order differential eyuation (Euler eiuation) (8) vy
i expinded form

o p
hEpe pl =L
do
Adter multiplying this equation term by werm on it left-
hand side becones an exact derivative

:;‘:;[P p}';, ]

Conseqnently, the Edler cqu:'mmx- has the first integral

Pp'by —( (109
From expression (10), afler transtormations, we obtain
& _o |EB° i iy
do "\’ -pp)

Differential equation (11) admits an analytic solution

Jeunibersome caleulations are not presented here)

92

arclgs + —l- 4Gy & =,
w--mrc'lg-———_---arn.t Z €, C<l, (12)
b-¢ e
arotgs - _—. —In{% JJ(“ = +(,, €°>1,
We-t et
r _: __
where 2= " ( L L 1
[T

Boundary conditions for finding of permanent ¢ and
() taking inte account (13):

sy (1)

Q= P 2=3(pp) = 7

4 =@, Py, 2=2(p) =

o
=&

The greatest interest for practice is in the cases where
€7 <1 and C" > 1. Here we are considenng the condi-
tons (14,1 5-} aud constructing the nanscendental equa-

tion forthe €% in the first case

Jix)= i, :ur:t;_,\} —;—— ~1*J=m=zr|.:g

=

(18&)
where x= C’ .

After that O is delenmined by the bonndary condi-
tibns provided
R =

(‘_" lnI) ( vf] ] " “71

Point values of the constants (7 and ' using the se-

.(_'

condd fornutla in (12) and the formula (13) allow us o
wrile the following expression for the unknown function
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Examples consvucied using the method  developed
brachistochrone are shown in Fig. 2 (pg=0496m,

= 18)

P, =0,632xm, @, =0, @ =20 ). Fig. 2a shows, ob
tained by (18), a schadnle convenient for anilysis of the
inverse function p=plel. e 2h this dependents
eraphts are constructed i the polar coordinate system tor

angles ©, multiple o 20", and for p, there were under-

taken the minimum limit values pg, which still provide

st

Whas

Flg. 2. Fanstion graphes pl@) tay =1,

a)— P, =0.496Mm, = 20 : b

Research results allowed us to establish o number of
fundamental advantages curved blnde connacted with the
fact that such a blade embedded in the groumd at a more
acute angle than straightforward) a larger volume of the

Fig, 3. Scheme o the proundtiilower Bech-
danism

the OPpEERIEIY 1Y Sulle REMAmE BRSNS 32 cne fermi-

i 1yeas <),

3. Formation of the blade profile hrachistochrane.
Fig. 3 shows groundthrower scheme; | huh, 2 ~ ring, 3
- spoke 4 — curved blude. Itis assumed that the thrower
rotafes with angular velocity @ upstrsam clockwise. And
radii R, and R,arc the radii of a circle passing through

the Back and the front edge of the blade. In the above the-
ory, they correspond to the polar radiu p, and p,. The

curved hlade with a profile in the form of brachistochrone
(see Fig. 2) is shown in Fig. 4. When forming the side
walls of said hlade also used brachistochrone, Protuding
portions of the side walls can serve as a kind of disinte-
graling agents, facilitating the introduction of the blade
inlo the ground.

w@odep
M= 0,63 20002

p; —the miintmum limit values

capturad pround, less effort in the implementation of

smaller dynamic Toads on the blades and rowr, lower
power ol drive motor, .

Fio. 4, Bladle sl benchistochirome
:1ruI'il;



Satewme ind Biucsiing o New I3 i
Conclusion

4 B has betn Be demrmyingd e dependance of the
mathematical deseripton of the aptima| trajecionies on the

bolv has been developedia imgthad
prokldm afiiké brashisiodhrons Brithe conald

merta. _ vilues coarinates of the sarting and ending points.

2[4 bas been built the nme functional in the polar 5. The resulis of caleulations of uptimal trajectorics
covrdinate sysiens, ' liave been displayed.

3.1t has been obtained the first integral of the Euler 6. Built groundthrower blade with brachistochrone

cguation in the form of first order differential equation  profile has been built.
and found 1t analytical solution.
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