About an opportunity of moving of the closed mechanical
system due to internal forces.
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1. Target setting.

For the closed system, that is the system which is not testing external influences, or in
case of when the geometrical sum of external forces acting on system is equal to zero,
takes place principle of conservation of momentum.

Thus a momentum of separate parts of system (for example, under action of internal
forces) can change, but so, that the value Q :Z m, v, remains a constant.

Let's consider a following task (Fig. 1):
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Fig. 1

Around of the center of masses of a massive body M, on a circle of radius R the

system of bodies in total mass M. moves with constant speed. The system of bodies
is allocated continuously and in regular intervals. The trajectory of movement of
system of bodies is rigidly connected with a body M.

Moving of this system of bodies can be considered, how rotation of a body with mass
M, with constant angular speed W concerning some center. We shall assume, for

simplification, that each element Am has the infinitesimal geometrical sizes.

At the certain moment of time £, = O "chain" of bodies is broken off. Each element

of system begins stops in a point with coordinates [xl'en =R,y = 0]. A stop of

separate elements it is considered, how inelastic collision, after which elements get
speed of a body M -



Other bodies of system continue to move up to a full stop, i.e., up to a angle of an

aperture O(t) = 27T .

As an angle of aperture OC(Z‘ ) we shall understand, in this case, an angle counted
from axis O’ X’ up to the closing element of system body.

At the initial moment of time (t = O): o, . =0 (for the given task).

The angle of aperture changes from 0 up to 2m:

o) = [ wt

O0<oa@)<2x

(1)

Time for which the angle of aperture varies from 0 up to 27, we shall name " the
working period ", or "running cycle" T .

27
0<a(t)<2m o 0SE<—

w

Let's consider, that all mechanical system has two degrees of freedom (moving on
axes X and Y). We shall accept a condition that there is a restriction of turn of all
system.

Let's construct two systems of coordinates: motionless XQOY (absolute coordinates
system) and mobile X’O’Y ’, connected with the center of masses M . and with the

center of a trajectory of mobile elements.

2. The analysis of movement of the closed mechanical system

2.1. Calculation of a momentum of system of mobile elements in relative
coordinates system.

Momentum of material system to equally mass of all system increased for speed of its
center of inertia. In our case:

Ql :Ml I/lc (2)



Here M | — 1s a mass of all elements of the system moving on a circle. From

conditions of a task follows, that during the initial moment of time the mass is
allocated in regular intervals. From here it is possible to accept:

M 3

P - angular density of distribution of elements of system of bodies on a circle (an
arch of a circle).

2r
The value M 1 changes linearly in time 0<ts< 7 :
M\(t)=p Qr-a@) “)
Whence:
M, 2m—w) 5)

Ml(t): o

Or, as dependence on an angle of filling of a trajectory:

M, Cr—o))

M, (a)= 2
_ M@
2 —al(r)

It is possible to write down also:

The value (277 — ¢ (t)) defines a angle on a trajectory filled by moving elements.



In case of our task, the center of masses of system of mobile elements in coordinates
system X'O’Y’ is calculated:

i=1
- n
S
i=1
n
'
Yim,
=]

! — i=
ycml - n

2
S
i=1

Where x;, yi-coordinates 1 a site of a body with mass m, .

xl

cml

Coordinates i1 a mobile element in the chosen coordinates system:
x/ =R cos(a(t))
¥/ =R sin(a(t))

From conditions of our task:

imi =M, (1)

M, () R cos(a(r)) Y

Sxm =¥ (pAa)= |

i=1 i=1 e 27— o(r)

n n T M, (a) R sin(o(t)
Zlyz' mi:ZIyi (pAO()=I 27[_0{(5) )80(

Coordinates of the center of masses of mobile elements in the chosen coordinates
system are calculated by means of integrals with a variable bottom limit:

o

, 1 T M, () R cos(a(t))
2r—a(t)



’

ycml =

1 ZI”M1 (@) R sin (1)) -

M ()  27m—a(r)

After integration we shall receive:

, _ Rsin(a(?))
o 2 —alt)

, _ R(I-cos(x(t)))
o 2 —alt)

Expressions

(6)

(7)

®

(7)

and (8) define coordinates of the center of masses of mobile elements depending on

an angle of an aperture &X (f ) . From a condition of a task the angle of an aperture
changes linearly eventually:

a(t)=wt

The schedule of moving of the center of masses of system of mobile elements is
presented in a Fig. 2:
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Fig. 2

In a Fig. 3 it is shown conditional moving of the center of masses of mobile system.
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Fig. 3

Moving of the center of masses of system of mobile elements to coordinates system
X’0’Y’ can be compared to moving the center of masses of a pendulum of variable

length 7(?) and variable mass M (7).

In a projection to axes of coordinates system X’O’Y’ momentums Q1 :
O = xl,c M, (z)
Q1y’ = yl,c M, (1)

d , _ Rwcos(a) Rwsin(x)

2T—o Qr-a)’

d |, Rwsin(x) R w(cos(ar)—1

ylc:_ylcm:_ ( )+ ( ( )2 )
dt 2r—o 2r— o)




Rwcos(x) R wsin(o
Qv =M, ()| - @) _ (2) ©)
2T—o 2r—-o)
Rwsin(ex) R w(cos(ax)—1
0, =M, (g ~Rowsin(@) | Rw (cos(@)-1 o
2T—o 2r—o)
In a projection to axes of coordinates system XOY momentums Q1 :
. Rwcos(x) Rwsin(x (1n
O, =M, ()| x. - ( )_ (2)
2T—o 27 - o)
. Rwsmn(ex) Rw(cos(ex)—1)
=M (t — +
Q, =M, )(yc o Qr—-a) (12)

, where

) d
=—x (1
X dzxc()

. d
yc = Eyc (t)
Projections of speed of the beginning of coordinates of system X’O’Y’ on
corresponding axes of system XOY.

Let's remind: the beginning of coordinates of system X’O’Y’ is connected with the
center of masses body M _



2.2. Calculation of momentum of the closed mechanical system of bodies in
absolute coordinates system for the working period.

Momentum of all material system represented in a Fig. 1:

Q=M V,+(M,~M )V, +0, (13)
Here:

0, - amomentum of all closed system consisting of a body M, and system of

mobile elements by a lump M,
V.. speed of the center of masses of a body M, with the joined elements.

(M M, (t)) - mass of a part of the mobile elements which are not participating in

movement on a circle of radius R . Having stopped in a point [X;end =R, y{ ena 0] |

these elements get speed of a body M . (From a condition of a task.)

0, - a momentum of system of mobile elements. Projections @; on an axis of
coordinates are found above (12).

As is known, the geometrical point, radius-vector r which refers to as the center of
masses of material system is defined by equality

1 & (14)
vy, =—=-—— m,r
cm M kZ:; k "k

As for the working period to a body M, additional particles join, coordinates of the

center of masses of a body M, calculate as follows:

%, (1) = M, x, (t)+(Mlc;/[Z:41 () (x, (t)+R)

(15)
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Where X, (t ) and V. (t ) - coordinates of the center of masses of a body M, in
coordinates system XQOY.

After substitution

M, Qr—o(t))

M1(t) =
2 and
o) =wt
Let's receive:
2(MC xc(t)+(Mlc _ M (227;_Wt)j(xc(z‘)+R)jn

Xoelt) = M. T+ M, wi

M;. (2t—wt
2(Mcyc(t)+(Mlc_ : (275 )jyc(t))n
Voet) = M. T+ M. wi

Projections of speeds to corresponding axes of coordinates:

d
V, =—x,.(t
Ocx dt Oc()

d
I/()cy - EyOC (t)

d 1
Vch: Z(Mc (dtxc (t)]+2Mjc W(XC(t)+R )

T
2T - d
+(Mjc _ M (21:5 Wt))(dtxc(t)nn/(ZMcn+Mlc wt) —
2 (M 0+ (M - T G0+ )| 7

(2M, T+ M, wt)



B d I Mje wye(t)
=2 (b ()] e 020

+[M]c _ M (éz_Wt))(%yc(t)Dn/QMc T+ M, wt) —

2 (e v 1)+ (M1~ HGE () e

(2Mc n+M]c WZ)Z

Or, after simplification:

Voer = (4M02(d%xc(t)] 44 M, [%xc(t)]nM]C wit+

+2 M. wRM, T+ M, > w ¢ (d%xc(t)D/@Mc T+ M. wt)?

d
VOcy = Eyc(t)

(16)
In a projection to axes of coordinates system XOY momentums @, (from (13)):
QOx = Mc I/;)cx + (Mlc _Ml (t)) K)cx + le (17)
QOy = Mc I/Ocy +(M1c _Ml (t)) I/Ocy + Qly

According to the principle of conservation of momentum of the closed system:

QOxZO
QOy=0




1 M wt
Qo= 2( 4M15( 2 )(M Tc+_&)chos(wt)+(—2MlcwRMcn—M162w2Rt)sin(wt)

2
+87t( j((M T+ j(M +MIC)[§xc(t)j+MJ!¥ﬂ;)j/((2n—wt)n(2Mcn+Mlcwt))

t t d
2M;, (—W? +ch wRsinwt)+M;. wRcos(wt)+4m (—WT +1T,] (M.+M;.) (gt yc(t)) —M;. wR

Qo =

2inw+an?

The decision of the given system of the differential equations concerning coordinates X, () and

Y. (1), in view of entry conditions:
x.(0)=0
y.(0)=0

Yields following results:

1
M. TIn(2M,. T+ M;. wt)——= M,L Siwt—2m)+ M, In(2 M, n)n+ (sin(w t) — Sl(Zn))th

x.(t) =
(M, + My )= (18)
) _l M R(—cos(wt)+Ciwt-27n)-In(wt-27)+1-Ci(27m)+In2)+Infm)+m ])
YC( )_2 (M. +M;. )= (19)
, where:

VY - Euler's constant:

n— o

lim [i lj In(n)
i=1

=(0.5772156649...
Ci - Cosine integral:

X

Ci(x)=v+In(x) +J

0

cos(t)—1
t

dt

Si - Sine integral:



X

Si(x) :J Sint(t) di
0

In a Fig. 4 the schedule of change of coordinates X, (¢) and Y. (?) for the working
period is presented.

Fig. 4

Once again we shall remind, that X, (¢) and V. (%) - coordinates of the center of

masses of a body M ¢ 1n coordinates system XOY, that is, in "absolute" coordinates

system.

X0 (t ) and Vo (t ) - coordinates of the center of masses of all closed mechanical

system in coordinates system XOY.

Values X¢max and Vcmax can be found as follows:

Xy = 1im x, (1
===
ycmax = 1iI2rl yC (t) (20)

w



1 R(2M. wln(M, + My ) +2 M, mIn(M,) — M. Si(2 7))

xcmax

B 2 T (Mc +MIC )
: (21)
1 (Ci(2m)+y+In()+1In(2) ) M;c R
ycmax - 2 TC(M]C +Mc)
Expression
k=(-Ci27)+ y+1n(2) +In(7)) (22)
there is a value a constant.
To within 9 signs value of coefficient & makes: 23)
k=2.437653393
k M, R
y max =
‘ 2 (M, +M,,)
M (24)
y_ =038796——< R
(M, +M,,)

The center of masses of all system coincides with coordinate V. (t ) also (16).

Vo) =y ()

Moving of the center of masses of all system of bodies looks like (Fig. 5):
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Fig. 5

yomax = ycmax

- L(rI+Ci(wi=2n)~In(wi=21)=-Ci(=2 1) +In(n) +In(2)) R M,
YR (M +M,) 25)
1 @M.mIn(Mi + M) =2 M, (M) + (=27 +Si(2 1)) My ) R

Xo() = = n (M, +M.)

(26)

yomax = hg}[yo(t) = ycmax

===
w




1
[Mc nin(M;. + M.)— M. nln(Mc)+(—n +5 Si(2 n)j M;. JR

X = lim x,(t) =
0 max t_>2l 0() TE(M]C +Mc)

w

Dependence of moving of the center of masses of all closed system are presented in a
Fig. 6 and a Fig. 7.

A Xo
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Fig. 7

Conclusions.

Under condition of preservation of a momentum the given system (Fig. 1) moves for
the certain time interval on the certain distance.

3. The analysis of movement of mechanical system (Fig. 1) by means
of Lagrange's equations.

Lagrange's equations for holonomic systems generally look like:

d(oT | oT
—| — |-——=0, (i=12.,
dt (aql j dg, © (l ’ n)




Where ¢, - the generalized coordinates, which number it is equal to number n
degrees of freedom of system, ¢, - the generalized speeds, O, - the generalized

forces, T' - the kinetic energy of system expressed through ¢, and g;,.

For the system represented in a Fig. 1, for the generalized coordinates it is possible to

accept coordinates of the center of masses of a body M : X, (t ) and )/, (t )

Kinetic energy of system develops of kinetic energy of a body M, which for the

working period particles join, and kinetic energy of system of mobile elements of
variable mass M (¢).

T=T+T @7)

+7,) (28)

M,=M, +(M, —M, ()
d
V. =—x(t
cX thC()

d
V, =yt
Cy dl'yC()

Kinetic energy of system of mobile elements develops of kinetic energy of progress of
the center of masses and rotary concerning the center of masses.

M0V | Lw
2 2
Mlc (zn_Wt)((ch +Vx1 )2+(ch +Vyl )2) Ic W2
= +
4 2

le

1



Speed of the center of masses of system of mobile elements develops of own speed V]

and portableV’ .
(V.. +V,) and (V,, +V ) - according to a projection of speed of the center of
masses of system of mobile elements to axes OX and OY .

I, - the moment of inertia of system of mobile elements concerning the center of
masses of system.

T MO (V()x 2 + V()V 2) Mlc (271: _Wt)((ch + Vx] )2 +(ch + VVI )2) Ic W2
= + +
2 41 2

0 M,, 2nt—-wt)(2V, +27V,
0w v, + 2 ( ) ( 1)
AVex 41

0 M, 2rn-wt)2V, +27V,
—T:M() V0y+ ! ( )( 24 yl)
V., 47

2
d( o 1 o wit d’
E[ach T) —8[32n (——2 +n) (M. +M;. )[dtzxc(t)]+16R><

1 1
X wz((zwzntz—wnzt—zn-k?ﬁ) sin(wt) —

_%[_WTth] (gﬂtcos(wt)—thDM]c ]/((2n—wt)2n2)



2

d(0 _1 EPPEY, da- >
dt(achT] —2(2n(wt 2m) (MC+M,c)[dt2yC(t)]+Mlc w” X

X (4nwt—wtr—4m*+1)cos(wt)—1+(wt—2m)sin(wt)) R ]/
J(m(wt-2m)*)

oT
5
T
5

0

0

On a condition of a task, on our mechanical system external forces don't operate.

Therefore:
dt\ dV, ox,

af 2 ), or_, @
dt\ dV, dy,

The decision of system of the differential equations of the second order with respect
to x,(¢) and y, (), in view of entry conditions:

x.(0)=0

y.(0)=0
d
EXC(O)—O

d

=~ 3 (0)=0
dtyc()

yields following results:



oo 1 M RGin(wi)=Siwi=2m)-wi-8i(2 1)) (30)
x(1)=3 T (M, + My, )

. I Mie R(In(wt-2m)+cos(wt)-Ciwt—-27n)—In(2)-In(w)-1+Ci(-2 1))
ye() == © (M. + M. ) (1)

Value of coordinate ). during the moment of time # = —
w

1 (y+In(2) —Ci(2 ) +In(m)) M. R (32)
2 T (Mc +M]C )

ycmax

Or, approximately, to within 5 signs:

0.38797 M;. R
MC + M]C

That in accuracy corresponds to the results received earlier (21) and (23).

ycmax

Value of coordinate X, during the moment of time ¢ = —:
w

M, . RSi(27)-2M, R = (33)

2MCTC+2TCM]C

xCﬂ’lClX

1.2257 M,;. R
Mc +M]c

xCI’)’lClX =

Comparison of expressions (33) and (20) shows, thatat M, < M _,

values X, .. are practically equal. (at M, =10 M, the error makes < 0.5%.

Probably, it is connected with a method of the decision of the differential equations.).



The analysis of movement of mechanical system by means of Lagrange's
equations also shows an opportunity of moving of the closed mechanical
system without external influence.

4. Conclusions

Calculation of moving of the center of masses of the closed mechanical system is
executed on the basis of the law of preservation of a momentum and by means of
Lagrange's equations.

Intime T the total momentum of system is equal to zero (Fig. 8). Moving of all
closed system arises only during the working period.

In a Fig. 8 drawings of change of momentums for the working period are presented:

systems of mobile elements-
Mo (V,,+V,)
and "motionless", cases-
(Mc +M,, —Ml(t)) V.,
The drawing of a total momentum, that is, quantities of movement of all system,

coincides with an axis of abscissas of the drawing.

If at any moment to stop system of mobile elements, all mechanical
system will have initial speed.
If during the initial moment of time all mechanical system had zero speed in system

XOY after a stop of system of mobile elements speed of all mechanical system will
be equaled also to zero!
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Fig. 8

It is possible to speak only about conditional speed and conditional acceleration of the
center of masses of all mechanical system for the working period.

Speed of system is a derivative on time from coordinate.
Let's leave while calculation on one of coordinates. Below it will be explained; in this

connection it is connected.

The greatest interest represents change of coordinate ) (f ) (25) or (31).

d
Vy = Eyo(t)



. 1 w(cos(wt)-1)M;. R
Yoo wt=-2n)(M, + M. ) (34)
d
ay:d_tVy

1 M. w’R(sin(w 1) wt—2sin(wit)m+cos(wit)—1)
2

a, =
(wt-2m) (M. +M;. )= 33)

Corresponding drawings of change of speed and acceleration of all closed mechanical
system are presented in a Fig. 9 and a Fig. 10

VyA

Fig. 9



Fig. 10

4.1. Calculation of the force developed by system of mobile elements.

According to the same theorem, change of momentum of system of bodies to equally
sum of all external forces enclosed to system body.

dQ _ Z Fe
d “~*
On conditions of our task this equality is carried out: external forces are absent also

change of momentum of all system to equally zero.

At the same time, the schedule on a Fig. 5 describing moving of system of bodies isn't
rectilinear.

Let's try to find force which could cause similar moving for the same interval of force
for a body, the same mass, as well as mass of all closed system.

Force F we shall define in projections to axes: £, and £,

Corresponding projections of acceleration which would be caused by the given force,
are defined, how:

F

X

ox (M,+M,,)



F

— Y

aoy (Mc +Mlc)

Let's make system of the equations:

x, (1) = ” a,, didt

Yo (£) =] a,, drdt (36)

Where: X, (f ) and Y, (f ) coordinates of position of the center of masses of all closed
system ((25) and (26));

The decision of system of the equations (36) results in the following:

F.=RQ2M n(-In(2M, n+M,, wt)+In(m)+In(M.)+In(2))+ G0
+ M, (wt—Si(2m) - Si(wt—2m)))t’ 1)

~ R(In(2)+In(m)+n/+Ci(wi-27m)—In(wt—-27n)—-Ci(-2 7)) M,. (38)

g £
2z
O<t<—
Average values of functions ~ ¥ and ' for the period W
1 Si(27)M,, w’R
xcp = Z 72.3
1 (#I+In(7)+In(2)-Ci(-27)+y) M,. w'R
yep Z i

Force of moving is result of centripetal forces of inertia.

F F

This conclusion can be made on the basis of proportionality of values =~ ¥ and ' to

. 2
expression : W R.
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Plots of function = * and 7 are presented in a Fig. 11 and a Fig. 12:

Fxn

F Xcp

th.
0
Fig. 11
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Fig. 12

4.2. Work of force and power.

At movement of mechanical system the sum of works of all operating forces on some
moving is equal to change of its kinetic energy 7, that is:

ZAi =1, -1,




Where 1 and Iy . value of kinetic energy in initial and final positions of system.
For our considered task:

T,=T,=0
that is, kinetic energy of all system in initial and final positions is equal to zero.

Hence, the force developed by system of mobile elements, doesn't make
work.

The system of mobile elements for the working period changes the kinetic energy in
an interval:

0<T< %Mlcszz 9

Increase of kinetic energy is a translation of system of mobile elements in a working
condition.

Decrease of kinetic energy - a stop of mobile elements during a running cycle.

From this interval we shall define work on moving mobile elements:

1 (40
|4|==M, W' R’ )
2
The power developed by system of mobile elements for the working period:
A Aw 1 41
N=—=—=— 1CW3R2 “0
t 2 Ar

The note:

Values of work and capacity are found from a condition, that elements of mobile
system completely stop after end of a running cycle. In real devices it to do it is
inexpedient. It is desirable to change speed of mobile elements only on one
coordinate.



In that case, it is possible to use a stock of kinetic energy of mobile system for
translation of FE in a working condition. Thus values (40) and (41) will be much Iess.

5. Group work. Association of several systems of mobile elements.

Process of moving of the considered system V) (%) can be repeated.

For this purpose it is required to move mass A, which gathers on distance R from

the center of masses M _, to the center of masses M . Not breaking position of the

center of masses of all system, in regular intervals to disperse system of mobile
elements M, ona circle of radius R. To give to system of mobile elements angular

speed W. After that, it is possible to repeat a running cycle (a Fig. 25, a Fig. 26).

To exclude from calculations coordinate Xo(?) and €, (t) (where Q(?) - aangle
of turn of all mechanical system), it is convenient to bring in the closed mechanical
system one more system of the mobile elements making movement, mirror symmetric
to the first system of mobile elements concerning an axis O'Y”.

Fig. 13
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Fig. 14

It is meant mirror symmetry of movement:

Startlng angle: az start =7 - al start
Angular speed: helaid

Change of mass of mobile elements: M, (¥) = M, (¢)

Elements of mobile system stop in a point with coordinates [x; oa =R, y; ond = O:|

Coordinates of the center of masses of the second mobile system

R sin(wt
xcm2 (t) = # - _‘xcm l(t)
27w —wt
R (1—cos(wt
ycmZ(t) = (2 ( )) = ycm l(t)
T—wt

In a projection to axes of coordinates system X’O’Y’ a momentum Qz ;

d
Q2x = M2 E cm?2 = _le
d

Q2y :M2 Zycrrﬁ = Qly



The total momentum of systems of mobile elements X is equal a projection to an
axis to zero.

le + QZx = 0

The total momentum of two systems of mobile elements Y’ is equal a projection to
an axis to the double momentum of one of systems of mobile elements.

Qly + sz =2 Qly

The sum of the moments of momentums of two systems of mobile elements is equal
to zero

K_+K, =0

As it was already mentioned above (Fig. 3), to coordinates system X’O’Y’ it is
possible to compare moving of the center of masses of system of mobile elements to

moving the center of masses of a pendulum of variable length 7(f) and variable

mass M 12 (f ) . For a case of two systems of mobile elements, moving of their

general center of masses can be presented as back and forth motion of a body of
variable mass on one coordinate. (Fig. 15).

That is, the mechanical system consisting of two systems of mobile elements
possesses one degree of freedom.

73

y

Fig. 15
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During the first half-cycle 0 < ¢, <= Z_ there is a reduction of mass of two systems
w

of mobile elements. Thus coordinate )/, (the center of masses of systems of mobile
elements) - decreases.

, T T . .
During the second half-cycle Z_ =< t, < —, the coordinate )/, increases, but the
w w

mass M, continues to decrease up to zero value. fl * tz

6. Organization of continuous (quasi-continuous) work.

Let's name the mechanical system consisting of two systems of mobile elements,
making mirror symmetric repeating movement on a special trajectory, the Force
Element - in abbreviated form "FE".

FE can be united in groups for teamwork.

6.1. Group of FE with the phase shift equal to zero.

Let's admit, we have united in group 7 force elements.

At us the closed mechanical system consisting of a massive body (case) M and

group of FE, total mass during the moment 7, = 0, equal

Mnc = i Mlc
1

If the beginning of a running cycle at all FE entering into group, coincides, that is
phase shift at all FE is equal to zero, for a running cycle all mechanical system will
move on distance (according to (24) and (32)):

k  (nM,)R 42)
27[ (Mc +(7’l Mlc))

ymax -

, where: k =2.437653393



After end of a running cycle each FE is necessary for resulting again in an initial
condition, that is, to make the actions listed in the beginning of charter 5.

Fig. 16

The plot of moving of similar system is presented in a Fig. 16. Intervals of time Af
on the plot define time of restoration of group FE in an initial condition.

6.2. Group of FE with the phase shift which is distinct from zero.

It is possible to organize work of group of FE in such a manner that the beginning of a
running cycle at each FE will differ from previous FE.

Let's admit, phase shift at each FE from group # elements will be equal
2z

Ao =—
n



1.e., when first FE from group begins a running cycle, last FE finishes it.

In a Fig. 17 the conditional scheme of work of group of FE from 8 elements is

AY'

presented.

Fig. 17

Let's admit that each FE after end of a running cycle at once begins a new running
cycle. Time of restoration of FE in a working condition it is passed for simplification.

Mass of the mobile elements participating in movement in system from 7 FE:

2km
n—1 M]c 2T — 0o —
n

2m
k=0 0<a<2rx

At the big number 7, i.e., accordingly, at small A, it is possible to consider mass
of the mobile elements participating in movement, a constant.

1c

Average value of this mass: M



, where M 1 - mass of one FE.

In a Fig. 18 the plot of change of masses of mobile elements of system from 4 FE is
presented.

M, =2
’—
M |

le

Fig. 18

The center of masses of each of FE moves on dependence (8).

2
R (1—cos a+i " )
n

yl,i:
2 <a<
2r— a+i— V=sas2z
n

The schedule of moving of the centers of masses of mobile elements of system with 4
FE is presented in a Fig. 19.
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Fig. 19

The sum of quantities of movements of FE of the system of the coordinates connected
with closed mechanical system is defined by expression:

n 43)
Om = Z Mi; Vi
I =1

In a Fig. 20 the schedule of change of momentum of FE system with phase shift is
presented.
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Average value of a total momentum of FE in mobile coordinates system will be:

1 M;e wR(In(2) +In(m) - Ci(2 1) +y) n (44)

4 2
T

Q]n =

From the law of preservation of a momentum of the closed mechanical system
follows:

T AR T P
( ct n Ic) thOn(t) +Q1n + My thOn(t) -

where:

M _+ M, - mass of apart of mechanical system with which center of masses the
reference mark of mobile coordinates system X’O’Y” is connected.

— Yo (?) - speed of mobile coordinates system X’O’Y” in a projection to axis Y of

dt

motionless coordinates system XOY.



M 1, - mass of mobile elements of FE (43).

Part of expression:

Q,+M, —y, (t) -definesamomentum of FE in motionless coordinates

dt
system XOY.

The decision of the differential equation (44) with respectto y (), in view of entry

conditions:
Von (0) = ( (initial speed of system is equal to zero),

Gives following result:

. (46)
Rw M, n (In(2)+In(n)-Ci2 ) +7v) ¢

1
Yon (t):_
4 2
T (Mc +M1c n )

The analysis of expression (46) shows, that the system with 7 FE, the beginning of a
running cycle of each differs from the beginning of a running cycle of previous FE on

1 27

size Af = ——— , moves in regular intervals (Fig. 21). In a Fig. 21 red color
n w

represents a trajectory of movement of system from three FE. (at 77 — oo, the curve
Yon (¢) in a Fig. 21 comes nearer to a straight line.)



n
W

Fig. 21

Calculation is made of a condition, that each FE after end of a running cycle at once

begins a new running cycle. Time of restoration of FE in a working condition is

lowered for simplification.

The system moves in regular intervals only at W % O .

Speed of all closed system is a derivative on time from the coordinate defining the

center of masses of system:

d
VyOn = EyOH (t)

1 RwM;. n(In(2)+In(n)-Ci(2 1) +7)

VyOn(t):Z
(M, +M,. n)

(47)



Acceleration of system as a derivative on time from speed, it is equal to zero:

d
n = EVyOn

That is, at any moment the system moves without acceleration.

=0

a,

It is possible to calculate force from which the system of FE is capable to move all
mechanical system.

The force developed by one FE is certain in (38):

For group of FE with phase shift total force:

n-—1
2km
F;, = Z F1£OC+ \)

n
k=0

At a plenty of FE in group, it is possible to accept average value of total force:

2 (48)
F =(al+In(7)+In(2)-Ci(-27)+ y)j—f M,
T
Ww'R
F, =~243765x2—n M,

A

By analogy to gyroscopes at which the gyroscopic moment is result Coriolis forces of
inertia, at FE force of moving is result of centripetal forces of inertia.

At continuous group work each FE changes the kinetic energy (39).

For a time unit, quantity of the "lost" energy it is equal to quantity of the energy

transferred by FE for restoration. At big 7 and continuous restoration of FE, it is
possible to consider work on restoration of FE uniform.

The capacity necessary for restoration of FE in a working condition:



N=—nM,  w'R? (49)
87T

The note:

Value of capacity is found from a condition, that elements of mobile systems of FE
completely stop after end of a running cycle. In real devices it to do it is inexpedient.
It is recommended to change speed of mobile elements only on one coordinate.

In that case, it is possible to use a stock of kinetic energy of mobile system for
translation of FE in a working condition. Thus value (49) will be much less.

7. Force elements with the increasing mass of mobile elements.

The task represented in a Fig. 1 can be a little bit modified.

7 A

Y
oy,

Fig. 22



Around of the center of masses of a massive body M, on a circle of radius R the
system of mobile elements moves with constant speed. Elements are put forward from
some "source" in total mass M, (during the initial moment of time), connected with

abody M . The system of bodies is allocated continuously and in regular

27
intervals. Through time Af =—— after the beginning of promotion of elements, i.e.
w

after end of a running cycle, all trajectory of movement of mobile elements will be
filled by these elements.

To repeat a running cycle, not breaking position of the center of masses of all
system, it is necessary simultaneously and to move mobile elements to a point from
which elements are put forward on a working trajectory in regular intervals.

For the working period the closed mechanical system represented in a Fig. 22 will
move the same as also system in a Fig. 1, on distance

k  M,R
2 (M, +M,,) »Where

k = (—Ci(27) + ¥ +1n(2) + In(7r)) = 2.437663393

ycmax =

Mlc R

Yemax = 0.38796 (M +M, ) (see the formula (23), (24))

Corresponding drawings of moving of the center of masses of the case of system and
the center of masses of all system as a whole are resulted in Fig. 23 and Fig. 24
A
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Fig. 23
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Fig. 24

8. Materials for systems of mobile elements.

As mobile elements in FE various materials of various phase conditions - solid, liquid,
gaseous can be used.

The organization of a trajectory of moving of mobile elements can be also various,
proceeding from properties of substance of mobile elements.

9. Restoration of force elements in a working condition.

In a Fig. 25 the scheme of restoration of FE is presented to a working condition. In
figure:

a - b) - the Running cycle. Mobile elements gather in a final point of a trajectory;
¢) - Moving the collected mobile elements to the center of a trajectory;

d -e ) - Accommodation of mobile elements on a working trajectory and giving of
speed by it.



Fig. 25

For reduction of time of restoration of FE and for preservation of a part of kinetic
energy of mobile elements, it is possible to make a conclusion of mobile elements to a
working trajectory during a running cycle (Fig. 26). In that case, practically at once
after end of a running cycle it is possible to begin a new running cycle.



In a Fig. 25 and the Fig. 26 are presented variants of restoration of FE with reduction
of mass of mobile elements. For FE with increase in mass of mobile elements (Fig.
22) principles of restoration practically same, only varies a direction of gathering and
dispersal of mobile elements.

There is an opportunity of association in one force block of FE with increase (T) and
reduction (\L) masses of mobile elements (Fig. 27).

Fig. 27



In a Fig. 27:
a - b) - the right part of FE (on fig.) works, as FE l ;

c) - transition of mobile elements;
d-e-f) - the left part of FE works, as FE T ;

f -g) - the left part of FE works, as FE d , transition to a).

It is necessary to make a reservation at once, that such association is possible only: or
for single FE, or for group of FE with zero phase shift. As a total momentum of

mobile elements in FE T and in FE { , if their phases it are equal among themselves,
equal to zero.

® 2

T

Fig. 28

In a Fig. 28 integration FE T and FE 4 with an identical phase is presented.

At w, =w, and @, =&, a momentum of two systems of mobile elements to equally
momentum of one, moving on a circle, in regular intervals allocated mass.

QalT + Qazix = QO!=275 =0

10.Practical use.

Force elements, separately or incorporated in groups, can be used as engines of any
devices for moving to any conditions and environments.



The material system moving by means of FE, will possess very high maneuverability
as the kinetic condition of system during movement doesn't change.

Example.
The material system a lump of 1000 kg includes 10 FE with phase shift.

On a share of all FE 10 % from a lump of system are allocated.
The radius of a trajectory of FE is equal 1 m.

To define the minimal kinematic characteristics of FE to tear off all material system
from a surface of the Earth.

Solution.
Mass of one FE:

M, =%XO.1><MO =10 kg

Weight of all system at a surface of the Earth:
P =M,g=9300 N
From (48):

w=21x Zz
2.43766xn1 M, R

9800 radian
w=2rx =56
243766 x10x10x0.5 s
w=56 radian ~9 s =550 min

S

The power necessary for continuous work of all FE, is defined from (49)

N:inMICmﬁR2
Y4
1
N =—x10x10x56x 0.5 =170 000 Watt = 170 kW

87

This maximal value of power. In real devices it should be much less. (See the note to
the formula (49)).



Speed of system at absence of gravities is defined from (47):

v, =0.172
S

Note.

Calculations in the given example are made very much approximately as real dynamic
both geometrical characteristics of FE and methods of restoration of FE in a working
condition aren't considered.

Sergey V.Butov
August-December, 2006
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