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Abstract. Motors or actuators with autonomic source of engsgch as for example with constant magnets have
scientific and practical value. The transformatafrenergy of magnets into mechanical motion is grened by using
various mechanisms. In the analysed case the wa¥iepwith the elastic member is used. Such systean be noted

by their small dimensions. The expression of theirly force and some characteristics are presented.
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1. Introduction Two mutually parallel rows of constant magnets (or
other sources of energy) 3 and 4 and also the wave

Earlier it was shown that constant magnets arécurvilinear) profile 5 are attached to the inpwgmber 1.
suitable for the creation of generators of mechanic The magnets in the rows 3 and 4 are located by sigpo
vibrations of various types. Those magnets are figed poles one against another with constant step. Ténew
the transformation of continuous motion of the inpu profile is a periodic function of displacement ghalato
member into vibrations of the output member. Ors thithe lines of location of the magnets 3 and 4. Tapuat
topic several patents were obtained, for examgleafiti member 2 is kinematically connected to the wavdilpro
others. In this paper the actuators based on teeggrmf 5, which may move with respect to the input member
constant magnets themselves are analysed. The latigarallel and perpendicular to the directions oftan of
energy is transformed into mechanical motion bymagnets 3 and 4. Constant magnets are attachdweto t
mechanisms of various types. Here the mechanism autput member 2 parallel to the rows of magneta4

wave type with elastic member is analysed. In all the parallel rows 3, 4 and 2 magnets witluaq
distances between poles are attached. All magnetsfa
2. Model the same power. The position of equilibrium of theput

member 2 y=0,x=0 is ensured by the elastie

The analysed actuator consists from the inpu&issipative member 6

member 1 and the output member 2 (Fig. 1).
3. Analysis

In Fig. 2 and Fig. 3 the forces acting to the otitpu
member 2 are shown.
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B 55 — = — Fig. 2. The force by which the row 3 of magnets of the inpu

/ L member 1 acts to the output member 2 in the daecti
e ST 6 5 4 of the axis Ox when the members 1 and 2 do not move

with respect to one another,kis the same when there
is respectively the same distance, but with oppasgn

Fig. 1. The scheme of the actuator
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C — the coefficient of stiffness of the spring= d/dt,
"= d/dx.

T r . 1 . .1 . [ . From the equation (5) by taking into account (&) an
oL 1 L v e T o w after dividing by m it is obtained

F.

12\ I g2 12 . * 20n,
Fig. 3. The force by which the row of magnets 3 of the inpu (1+ Yx )X HYxYuXT (hx +Yx hy)x TAHPYY -
member 1 acts to the output member 2 in the doecti 1 / .2 .2
of the axis Oy when the members do not move with™ — Finx _EyXme + [yXXX +¥x (_ hy + hy)x tpy -
respect to one another.f is the same when the

respective distance is the same, but with oppegjte _ y;qx +Ey;FmX_E me }:OSIan +f; (1+ y;z)x -0,
The force of magnets of the input member 1 acting)
to the output member 2 in the direction of the &is
where
Fi = NFaay - Z(Y)+ NFogy - Z(= ) = NPy, [2(y)-2(- y)],
(.1) . . . q* :& pzzg h :i h :i f*:f_l
in the direction of the axis Oy X" m m' T m Y m't T m
Fy = —NFagy -z(y)—nF24y Z(-y)= —NFyy [2y)+2(-y)]. Further the case is analysed when the wave
(2) (curvilinear) profile and the magnetic forces agtto the

output member are harmonic functions of the argumgn
where n is the number of pairs of the poles of retgnf ~ and z(y) is varying according to the line. On thisis it

the output member 2, is assumed
Fosx = —Faay, y= Asinn—x ,
Fpay = F 3 !
24y = 123, . X
me = Fxo Sml_ [z(y) - Z(_ y)], (8)

z(y) and z(-y) take the strength of interactioroiatcount x

depending on distance of the poles of magnets. Fay =—Fy,cos— [z(y)+ z(- )]
The wave (curvilinear) profile of the input member |

is a periodic function as well as the forces of ne&g

from x, that is

y = y(x). @ zy)= o.s(% + 1],

In this case it is assumed

The differential equation of motion of the output y
member is obtained by taking into account the dgt a 2(Y)—2(- Y)=r, 9)
the viscous friction acting to the output membeat 2he
contact point of the input member 1 profile 5: Z(y)+ Z(_ y):l.

The equation (7) by taking into account (8, 9) and
4 ' H : 12\, _ .

F;+nyy +(_yXFX +Fy)f05|gn><+fl(1+yx )x—O, ®) fo=f, =0 takes the following form

where

2 2
Fo =mxX+H,x+Q, —F, ©6) [1+(nl—A] cosznl—X]X+[hx+hy(n|—Aj cosznl—X]SH
F, =my+H,y+C, —Fyy,
AN | 2 752.2 X . X«
fo and § — coefficients of dry and viscous friction, *| 77 |P |7 X [€OS7 N T Tk (

'521:(1+ y’xz)>'< — velocity of slippage of the member 2

with respect to the profile 5, m mass of the output , A _E‘_osinZW_XJr@COSZ “_X}:o_
member 2, m L | | [

H., H, — coefficients of viscous friction according to the 1)

axes Ox and Oy respectively,

Qy — the external force of resistance according éoaxis For the case of rotors

Ox,
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| nD (11) From the equations (16, 18) it is obtained
=,
4 [(2 )sin2ot

where D is the diameter of rotors in which the eemibf  Po = Ne00a® = 00y JSINcot + (19)
poles of the magnets are located, n is the numbpaics
of poles magnets. The following notations are ititiced +(op015 + 2040 4w)c0s201],

nq)_rc_x k—ﬂ—%q _ Q. A where A = ( 0c1+(x2)20)

D’ Il D' mD X mLD X0’ (12) The condition of periodicity of; is
_ 7mA
Yo miDp Yo' g =oglot+Bg,ot)=0, (20)

The equation (10) by taking into account (11, 12 here the upper dash means averaging with respect t
takes the following form time.

From the equations (16 — 20) it is obtained
(1+ kz 0032 nq))('[')-i- (hx + hy7\,2 C082 n(P)(b + q ( )

g = +ag + =0, 21
+x21(p2 - nz(pz)cosn(psinngo— Oy —Fyo SIN° N+ (13) %6 = 020T s ¥edy (21)
n
where
+f,, COS* N =0.
From the equations (10, 13) it follows that when a7 =— 20c4 > {a2a4 + [2(1+ No,o? +
dooi + a5 o (22)
+ 0.5hya2]k2m}.

4, <0,0r-20 e g
—fxo tfyo # ,or—T+BFyO¢ , (14)

. Thus from the equation (21 is found with the help

For the investigation of equation (13) in the stead
state regime it is assumed

O=mgtemt... .
(22)
p=ot+p (15)
) ) On the basis of (21-22) it is obtained
and the equation (13) takes the following form
0LyP + 0L, + a5 Sin20t + o COSZcot+8[oc o+ag + ®g -5 Lo “1yo ~
w2 8 4 2 57 (16) o, Zihx +0.51.°h, )

+ag(ot +B,0t)]=0,

Wy = —i(h
wheree is a small parameter at the end of calculations o) w=ap
assumed equal to one, (23)

ay =1+ 0507, 0, =h, +052°h,
1 4. Conclusions
oy =052 = (p? ~ 202}y =05ff,, +1,, ) | _
n It is determined that constant magnets may ensure
og=0. 5( fxo fyo)+ dy steady state motion of the output member. There Ineay
. a great number of actuators of this type. Here the
oot + B’wt):% =a3[sm2(cot +B)- szwt]+ 17 structure is analysed which consists from threesroiv
+ 0°4[0032(03t +B)—003203t]+ magnets and a wave mechanism with an elastic member
+O.5k2(p2 —nzmz)cosz(oaHB)— The regime of resonance makes the implementation of
o the steady state motion easier.
—0522n(20p + 2 )sin2(ot + ).
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P=P+efat... . (18)
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