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Abstract. The paper deals with a new type of vibrations texsiwhose operation is based on
the forces developed by permanent magnets integadtetween input and output members.
Classification and some diagrams of vibrations texsiare presented. Mathematical models of
one-dimensional vibrations exciters are set ugases when mean velocities of the magnets of
input member and output member are equal and waktity of an output member magnet is
lower than that of an input member, dynamics iglisth by means of approximate analytic
methods. More complicated cases are studied by snedmumerical methods. Estimated
dynamic characteristics of the system, its esthbtispeculiarities and properties make it
possible to apply the mentioned exciters to sorlentelogical processes.

Keywords: magnetic vibrations exciters, dynamic charactessttability
1.Introduction

One of two-coordinate mechanical vibrations gemesa{MVG) in which the vibrations
process is excited by means of permanent magnké&srig dealt with.

MVG (Fig.1) consists of input member 1, output mem®, and two elastic couplings 3 and
4. The latter restrict the motion of output memBealonga andy coordinates. Permanent
magnets fixed on input and output members at atmistep lie on parallel surfaces. When the
magnets are shifted the static equilibrium statepfit member 1 is along axis OY at distance
L.

Input member 1 can turn at anglewhile an output member can do it at angland may
move linearly in the direction of axis OY.
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Fig. 1. Schematic diagram of MVG based on interactionesfanent magnets
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Differential equations of the system (Fig.1) are fibllowing:

I(p¢_ f(p—a(L_y)Mm:M(p’
la+f,  (L-yWM_ +Ca+H,a=M,_,

my—f (L-y)F,+C,y+H y=F, 1)

here |, and |, - moments of inertia of input 1 and output 2 merabeespectively;

L — distance from the origin of coordinates to thput member magnets in the OY axis
direction;

y — distance from the origin of coordinates to theput member magnets in the OY axis
direction;

f, .(L=Yy)M, - moment of magnetic forces generated between reesriband 2 (Fig.2);
f, (L - y)F,, - magnetic force acting member 2 along coordigdfig. 2);

f,.(L=Y), f,(L-Y) - dimensionless functions describing variation f# tistance

between magnets (Fig. 3);
F, - external force acting member 2 along coordiyate
a, ¢, y - generalized coordinates;
m - mass of member 2;

M 0 M - external moments acting members 1 and 2, respégti

C, and G - factors of stiffness of elastic couplings 3 @ndespectively;
H, and H - coefficients of external friction [1].

Wheny<L ,functions f,_, (L —y) and f (L —Yy) may be approximated by segments
of a line:

f,.(L-y)=a +by,
f,(L-y)=a,+b}y, (2)

where a;,b;,a;,b; are constant values depending on L.
We assume approximately that:

M, =M_sinn(p-a),

F.,=F.cosn(p—a), (3)

here F,, and M, - amplitudes of magnetic forces and the momeatpectively.
Having evaluated (2) and (3) we can approximate:

f, . (L=yY)M_ =(a,+b,y)sinn(p-a),
f,(L-y)F,=(a,+by)cosn(p-a). 4)
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Fig. 2. Graphs of variation of magnetic forces (a) andntivenents (b)
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Fig. 3. Graphs of variation of functionf ,_, (L —y) and f (L —Y) [2]

Having evaluated (4), the following form of equata(1) is obtained:
¢—(a,. +b,y)sinn(p-a)=M_,

d+pia+h,a+(a,+b,y)sinn(@-a)=M_,

y+p;y+hy—(a, +by)cosn(p—a)=F,, (5)
a* b* a*
a,=—M_; b =—M_; a=-—"M_;
7 | m O m 7
(4 (4 a
b’ a, :
brpzl_(erTB’ ay:E“:m" by_Ey‘Fm’
h:Ha, h=Hy; PZ:C’Z; PZ:Cy,
“o, Y oom “o, m
M F
M*: (P, M;:Ma! F;: y (6)
co, l, m

where a, b, n, p, h are constants.
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Case 1.

p=ot, y=0, 7
and a differential equation of motion is:

g+ poa+h,a+a,sinn(et—a)=M,. @)

The steady regime is sought approximately by atytiaanethod [3].
When damping is high and amplitudes of the stegatg@brations is low, then:

ara+a, ©)
where@ anda are slowly and rapidly varying quantities, respey.

From (8, 9) a linear differential equation is sptfar rapidly varyinger , assuming thatr
is a constant:

G+ p§&'+ha§+a¢sinn(a)t—§)=0. (10)
Equation (10) yields:

o a 2 2 2\2 o — —
“ = (B2 () + (o, (P 7Y sn(et @) o, cosn(et =] ()

Referring to (8, 9) a differential equation of awlmotion is the following:

—%

a+ p.a +ha+asinn(ot-a-a)=M_, (12)

where a bar over a sinusoidal represents the amgragcording td.
Restricting to the straight-line, expandisinn(wt —a — a) by a power series it is
obtained:

- = a’noh, .
a+p,a+h,a— > T —=M,, (13)
2{[ p, - (nw)°]" + (nwh)“}
where under the steady regime:
1,8 noh M’
a==(—~% o +—2, (14)
2°p, [p;~(nw)’]* +(nwh)* ~ p}

It implies that (14) is shifted approximately alonggle & along axis @ in a positive
direction by an average constaot > 0, i.e. along the sense of rotation of angleand it
vibrates harmonicallyx around that state.
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Let us examine how the analyzed vibrating systelmamge, how the state of (8) and (15) is
coordinated in the phase plane when:

h,=01; p? = 05; a, = 05.

G+ pia+h,a=a,sin(et-a) (15)

Fig. 4 presents typical phase trajectories of théaon of system (15) at different values @f.
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Fig. 4. Phase trajectories of the motion of system (16wa2;b) w=16;¢c) w=12;d) w =1;
e)w=08;f) w=06;9) w=04;h) w=0.2
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It is evident that changing single-harmonic (Fig. 4 a), poly-harmonic (Figh4c, e, f. g,

h) and chaotic Fig. 4 d) regimes settle down.
Puankare diagram (Fig. 5) illustrates a gener# sthsystem (15).
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Fig. 5. Puankare diagram whege and,; correspond to system’s frequengy- 04 (Fig. 4 (9))
Case 2:
p=ot, y#0 (16)

When damping is high and amplitudes of the stesatgbrations is low, then equations (5,
6) are examined jointly.
Analogically, (9) is assumed as:

a=a+a,y=y+Yy. (17)
Having evaluated (17), equations (5, 6) acquirgdiewing forms:

G+p’a+h,a+(a, +b,y)sinn(et-a@) =0,

¥+ p§37+hy§—(ay+byy)cosn(a)t—67):0, (18)

a+p.a+h,a+[a,+b,(Y+Y)sinn(et-a —-a)=M_,

Y+ p;y+h,y—[a, +b,(y+Y)lcosn(awt—a —a)=F, . (19)

In the case of a rapid motion equations (18) yield:
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- a +by _ . _
a =—"—"=[nwh_ cosn(wt—a)—-A,_sinn(et—-a)],

-~ a,+hy _ : _
y:D—[Aycosn(a)t—a)+na)hysmn(a)t—a)], (20)
y
where D, = (p; —n’0®) + (nwh,)?, D, = (p; —n’®®)* +(nwh, ),
A, =p;-n*w® A, =p;-n‘o’. (21)

In equations (19) confining to the linear termsgiower series according o expansion,
after averaging it is obtained:

1 _ (aw + b(p)_/)znza)ha + by(ay + byy)A“

o = 2p§ [ Da Dy ],

-1 _ _hA _. nhwh

y= 2p2 [_(aw + bwy)(ay + byy)D_a+ by(a‘y + byy) “]. (22)
y p y

The obtained expressions (20) and (22) indicatealoag the coordinatesand y motions
consist of constang,y and varyingy,y parts.

2. Experimental research

Experiments have been made on the stand (Fig. Dsevinput member 1 and output
member 2 carry 8 permanent magnets each. Magnes pdland S are laid alternately, i.e.
uniform poles are in 4(=4). Coercive force of magnets B = 37.3N [4]. The moment of

inertia of an input link isl,, = 0.0016gm?, that of the output link , = 0.005&gm*, output
link mass m= 22kg . The space between the magnets fixed on the iapdtoutput links is

KN o g7
m

A = 2mm. Stiffness coefficients of elastic couplings @e=451

Experimental research has been carried out by ngrifie position between input and
output links along their common rotating axis, varying the overlapping degree of input and
output members and varying rotation frequeagcyof an input member [5].

Some experimental research results are given ingig

It is quite evident that harmonic is prevailings frequency is"? (n=4 — number of
2

uniform magnet poles) i.e. its frequency is twoftddier than that of the excitation. It indicates

that parametric vibrations take place in the systéhese vibrations are described by equation
of Mathieu which may be derived from (8) analyziitg homogeneous expression and

underestimating external damping [6]:

a"+(u-2qcos2r)a =0, (23)

here ' :dﬁ; r= nat .y, g — constant parameters of the vibrating syste
dr 2
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Dissemination of the linerized part of eq. (8) bg gradual series according do, gives:

.o 2 . - *
a+ p,a+h,a+a,sinnet —a, nacosnat =M, (24)
The main homogeneous equation of the steady state:
.. 2
d+(p; +a,ncosnat)a =0 (25)
2
hereg = i ta" -
Nw
|hput
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Fig. 6. Frequency spectrum of output member rotating vitna when ays = 20Hz; b) » = 30Hz;

C) w=40Hz
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Then stability of such a system depends on theegalhf parameters and g and it is
expressed by Ince-Streett diagram. When the vatdigzarameterg are moderate, stability
conditions may be expressed in the following way:

1+g<b<1l-q (26)

With an increase iw both parametens andq decline. Ratio of both parameters

na
k= aq_ _z remains constant. The state of the system (eittaddle or unstable) depends on
u 2p;
the position of the point on ling = ku because with an increase i the stable and unstable
zones replace each other in series [7].

3. Conclusions

This research has indicated that mechanical vilmmatexciters based on the interaction of

permanent magnets can be applied to excitatiomabdus regimes, such as:
e harmonic,
¢ poly-harmonic,
e chaotic.

In the system of constant parameters the vibratiegsnes are changed by changing the
system excitation frequenay .

When damping is high and amplitudes of the steaalgwgibrations is low, equation (14) is
shifted approximately along angle along axis @ in a positive direction by an average
constantg >0, i.e. along the sense of rotation of angleand it vibrates harmonicallyr
around that state.
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