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Abstract—Dynamic vibration absorbers of indicator type are analyzed. In such absorbers direct
interaction between object and absorber is absent. It is shown that such absorbers are effective even for
simple controllers. For analyze the linear matrix inequalities are used. Dynamic vibration absorbers of
indicator type are analyzed. Their positive feature is that there is no need to change the design of the main
device because of in such absorbers direct interaction between object and absorber is absent. It is shown
that using proposed formulas for parameters of controller we can obtain effective absorber with simple

controller. For analyze the linear matrix inequalities are also used. The problem is analyzed as H - synthesis

problem. It is shown that using linear matrix inequalities we can also obtain very effective absorber.

Index Terms—Dynamic vibration absorber; controller; linear matrix inequalities.

I. INTRODUCTION

Dynamic vibration absorbers (DVA) are an
effective means of reducing the impact of external
disturbances on the devices. The disadvantage of the
classic DVA is direct contact of the object and the
absorbers. This requires changing the design of the
device, increasing its size. For miniature devices this
approach is often technically impossible. In articles
[1], [2] are considered the analysis and synthesis of
active indicator DVA, where there is no direct

interaction between object and absorbers. The
scheme of such DVA is shown in Fig. 1.
Plant / 3 2 5 4 Absorber

/L

Fig. 1. Indicator dynamic vibration absorber

We assume that the plant has moving mass /,
angle sensor 2 and torque sensor 3. On the axis
parallel to the axis of the plant, set the absorbers,
which also has a moving mass 4, angle sensor 5 and
torque sensor 6. The sensors output signals are
compared 7 and submitted by controllers &, 9 to the
torque sensors.

In this scheme, there is no mechanical interaction
of moving masses, that is, the implementation of the
scheme does not require modification of the plant. In
such absorbers the moving mass of absorbers is, in
fact, the only indicator of the movement of plant
mass. This is what explains the name of the
absorbers.

II. PROBLEM STATEMENT

In classical DVA the moments acting on the
moving masses of the plant and the absorber are equal
in magnitude and opposite in direction. In the
scheme, they can be different. This is ensured by
proper choice of the laws of control. Consider the
effectiveness of such absorber synthesized by given
in articles [1], [2] method, and in the case of theory of
linear matrix inequalities (LMN) using [3].

III. PROBLEM SOLUTION

Consider DVA as a system of automatic control.
To Figure 1 correspond equations

W (s)o, ZM_WK](S)((p] _(Pz);
W,(s)o, szz(S)((p1 _(Pz)a

where @,, ¢, are displacements of the plant and the

(1)

absorber; W, (s)=1,s* +c,; W,(s)=1,s" are transfer
functions; /,, /, are moments of inertia; ¢, is the

stiffness coefficient; Wy, (s) , Wy,(s) are transfer

functions of controller.
To classic DVA correspond such transfer

functions of controller: W, (s)=Wy,(s)=hs+c.

Therefore assume
W (s)=hs+c;
(2)
We,(s)=hs+c,

and write

(11S2 +Wy +Co)(Pl W9, =M;

2 G)
(12S + sz)(Pz Wy, ¢, =0.
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Rewrite these equations in the form

(s2 +n, +2§]nls+n]2)(p] —(2&111]s+n]2)(p2 =w,

“4)
(s2 +2E,n,s+ 15 )(p2 - (2&21123 +n )(p, =0,
where
h,
1M;n0 C_();n]2=C_] E_;] P
1, I, 1, 21n,
h

g, = .

21,n,

The optimal parameters of DVA are [2]

m_ 1 = P
Iy 1+p ps g 5

n,

3+p
(1+p)(2+p) ’

_n 1 2 £ = 3+p
Ha n, 1+p 24p° I+p

p+2
p(p+4) ’

h 1, h,
here Ag=—"2; A, =-"1,8
w. p 2q h I h2 m

value of relative transfer factor of DVA.

§ =

m
is the maximal

W(s)
w(0)’

where W (s) = (p'T(S)) . We see that optimal parameters
w(s

Relative transfer function of DVA is 8(s) =

are functions only one parameter p.

In Figure 2 are represented relations 6(w/ n,) for
three values of parameter p. Note, that for classical
DVA with optimal parameters for ¢ =0,1 we have
3, =4.58.

&

1.05

0.9s

03

0.33

Fig. 2. Relations 8(w/n,)

The effectiveness of DVA is specified not mass
ratio ¢, as in classical DVA, but by the parameter
p =A,q. Therefore increasing the parameter A, we

can obtain effective DVA even for little mass of
absorber.

Now fulfill the controller synthesis using linear
matrix inequalities for standard form system (Fig. 3)
with equations

= A.c+B,y,
K(S) g Kg Ky
U=Cirs+Diy.

X=4X+Bw+B,U,
CX+Dw+D,U,
y=CX+D,w+D,U,

P(s):

We have
Xep = Ao Xep + Boyw,
z=Cy X + Doy,

where

A+B,D,C, B,C,
A b

K

B, +B,D.D,,

B, D, ’

, =[G +D,DC, D,Cy],
DCL = [Dn +D12D1<D21]-

Write equations of motion in the form

.. 2 .
(O} +l’l0(p] =W+M1,

. 1 (5)
O, =——U,.
q
W) |z
o P(s)
U y
K(s) ¢

Fig. 3. Standard form of closed-loop system

Specify new variables x, =0, X3 =03

—¢, and as

=05 X,
X, =@, . As control signal assume y =o,
output signal assume z =, .
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In standard form we can write

X = AX + Bw+B,u,

z=CX, ©6)
y=GX,
where
Xz[x],xz,xS,x4]T,
X, =X X, =X,,
0 010 0
e 02 001 B - 0 _B,—(B, B,].
-n, 000 1
0 000 0

T
lez[o 0 -1 O]Ta B22=|:0 0 0 l:| >
q

U,

C,=[1000], C,=[1-10 oL(JZ{”l}ZKy'

In our case D, =0; D,,=0; D, =0; D,, =0;
D, =0. Therefore

{,4 %q} P}
ACL = s BCL = s
B.C, A 0

c,=C, D, =0.

CL

Assume this problem as H_ -synthesis problem.

The H- o norm of transfer function % will be
w(s

less than number y if and only if there exist a

symmetric matrix @ such that the following LMIs
are satisfied

4,0+04}, B, OC!
B, -I 0 |<0,
C]Q 0 _Y2I
0=0">0.

For analysis will use Matlab function “hinflmi”.
To obtain the minimal value of parameter y ifs value
was not preliminary specified. For calculations was
assumed ¢=0.1; n,=10s"' . The equations of

controller were found and after this the transfer
functions of controller and the DVA relative transfer
function were found.

Using transfer functions of controller Wy, (s),

W,,(s) we can write the DVA equations

(S2 +l’l§)(P] ZW_WK](S)((p] _(p2)’
(7)

1
S2(P2 ZE K2(S)((p] _(pz)a

Dynamic vibration absorbers transfer function

st + le(S)
W (s) q

st + {ng + W, (s) +1W,<2(s)}s2 +n, kaz(s)
q q

(8)

and relative transfer function.
As result were obtained such transfer functions of
controller

—-1,983-10"s° —3,443-10" 5% +1,82-10" 5 +1,209-10"

W, (s)=

s*+1,783-10%s’ +3,328-10°s” +4,998-10°s +3,904-10""’

1,041-10°s* —6,83-10"s* +2,37-10'"s + 3,106 - 10°

W, (s)=

In Figure 4 the relations 6(w/n,) when LMI

theory was used (line /) and optimal parameters (4)
for p=50 were used (line 2) are shown.

We see that DVA of indicator type is effective
even when using simple controller. This is because in
this DVA control signals acting on the object and the
moving mass of absorber are different.

IV. CONCLUSION

Dynamic vibration absorbers of indicator type are
an effective means of reducing the impact of external
disturbances on the devices. Their positive feature is
that there is no need to change the design of the main

s*+1,783-10%s” +3,328-10°5” +4,998-10°s +3,904-10""

device. Such DVA are very effective even for simple
controllers.

09335

0899

09935

0893

Fig. 4. Relations &(w/ n,)
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JI. M. PrxkoB. CuHTE3 cMCTEeMH KepyBaHHS iHAMKATOPHUX JMHAMIYHMX FACHUKIB KOJHBAHb

[IpoananizoBaHo qUHAMIYHI TACHUKH KOJIMBaHb 1HIMKATOPHOrO THITy. [lepeBara Takux racHHKIB IOJISITA€ Y BiJICYTHOCTI
NPsIMOi B3a€EMOJIiT Mi’k 00’€KTOM Ta TacHUKOM. [loka3aHo, 1110 BUKOPHCTOBYIOYH 3alpPOINIOHOBaHi (hopMysH [Uisi mapa-
METpiB KOHTpOJIEpa MOXKHA OTPUMATH €PEKTUBHUI TaCHHUK 3 MPOCTHM KOHTpOJepoM. J[iist aHalli3y BUKOPHUCTOBYIOTHCS
TaKOX JIiHiHHI MaTpUYHI HEPIBHOCTI. 3a/1auy IPoaHai3oBaHo sk 3a1a4y /1 -cuHre3y. [loka3aHo, 1110 BUKOPUCTOBYIOUH

JIHIHHI MaTPUYHI HEPIBHOCTI TAKOXK MOXKHA OTPUMATH JTy)Ke e()EKTUBHI FaCHHUKH.
Karou4osi ciioBa: quHaMivyHHI FaCHUK KOJMUBAHb; PETYJIATOD; JIIHIHHI MaTpUYHI HEPIBHOCTI.
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«KuiBcpkuii onmiTexHiYHUH iHCTUTYT iM. Iropst Cikopcskoroy, Kuis, Ykpaina.
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JI. M. PoikkoB. CHHTE3 cHCTeMbI YIIPABJIEHUSI MHANKATOPHBIX TUHAMHYECKHX racuTe/ieil KoaedaHuii

[IpoaHamu3upoBaHbl TUHAMHUYCCKUAE TACHTENN KOJNcOAHWHA HHIUKATOPHOTO THUMA. [IPEMMYIECTBO TaKUX TacHUTeNeH
3aKJIFOYACTCA B OTCYTCTBHHU MPSIMOTO B3aMMOJACHCTBHSA MEXKIY OOBEKTOM U racurelieM. [loka3aHo, 4TO HCIIOIB3YS
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TposuiepoM. JIJisl aHaIM3a MCTIONB3YIOTCS TaKKe JIMHEHHbIE MaTpUUHbIe HEpaBEHCTBA. 3ajlada MpOaHaJIU3UpOBaHa Kak
3amava [ -cuHTtesa. [lokasaHo, YTO UCHONB3Ys JHMHEHbIC MATPUYHBIC HEPABEHCTBA MOXKHO MOJNYIUTh OUYCHB P dek-

THUBHBIC TACUTCIIN.
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