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Abstract: This paper concerns formulating and solving thebjenm of synthesis of vibrating discrete mechangyatems
with two — terminal damper. In this paper a metbbdynthesis to determination of structure andtiakrelastical, damping
parameters has been presented. Such task maysk#iethas a reverse problem dynamics of vibrasigipsystems.

1. INTRODUCTION

Vibration damping occupies a significant place agon
the extensive issues of machinery and apparatuanadgs.
It is one of the factors of mechanical energy gison,
inseparably connected with mechanical systems merem
A proper selection of frequency and operation oletsi
the resonance range solve the problem of vibragiomid-
ance. Leaving the resonance zone is the basic taamdi
of apparatus functioning, however, it does not iglate
the problem completely. In many machines a lot refef
vibration frequencies appear. In these cases dampin
is of crucial importance, because it lowers vitlmatampli-
tude significantly.

Equally important phenomenon, in which damping play
a major role, is the phenomenon of transition tbhou
the resonance zone (Buchacz, 1995, 2004, 2006;d8ach
et al., 2005). A number of components are adamtexpér-
ate in supercritical zone i.e. at frequencies highan re-
sonance frequency. In such a case transition thrdhg

resonance zone occurs during machine movement. Then

poorly damped components are becoming temporaulty s
jected to strong vibrations. When damping phenomeno
limits vibration amplitude insufficiently, additiahdamping

is introduced (Buchacz, 2004, 2006; Buchacz et2805;
Dymarek and Dzitkowski, 2005; Dzitkowski, 2004;
Dzitkowski and i Dymarek, 2005 he problem of search-
ing damping component values, existing in mechénica
systems, is atypical task of parametric synthedise

to required dynamical properties (Bellert and AMacki,
1968; Berge, 1973; Buchacz, 1991, 1997, 1995; Dgkjar
2000, 2004; Dymarek and Dzitkowski, 2005; Dzitkoiysk
2001, 2004; Dzitkowski and Dymarek, 2005).

In the study the methods for synthesis of discvéiea-
tion systems (Bellert and Wniacki, 1968; Berge, 1973;
Buchacz, 1991, 1997, 1995; Dymarek, 2000, 2004; &ym
rek and Dzitkowski, 2005; Dzitkowski, 2001, 2004;
Dzitkowski and Dymarek, 2005) with damping was pre-
sented.

The synthesis was done, using well-known methods
of discrete vibration systems synthesis and byo¢htction
of an assumption concerning damping type elemexid}-e
ing in the sought after system, and taking rheackagi
Voigt's-Kelvin’'s model and Rayleigh’s damping asgm
tion as a mass damping model (Dymarek, 2000; Dyknare
i Dzitkowski, 2005).

2. THE SYNTHESISOF MECHANICAL SYSTEM
WITH DAMPING

In this section the algorithm for actions takeningidis-
crete damping systems synthesis will be presented.

In order to start the synthesis of damping systéDys
marek, 2000; Dymarek i Dzitkowski, 2005; Dzitkowski
and Dymarek, 2005) we should specify the propedfdhe
sought-after system and the damping model, in aecme
with the presented course of action:

1. Specify the values of resonance and anti-resEnéne-

guencies in case of free vibration, i.e.:
{wmwaz,---mbnx 1)

W2,022,.-Wzp

2. Determine the value of dimensional vibrationtda A,
in case of V-K model:

bei =A¢ , (2

0<)\ <i’
(*)n

©)

where:b,; — dampingc; — stiffness resulting from the syn-

thesis carried ouf=idem — dimensional vibration factor

3. Determine the parameter corresponding to dagnpin
in the systen, in case of V-K model:

2
:)\oobn

h, ) (4)
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or by providing damping decrement for the individve:
sonance frequencies and anti-resonance frequencies:

_2n h, (5)
w

n

0,

n

4. Determine the value of dimensional vibrationtda h
in case of mass model of damping:

Bmi = 2hm (6)

where: b, — damping, h — parameter corresponding
to damping in the system, having frequency dimemsio
m — the value of inertia element determined as altres
of synthesis.

Theh parameter in the discussed case is constant, i.e.:

h=idem, @)
and its value should be chosen from the followiracket
0< h <|wmin!, (8)

where: pmin£0 — the smallest value of resonance frequency,
when the system restrained is synthesized or thalesh
value which is equal to anti-resonance frequencgnhe
half-defined system is synthesized.
5. Determine the value of dimensional vibratiootda h

in case of Rayleigh model of damping:

hg, =h, +h 9)

The examined characteristics are immobililys) and
mobility V(s) built on the basis of assumed dynamic proper-
ties as described in 1-5.

The immobility functionU(s)
[ -1
U(S):H qSk+d|_lsk_l+...+d0 (10)
GS" *toS" T +...+GS
and the mobility functiov(s)
k k-1
V(s)=H GS" +CqS" T +...+GS (11)

qSI +d|_lsl_l+...+d0 '

where:l-odd or even numerator order withk=1, k- de-
nominator orderH- any real positive number.

In order to determine elastic and inertial valugsrac-
teristic functions describing free vibrations inethorm
of immobility U’(s) (12) and mobilityV’(s) (13) should
be subject to the synthesis.

The immobility functionU’ (s)

| -2
U'(s)=H qi+d'—25k_2+”'+d0 , (12)
S +C_pS “+...+GS
The mobility functionv’(s)
k k=2
V'(s)= y &S +C_2S" ...+ s (13)

ds +d_ps 2 +...+d,
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Then, the values of two-terminal damping type arbe
determined on the basis of the relationship betwgdn
and (6), using inertial and elastic elements olein
in the first step of the synthesis

3. EXAMPLE

The assumed requirements of the desired system- stru
ture are:

w, =10, o, =202, @, =302 - resonancdrequencis,

w, =02, @, =15, o, = 252 - anti- resonancdrequencia

In order to determine the analytical form of dyneahi
characteristics, the following assumptions shoddaken.

Assumption 1
The characteristic sought after function is sloveniés).

Assumption 2

The requirements concerning damping for the twesase
assumed:

The mass model of damping:

Brmi = 2hm Nis-
L (14)
h=08"-.
S
The V-K model of damping:
. Ns, _Awp1
G T (15)
A= 001s
The Rayleigh model of damping:
b, %,bmi ™ e =h,+h T (16)

The dynamical characteristics takes the form devia!:
- when the assumption of (14) is met:

oo B r s 2 ) s nor oB)? s an )
s? + 2hs+ w%XSz +2hs+ ooﬁ) ’
(17)

- when the assumption of (15) is met:

U(s)=H (52 +2ns+ 252 + 2hys+ w3 2 + 25+ 2]
5(52+2I”Qs+w§XS2+2ms+wi) ’

(18)
- when the assumption of (16) is met:

U(s)= H (52 + thls+mf)(sz + 2hgas+ 3 |s? + 2hR5s+w§)
s{s2 + 2hRoS+ w%st + 2R+ wﬁ)
(19)



What should be submitted when carrying out thersmt
sis of characteristics (17), (18) and (19) is imitigh
which describes free vibration in the form of:

o= € e fs? 8)e o]

, 20
% + w3 32+m§) (20)
6 4 2
U'(S) _S +1400s" + 490003 +3GOOOOOQ 1)

s® +85(s® +14062!%s

then, assumptions concerning damping (13), (14) (45
should be taken into account.

As a result of synthesis carried out with the use
of the method of characteristics function (21) ritdsttion
on continued fraction the values of inertial andsét ele-
ments are obtained:

my = 1000kg, m, = 2561kg, my = 6061Kkg,

22
¢ =550000N , ¢, = 730424N | ¢; =1390822N (22)
m m m

Assuming that damping should be proportional to-two
terminal inertial type:

h=o0s®
S

Ns
Bmi = 2hm m’

(23)

the values elements of the system obtained (Fiy. 1.
are as follows:

my = 1000kg, m, = 2561kg, mg = 6061kg,
¢ =5500001, ¢, =730424%  c;=13908221,  (24)

brg = 16007, by = 409775, by = 96970,

Bmo

o

Brmg ¢
I'E’ m VWA M IMAA

m,

Cs \
" bg
Fig. 1. Synthesised mechanical systerith the mass model

of damping

Assuming the V-K model of damping:

2
hn :)\ﬂ }’
2 s
Ns
bei =AG; m’ (25)
A = 001s,

the values of damping elements are in the form of:
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- Ns
bey = 55007,
bep = 730472, (26)

— Ns
beg = 139081,

The structures of mechanicals systems with dampiege
created and its parameters are presented in Figs. 2

Cl C2 C3
e I
b(:'l. bcz bc3
Fig. 2. Synthesised mechanical system with the K-V model
of damping
Bino
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Fig. 3. Synthesised mechanical system with the Rayleigh'daino
of damping
where:
my = 1000kg, my, = 2561kg, mz = 6061Kg,
¢, =550000, ¢, =7304241, c; =1390822N,
(27)

b = 16001, by, = 40970, by = 96970,
by = 55000, by, = 73047, b5 = 13908TE.

4. CONCLUSION

As a result of damped systems synthesis, when agmpi
is proportional to stiffness and to values of masscase
of synthesis of immobility, systems with cascade
and branched structure are received. Received st
of the synthesis inertial, elastic and damped peatam
of the model are not the only ones which meet 8sumed
requirements referring to resonant frequencies farpo
and zeros (Dymarek, 2000, 2004). Development ofheyn
sis methods gives the possibilities of designingreno
and more complex mechanical systems with regarceto
guested dynamic features.
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