Tap chi €O HOC 1979 s& 3 =4 (trang (21-30)

o~ - ~ - .,
BO TAT CHAN TRONG HE TU CHAN A TUYEN
NGUYEN VAN BINH, = = -
. E - I N = S
RONG [1, 2] va tiép dé trong (3, 4] dd d& xudt va nghién ciru dp’dung b tit
. chdn dong luc dé chdng dao dong (tw chin) cla day din dién xudt hién
i tac dung clid lwe khi dong. M& hinh khdo sat 12 hé mot va hai khéi lyong ;
rong phap cdn bing didu hoa dugc st dung; cic két qua &u_-t_rc kiém tra trén
7 linh twong tw. Hién tlr'orng dang chii .y 14 chi cin mot bo tit chdn c6 khéi

ng nhd nhung véi lye cin chon thich hop, ‘ching ta c6 th& hoan toan dap
tw chin. Tuy nhién, d3 vén d& dwoc sang té hon, ciin phin tich d& xac dinh

yén tic hoal dong cia bo tél chdn; d6 1a ndi dung duoc -trinh bay duéi.

. V6i muc tidu do, hé khio sat duoc gi6i han trong 16p 4 tuyén; tuy nhién
:ling 14 nhitng hé khoéng xa nhitng hé da du.'g'c xét trong cdc tai: l_1éu k& trén.

qua. cho thiy ciin phan biél hai loai bo tét chén —-—céng'huo'rig va khong -

g hudng — hoat dong theo nht’mg nguyen tic-hoan toan khac biét nhau va
g khong giéng nguyén tic Thoat dbng ‘cua bo cin hay cfia bo tht chin ddng
trong h? tuvén tinh cu.’omg bic. :

§1 HE MOT BAC T DO - BO T)&T GHAN KHONG CONG HU‘O’NG

Lho hé lrén hinh (Ia) gém khéi hmrng my = 1 giit bOl 16 x0 co db cling
=1 chm can nho't véi hé sé eh: va chiu lu’c kich dong dang da: chon lrong EEE

el'(a:,x) h:r. kx3 '_ B '_ ’ .1y

uong do: :z:, & — do 'déi va vén tée ciia khoi ltrcrng my,
" h, k — ca¢ hé sé hang dlrorng,
E — [hnln sO bé.

ong trinh vi phan dao ddng la:

r+4 o=ehe—kr® | (L2

vio bién bién dd va pha (a, v) xac dinh b&i cic hé thire:

x = asiny, T = acosy 2 (1.3




Hé phwong trinh trung binh (& xdp xi tha nhﬁlj fa:

o : 3 5
%&_&&3 S a4 = E‘—a?(h-—'hi)'—-‘—i—kaﬂ “; |
—— \ (1.4) "
a4 =1 () T d6 suy ra cic che do du'ng v tinh on ‘
7 %-f dinh ciia ching:. _ !
7
W ' . Can. béng a=0; an dmh néu;
gf*éa;-- | — BB €05 B S (i)
)5—-—- i (1) _:}__m % R Dao ddng dxeu hba, tin 'sd 1 bién’
S Dap ey WIS g '*;,doaxmsmnhmnhyumc 3
T bl MR e
f 1’ o dn ,d;nh, nén:

_ L "'r:.,".h—-h1>0 (L)

| "Nhu* thé tﬂy theo luc can (hl) du manh hav con yeu hon' lire klch dbng (h)
lue tdng hop (b — h,) sé co iinh can- hay klch ﬂong vé he s& cin bang hay

dao dﬁmg . i T ¢

Bét b6 tat chan gém kh61 lu'ong m n01 v0'1 he géc rn; nhb 10 S0 ¢d: dd

cung ¢ va chiu cdn nhét tuong -d8i voi hé s6 es. Heé m(.'n cd” hal bic ty do va

mo ta borl he phuong lrmh vi phén dao donrr : e e = £ 3ol

o (I4c)z = ey = g = e[h:c — k1 — hlz -—s(a: --y)? - '(1,8)-:75 :
}—-c:t:-%—cy—sdn_s{sxusw} _

trong do: ) P o 4o doi va van tde cia kl]Ol luong _

Ky hiéu w;(i = 1,.., w1<m2) va (1 dl) (i= 1,2) — céc {dn s r1eng va cac hé sb |

phan phdi lwong ttng. Goi bo tit chén Ia Lhéng cOng hudng néu & hé méi tinh. L,“

" irzng céng huo'ng Lhcmg xdy ra. Doi voi hé dann Lhao sat 46 1a dieu L1en
UJ2='%(D1, Wg == —,-— 3(})] &

B chuyén vé toa do phap, dL‘mU phép bién do6i:
‘ m_h+h,y_MM+d& - (1.9
‘ He phuong trmh (1.8) tré thanh: o 1
\-'"w }&x—ﬁ—3b1+d1g2§ '{
. (1.10) |
\-2+"' 4\"=Mq;g1+d2n2i . i

frong do: M; = 1 —%—mdf {l = I,_)

‘g — ham g sau khi bién i,
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Bién doi tiép vé cac bién bién d¢ va pha (a, W1, b, ¥g):

X; = asiny;, X2 = bsiny,
; ) BNeRIT))
X| = awycosyy, K2 - bogcosy, i~
He phucmg trinh trunﬂ binh la:
. 3 .
8 — J(h—hy—h) 22— 2
9“11 ;( L ) 4 kw : -1 kg b% "
a(wl - !ll]_)=0 o am D5 S . =
. i Y g - v g '
. 3(11_1_1,_)_3__ 200 3 919 .
My (L ]1-;-- WA k‘f"_‘f“ 4 lf‘“?b _ (1.12)
- \b(ps —wp) =0 =3 TR v,
o R LA S L & B M S Y .
¥ s j =s(l—di)* (= 350 gy S48 .-: '(i._13)
Céc ché d6 ding la: Pt B e PR GRS

e . Can bing: ‘a="b= 0 On dmh neu H h--h1— <0(1.._ 1,2) (l 14)

& Dao dbug dleu hba cua rleng loa dé ‘(1, lin sé fu, 9 blen de. a:

A:.‘Ik“’ a'=“1 5 '_ R (115)'

Bn dmh néu

3. 3 Dao dong diéu hoa cua neug loa dé kg, tan s wg, brén do h

._7_*-‘-]32 ' k:»ﬂ b? = Hy" (1 m

bn 6mh néu:

|B2>-- (h - h1 —h )—% . (1 18) :

B r.:-"_'"4 Dao déng dong thoi cfia ¢ hai
193 ‘de X, Xl voi - tan 88 Wy, mz,'_t_uy o e

nhlén khong on dmh E L

*.- - Nhu thé khi @it b¢ tét chin Lhong'-:__‘- "
céng hudng, & -hé méi, co (hé xu4t hién
mét'trong hai ché d9 dao. déng didu hoa .

v6i tin 8 biing tin s6 riéng; tuy nhién

‘cac lu-c cdn bd sung h; ldng- theo ham

A ‘Aljaz SR
e (1-dp) < (1-dp)*

. (1-42)
o™ 5t Hinh 2 (‘*)
o ‘:ondmh i ¥
S = - khOng Bn dqnh g.—

bic nmhil cida hé s6 cin s°s8 lam suy glam roi dap lél cac dao ddng n61 lren _
va ché dd can bing tir khéng On dinh tré thanh 6n dmh Hinh 2 minh hoa quy
luat bién doi «blen dd» AJ_. B, lhen hé s6 s. ' =

h—h;

, h=hj ~
£l = dg)q‘

{1 —8p*

('“) Cic hoanh d¢ o hinh trén nn doc :



) C6 the phat bidu: tang cin la nguyén tde hoat déng cua, bo tit chdn khong
cong hlr&ng trong he tu chin. _

‘ Cin cha y rdng nguyen tic vira phat b;éu khac hin cde nguyén tie hoay
dong clia cdc bé cin hay clia bo (il chén ddng lyc trong hé tuyén tinh cm"mg bire

-'-- & day hé gdc va bo tit chén c6 thé va ddng thoi can bﬁng, .

— ché dd cAn bﬁng duoc thigt l4p nhé luc can (khéng nhé‘ su lhay dm ;
tin s6 hay chon lﬁn s6 cong hucng) !

# — khi hé cﬁn bﬁng. trOng hé khbng xéy ra ueu lén nﬁng llm'ng (lu'c can
e e Chl gm vai trb }hm on dinh). g , e

2Ry "-}Lél lrubng ho'p hai lan 36 neng cua he mél cé trl 56 :
'._?tuang l.rng goi- bQ tat chdn la cdng huo'ng Trudng hop nay e6 nhl‘j-ng di{_: dlem
- cho.phép viét hé phucng trinh :vi: phan dao dOng (1 8) dudrx dang thlch hop,_

: Thuc véy plmorng lrmh tin .-.6 lﬁ R k. i
A(m*):: o e ek m(l c)]w2+c—0 @
. _c 2 c--muﬁ ‘;l,»‘f. i ! e : SR TN i

-3 Glal ra 8& ﬂuoc céc tﬁn s6 rléng

! '751 +(1 +m)—+1/zg R e b, iR
' z_(l-l-m)'*‘{ ) —2(1-—-m)( ) 'il- 7 (2.3)'
 Né&u o) =~ w, ihi z = 0. Xem m la théng—'sé, (—) la hié’n{h?amzcé cuc“iiéu:
: ,.'z=zmn.—§1—-—(1*mjf_"':k'}ii' .9_31__"_'.2 _-7_.(2_4)
oo 0 \l4m PR L : :
Loai bo tru'érng hgp m » 1, dé-cé 7, ~ {_), cht’uigr!a phaicé: m ¢ 1

Khl do:

(u? = w% ~¥=— a1 (v—tin sb riéng cua bo (4t chin)
. cm =", ‘

ey jT.hi du: m.—_-(-),ﬂl:'v‘llm 0,98; Zmip =~ 0,02; rufnsO,Ql; w;‘_')a- 1,05
m = 0.05; v ~ 0,9; zm,,nom wp~ 0,76; wy ~ 1,19

Vi vay ching ta dinh ngh1a cy thé hon: bd til chin la cong huo'ng kIn ng 6
khéi luong di nhd va c6 lin s6 riéng 1an cén tin sé riéng clia hé gée:

M ~ g} i 4



e phuong trinh vi phan dao dong (1.8) s& cé dang

3 + 2= ohz — ka? - hE — iz —y) — s (& - Yﬂ ey
y+py+ﬂy—v%+w5'“ 4 :

-cng dé: p= E f hé ;6 cé the,f’é tri s6 16m. -

heo phuong phép tru_né binh, dit: - -

} z ,=\asimp';‘ y = a(Psiny + Qcoéxpj ('2 &)
; 2t T = acosp; -y = a(QcOs'\p - Qsipkp) R
Dng dd a, Y — cac bién’ mél il ' oy A

P Q— céc he 56 hﬁng trong hxeu thu‘c nghlém duy i cua phll‘ﬂ’ng ] / ;',
trinh thir hai trong h-é (2 5) neu xem a lﬁ ﬁing va ‘P =1 g

e Tt ;.?'{'g“-'- 2(v2 =0+ e et
ok, i1 s p 0 - ’ — _-———-——-——- L

7 (2 7)_i oyl
phuang trlnh lrung blnh 1a N 0 I gt S N

’6c < ;e Vs . w 2 dpdveTetenl ' . Pt
1 Cén bﬁng a = 0 on dmh neu H h h; — h'<0
Dao dong dléu hoa, tﬁn 36 1 — -;—1] blen do a

. v 5 0w e O e R . Lo ..."-‘
\i R " g i - -‘__-. ac o__' L A L

-4\‘;= fi~1;a=,==;}i - l;= it

mhnéu - --.___.—H>0 : :
¥ ring luc ¢an va d¢ lach: fin bb sung phu thuoc mdt chch phu'c lap L

hé s6 cén g (tae s); vi vay, hoat dong clia bo tit chidn congd huo'ng cd

\g dic diém. riéng. Trén hinh 3 v& ‘@3 thi «bién.dd» A theo s khi’

1 =01; m=01; o= la); 1m=—1| = 01(1b); |e? — 1] = 0.4(1lc)

2(1.d) va khi h —h, =0,1; m=02; o?= 1(2a); |o*— 1{= 0,1(2b)

1| =04 (2); *® = 2(2d). L " LI .

a5



Ching la thidy hiéu qua cia bo tal chian chi manh (di nhién khi khm luong m |

dirng qua nho) khl

cla bg it chdn va, cua hé gOc
aa nho ' - ¥ f

14 ldrn dao don

hu'&anoxcr§1 e r Fu :
Chuy 1: Neu Wy =~ 3011, chung la cung ¢ cong huorng luy ‘nhién két qu

; khio sit cho- -thdy nguyén tic hoat dong ciia hd tat chin tr ong luré'ng hqp nay :

_ vin nhu truong lop bo tit chidn khc‘)ng céng hu’orng

Chu ¥ 2 thu-ng nét dic trueng cua nhung nguyén tic hoat dong clia cac 2
bo tit chén vin duwoc bao todn khi cdc di€u. kién cé it nhiéu thay ddi I-.hl st

dung bo lat chdn con lac khl dung ngoal luc: cén v.v..

§3 HE Hu BAC TU’ DO — Bo TJ&T CHAN CONG HU’UNG PON

i o B = r"o léch gitra lﬁn s rieng

Co— he- s6 can p (luc s) c6 ln s6-
thich hop (khi v3=1hé sé cin p
cang nhd cang 16t nhung khi p—0 |
s - phuong ph&p tinh khong con gia *.
: B o p el ek ”trl) Nén do ]ech tan c&ng 16n, higu'
-?‘4_. “’.'.A..f’ B S, ._.:--qua tat chﬁn sé -gx{im néu" hé sg :

, So \o'x bo cAn va bo tﬁ.t chﬁu dong lch tloncr hg tuyen nh _cuang bu'c{"-.__‘ :
bc} tit chin cérg huorng trong hé iu- chﬁu 4 tuyén cung 6 nhu'ng ew khac biél -

MR 1 e S AR

Co thé mé rong két qua ‘khio sat cho hé nh1eu bac tu do-—th{ du .pho o

lié hai bac tu do — \et he tren hinh 4a mé ta boi hé phuong lrmh v1 phan'_;(-

~dao déng:

. g myTy Ed (¢ - ¢ )ry — c"xa = s{ h:é; - 'k:l:3 —(h; + h’)_a':l - h';i:'i;}

(mnxn—-C.Iil-’-(cz-rc)CCn-s!haq—(hz—l—h)xjg | £ 3y

t:ong do cac ky hiéu ¢6 ¥ nghia ghi trén hinh vé.-

Gia thiét thng x4y ra noi cong huorng. ching ta ¢6 mot hé — v& co bin
khéng khéic hé & §1 sau khi diit bg tit chin Lhong cdng hucrng Vi vay cé thé '

suy ra cdc ché do dung:

1) Can bing 6n (Imh néu: h —H; < 0 = 1,2) ' (3.2) -

trong do: i = by + hi.d‘fw]- W <=t (= 1.2 ' ' (3.3)

.:.',1_

wan



2) Dao déng diéu hoa clia riéng-toa d¢ phap X, tin 36 (riéng) w;, bién

9 a: ' A=—j—km§a3.=h—-H, k - | -(3.4)7
5 @ink ndu: COAS ——(h H,) = ; : _' PPt . (3. 5,’

N 3) Dao déng d:eu hoa cua méng toa d¢ phﬁp X, lﬁn 86 (rléng) wa,
ién ao I B = —kmg b?— el . TRES W 3. e)'
#,d{nh neu | B>f,—<h Hl) =%A o - :3.73‘

,.._

4) Dao dong dbng th(‘n cua hai toa tio ph&p X1 }s., nhtrng khong on d;nh

A Dﬁt bo it chﬁn = dé xac dmh vao kh61 lu'orng m, (h 4b) Hé phu:cng -
inh vi phén dao d(mg la _-.:; Rk S R L R S '
mlzt:, + (01 + ¢’ + c):c;—c :cz--cy .--s]h:n — ka:1 ——(111 +h' )x;—h :1:2—-st1+sy; -
mg:c,—cxl-{-(cz—i-c)g:g_-:{hx;—(hﬂ-}—h)x,] . ol Ty
my = ez + cy '—"l(sxz—-S)') i, S oy N e e (?-3?

ong dé m s, ¢ 6 y nghla da blé't

Gm h6 1Al chﬁn la khong cbng hu:orng néu & hé méi tinh lrang cong huong N
16ng x&y-ra. Tién hanh khdo sit nhu & §1 ching ta di téi ciing mot két luﬁn
5 tat _chén khéng cong hlrong hoat d6ng theo nguyen tﬁu: ting can

_Xet b6 tﬁt chén cong hucng. dé1a bb tﬁt chﬁn ¢6 khc‘h luqng nho m vh

) tdn. 86: néng v 1an cin: mol l:«in sé rléng m, (l = 12) nao dé cna he géc H¢ gy,
urorng trinh vi phan dao dong lﬁ o : e

; m,i, -; c’ 1:1 + (c2 o )xg = sg, = e[h x1 (h2 —f- h )x,]

_py + v’y = V"(x = p‘Iz '

A R

Y §
y& tqa dc} phap e T e STREL, ek e
;1+ qur:T “:':,Ml ( 31 i dlgs) i el ; l‘f
m-’r' w2X2 "",Ez‘ (Sl+d282) - - %
+ PY + vy = "2(}\1 + Xg) + P(\H'Xn) )
‘ (3.10)

)n_g ('16; Mi = m1 + m'ldi(i =1,2);

— ham g sau khi bi¢n ddi,

p




Theo phuong phap trung binh dit :

}'{1.= awjcosy; ; ‘ \2 = bw,cos¥,
y = a(Pysin¥y + Q,cosyy) (3 lJ(P,qimpz + Quecosys).
Qisiny;) + hf-’-‘n(PECOS% + stm"l’z)

— cic bién méi,

s Xi = asind;; X, == bsin‘i’g .

y =.aw(P, coswl — (3.11)-

trong dé: a, yi, b, P2

"

0 Pl, Q, (1 = 1,2) — cdc hé sd hiing trong bleu lhu-c nghlem duy l!‘l cha

Ia hl«"lng, ‘P'l Wy le = mg."

'fl_- P.= _v*(vﬂ (9, ) + p’m . Q|= :
i ' o5 ® (¥F _m)z +P

Két qua khiio sat cho biét cac ché do dung van nhu o hé g6c nghla Ia vﬁn xdc

2 “

.- phuwong trinh thirba’ trong hé (3. 10) kh] xem a, b '.

"-2"),' "% is.i'z)'_;.-",

dinh bé&i cac cong thlrc (3 ") =@ :) nhu-ng co cﬁc lTJ‘c can bb sung (ngoal ra cbn -

‘co tan so bd sung)

I'lr dx‘) de dang bUV ra la o he tu chén’ hal hﬁc . do bb tat chén cbng huong
-~ van hoat dong theo nguyén tic chon lAn s6 cbng hu'ong va chon lyge edn Lhich .
. hop. Mdi b¢ tat chdn phat huy manh hi¢u qui d6i véi dao dong ¢o lan 86 tlmng
irng. Tu} nhién, bo tat chén ooug huéng voéi tin s Lhdp w; cling cb “higu qua
dang ké dén dao dong tin s3 cao w,. Vi vay trong nhitng diéu kién nhit dinh,

mot bé tél chén cong hudng voi tdn s thdp c6 khé ning dap tit c4c ché do-

dao dong trong h¢.

' §4. HE HAI BAC TU DO — B0 TAT CHAN CONG HUONG KEP
Phén tich siu hon, ching ta lhiy b tit chin cong hudng véi tan s6 thip

cling chi c¢d hiéu qud han ché d8i voi dao dong tin sb cao. Thuc vay c6 thé -

vxet vé phii phwong trinh thi nhit hé (3. 9) duéi dang: , y

(4.1)

vi c6 dao‘do*m t3n s6 cao - v, s6 hflng my chira thanh phian ¢é dé lon & mitc

¢d1 ='£i[1171 e kﬂ? e (h1+h')x1 + h2z2 ~ my } p

mw y. Néu w, 160 va thanh phdn dao déng tin s8 cao khong nhd thi hé chi la a

tuy&€n khi m rdl nhd va nhu (hé hiéu qua (&t chin s& kém. Do d6 v& nguyén téc .

cin st dung hai bo tit chdn céng hudng voi hai {dn sb riéng,
Thay cho hai bo tit chéin, c6 thé dat mat ho tdt chin hai bic tir do véi
khoi lwong nhd m, n va cd hai lin s6 riéng vy, v, lin cidn hai tin s riéng

28
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‘eua hé' gbe. un do6 11 bo tat chdn cong hudng kép. Van gla thiét dat bo lat‘
chdn vao khéi lugng m,, h¢ plllmng trinh vi phan duo ddng la:

mi:c;+(c1+c Jo1—c'Ty=cg =¢ h z; — k zd — (hy+h’ ):c1+ Rz — Ty (xy — yl)

' ;J,-fs fmm—m—nm—m—M%—m

i -m1 - c:xl'—{— ‘(~c"’+ cg)z,-; g = | hxy — (h' + hy) 1'3} al ]
m Y T STV + (i S5 — 8 Y= Tam s, xj-—q: g s
ﬂYn —7’}'1 + (v ‘I"TQ)YA*“S Y1+(S +52)Y2-—szl + 3301 = qy X | (4. 2)
[rong deé: .00 Ty A cu’ng céc Io X0. n61 ca:. kh01 lu'orng m, n_voi nhau

vi v(n kh01 luong rnl, _ 5 4% : ; G, BT
iy T vty LB s, Sy — cac hé 56 can tu'ong dm gura clc kh61 hrcmg m, n-

A-‘

,v(n nhau va voi khdi luorng My
Chuyen vE tqa d¢ phép, chung ta duoc

',\'-".’ S

Sty

)\l + mlxl ( gl + dlgz) ; Xa + mz}&z = — (gn + dzgz)

Yl + V1Y1+ p11Y1+ PIzY" =“—— (Ch —l— 61%) ‘ " ! :

(4 3)

Y? ¥ V:ﬂg + 92131+922Y2 = :r_ (CI1 + 62‘12)

Trong dé (1 61) (1 --1 )—cac hé 50 phfm pho: tu-cmg ung cc lan sév. - AR

e _,y-Dé dﬂn g:an nhlrng mmh hoa ducrc nguyén tac hoat dong ciia: bd’tﬁ_
‘chin-cOng " huong kép,” & h¢ gbe. chiing.ta chon ¢, = 'hy = 0 va chon bd. tét- :
“chin cé cung ciu Arie va co- citc khcu Iu'crng va db cu'n;__, tuomg ung ty lé véu T
h¢ gdc nghla 0 e ¢ lgus L g
T N crrnl, n = o'mg, Tlr— Tp; 4 Tg""" aes; T = ac (cr hé sé ty Ie} i

Kh1 ﬁy xay ra cOng huung dung

‘ ‘V ._mz v2 —-Luz, d1—61, d1-—60,ﬂ1 ﬂ.\[l‘;lﬂg‘——--chlé

b 1 1!
\ét m()t s0 trucrnﬂ hop: ; T
a) s;7+=0; 51—-S .—0 (chz c6 can gu:a my v m) lu'c cin bo sung la
- cr?.c2 = e % e
H - =12 .. 4

2.2
5] (w5 — “’1)

24



b) 8’ ==0; s, =8, =0 (chi ¢é cdn gilra m v n); lue can b sung la:
—aiciMET |
H = S . (i=1%. (4.6)
8"2(1—d )5 (1 — dg)o (wi—uwl) ' : .
Chc hé s6 cin sy, s’ nim & miu s6 -cht‘xng‘ td ring khi chiung dd nhd, -
chic dao dong tin sd cao va Lhdp d&u hi d:ip lit; d6 1a nét dac trung cia céc 3
bQ tit chin céng hudng. ‘

Bia chi - - ° . © . . . .. .Nhin ngay 15-6-1979-
ﬂdi hoc Bich Ahoa i * B iigw O e

l e o ) . I

.' At

i
NG

of Sound and V1brat10n. v, 20, N 3. 1972 o Vi , i
e Clendemng W. R- Dnllcy ll. N. Au Analyms of Control meﬂmds l‘or gallopmg
‘ syslems. Koncrpyxponﬂne B TeXHOZ®IKS namuﬂocrpannan, N 3 1973 e _
sy 3. Tondl A Quenchmg of self excxted vxhrations. equ111br1um aspects Journal of
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THE TU\ZED ABSORBER IN SELF EXCITED SYSTEM

‘In this paper the self-excited sysiem \\nth tuned absorber is examined. Two kmds :
of absorbers have beeh considered: the non-resonant absorber and the resonant one. For
the first kind, the self-excitation can be fully suppressed by increasing the damping
coefficient ; While for the second one, that may be only by making a rational choice of °

this coefficient. In the case of system with several degrees of freedom the resonant-,
absorber, wslh several degrees of freedom can be used.
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