Tap chi CO HOC 1980 s8 2 ftrang 9 — 18}

BO '!'AT CHAN TRONG HE THONG SO VA CUONG BU’C
NGUYEN VAN PINH

O tit chin dong lyc di dwgc d& xudt va nghién ctu 4p dung dé& dap tit dao dong

trong hé tu chin [1, 2, 3, 4]; nhing nguyén tic hoat domng ciia n6é dwge lam sang

té trong [5]. Duéi day, khio sat hoat déng clia b0 tit chdn trong cac hé thﬁnq s6 va
cudng bue.

§1. B0 TAT CHAN TRONG HE THONG S0

Cho he¢ gdom khdi lwong mt = 1 treo & diu 16 so ¢6 d6 cimg C: = 1 va chju lue
cdn nhot voi hé s6 hi. Gid thiét 10 so chiu kich dong giy ra dd cang bd sung nhd didu
hoa 2fsin282t (2f — bién do; 22 — tin s8); ngoai ra 16 so cé tinh phi tuyén y&u — d8 cu
thé — loai cirng th® hién bdi s hang Bx® (B — h¢ 6 duong; x — 'd6 d&i cha khéi lugng
mi). Phuong trinh vi phén dao doéng la:

- a.c'+m—s' {—h1m.—Bx3—2fxsin2Qt} — (1.1)

Néu khong x3y ra cOng hudng, hé s& can bing &n dinh; vi viy, gid thist xiy ra céng
hudng 1 ~ Q. Vlet phuong trinh vi phin dao dong duéi dang

4 Q% = f—— hm: — Bx® — 2fxsin2Qt + ’l’lxl, (1.2)
trong d6: &N = Q% — 1 — @ lach tan.
Hé c6 th® can bing hay dao d9ng nén tay ché dd cin khio sit, chung ta dit:

; x = asinft + beosQt 5 ; x = asin(@t + ¢)
. : hoic . (1.3)
x = Q(acosft — bsi_n_Qt) z = alcos (Rt 4 @).
trong d6: a,b (hodc a, ) — cac bién méi.
Hé phuwong trinh trung binh 1a:
. ’ 3 ° €
ga = —= ; — (hQ+f)a+mb— — Bh(a®+ bﬂ)f (a = = - hQ- fcos)(Pf
2 4 ’ 202
‘ hoiic 4 (1.4)

b= _—QE 3 Ta+ (2 —-f)b — % Ba(ag+b2) ;

&

(EJ =t 3 N—{sin2@— 3 ﬁa"),
2Q 4
Cac ché d6 diung la:
1. Can bing: a=Db =0; 6n dinh n&u ’ﬂz > - thz C (1,5)
2. Dao dong didu hoa, tin s6 £, bién do a xac dinh b&i hé thirc: ,
A——Ba =1+ VEER2Q% (1.6)

trong @6 ddu + (—) twong tng dao dong- on dmh (khonﬁ 6n dinh).
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DAt vio ¢ moL Lo AL chin. Goi bo Llat ehdn [a khong cgng hudag nfu & hg mdi. Lok
trang eong hudng khong xdy ra (gilta chc tin s8 riéng cla hé méi va tAn s8 kich dong
khong tdn tai nhitng hé thirc cdng hudng). Hidn nhién dao dong khong x4y ra. Vay, &
~hé thong s8, dbi tin (khong phii ting cdn) la nguyén tic hoat dong clia bho tht chin
khong codng huwdng :

Khao sat bo tit chan cong hwéng; d6 la bo tat chdn co khéi lugng | nhd, ¢é tin
$6 riéng Vv lan can 1/4 tin s kich uéng \7 Q. Hé phuong trinh vi phdn dao dong 1a:
x+92x—-8{ By — ﬂx —2fxsin2Qt+Nx—T(x - y)—l(x y)} Cwn
y+Pv+V2y =V +px, 3
trong d6: T — d0 cing 16 so va A — hé s& cin trong bo tit chéin;
v = VT/p — tan s6 riéng ; ,
p =A/u — hée s8 ¢6 th ¢o Lri 86 16m.
Cing nhw trén, tay ch& d¢ cin khio sit 12 can bing hay dao dong, ciu’mg la dft:
g x = asinft + beosft

Jx= Q(acoth — bsin€2t)
'(‘ y = (aP—bQ) sin®t + (aQ+bP) cosL2t

= Q[(aP-bQ) cosQt ~ (aQ+bP)sin k)

o .
i

asin(Rt + @)

x -
. ‘x = anos(Qt + @)
hoge: y = a{ Psin(S2t + @) + Qcos(Qt + (P)] (1.8)
( y = aQ { Peos(S2t + @) — QSID(Qt'l‘(P"
trong d6: &, b (holc al P) cae b(ié’n méi,
P. Q — cac hing s§ xac dinh béi hé thie :
vi(v? — Q) 4 p?Q? ' Qs

po Y-+ p ° (1.9)

(V2 —QR2 L 2Q? ¢ Q= TvE_anTy P22
(d6 14 céc hé s6 hing trong bidu thirec nghiém duy tri cda phwong trinh th¥ hai
& hg (1.7) néu xem a = hing. ¢ = hing).
Heé phwong trinh trung binh la:
Q
L —e 3 p ;
(b - g(ﬂ‘Tﬂ*) a + (hif + h*;‘Q - f)b—TBa (a* + b?) g

o

géz ° §—<11,£2+h Q+f)a+(ﬂ+n*)b———[3< +b)§

™

Sa ;E; ; ~(ht + h] 1 Q —feos2¢ 2
i, (1.10)
((p =~—3(ﬂ—|— n*) — fsin 29 - f— Ba? i

So sanh (1.4) véi (1.10) chung ta thay bd tét chidn cong hu'ong da tao ra lyge can
. va &6 léch tin bd sung: .

bE L peQ! . = 9923 M_é (1.11)
T Qe Q)42

“Céac ché @ ding va tinh 8n dinh clia chiéing vAn nhu cii.
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Chon hy = 0,0 17 = 0,0025; B = 0,05, Trén hinh (1) v& 16 thi «bitn Ao A khi
chua dat bo tit chin (a) va khi @it by tit chin cong hudng ding v = Q% voip = 8 (b),
p-= os (¢); trén hinh (2) khi d4t bo tit chdn cong hudng v? = 142 voi p =0 (b);
p=2004 (); p=106 (d); p = o= (e). Cac doan dam li&n net. (&t neét) twong frg ché
dd 6n dink (khong 8n dinh).

‘bt

Hinh 1 ¢ Hinh 2

bg nh;‘_m rd higu qui tit chén, ching ta v& quy tich oI, (nét chim) cha dinh
(tiép tuyé&n thing dtrng) cic d8 thi bién do khi P ting din tir 0 dén o= (theo chidu mii

tén). Khi v? = 92 dd th1 bién d¢ nim rét thip & géc phin tuw thi ba s& trwot din lén
cao t6i'vi tri (c); khi v? = 1,4Q%; dd thi bién @o ti vi tri (b) trwgt xudng goc phin tu

tht ba roi sau d6 trugt 18n cao t6i vi tri (e). D& dang nhén thdy, & hé théng sd, bd tit

chdn cong hudng hoat déng theo hai nguyén tdc nhw & hé ty chén da trinh bay & [5]:

—~ B¢ léch tin gifta tin s6 ring cha bé tit chin va cha hé gdc (nghia la lan

.can 1/2 tan s6 kich d9ng) cang nhd cang t5t;

-— Luyc cAn trong bd tit chdn c6 tri s6 ndm trong viung thich hop.

Cha ¥ ring bo tit chidn ddng thoi cAn bing véi hé gbec va khi dé trong he sé
khong c¢é hién twong tiéu tdn ning luforng ‘

§2. BO TAT CHAN TRONG HE CUONG BUC

Bay gio gid thi&t khéi Iwvong mi chiu lye kich dong cudng bire didu héa fsint
(f — bTen d6: 1 — tin s6 kich dong). Ky hiéu » — tin s6 riéng:

1
a) Truong hop khong cong hudng. — Gid thidt ® 5= 1; 3; Ty Nhu da biét trong
ly thuyé&t gidm chdn cia hé tuyén tinh chiu kich d¢ng cudng bwrc didu hoa, dao dong

clia hé gdc bi dap tit khi dit bo tit chdn (khong cong huwdng) khong cén va cé tin s
riéng bing ding tin s6 kich dong. BY tét chin cong hudng khong c6 hiéu qud dang ke.

- b) Trudng hgp cong hudng chinh: © = 1. Viét phwong trinh vi phin dao déng
dusi dang: . _ . X
x+:v=Ef-l_119:—l3x37+fsint+'nx‘, 2.0

trong d6: &M = 1 —©° — d3 lach tin.
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{é ¢o dao ddng dicu hou tan s [ bicn d) a xdc dinh Lii bE fhao:

f ~mr+nda = , N )
lrong do: ‘
3, 2 3,0
A= =042, A T2
) Ba K ¥ I Bt

Tuong ang nhu:ng gia fri W ma (2.2) (,hu ha bién 46 A, ché do dao dong cd bién
d6 trung binh 12 khong 6n dinh.

Bo (it chin khong LOng hm”mo cting hoat d¢ng lheo nguyén tic d&i tin nhw & hé
thong s6: hé thay doi tin so, tho#t khéi cong hubng va dan dang comg hudng (& xdp xi-

- thir nhﬁt) bi dap tat.

biat bo tit chidn coéng hudng. K& qui khdo sat cho bi&t trong hé ciing xudt hién
luc cin va d0 léch tin bd sung (1.11) khi cho & =1. Chon hy = = 0,05; F = 0,0005.
Trén hinh 3 ve dd thi bién @o khi chwa dit bo tit chdn (a) va sau khi ditbo tat chim cong
hwdng dang vVe=1voi p=1(®M) p=4 (c) p= oo(d); trén hinh 4 khi v} =12 v6i
p=0Mmp=1( p=4(d) p= o (e). Qua d6 nhin ra cac nguyén tic hoat dong da
biét clia bo tit chin cdng huwdng. Didu khac bist & day 1a quy tich Iol_ nim trén tryc
hoanh, do d6, dao ddng cfng hudng cudng bitc khdng bi dip tdt hoan toan va vi vay
trong hé x4y ra hién twong tiéu tin ning lwong.

n
Hinh 3 : _ BEinh 4
¢) Truong hop cong hwdng boi ba: o ==3. P¢ don gidn xem tin s kich ddng
12 1/3-va viét hé phuong trinh vi phin dao dong dw6i dang: N
o 1 7 .
x+x:fsi11—?$-—t+5:—htx—Bxg-l-'ﬂxi, (2.3)

trong d6: &N =1~ o?
Dao dong éﬁa h¢ gom hai thanh phin: =, +
— Thanh phﬁn cudng 1')ﬁ"'c’: Z, = 8, Sin —%—t DA, = 9f18 (2.4)
~ Thanh phin cfng hudbng mé td bdi phwong trinh vi phan:
.g;‘_;_x"':s { — hi (;0+a;’) - B (xo +..7/:’)3 +’|’](.7£o-[-m’)}. o (2.5)

Thanh phin nay la dao dong didu hoa tdn s8 1 (1an cén tin sd riéng) voi bién
d6 a xac dinh bdi hé thie: ' o

fearan, -~ +nrf A =—a3, , C(2.6)
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trong do:

va c6 diéu Kién 6n ‘dinh tuong tu nhu & tredng hop cong hudng chinhb. Bat bé tél chdn

V'vf'khéng cong hudng, hé ddi tin thoat khdi céng hudng nén think phin dao déng cong
~hudng bi’ dap tit. Thanh 'phin cudng bire (khéng cdng hadng) s& bi dap | tat v6i bo tit
.‘chén khong cAn va c¢6 tin s§ riéng bing ‘ding 1/3-(tin s& kich déug) Vay & hé cudng
“bie cong hudng boéi ba, bo tit chin cong hudng phdi hop chc nguyén tic hoat déng

chia n6 trong hé tuyén tinh cudng béc vi nguyén tic d5i tan.
Véi bo tht chdn’ cénq ‘hudng (tin sé lan c4n 1), hé phwong frinh vi phan dao
dong la:

.. | . ' ..
a:+a:=fsin%t+e[—hlac—Bx3+"ﬁx—7(:r—~y)—-K(rc—-y)}

v+ 03 + vy = vig + px 7 (2.7)

Cing nhu & hé g‘é’o, dao dc}r‘ihg gém hai thanh phin cuéng birc (khéng cong hudng)
va cdng hudng. Thinh phin cudng bic ciia hé géc vin nhw cii; tuy nhién biy gio chinh

“ho til chén cing c6 dao dong cudng biwc. Thanh phin cong hudng clia hé gbc vin duge

x4c dinh bé&i (2.6) nhung lyc cin va d¢ léch tin duge bd sung lugng (1.11). Cic dd thi

" bién @6 dao dong edng hudng cé cing dang nhw & trudng hop coéng hudng chinh. Viy

& hé cudng birc cong hudng boi ba, bo iit chin céng hudng khdéng ¢6 4nh hudng dén
thanh phin dao déng cudng btrc (khong céng hudng) ¢én déi voi thanh phin dao dong
cdng huwdng; né hoat dong theo nhitng nguyén tic di biét. Chd § ring hién twong ticu

_tin ning luong xiy ra.

§3. BO TAT CHAN TRONG CAC HE HON HQP

Nhitng nguyén téc hoat ddng cha che Do tit chén ciing the hi¢n trong cdc hé hdn
hop. Trudc hét xét hé tg chin thong s6 x4y dung tir hé ty chind [5] nhung c6 thém -
kich dgng a0 cting 16 so. Viét hé phwong trinh vi phan dao ddng dudi dang:

x-!-wga::&’h;c-—ka:S—hlx—2fxsin2t}, 3.1

trong d6: @ — tdn s8 riéng: 2f, 2 — bhién d0 va tin s6 kich ddng. Néu khoéng c6 cdng
hwdng, v& co bén, hé 12 thuin ty chén nén céc bo tit chdn hoal ddng theo nhitng nguyén
tdc dd trinh bay & [5]

Xél tuwng hop cong hl{frng ® == 1, phuwong trinh vi phin dao dong la: *
x+tx=¢ g ha —ka? - hz — 2t sin 20 + Nx } , (3.2)
lrong do: en = | — o’

Tién hanh khio sat nlw déi voi hé thong sé. két qud cho bi&t-hé co thd:

1. Can biing, dn dinh néu:

_ h—h <<0; "> — (- W’ (3.3)
2. Dao déng diéu hoa, tin s6 1, bién d6 a x4c dinh béi hé thic:
’ [A-h-mP+7 =1 (3.4)
~ Op dinh, néu: A= —?— ka®> > h—h = X ©(3.5)
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Trong mit phé‘ng (M, A) do thi bién do A 1a duong trom bau kinh ]l! fam (=0
A = h ~ hy). Khi ting cdn, dudng tron ha thap doan &n dinh nta 13 trén dwong trom
s& chi con la cung tron vdi méit h¥n. Cha ¥ ring khi h—hi> 0, d& d léch tin M lom
“ ch& d6 cin bing vin khong 6n dinh.

_B6 tit chin khong cong hudng lam hé ddi tin, thoat khoi cdng hudng thong sb.
Khi 4y, v& co bin hé trd thanh thuin ty chin hai bac ty do nén d& dﬁp tit cac dao
dong (tu chdn) c6 thd xiy ra cidn iing can. Vay & hé tu chin —thong s6 h¢ tdt-chin
khong cong huwdng phdi hop nguyeén tic 661 tin & hé Lthéng s8 va nguyen tic tang can
& hé ty chin.

V&i bo tidt chdn cong hudng. cac ché d6 du'ng vin nhu cii nhung c¢6 lwe cdn va
d¢ léch tan bd sung (1.11). Chon h —h1 = @ = 0,03; £2 = 0,0004. Trén hinh 5 vé& cic dwong
A \ tron bién @6 khi chwa @it bo tit chén (a)
? va khi dit bd tit chin céng hudng ding
v?=1 v6i p ting dan (b, ¢) dén oo (d).
Trén hinh 6 khi V* =12 v&i =10 (b),
. ) ting din (c, d, e) dén o (f): Pudng I,I..
; la quy tich tdim duéng tron bién d¢. D&
ﬂ:\ /"I\ dang nhan thdy & diy, bo tit chin cong
' /A ] . huwdng hoat déng theo nguyén tic chung
’ \ / cho hé ty chén va thong sé.,

1 - " _ n'ﬂ 5 ) . 5 »~~\
I : _ , b7z

Hinh § - . Hinh 6
Xét he ty chin — cudng birc. Truong hop khong cong hudng, phwong trinh vi
phan dao”dong 1a:
x4 o’y = fsint + & gh ‘c ~ka’ — b } . (3.6)
Dao dong ciia bé gbm hai thanh phan: x=wxa+ z.
r

= Thanh ph3n cudng bhc; w,=a.sinl; a, == (3.7)
I N w7 — 1
— Thanh phan (¢ chin x":
I. Hollc can bing (6 x4p xi thd nhal), 6n dinh néu:
h — hi— 24, <0, o =1—ka0 - (3.8)
2. Hodc dao dong diéu hoa tin s6 1 bién dd a xic dinh bédi hé thic:
A= . ko’a? = h — b1 — 24, (3.9)
on dinh néu: h—hi—28¢ >0 (3.10)
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Bo tit chin khong cong hudng voi tin sd riéng bing ddang tin s kich dong sé
dﬁp tit thanh phin cudng bic; sau d6 nho ting cdn c6 thé dap tit thanh phin ty chin.
Nhu thé, & day, bd tit chin khong cOng hudng phéi hop cic nguyén tic ciia n6 trong
hé tuyén tinh cudng buc va trong hé-tw chéin, ’

Hinh 7

Bo tit chidn cdéng hudng (tin s6 ldn cdn ®) khong cé anh huong dén thanh phan
cudng bic: néd ch1 ¢6 hidu qui d8i v6i thanh phin ty chdn nhu di biét.

Trudng hop cong hudng chinh ® = 1, phuong trinh vi phén dao ddng la:
z+z=c¢|hr— ke’ — b+ fsint+ne), - GBI
trong do: » en=1- o’
Hé c6 dao dong didu hoa tin s8 1 bién d9 a xéc dinh bdi hé thibc:
3
{[A—(Im—h1)]2+ﬂ2}A:F=ka2 (3.12)
on dinh néu:

9 2
A— 5 (h—uh1)]

3 a1 -7
A=—ka >-—(h-—hi; . »+ ———
4 2 [ (b — h/3 )2 [(h—nD/V'3 ]
7 Bo tit chin khong c¢ong hudng phdi hop céc nguyén tic ddi tin va ting can.
Bo tdt chdn cong hudng tao ra lgc cin vd do léch tin bd xung. Chon h — hy ='p = 0.05:
F =0,000028, trén hinh 7. ve a6 thi blen do A khi chwa dat b tit chdn (a) va khi dat bo
Lit chdn cong hwéng dung\? =1v4ip=106(h) P=1(c)p=o° (d); trén hinh 8 khivi=1,2
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VoI P=0(b) p=020(c) p==1(d) p= o= (¢). Ching ta lai thidy cdc nguyen tac hogt dgng
dd biét cla boO tit chin cong hudng. Cha y réng vi cod tinh cudug bie, dao ddong khong
hoan toan bi dap tit va do d6 tromg hé c6 tidu tin ning luogng.

Hirh 8

§4 BO TAT CHAN TRONG HE TU CHAN —
THONG S0 HAI BAC TU DO '

P6i véi hé hai bice ty do, chung ta xét mot thi du: hé ty chidn — thong s§ xiy 3
dung tir hé ty chdn twong ung & [5] trong do6 16 so gitt khéi lwrgng mi chiu kich déng.
Gii thi&t kich.déng c6 tin s8 2 va x4y ra cong hu'orng wy = 1. H& phwong trinh vi phén
dao dong la: " .

\, mizi+(C1 + Clz) z1 — Ciaw2 = e(g1 + g) = & {hr1 — kaf —
- (h1 + hi2) @1 + s — 2fx1sin2t] + e |- (61 + b12) 2y + 619xo}
mvxz Cul‘] + (Ciz + Cz) ra=¢(g2+ g)=¢8 {hllel -
"~ (12 + ha) @2} + & [b1aw) — (612 + 82) xa},
trong d6: 2f — bhién d¢ kich dong:;

4.1

C1, Cia, C2 — che tri s6 c’lé cing twong Gng khi hé c6 tin s§ riéng ding
bing 1 va ws :

(81, 612, 82) cac A6 cing dur.

Ky higu (1, d) (i = 1,2) — céc hé s6 phan phdi twong wng voi tin 88 riéng w1 =1,

Bat
xr = X1 4 Xa, a2 = Xy + daXo. (4.2) :
H¢ phuong trinh vi phin & tga d9 phap ¢ dang: jg
e E — p— —
TR X RN = h—;—’{ql + diga -+ MuXs + 'ﬂl!}l:f )
' (4.3)
.. 2 .
Ko+ wy Xy = Mo fg + daga -+ MurXy -+ TaXof
trong dé: :

- T = 61+62d?+612(1v—d1)2‘; _
= Mg = —Tag = 81+ dadyds + 2 (1 — d) (1 ~ d2);
— M = & + 62d§ + (1 —do)?,

g — ham g sau bLién d&j. {4.4)



D& don gidn, chung ta digu chinh cac d¢ clrng dw sao cho M 2
khi ﬁy rleng t?m s6 w; bién thién vé&i d9 léch tdn 1N = M. Hé (4 3)tr& thanh:

7

s X1+X1 Ml [g1+d1g> + K4}

. ‘ 4.5)
3o P e . <
Xo wgXa = '~ lg1 + dzgz]
Ket qua khio sat cho bist cac ché dé dvmg elia he 1a:
1. CAn bing, 8n dinh néu: . : ,
Ch—H;i <0 (=12); T]2>f2—(h—-H1)2. (4.6
. Dao dong didu hoa cla riéng Xi tin s6 1 bién d6 a:
[A-G-HP+7= 4.7)
n dinh néu: ‘ ,
-3, 1 . 1
+ : A=~4—ka > h— Hi; A>—5(h—H2)_=?B. (4.8)

3. Dao dong didu hoa ciia riéng Xs tin s6 ®2 bién do b:
3 2.2

B =—— k(!)2 b =h—Ha . 4.9
4
6n dinh néu: _
! . ) o
B- ? (h — Hl)] ’T]2 ‘
1 \ )
— (h — ; - - 1, 4.10)
B> —(h - H); 27 +a > _ _(

4. Dao ddng dOng thoi cla X1, X2 nhung khong 6n dinh.

Trong cac cong thiec trén: -

Hi = i+ had} + hpp(1 — &%, G = 1,2). (“.11)
B tit chdn khong céong hudng _ ,
phdi hop nguyén tic d6i tin d& loai AB
dao dong cong hudng théng s8 cla Xi » :
véi nguyén tde ting cin 4% loai dao m _ (?‘N, (ﬁ/
dong tu chin cha Xa. N i o
Bo tit chin cOng hudng voi tin iees i ot ) W
s6 1 tao ra lwc cin va dd léch tén L NS
bé sung: \‘X._ N s
W Bp R S T
H, 2\ 2 N
vV —=1D"4+p -
4
N Lpwg
H2 = o Hinh 9
(V —_ (.02) +p (02
2
v —1 -
M = li+ -—-——2—; . .(4.12)
VD' +p

Chion mi =ma2=1; Ci=3; Co_O C1v=2 h = 0,2; h1=0,13; h2 = 0; hi2 = 0,02;

2 = 0,0004 - thi w%:l; m%:(i. Trén hinh 9. v& dudng tron bién @6 A khi chuwa dit bo

tit chdn (a) va khi @it bo tit chin cdng hudng v* = 1,2 v6i p = 0 (b) ting dan (c,d, ¢
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dén oo (f); doan thing nhd nim ngang chi mtc bién a6 B. Ching ta vin thdy nguyén
tic hoat dong da biét cia bo tit chin cong hwdng. Digu cin cha ¥ thém 1a bo tét chin
cong hudng voi tin s§ thdp w; ciing ¢6 inh huwdng ding k& dén dao dong tw chén vei
tin sd cao w2 vi gifta hai ch& d dao démg c6 4nh hudng qua lai v& mit 6n dinh.
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SUMMARY

THE ABSORBER IN PARAMETRIC AND FORCED SYSTEMS

In this paper, we consider the action of the absorber in the parametri¢c and forced
systems. If we connect the non-resonant absorber to examined system the frequency will
be changed and the resonant oscillation disappears; the resonant absorber is governed
by the well-known principle in seli-excited system [5].
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