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hai roto léch tam quay ngwgc chiéu nhau
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Tom tat

Piéu khién dao dong béng hé hai roto 1a mot van dé
dang duoc nghién ciru va ng dung. Trong bao cdo
nay trinh bay mdt phuong phap diéu khlen chu dong
dé giam dao dong khong mong mudn cia mdy va
cong trinh bang cach sir dung hai roto léch tim quay
nguoc chidu nhau.

Tir khéa: Dao dong, Piéu khién chu dong, Roto léch
tam, Can nhét.

Abstract: The twin rotor damper is a recently
developed active mass damper. In present paper, two
eccenttic masses rotate with the same angular velocity
about parallel axes are used for generating a dynamic
control force that can be used for active control of
damped forced vibration systems in machines and
constructures

Keywords: Vibrations, Active control,
dampers.
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1. Phan mé diu

Diéu khién cac hé dao dong nhdm muc tiéu giam cac
dao dong khong mong muon trong méy va cong trinh
1a bai toan c6 nhiéu ¥ nghia vé mét Ung dung va ly
thuyet [1-5]. Chung ta c6 thé chia cac bai toan diéu
khién dao dong loai nay thanh ba nhém: Piéu khién bi
dong, diéu khién chu dong va diéu khién ban chu
dong.

Trong cac tai liéu [6-10] nguoi ta st dung hai roto
léch tdm quay nguoc chiéu nhau dé khir dao dong tur
kich do gié tac dyng 1é€n cong trinh. Trong bai bao nay
trinh bay viéc st dung hai roto 1éch tdm quay nguoc
chidu nhau dé giam bt dao dong cudng birc ciia may
va cong trinh (hinh 1). Trén hinh v& ta thiy khi hai
khéi luong léch tim A va B dbi xing nhau quanh
quanh c4c truc nim ngang s& sinh ra hai lyc quan tinh
lithm F," va F, " . Hai lyc nély dugc phan tich theo hai
phuong x va 'y . Luc Fic va Fy, ludn dbi xung nhau
do do s€ tu triét tiéu theo phwong ngang. Hai luc Fly
va Fzy luén cing chiéu nhau va cing phuong véi
ngoai lyc kich dong Fe(t) . Bai toan dat ra: Chon cac
thong sb cua hai roto va diéu khlen chuyén dong cua
chung dé hai luc Fly va Fzy sinh ra s€ khir duoc
ngoai luc kich dong F(t), tirc 1a khir dugc nguyén
nhan gay ra dao ddng cua hé chinh.
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H. 1 M6 hinh dao dong va 2 roto léch tam
2. Thiét ké bd gizm rung bing hai roto
léch tam quay ngwgc chiéu nhau
Chon céc toa d6 suy rong y va ¢ 1a dich chuyén tuyét
do6i cua hé dao dong va goc dinh vi cua khoi lugng
léch tam so v&i phuong thang (dung (hinh 1). Géc toa
d6 duoc chon tai vi tri can bang tinh. Tai thoi diém
ban dau y va ¢ bang 0.

1 ., 1
T=—my" +=
2 v 2

1, 1 .
3 mnvf1 + 3 mcv;] Q)

D@ dang tinh dugc vén toc diém A va B :
vi = v; =9 — 2r ypsin @ + rf('p2 (2)
Thay (2) vao (1) ta dugc biéu thirc dong ning :

1 : . 1 9.
T = 5(m +m )i —rm gpsin + 3 m e (3)
Biéu thirc thé ning va ham hao tan c6 dang:
1. . 1 ..
H:Ekyz—m“grncoscp , (DZEC:['/Z 4

Luc suy rong khong thé :
Q=FE@1),Q =0

Trong bai todn ndy xem chuyén dong ciia roto ¢ la

da biét, ta thiét 1ap dugc phuong trinh vi phan chuyén

dong ctia hé dao dong chinh:

m+m, i+ cy+ky = )

rm,_ $sing+ ¢’ cosp +F i

bat:

m,=m+m,f :7“C77zc(('|'>sin(p—1—('p2 cos Q) (6)
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Phuong trinh (5) dugc viét lai nhu sau
mi+cy+ky=[f + F(t) (7)
Trong d6 f =rm ($sing+ ¢’ cosp) duge goi la
“Luc diéu khién”. ,
Gia st rang ngoai luc kich ddng cé dang ham so sin
theo thoi gian F (t) = F cos(Qt +B) va hai roto 1éch

tam quay déu

Pp=Q =const = ¢=0,p=Q¢t+o. Khi do
phuong trinh (7) c6 dang:
mjj+cy +ky =rm Q’ cos Qt +o @®)

+F cos(Qt +B)
Trong d6 a 1a goc dinh vi ban dau cua khdi luqng léch
tam so v&i phuong thang ding hay 1a pha ban dau cta
luc diéu khién, con B la pha ban dau cua ngoai luc

kich dong.

Ki hiéu :

QSZL’(DZ: ia“ :’,nC’O:i (9)
mS ! mS ‘ mS ms

Phuong trinh (8) tro thanh :

+F, cos(Qt + B)

Phuong trinh (10) 1a phuong trinh vi phan cép hai
tuyén tinh hé s6 hiang sé c6 vé phai. Xét truong hop

can nhd, tac la & < 0)71 , nghiém tong quat cua
phuong trinh thudn nhét twong tng phwong trinh (10)
c6 dang
y,()=¢e" C coso,t+C,sino,t (11)
Nghiém riéng cua phuong trinh vi phan (10) c6 dang
nhu sau :
= A cos(Qt+a)+ A sin(Qt + o)
+4,cos Qt+B + A sin Qt+f
Pao ham biéu thirc (12) theo t rdi thay vao phuong
trinh (10). Can bang cac h¢ so ta cdé hé phuong trinh

(12)

dé xac dinh cdc hing s6 4 ,A, A ,A . Tu dé ta
tinh duoc :
o)~ Qur, 2051 1,
141 — - 7142 — C s c C
o) = +45Q o, = +48Q
o, - F 2F QS
A?} = 2 ’A4 = 02 :
o, = +45 o) = +48)
(13)

Vay nghiém téng quat cua phuong trinh vi phan (10)
la:
yty=e" C coso,t+C,sinw ¢

+A cos(Qt +a) + A, sin(Qt + o)

+A,cos Qt+B + A sin Qt+p

(14)

Pé tim cac hang s C,,C, ta st dung diéu kién

dauy(0) = y,,5(0) = g, . Pao ham (14) theo thoi
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gian va thay vao cic diéu kién dau ta co cac phuong
trinh dé xac dinh cac hing sd C,,C,:
C,+ A coso+ A sina
+A, cosB+ A sinp =y,
—8C, +0,C, —AQ sino + A cosa
—AQ sinf 4 4,Q cosf = g,

(15)

Giai h¢ phuong trinh trén ta xac dinh dugc C ,C, -
C,=y,—Acosa—A sina

—A cosp— A, sinf,
y, +0y, + QA —B8A sina

C,=—|- QA +3A cosa+ QA —3A sinf
Ml QA +3A, cosp
) i (16)
Tu (14) ta nhén thay thanh phan nghiém

e® C cosot+C,sinot la dao dong tat dan
theo thoi gian. Ta khao sat thanh phan nghiém binh
on cda hé chinh:

= A cos(Qt +a)+ A sin(Qt +a)
+A,cos Qt+B + A sin Qt+p
Dao dong cua hé chinh trong trang thai binh on bao
gom hai thanh phan. Mot thanh phan dao dong do
ngoai lyc kich dong gay nén:

17

= A, cos Qt+P + A sin Qt+f (18)
Thanh phén con lai do lyc diéu khién tao ra :
Y, = A cos(Qt +a) + A sin(Qt + o) (19)

Thanh phin dao dong ykd (18) chinh 1a dao dong
khong mong mudn cua hé chinh do ngoai lyc kinh
dong tac dong vao hé chinh gay nén, thanh phan dao
dong y:f (19) 1a dao ddng cua hé chinh dugc tao ra
b6i hai roto quay léch tim nhdm triét tiéu dao dong
cua hé chinh do ngoai lyc kich dong gy nén.

Pé xac dinh cac tham s6 t6i wu cua hé, ta viét lai
nghiém binh 6n (17) duéi dang nhu sau:

y,, = A cos(Qt + o) + A cos(Qt + o — E)
(20)
+A4,cos Qt+f + A, cos

'
Qt+p-—
[& B 2)

Str dung phuong phap /
gian d6 pha dé tong

hop cac thanh phan Ay
dao dong (20). Trén
hinh 2 thé hién gidn do 4,
pha tdng hop céac thanh Pax
phin dao dong trén,
qua d6, dao dong tong
hop cua hé¢ chinh dugc A,
md ta la mot vecto
quay bang tong hinh Ay
hoc cia 4 vecto

—_— — — —

quay A, A, A, A

y

H. 2. Gidan dé pha
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Nhin vao gian d6 ta thdy, hai vecto quay Z; va
Z; quay cung van toc goc ) hay van tdc goc cua luc
didu khién va A luon som pha hon A mot
lugng Tt/ 2. Hai vecto quay Z va Z quay cung van
tbc goc Q hay van tbe goc cua ngoai luc kich dong
va /Tz ludn sém pha hon Z mot lugng n/ 2.

Trong gian d0 2, ¢ s 12 pha cta thanh phan A , cua
luyc diéu khién 0, =+ a, ¢ 1aphacia thanh
phﬁn;lg =Qt+8.

Piéu kién t6i wu vé pha. Tix hinh v& 2 ta thdy: M6 dun
cua vecto tong hop cuia bon vecto quay

, dat gia tri nho nhét khi A ngugc pha

A hy A, 4

véi Az va A2 nguogc pha voi A Diéu nay dat duoc

cua ngoai lyc kich dong ¢,

khi tan s6 lam viéc cua hai roto quay léch tim bang
tan s6 cua ngoai luc kich dong Q = va gia tri pha
ba‘m dau o cua lyc diéu khién phu thudc vao goc pha
dau B cua ngoai lyc kich dong nhu sau :

(Pdkl - (Pn,ll = Qt to- gi + B =T
S o= B + 7 (21)
Ay
A
2 A3
Pay n/'
X
Al
A4

H. 3 Gidn do pha t6i 1eu
Hinh 3 la gian dd pha t01 uu c6 duge dé bién do dao
dong téng hop dat cyc tiéu.
Diéu kién (21) la diéu kién t6i uu vé pha hay la diéu
kién v& vi tri ban ddu cia khdi lugng léch tam.
Diéu kién toi wu vé dg Ién. D& dang tim dugc tir gian
dd pha bang cach giai hé phwong trinh sau:

A=A A =4 (22)

Tt @6 ta co
o, - Qurn o, = F
. , 2 T , 2 .
o~ +4FQ o) - +4PY
29038“07; 2F;)QFS
; y 2 5 Yy
R St 3o S S ¢ S 0
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o = Ppr—F =0

= 0
20601, ~ 26,08 =0

o - Qur—F =0

e 2
28(2( Q? H(:C: - F = 0

0

SQur —F=0,Qurn =F
T d6 ta c6 duge diéu kién t6i wu vé do 1on 1a :
k
uro= E (23)

Vay: Khi st dung hai roto quay léch tam de giam dao
dong khong mong mubn cua hé chinh can dat dugc
nhitng diéu kién ti wu sau:

- Téan sb lam viéc cua hai roto Q bé'lng tan sb cua
ngoai lyc kich dong : Q = Q
- Goc dinh vi ban dau cta khdi lugng léch tim nhu
trén mo hinh (Hinh 2) théa mén: oo =B +=n
- Piéu kién t6i wu vé khéi lugng léch tim va ban kinh
léch tam ciaroto : p 1 = Q—“Z

3. Mb phéng sb
D¢ thé hién hi€u qua giam chan cua hai roto 1¢éch tdm
quay nguoc chiéu nhau, ta s dung phan mém toan
hoc MAPLE dé mo6 phong so va v€ do thi bién d6 dao
dong cua hé chinh. )
Thi du 1. Mot hé chinh dugec c6 khoi lugng
m = 500kg , dugc gan vdi nén co dinh qua 10 xo ¢o

do6 cung k :1250000ﬂ va bd can nhét voi hé sb
m

can nhét ¢ = 15000 ) , chiu tac dung cuta ngoai lyc
s

kich dong co phuong trinh
F t =450cos|60t + g] N . Cho céc diéu kién diu
y() = 0’ y[) = O

Tur cac diéu kién t6i wu ¢ trén ta tinh dugc cac thong
s0 va ghi lai trong bang 1.

Trong d6 m 1a khoi ugng, k 1a d ciing, ¢ d can nhat
la cua h¢ dao dong, w, 1a tan sb riéng cua hé dao
dong. F 1a bién d6 ngoai luc kich dong, £2. 13 van toc
goc ngoai luc kich dong, con B 14 goc pha ban dau cia
ngoai luc kich dong. T 1a ban kich 1éch tdm cua roto,
M, 1a khdi lwong 1éch tAm cua roto, ;. 1a vén tdc
goc cua roto, a 1a goc dinh vi ban dau cua khéi luong
1éch tam roto. ¥g 1a do 1éch ban dau cua hé con Vg la
vén téc ban dau cia hé.

Str dung ph?m mém MAPLE, ta nhan dugc dd thi bién
d6 dao dong cua hé chinh trong truong hop h¢ chinh
duogc lap thém hai roto 1éch tdm va khong duoc lap
roto nhu hinh 4.
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Bang 1
Hé chinh Ngoai luc Théng sb 2 roto Diéu kién dau
m k C gy F De B Te me (ON a Yo J:"I}
(kg) | (N/m) | (kgls) | (Rad/s) | (N) | (Rad/s) | (Rad) | (m) | (kg) | (Rad/s) | (Rad) | (m) | (mis)
500 | 125.10* | 15.10° | 50 | 100 60 g 0,1389 | 0,2 60 %ﬂ 104 | 5.10°3
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H. 4 D6 thi dao dong cua hé chinh

Trong dd thi trén dudng mau do — nét dut manh thé
hién bién d6 dao dong ctua hé chinh khong duogc diéu
khién dudi tac dung ciia ngoai lyc kich dong, duong
mau xanh lam — nét 1ién dam thé hién bién d6 dao
ddng ctia hé chinh khi dugc diéu khién boi 2 roto léch
tadm dudi tdc dung cta ngoai luc kich dong.

Ta c6 nhan xét :

- Khi hé chinh khong duoc diéu khién boi hai roto
1éch tam, dudi tac dung cua ngoai lyc kich dong, hé s&
dao dong véi tan sb va bién d6 phu thudc vao tan sd
va bién d§ cta ngoai lyc kich dong va ctia ban than hé
do.

- Khi dugc méc thém hai roto 1éch tim véi cac
thong s6 tbi wru, bién d6 dao dong ciia hé chinh giam
vé gia tri khong sau mot khoang thoi gian nhat dinh,
Béng 2

do tac dung cua hai roto da triét ti€u anh hudng cia
ngoai lyc cudng birc. Dao dong cuia hé¢ chinh 1a dao
dong tat dan phu thudc vao diéu kién dau va cac thong
) dong luc cua ban than hé chinh.

- Thoi gian dé bién d6 dao dong ctia hé chinh giam
vé gia tri khong phu thudc vao ban than co hé do dai

y(t)
y(t+T)
vao khdi luong, d6 cing va do can nhét cua hé chinh.

luong do tit loga A =In = 3T phu thudc

Ta v& dd thi dap ung qua mot bd s6 lieu khac nhu
trong bang sau:

Hé chinh Ngoai luc

Thong sb 2 roto Diéu kién dau

k
(N/m)

c
(kg/s)

iy

(Rad/s)

€1,

(kg) (Rad/s)

My

(kg)

Q,
(Rad/s)

Yo
(m/s)

Mo
(m)

200 | 2.10% | 5.10° 100 105

0,1 105 10°* | 3.10°°

0.00015 4
0.000109
0.00005

04

¥

-0.00005
-0.000104

-0.00015
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H. 5 Do thi dao dong ciia hé khi c¢é va khong cé diéu khién
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D) thi bién d6 dao dong ciia hé chinh duoc biéu dién
trén hinh 5. Khi 1am viéc & tan s6 cao, khdi lwong léch
tdm va ban kinh 1éch tam cua hai roto cé gia tri rat
nho vi lyc quén tinh li tdm phu thudc 16n vao van toe
g6c khi 1am viée. Khi lam viéc & tan sd cao, khoi
luong 1¢éch tdm va ban kinh 1éch tdm cuia hai roto cé
gi4 tri rit nho vi lyc quéan tinh 1i tim phu thudc 16n
vao van tdc goc khi lam viéc.

Thi du 2. D6 thi trén hinh 4 va hinh 5 thé hién dap
ung bién d6 cta hé dao dong chinh khi cac thong so
Bing 3 :

cua hai roto 1éch tam 1a tbi vu tuyét dbi. Néu v6i mot
1i do khach quan nao dé, ta khong thé dat dugc nhiing
gia tri t6i wu tuyét dbi d6 thi hai roto quay léch tim
van thé hién dugc hiéu qua giam bién d6 dao dong
clia hé chinh mot cach dang ké.

+ Trwong hop 1 : Khi pha ban dau khéng dat gid
tri toi wu : (% B+ 1)

Ta lay vi du dau tién nhung by gio ta thay gié tri o
lan can quanh gia tri toi vu:

Hé chinh Ngoai luc Thong s6 2 roto Diéu kién dau
m k c iy F 0, 7 m, Q. o Yo ¥o
(kg) | (N/m) | (kg/s) | (Rad/s) | (N) | (Rad/s) | (Rad) | (m) | (kg) | (Rad/s) | (Rad) (m) (m/s)
S¢ =&
500 | 125.10* | 15.10° 50 100 60 0,1389 | 0,2 60 s + 0 10°* | 5.10°°

0.00010

[v] 0.00003
o

-0.00003

-0.00010
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H. 6 Do thi dao déng ciia hé khi c6 va khéng c6 diéu khién

Hinh 6 thé hién dao dong cuia hé chinh khi gi4 tri goc
dinh vi o lan can quanh gia tri tdi uu % . Mac du

khong dat dugc gia tri t6i wu nhung hiéu qua giam
dao dong cuia hé chinh van la rat tét. Theo hinh hoc ta
ciing d& dang c6 duoc ving pha ban dau hay ving gia
tri goc dinh vi ban déau cua khdi luong léch tAm ma tai
vung d6 hai roto co tic dung giam dao dong cia h¢
chinh 1a :
urQ? porQ?
£ 4+ +B< a<+n+ P+ arccos —-<
2F, 2F,

— arccos

Véi gia thiét : urQ’ <F,

+ Truong hop 2 : Khi cdc gia tri léch tdm khéng

ok F
dat gia tri toi wu: ((pr, = E
Trong vi du déu tién, gia tri tdi wu cua ban kinh léch
tam tinh dugc 1a 13,89 cm . Nhung gia s khong gian
lam viéc chi cho phép ban kinh léch tAm dat gia tri tdi
da 1a 13 cm, thi hiéu qua lam viéc cta hai roto vin
dugc thé hién nhu trén d6 thi  hinh 7

Bang 4
Hé chinh Ngoai luc Thong s6 2 roto Diéu kién dau
m k c Wy F 2, B L m, Q a Yo Yo
(kg) | (N/m) | (kg/s) | (Rad/s) | (N) | (Rad/s) | (Rad) | (m) | (kg) | (Rad/s) | (Rad) | (m) (mfs)
v o T
500 | 125.10* | 15.10° | 50 100 60 2 0,13 | 0,2 60 |3 + 70 | 10 4 151073

VCCA-2015
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0.00010

0.00003

04

-0.00005 4
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H. 7 D6 thi dao dong cua hé khi co va khéng co diéu khién

Hinh 7 thé hién dd thi bién d6 dao dong ctia hé chinh
khi nhitng thong s6 1éch tam khong dat dén gié trj t6i
vu do mot sé nguyén nhan khach quan ciing nhu chu
quan trong thyc té, trong truong hop nay 1a ban kinh
léch tam nhé hon gia tri tdi wu yéu cau. Mic du vay
hiéu qua giam thiéu dao dong cta hé chinh van dat
dugc két qua tot.

Cha y. Trong truong hgp ngoai luc kich dong tac
dung 1én hé chinh bang véi tan s6 dao dong riéng cua
hé chinh (€2 = ® ). Gidi phuong trinh vi phan (11)
ta dugc dao dong phu thudc thoi gian ctia hé chinh
nhu sau:

Trong d6 :

“frc@n
A1 = A=
= yU A1 sino, — A) sin B
oL 1|8y, +9,— Ao, coso—Awo cosp
2 o, —Adsino — Adsinp

Str dung phuong phap gian dd pha ta ciing tim duoc
nhitng gia tri tdi wu vé ban kinh 1éch tam, khdi lugng
léch tam, va goc pha ban dau cua hai roto nhu sau:

a=p+n
yt = 01 oSO, —I—C2 sino, —I—Alsin ot+a —I—Az sin (,-)J—}—B F;J
nro=—
c c 0)2
Hiéu qua giam rung dong cho hé chinh trong trudng
hop nay duoc thé hién qua vi du sau.
Béang 5
Hé chinh Ngoai luc Thong s6 2 roto Diéu kién dau
m k C iy F QE B Tz m, Q¢ a Yo }:'D
(kg) | (N/m) | (kg/s) | (Rad/s) | (N) | (Rad/s) | (Rad) (m) (kg) | (Rad/s) | (Rad) (m) (m/s)
4 3 T T -4 -3
500 | 125.10" | 15.10 50 100 50 3 0,1389 | 0,2 50 T 10 5.10

Hinh 8 thé hién dao dong cua hé chinh trude va sau khi dugc l4p hai roto 1éch tim quay déi xtmg nhau:
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H. 8 Do thi dao ddng ciia hé khi c¢é va khong cé diéu khién
+ Két qua toi uu (21) va (23) co thé rit ra tryc tiép tr ~ + DE dat dwoc didu kién tdi wu vé pha (21) can mot
phuong trinh vi phén (8) bé“mg cach cho vé phai cua hé théng diéu khién vong kin cé hdi tiép , dac biét khi
phuong trinh nay bang khong. tan s6 va pha cua ngoai luc cudng birc thay ddi (trdi).
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4. Kétluan

Trong bai bao nay trinh bay mot phuong phép diéu
khién chu dong hé dao dong tuyén tinh bang cach st
dung hai roto léch tim quay ngugc chiéu nhau. Sir
dung luc quén tinh li tdm do hai roto 1éch tam quay
nguoc chiéu sinh ra dé& can bang lai tac dung cua
ngoai luc cudng birc tdc dung 1én h¢ dao dong chinh.
Pau tién sit dung phuong trinh Lagrange loai IT thiét
1ap phuong trinh vi phan dao dong cho h¢ chinh. Sau
doégiai phuong trinh vi phan dao dong, st dung
phuong phap giam d6 pha dé xac dinh cac tham sb vé
ban kinh léch tim, khdi luong léch tim va goéc pha
ban dau cua roto tdi wu dé didu khién dao dong cua
hé. Cac két qua sau d6 dwoc méd phong va kiém
nghiém trén phan mém toan hoc MAPLE.
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va Ty dong hoa co khi.
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