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TOM TAT

Trong lanh vuc may quay, mét can bang khdi lugng twong quan dén rung dong va tiéng 6n dang
ké can phai giam thiéu. Nghién ctru nay, tiép theo sau mot tom tat cac ki thuat can bang kinh dién, dé
cip can bang tuy dong cac monorotor. Luong mit can bang duoc do va khir theo thoi gian thue, trong
khi may dang chay & trang thai binh 6n. Phuong phap bao gdm viéc tao ra mot Iyc khir sir dung hai
khéi lwong di dong, goi 1a vé tinh, duoc gén chit trén cung mot mat phang va di chuyén & cting mot
ban kinh d6i v6i truc quay. Thu tuc can bang dua trén phuong phap cac hé sé anh huong la phuong
phap duoc sir dung rong rii trong cic may can bang kiéu ca-lip. Hé théng do ludng va diéu khién dic
thu la co sé cho thanh cong cua nghién clru nay.

Thuc nghiém dau tién‘vé can bang tuy dong ciing dugc gidi thiéu. Bang thir dugc xdy dung trén
nén may cén bang dong kicu gobi cimg HnB100 dang duge thwong mai hod cling duge nghién ciru. Keét
qua chi ra sy rung dong do mat can bang dugc giam thiéu dang ke.

Tir khod: can bang tuy dong, phuong phéap cac hé s6 anh huong
ABSTRACT

In the field of rotating machines, mass unbalance are inherent to the considerable vibrations and
noise which must be reduced. This work, which follows an overview on classical balancing
techniques, concerns the active balancing of monorotors. The unbalance is detected and corrected in
real time, during operation in steady state. The method consists of generating a correction force using
two moving weights, namely the satellites, fixed on the same plane and moving at a constant radius of
the rotation axis. The procedure of balancing is based on the influence coefficients method that is most
exploited in calibrated balancing machines. Specific measurement and control systems are essential
for the success of this research.

A first experiment on active balancing is also presented. The test bench is based on the hard-type
balancing machine HnB100 developed and commercialized by the teamwork is also investigated. The
experiments shows that the vibration due to unbalance is significantly decreased.

Keywords: active balancing, influence coefficient method

" Nghién ciru nay 1a két qua trong khudn kho trién khai nhiém vu khoa hoc cong nghé nim 2004, hop dong s6
195/DPHBK/KHCN&QHQT.
" E-mail lién lac: Tuan-Ledinh@hcmut.edu.vn



1. GIOI THIEU
1.1 Mb ta chung vé can bing dong

Mit can bang ¢ cac may quay ngdy cang trd nén
mot yéu t& quan trong trong viéc phat trién cac
thiét bi hién dai dic biét dbi v6i cac thiét bi doi
hoi téc d6 va/hodc do tin cay cao. Su mét can
bang may néi chung 1a mot hién tuong ¢ hai do
d6 can phai xac dinh va khi can thiét phai giam
thiéu hodc trr khit hoan toan. Po goi l1a can
bang may hoic cAn bang dong. Noi dung la
dua ra cac bién phap nhdm khtr hoan toan hodc
mot phﬁn phan luc dong phu 6 cac khdép dong va
¢ cac 6 do, giam murc do rung dong & cac bd
phan cta co ciu, may. Diéu nay dong nghia voi
viéc tranh hu hong do moéi trong cac két cau lién
quan, glam tleng on va rung dong, lam ting tudi
tho va chat lwgng cua may khi van hanh.

1.2 Cén bang tiy dong

Bén canh viéc toi wu hoa vé& hinh dang va vat
lidu ngay tir khau thiét ké, nhiéu ky thuat khac
nhau dd dwgc phat trién dé diéu khién tmg xir
dao dong cua may quay. Mot trong cac ky thuat
dugc phat trlen gan dy nhat 13 diéu khién tuy
dong: tir cac sb lidu do dugc thuc hién trong thoi
gian thyuc va tir mot bo didu khién, mot hé théng
tuy dong cung cdp ning luong cho cdu triic nhd
trung gian cac bo dan dong dé giam rung dong
theo ham muc ti€u dinh trude [2,5]. K¥ thuat can
bang sir dung diéu khién tuy dong ciing nhim
lam giam tryc tiép cic nguon rung dong. Noi
dung vén 14 dua thém hay iy b6t di vat lidu sao
cho tryc quan tinh trung véi truc quay. Khac véi
cach 1am truyén théng, k§ thuat nay cho phép
thuc hién toan bd qua trinh can béng mot cach tu
dong ma khong can thiét phai dimg may va xa
hon nita n6 dugc thuc hién theo qua trinh véan
hanh may véi thoi gian thuc [2].

1.3 Biing thir tuy dong HnB100J

Ung dung thuc nghiém dau tién cho nghién ciru
nay 1a viéc thiét k& va ché tao hoan chinh bang
thr HnB100J [2]. Bang thu cho phép thuc
nghiém tily dong cac monorotor c6 chiéu dai dén
1,4 m, duong kinh ¢900 mm, can nang 150 kg.
Viéc danh gia ky thuét tuy dong va hiéu qua cua
n6 ciing dugc chi ra bang thuc nghiém. Két qua
c6 duogc tir nghién cliru nay ciing duoc ap dung
rong rai cho cac ky thuét cin bang thong thuong.

Phan luc do vat quay gay ra trén cac gbi d5 do
dugc nho vao cac cam bién ap dién gan cung voi
ching. Ching cing voi cac bo tién khuyéch
dai/khuyéch dai, bo chuyén ddi sd, cam bién pha
la cac bd phan co ban ctia hé théng do luong. HE
thong nay chi thyc sy day du khi ké dén bo phan
tich ActiveHnB viét trén nén C chuén.

2. CAN BANG VAT QUAY
2.1 Cac dang mit cin bing vt quay

Ba dang mAt cin bé’lng can duoc phan biét [4]:

- Mdt cdn bang tinh: trong tdm vat quay
khéng nam trung voi truc quay. Cac khéi lugng
khong cin bang cua vat quay co thé thay bang
mot khéi lwong qui dan m, cich truc quay
khoang cach » (Hinh 1, a). Lyc ly tdm cua khdi
lwong qui din 13 P = mra)”.

P = mrw?

@ )
Hinh 1: Mat can bang tinh va dong (ngau luc).

- Mat cin bdng dong / ngdu Ie: khdi luong
khong cén bang dugc qui vé hai khéi lwong cing
nam trong mot mat phang, mo-men tinh cua cac
khéi lugng ddi véi truc quay bang nhau (Hinh 1,
b). Khi quay, luc ly tdm tao thanh mot ngau luc
M =mran*.

- Mdt can bang hén hop: Luc ly tim cia céac
khéi lwong khong can bang twong dwong voi luc
P va ngau lyc (F,F) (Hinh 2) va ching khong
ndm trén ciing mot mit phang. Sy mat can bang
nhu vay 1a tong quét nhat.

Hinh 2: Mit can bang hdn hop.
Mit can bang c6 thé khir bang cach dua vao
cac khéi lwong phu hay déi trong. Luc ly tam do
chung sinh ra can bang véi luc ly tim cua khéi
lugng qui dan. Su chon lya so bo dbi trong can
bang roi gan 1én rotor dugc goi 13 cAn bing.



2.2 Phuwong phap cic hé s6 anh hwong

D6i voi loai rotor cimg, phuong phép thich (g
nhit 1 chi sir dung cac thong tin thuc nghiém.
Rotor duoc md ta bang cac mit phang do va
bang cac mat phang khir (mit phing cin bing).
Do nhay cua cac mat phang do so vOi1 cac mat
phang can bang xac dinh dap tmg cua luong mat
can bang cho mét toc do quay xac dinh. Phuong
phap nay dya trén gia thuyét hé thong lam viéc
tuyén tinh. Trong truong hop tong quat, khi viéc
thém mot khdi luong thir tai mot dau rotor cling
lam thay d6i dang ké tin hiéu dao dong do duoc
& dau kia, phai tién hanh phwong phap can bang
hai mit déng thoi. Phuong phép tiéu biéu nhat 1a
phirong phdp cic hé sé anh huéng (ICM) [1,4].
Khi tién hanh cén bang, do dong thoi dao dong
gbi d& 1, 2 (Hinh 3) truyén dén cam bién dudi
tac dong cua cac lugng mat cin bang ban diu
B,, B, trong hai mdt phang cdn bang i, ii.

-V
|
|
|
g

i 1t

Hinh 3: Cén bang dong trén 2 mit dong thoi.

Tiép theo, viéc do dao dong lai dugc tién hanh
sau khi da gan thém céc khoi Iugng thir lan luot
0 trén cung cac mat nay. Ta c6 quan h¢ ti 1¢:

(Vloj_{an a12:|(Blj (1)
Vao ay  ay (B,

trong d6 Vyq 1a dao dong do & gbi d& k & lan chay
may [ (Ian thtr), gia tri / = 0 tmg voi lan thir ban
dau, lac rotor ¢ trang thai nguyén géc. Cac hé sb
anh huong o tuy thudc vao vén téc quay cia
rotor cling nhu khéi luong cua no. Ching ta thuc
hién ba lan thir lién tiép tai cung mot tc do:

(D Lan chay thtr nhit: Rotor 0 trang thai
nguyén gdc, véi cac luong By, B, can xac dinh
trong mat phang i, ii. Tién hanh do V,, V.

(2) Lan chay thir nhi: Gdn mot khdi luong
thir M, trén mat phang i,vadoV, V.

(3) Lan chay tht ba: Thao M,, gin khéi
lugng thtr M, trén mat phang ii, va do Vi,, V.

Néu xem co hé 1a tuyén tinh, ta cé thé viét:

(VIIJ:|:0!11 a12:|[Bl+M1J
Vo Ay Ay B,
2

va

(VHJ:{O[H al2i|[ B, J 3)
Vay Gy ap (B + M,

(1), (2) va (3) cho phép tinh duge o va, tir do,
B, va B,. Néu tinh V - Vi ch1 do céac khdi
lwong thir, chung ta nhan duogc tudn tu

=Wy =V)IM, kil=1.2 4)

va tinh dugc khéi lugng mat can bang:

o))

Viéc 4p dung ICM tuy don gian nhung lai bat
tién do viéc khoi dong-dimg may nhiéu lan trong
khi xac dinh dic trung ctia bai toan can bang [2].
Loi giai cua phuong phép 1a xac dinh lugng khir
mat cin bang, ma sau do, dugc gin bang tay lac
rotor dimg. Luong khir mit can bang vi thé
khong thay ddi dugc nita va mat tac dung trong
truong hop rotor c6 lugng mat can bang thay
d6i. Kha niang khir cac luong mat can bang trong
qua trinh may dang hoat dong vi vay can dugc
nghi dén. Dicu nay tré thanh mdi quan tim dic
biét dbi v6i cac thiét bi quay nhanh va c6 trong
lwong 16n do qui trinh khoi dong hoac dung may
phtre tap va ¢6 van dé vé dao dong.

3. CAN BANG TUY PONG
3.1 Nguyén ly

Noi dung cin bang tuy dong bao gdm viée diéu
khién céc luc (ly tam) & mot s6 vi tri truc quay.
Ta dung hai khéi luong di dong, goi la vé tinh,
c6 cung khéi lwong bi khong ché va chi di
chuyen trong cung m{t mat phang ¢ cung mot
khoang cach so vdéi truc cia rotor [2]. Chung tao
ra lyc ly tdm c6 bién do va pha thay d6i (Hinh
4).



B+B,=0

Hinh 4:-Tao 1 mit cin bang tir 2 khi luong.
3.2 T6i wu héa dwong chay
3.2.1 Xdc dinh céc vi tri khir mét cin bing
Theo sau \{iéc ap dung ICM, h¢ théng can ba‘jlng
tiy dong can phai tao ra mét lugng mat can bang
B.. Néu By, B, 1a lugng mat can bang duogc tao
ra boi cac vé tinh 7 va 2, ta ¢6 quan hé:

Bceig = Ble’.g1 + Bze“g2 (6)

Hai vé tinh nay c6 cung khoi lugng m,; nam trén
cung ban kinh 7. Bién d¢ vi the 1a nhu nhau:

B =B,=m,r=>b
(7

Luong mét cin bang tuy nhién khong am, 0<a<
/2, vi tri goc ciia mdi vé tinh (Hinh 5) 1a:

Hl’z =0$0!

@®)

Hinh 5: Cac vi tri khir.

Biéu thirc tinh goc a cho phép xac dinh vi tri
cac v¢ tinh theo ham cua lwgng mat can bang:

a = arccos(B, / 2b)
)

Luong B. tinh dugc béng ICM.

3.2.2 Nguyén tic di chuyén cac vé tinh

Cén phai xac dinh kiéu di chuyén vé tinh tir
vi tri ban dau dén vi tri khir mit can bang sao
cho dam bao viéc khir mat can bang nhanh va tdi
thiéu hoa anh huong khi qua do [2].

Nhiéu chién thuat khac nhau dung dé 1ai vé tinh
dugc xem xét (Hinh 10). Piéu chinh tudn ty
hodc ddng thoi pha va bién d6. Giai phap sau 1a
phu hop nhét nhd viée khir nhanh chong. Viée
giam thiéu cac anh huong do sy dich chuyén céac
vé tinh dong nghia vai viée giam thiéu phan lyc
dong sinh ra do sy dich chuyén v€ tinh khong
hop 1y. Néu tinh dén gia thuyét vé sy tuyén tinh
ciia hé thdng thi nguyén tic nay ciing s& dam
bao lam giam dao dong ciia ca hé thong.

sau cling

BQU ciing

Hinh 6: Céach dich chuyén céac vé tinh.
3.3 Cac mo-dun do luwdng

Viéc xac dinh cac lugng khu mAt cin bé'mg s
dung ICM can phai biét chinh xac van téc quay
cua monorotor va trang thai dao ddng cua hé
théng. Dé 14i vé tinh vé dang vi tri khi mét can
bang, vi tri goc ctia chung phai dugc xac dinh.

3.3.1 Po vi tri goc ciia vé tinh va téc dd quay

Vi tri gbc cua vé€ tinh dugc xac dinh so véi diém
goc pha chuan ciia monorotor (Hinh 7). Goc pha
chuan (hay goc pha chinh) xac dinh pha cua tin
hiéu do tir 2 cam bién do dao dong.

Hinh 7: B4 tri cac cam bién do goc pha.



Nguyén tic xac dinh pha vé tinh va chinh duoc
minh hoa trén Hinh 8. Phép do 7, 71, 7 cho:

Q=60/7,
(10)

6., = 360{71’2) )
z—’Vl
(11)

(v/ ph)

3.3.2 Xir ly tin hiéu dao djng
Tdn tai mot twong quan giira cac tham s xtr Iy

Giai doan I: Lay tin hiéu pha

Tin hiéu pha chini I Reference I Reference
Thoi gian
Sl g Sl o
Tin hiéu phavétinh
H H Thoi gian
Giai doan I1: Giai matin hiéu
Vétinh S1
Thoi gian
Vétinh S2
H H Thoi gian
Giai doan I11: Déng b6 thoi gian
Vétinh S1
/ Reference Thoi gian
Vétinh S1,
Vétinh S2 T
/ Reference Thoi gian
T
Chu ki quay
cua Monorotor Thoi gian

Hinh 8: Nguyén tic xac dinh pha ctia vé tinh va
chu ki quay ctia monorotor.

tin hiéu véi tbe do quay Q nén can thiét 1ap mot
mo-dun xwr ly tin hiéu dac thu dé xac dinh bién
d6, pha dao dong theo Q [3]. Nguyén tic nay doi
héi phai thu nhan duogc tin hiéu trong mdi chu ky
quay chinh nhd déng bo bang pha chinh. Tin
hiéu duoc roi rac hoa cho s6 diém mau nhét dinh
trong mot chu ky quay. Viéc xac dinh bién dog,
pha chinh, pha vé tinh, van toc déu dua trén
thong tin nay. Dong bo viée ldy mau theo pha
chinh véi mét s nguyén sé vong quay, viée ldy
tin hi¢u dao dong dugc thuc hién lién tuc sau
moi vong lip phan tich.

Bo bién dbi fourier roi rac (DFT-Discrete
Fourier Tranform [4]) theo thoi gian thuc cho
phép tinh toan bién d va pha dao dong & toéc do

quay dinh trudc. N6 ciing lam vai tro ctiia bd loc
nhicu.

3.4 T6 chirc can bang tuy dong

Cung nhu nguyén ly can bang noéi chung, can
bang tuy dong cai thién ung xir rung dong ma
khong 1am thay doi chirc ning cua thiét bi [2].

3.4.1 Chién hrgc khir mit can bang

Giai phap ¢ day 1a do lién tuc do rung dong, ké
do so voi luong mat can bang con lai cho phép
deé quyét dinh di€u chinh vé tinh hay khong [2].

3.4.2 Hai pha chinh

Phuong phap cac hé s6 anh huong can phai co
pha ca-lip nhim c6 dic trung cua h¢ thong. Pha
nay duoc thyc hién trude khi tién hanh viéc khut
mat can bang do cac vé tinh dam nhiém & pha
sau, pha khai thac, & ché do tiiy dong.

3.4.3 Hé thong tuy dong

B tri can bang tuy dong dugc chi ra trén Hinh
9. Monorotor (7) dugc lap 1én 2 u d& dao dong
c¢6 tich hop 2 cam bién do phan luc dong (9).
Trén monorotor c6 4 vé€ tinh (6) dugc giam sat vi
tri nho cac cam bién pha (8). Dong co dién (1)
quay monorotor thong qua bo dan dong (2) va
khép dan dong cardan (5). Pha chinh cua
monorotor dugc xac dinh nho dia pha (3) va cam
bién pha (4). Cac tin hiéu dao dong tir cac gbi
dd, tin hiéu goc pha chinh, géc pha v¢ tinh duoc
bd phan tich ActiveHnB xu 1y theo thoi gian
thuc thong qua card thu nhén dir liéu (11). Téc
dd mono-rotor duge diéu khién thong qua bo
bién tan (13), con bo driver (10) ¢6 nhiém vu lai
cac vé tinh.

Card thu nhén du liéu:

| 12 - Dao dong gbi dd
' Bién tin/~------ - Tin hiéu pha chinh
- Tin hiéu pha vé tinh

|
H
B6 phantich |13
ActiveHnB

Hinh 9: B4 tri bang thir can bang tuy dong.



4. THUC NGHIEM CAN BANG TUY PONG

Viéc danh gia cac két qua thuc nghiém trén co
3G cac thiét ké co, dién, céac giai thuat,... 1a quan
trong cho bai toan tdi wu ciing nhu chi ra cac
gidi han ma hé thong dat duoc [2].

Viéc tinh toén cac hé s anh hudng «; dugce thuc
hién & pha ca-lip va duoc luu trit [4].

Viée kiém nghi€ém ICM ciling dugc thyc hién
trén cac loai chi tiét quay khac nhau trude khi ap
dung trén monorotor v&i pha khai thac st dung
bang thir HnB100J. Bién d¢ dao dong do duoc
trude va sau khi kich hoat hé thong tuy dong cho
& cac Hinh 10, 11, 12, 13 & téc do 500
vong/phut.

Céc lugng mat can bang con lai déu nho hon
murc cho phep (ISO 1940, cép G 6.3 [4]). Thuc
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Hinh 10: Dao dong ban dau.
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Hinh 11: Dao dong gbi 1 khi can bang tuy dong.
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Hinh 12: Dao dong gbi 2 ban dau.

té khéi luong qui ddi tir cdp vé tinh cho thiy con
s6 12 g 0 ban kinh 65 mm la hoan toan dat dugc.
Cac két qua nhan duogc ciing cho thiy phuong an
do dac, xurly tin hiéu, giai phap cong nghé da
chon la phu hop. Diéu nay cho phép khir duoc
t61 da lvgng mét can bang.
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Hinh 13: Dao dong gbi 2 khi cin bang tuy dong.
5. KET LUAN

Nghién ciru d& cap mot giai phap can bing tuy
dong cho thiét bi. Phuong phap, chién luoc diéu
khién, xtr 1y tin hiéu va s liéu do,...dugc thir
nghiém trén mot bang thir déc thu. Phuong phap
cac hé sb anh huong c6 do tin cdy cao va dé ap
dung. BO phan tich viét trén nén C chuan cho
phép thuc hién dé dang cac thyc nghiém lién
quan. Day 1a ciing 13 co s& dé phat trién cac san
pham tuy dong trong cac tng dung vé sau.

Cén b:cllng tuy dong, mang nhiéu tinh wu viét hon
can bang dong thong thuong, cho phép nghién



ctru ddy toc d6 quay 1én cao hon trong cac thiét
bi moi.
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