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Mit can bang clia céc chi tiét quay, sau ddy goi chung 14 réto, 1a mot trong
nhiing nguyén nhéan chinh giy nén rung déng cia may. Rung dong nay
khong nhimg 1am giam tudi tho cia may ma con lam anh huéng dén su
hoat dong cua cac mdy bén canh. Do viy, khi r6to xay ra hién tuong mat
can bang can phai dugc kiém tra va xir 1y som. Mat can bang roto duoc
dinh nghia 1a sy phan b6 khoi luong khong déu qua tam quay cia roto. Co
nhiéu nguyén nhan 1am réto mat can bang nhu do ché tao, lap rap, bién
dang hay mai mon trong qué trinh van hanh. Dya trén tinh chit chuyén
dong cua réto trong qua trinh can béng ¢6 thé phan thiét bi can bang lam
hai loai chinh: thiét bi can bang tinh va thiét bi can bang dong. Trong bai
bao nay tac gia s€ phén tich va danh gia ket qua khi can bang roto trén
thiét bi can bang dong co gbi d& cimg va gbi do mém. Két qua phéan tich
va danh gia cho thay 1d dic diém cua hai loai gdi d& ctimg va gbi d& mém
trén thiét bi can bang dong.

Abstract
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The unbalance of rotating parts, also called rotor, is one of the main
causes of vibration in machines. Vibration not only reduces longevity of
machine, but also affects the operation of nearby machines. Thus, rotor
unbalance must be investigated and taken care of when it manifests. Rotor
unbalance is defined as unequal distribution of the weight of rotor through
it’s rotating centerline. There are many causes of rotor unbalance, such as
manufacturing or assembly errors, deformation or wear during the
operation. Based on the motion of rotors during balancing process, the
balancing machines can be grouped in two general categories: static
balancing machine and dynamic balancing machine. In this paper we
focus on the analysis and evaluation of rotor balancing using dynamic
balancing machine with two types of bearing: hard-bearing and soft-
bearing. The results demonstrated the properties of the hard-bearing and
soft-bearing used on the dynamic balancing machine.
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1. GIOI THIEU

Mit cén bang chi tiét quay, sau ddy goi chung 1a réto, khong chi 1d ngudn gay rung dong
ma con c6 thé gdy hu hai cho cac b phén ciia may hay anh huong dén @6 chinh xac cac may bén
canh. Mét cén bang roto co thé xem 1a dang hong can dugc phat hién va khic phuc sém dé dam
bao cho may moc lam viéc an toan va hiéu qua, dac biét do6i voi cac thiét bi c6 téc do cao yéu
cau vé can bang roto cang khic khe hon. Roto duoc xac dinh mét can bang khi khéi lwong ciia
n6 phéan b khong déu di qua tam quay. Co nhiéu nguyén nhan gay mét cAn bang ddi véi roto, cu
thé: mit can bang do ché tao, mat can bang do lp rap, mat can bang trong qua trinh van hanh.

Nhiam khéc phuc su mat can bang ciia roto nguoi ta s dung cac thiét bi chuyén dung dé
xac dinh vi tri khdi mat can bang trén réto, cac ddi trong sau d6 dwgc thém vao hoac bét di dé
phan bb lai khéi luzong cta roto. Qua trinh xur ly sy mét cin bing cua roto duogc g01 la qué trinh
can bang. Roto ¢ thé duoc can bang ¢ trang thai tinh (khong dugc truyén chuyen dong quay)
hay ¢ trang thai dong (duoc truyen chuyén dong quay), mg vdi trang thai can bang cta roto ma
chiing ta c6 phuong phép cin bang twong tmg; can bang tinh va can bang dong. Trong bai bao
ndy, tac gia chi tap trung phan tich va xir Iy sy mit can bang cua roto trén thiét bi can bang dong.

=

Hinh 1. C4u tao chung cua thiét bi cAn bang dong roto

Thiét bi can bang dong cho phép phat hién kh01 luong va vi tri cua khdi mit can bang trén
roto thong qua phan tich rung dong do lugng mét can bang cua roto gay ra. Céu tao chung cia
mot thlet bi can bing dong (Hinh 1) bao gom: (1) réto can can bang; (2) gbi dd réto; (3) dong co
truyén dong cho roto, c6 thé st dung cac co ciu truyen dong (4) nhu: banh ma sat, khép noi truc
cac dang, day daidet ...; (5) cam bién gin trén gbi & dé do rung dong do khéi mét can bang cua
roto gay ra, (6) cam blen do tdc do roto, (7) b xtr 1y tin hidu va hién thi ket qua do.

C6 thé phan thiét bi can bang dong lam hai loai chinh dwa trén cdu tao cua g01 dd roto,
gom: thiét bi can bang dong su dung g01 d& clig va thiét bi can bang dong str dung goi d6 mem
Su khac nhau co ban cua hai loai g01 d5 chinh 13 d6 clmg ctia nd. Géi &5 mém (Hinh 2b) 1a gbi
d5 c6 thé di chuyén tu do theo it nhat mot phuong, thuong 1a theo phuong vudng goc véi truc
ctia réto. Nguyén 1y cua loai gbi d& nay 1a réto duge d& trén cac con lin va xem nhu dugce treo
trén gia do co thé dao dong, dao dong do dugc do lai bang cam bién gia tdc dé xac dinh luong
mét can bang cta roto. Nho sy dao dong cia gia d& ma lyc mat can bang cua chi tiét khong
truyén 1én khung va dé cua thiét bi. D6i voi thiét bi cAn bang dong st dung gdi d& mém thong
thuong khong can phai cd dinh dé trén nén xudng, do vay tinh linh hoat cua thiét bi rat cao, ¢6
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thé di chuyén dé dang. Trong khi d6, gbi d& cing (Hinh 2a) d6 r6to trén cac con lan duoc gan ¢b
dinh trén khung may, do vy toan bd Iyc do lwong mit can bang cua roto s¢ gdy ra rung dong
truyen lén g61 do, khung va de ctia thiét bi. Rung dong trén goi do ciing dugc do bing cam blen
gia toc dé xac dinh luong mat can bang ctia roto. Db vai loai thiét bi can bang dong str dung gbi
dd clng thi cau tao ctia khung va dé thiét bi phai chic chin, va phai dugc c6 dinh trén nén xuong
bang buldong nén. Chinh vi vay tinh linh hoat cua thiét bi cAn bing dong sir dung gbi d& clmng
khong cao. Mot uu diém khac nita cua thiét bi co gbi d& mém 1a cho phép do dugc dao dong do
mét can bang nhay hon so véi thiét bi sir dung gdi d& cing O tdc do thap.

Den nay, mot s6 nha san xuat thiét bi gioi thiéu vé dac diém ctia hai loai gbi do clng va
gbi d& mém [1, 2], tuy nhién chua c6 cac nghlen cliiu Ve phan tich va danh gia cac wu diém,
nhuoc diém cua hai loai gbi do ndy. Do vdy, tac gia da tién hanh phan tich va danh gia can bang
dong roto trén thiét bi hd trg can bang dong trong hai truong hop gbi d& cling va gbi d& mém.

Roto

(b)
Hinh 2. (a) G6i d& cting durgc sir dung trong may can bang cd dinh CEMB, (b) Két cau gbi dd mém [3]

Trong thiét bi c6 gbi d& mém, cong huong cua roto hay he thong g01 4 s& xay ra ¢ toc do
thip hon toc do can bang hay khi c6 toc do bang mdt nira toc do can bang Qua trinh can bang
duogc thuc hién ¢ tin s6 cao hon so v6i tan sd cong hudng cua hé thong g01do [1]. Cam blen do
dao dong/rung dong dugc gin trén gia d& treo roto. Trong khi dé thiét bj can bang c6 g01 do
cung vi phai do rung dong do luc mét can bang truyén 1én gbi c¢b dinh nén can phai do ¢ toc do
cao hon so voi goi d6 mém; qua trinh cén bang dugc thyc hién ¢ tdc do thip hon tan sd cong
hudng cua g01 dd [1]. Uu diém chinh cua thiét bi co g01 dd cung 1a kha nang chiu lyc cua thiét bi
tt va co thé cho két qua mat can bang nhanh, phu hop cho cén biang dong trong san xuét roto
hang loat lon.

Theo tiéu chuan ISO mdi loai thiét bi, may moc c6 murc do rung dong cho phép khac nhau,
vi v@y khi can bang ta phai dua trén ti€u chuén nay dé chon gia tri phu hop cho loai thiét bi hay
roto can can bang. Pdi voi roto clmg tiéu chuan ISO 1940-1:2003(E) “Mechanical vibration -
Balance quality requirements for rotors in constant (rigid) state” [4] duoc sir dung dé danh gia
murc can bang cho phép.

2. THIET BI VA QUY TRINH CAN BANG PONG ROTO
2.1. Thiét bi cin bang dong

Hién nay cac thiét bi can bang dong c6 do chinh xac cao dugc cac nha san xuét nhu Bruel
& Kjaer cia Pan Mach, IRD ctua Hoa Ky, SKF cta Thuy Dién, SCHENCK cua Puc ché tao va
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ban rong ri trén thi truong, tuy nhién cac thiét bi ndy c6 gia thanh kha cao. Khi can bang roto co
thé & trang thai dé roi (sau ché tao hay dugc thao ra dé sta chita) hodc cling c6 thé dang duoc lép
dat trén may. Tuy theo trang thai cia roto, dé roi hay da duogc lép dat, ma thiét bi can béng dong
c6 thé phan thanh hai loai chinh nhu sau:

Hinh 3a thiét bi cin bang di dong (can bang tai hién truong): thiét bi nay dwoc sir dung dé
do cac dao dong/rung dong ngay trén may moc duoc lip réto can cin bang ma khong can phai
thao ro1 roto, thuc hién viéc can béng roto tai noi dat may.

Hinh 3b thiét bj can bang ¢ dinh (ddt ¢b dinh tai xudéng): dung dé can bang roto da duoc
thao ro1, thuc hién viéc can béng roto tai noi dat thiét bi can béng.

Hinh 3. (a) Thiét bj can bang dong di dong Microlog GX ciia hang SKF,
(b) Thiét bi can bang co dinh cua hang SCHENCK

Hinh 4. M6 hinh 3D cua thiét bi hd tro can bé“lng dong roto
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Nhu vdy méi mot thiét bi c6 han ché riéng, dé co thé can béng cho roto dugc thao roi hay
dang lap dat trén may can phai ddu tu ca hai loai thiét bi noi trén, diéu nay doi hoi khoan dau tu
kinh phi 16n. Nham khai thac triét dé kha ning cia thiét bi can bang di dong hién c6 (Hinh 3a),
tac gia da nghién ctru ché tao thiét bi hd trg cin bang roto (Hinh 4) dé c6 thé can bang cho roto &
trang thai thao roi.

Hinh 4 biéu dién mo hinh cua thiét bi h trg can bang dong roto, Hinh 5 thé hién sy két nbi
giita hai thiét bi, trong do:

e Thiét bi hd tro cén bang dong roto (Hinh 4 va 5) gom cac phan chinh: (1) khung may
c6 4 tru truot cho phép goi d6 (2) di chuyén theo chiéu doc truc nham dép tng chiéu
dai khac nhau cua roto can can bang (3) dat trén cac gbi d& nay, (4) dong co va bd
bién tan dugc dung dé thay dbi toc do va truyén chuyén dong quay cho roto thong qua
day dai mém (5)

e Thiét bi can bang di dong SKF Microlog GX gdm co: (6) phan may chinh duogc dung
dé phén tich va hién thi két qua trong qua trinh can bang dong, ket n6i véi may c6 cam
bién do rung dong (7) cua réto duge gan trén phan di dong cua gdi d& mém, cam bién
laser (8) dung dé do sb vong quay cua roto trong qua trinh thyc hién can bang dong
thong qua miéng phan quang (9) dan trén roto. Vi tri cia miéng phan quang trén roto
cling dugc xem 13 vi tri gbc 0° dé xac dinh khdi mét can bang cia roto.

Hinh 5. Két ndi thiét bi hd tro can bang dong va thiét bi can bang dong di dong SKF Microlog GX

Thong s‘é ky thuat cua tniét bi hd trg can béng dong roto: , ‘
- Cén bang rdto c6: khoi lwgng dén 20kg, dudng kinh dén 500mm, chiéu dai theo hudng
truc dén 1000mm.
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- Truyen dong: Pong co xoay chiéu 0,375 kW 2 pha, so vong quay 2000 v/ph ¢6 sir dung
bd bién tan dé thay d6i sb vong quay ciia roto, bd truyén dai det duge sir dung dé truyén
dong cho réto. ‘

- G6i dd c6 ché d6 chuyén ddi thanh gbi d& mém hoic gbi d& cing.

2.2. Quy trinh cin bing ddng roto

Trinh ty cac budce thue hién can bang dong roto trén thiét bi nhu sau:

Budc 1: Lap dat cam bién gia toc, cam bién quang cua thiét bi can bang dong di dong trén
thiét bi hd tro nhim thu nhan tin hi¢u rung dong cua va sé vong quay cua roto can can bang.

Budée 2: Ga dit roto can can bang trén gdi dd va dan bang keo phan quang dé xac dinh vi
tri gdc 0, cling nhu dém sé vong quay cia réto.

Bwée 3: Thiét 1ap bién tan cua thiét bi hd trg can bing dong dé co sb vong quay roto nhur
mong mudn.

Budc 4: Khoi dong thiét bi can bang di dong SKF va Iya chon chwong trinh can bang dong
mot mat phang hodc hai mat phang, ciing nhu cai dat cac thong s khac.

Buwdc 5: Thuc hién bude chay ban dau dé xem gia tri mAt can béng cua roto, dua trén dac
tinh cta thiét bi trong tiéu chuan ISO 1940-1:2003(E) dé xem xét lugng mit can bang cho phép
cua roto.

Budée 6: Ding may, gan khoi lugng thir.

Bwée 7: Thuc hién budc chay thir. Trong bude chay nay két qua phai tuan theo nguyén tic
30/30 [5]: ¢ nghia 1a két qua cua bude chay thir so vi bude tham khao phai thay d6i 30% vé
bién dg rung dong hay thay doi pha 30% hodc thay d6i 30% cho ca bién do rung dong va pha.

Bude 8: Gin doi trong can can bang va xem két qua, néu mirc do rung dong nam trong
khoang cho phép thi dung viéc can bang, néu mirc rung dong chua nam trong khoang cho phép
thi tiép tuc gan ddi trong tinh dé giam muc rung dong.

3. THUC NGHIEM CAN BANG ROTO TREN GOI PO CUNG VA GOI PO MEM

3.1. Chi tiét thwe nghiém

Tién hanh can bang dong cho réto dong co dién c6 duong kinh 130mm, chidu dai 300mm,
khéi lwong 4kg (Hinh 5) trong hai trudng hop: st dung gbi dd climg va gbi d& mém. Trong qua
trinh thyc nghiém luong mat cin bang cia roto duoc gia dinh bang cach gian mot khdi luong &
mot vi tri bat ky nao d6 trén réto.

3.2. N¢i dung

Thyc hién do rung dong cua roto trong hai truong hop gbi d& cing, gbi d& mém & hai toc
do khac nhau va nhan dugc két qua nhu bang 1.

Bang 1. Két qua do rung dong cho hai loai gbi d& & hai cp toc d6 khac nhau

S6 vong quay ciia Goi d cing G6i 36 mém
roto (v/ph) Rung dong (mm/s) Pha (°) Rung djng (mm/s) Pha (°)
=624 0,2 183 4,6 86
n, = 1482 4,6 257 14,8 357

Két qua & Bang 1 cho théy:
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- O cung s vong quay n; ¢ gbi d& clng c6 muc rung dong khong dang ké, trén thuc te 0
to da bi mat can bang va da dugc phat hién trén goi do mém. Qua day co thé thdy rang
gdi d& mém rat nhay & toc do thap.

- bé do dugc cung gia tri rung dong da do duoc trén géi dd mém & toc do n; thi trén gbi do
ctng toc do phai tang lén gap 2,375 lan. Didu nay khang dinh dé can bang roto trén gbi
dd cumng thi roto can phai c6 tdc d6 lon hon so vGi go1 do mém.

Tién hanh cin bang cho réto & hai truong hop: gdi d& cling & toe do n, va gbi d& mém &

tdc d6 n; va nhan duoc két qua nhu bang 2.

Bang 2. Két qua can bang dong trén mot mat phang cho réto trén gbi do ctng va gdi d& mém

Gdi do cimg n, = 1482 (v/ph) Gdi A6 mém n, = 624 (v/ph)
N¢i dung D6 Ién Ban kinh Pha D6 1ém Ban kinh Pha
’ (mm) © ’ (mm) ©
Rung dong trudc can bang 4,6 174 4,6 81
i (mm/s) (mm/s)
Doi trong thie 11,6 (g) 55 180 11,6 (g) 55 180
Rung dong khi dt déi trong thir (Ifrf/s) 257 | >3 o 155
Doi trong can bang 8,8(g) 55 228 8,8(g) 55 238
Rung dong sau khi dat doi trong can 0,31 282 0,29 29
bang (mm/s) (mm/s)

Miic rung dong cua roto sau can bang dat yéu cau theo tiéu chuan ISO 1940-1:2003(E)

Két qua can bang roto trén hai gdi d& ctg va gbi d& mém cho thay:

- Thoi gian thyc hién qua trinh can bang trén hai loai gbi d& 1a nhu nhau.

- Khi gan khdi lugng thir ¢é cing khoi luong va vi tri 1€n réto thi gid tri rung dong, cling
nhu pha do dugc ¢6 su khac nhau dang ké. Tuy nhién, khdi luong ciia d6i trong can gin
1én dé can bang roto 1a nhu nhau, gia tri ciia pha 1éch khong dang ké. Két qua rung dong
sau khi gan ddi trong can bang khac nhau khong dang ké va déu dat yéu cau theo tiéu
chuan ISO 1940-1:2003(E).

4. KET LUAN

Bai bao da phan tich va danh gia dic diém cua gbi d cing va gbi do mém thong qua cac
1an do thuc nghiém. Két qua cho thiy dé cam bién cua thiét bi can bang nhan dugc cling mot gia
tri (4,6 mm/s) trong ca hai truong hop thi tdc do roto trén gbi dd cung co gia tri cao hon gin 2.4
lan so voi toc do cta réto trén goi d& mém. Piéu niy c6 nghia 14 trong truong hop gbi d& cimg
roto can phai co tbe do du lon dé tao ra lyc rung dong tac dung 1én cam bién. Trong khi do, réto
trén gbi d& mém chi can toc do thap dé tao ra cing luc rung dong 1én cam bién. Noi cach khac
gdi d& mém ¢ do nhay cao hon so véi gbi d& cung.

Mit khac, trong qua trinh can bang dong trén gdi d& cimg toan bo lyc rung dong tac dung
1én khung cua thiét bi nén can c6 bién phép c6 dinh thiét b 1én nén Xuong trong truong hop can
bang d6i véi cac chi tlet c6 khdi lwong 16n hay c6 mirc do mat cAn bang cao. Nguoc lai, khi can
bang roto trén g01 d5 mém toan bd lyc mat can bang cua roto chi lam dao dong phan 45 gbi 4
ma khong truyén 1én khung cua thiét bi. Nhu vay c6 thé khang dinh thiét bi can bang dong su
dung gbi d& mém c6 tinh linh hoat cao: dé dang di chuyén ma khong can phai ¢ dinh thiét bi 1én
nén xudng.
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Ngoai ra, bai bao ciing gidi thiéu vé thiét bi hd trg can bang réto di dugce nghién ctru va
ché tao nham giup tiét kiém kinh phi khi can dau tu cho thiét bi cdn bang cb dinh. Thiét bi hd trg
nay cho phép két ndi voi thiét bi can bang di dong hién co dé thyc hién can bang dong cho cac
roto dé roi, dap tng dwoc nhu cau can bang roto trong cac xudng ché tao, sta chita roto.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Quy Phat trién Khoa hoc va Cong nghé Dai hoc Da Néng
trong de tai ma so B2016-BDN02-07.
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