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Tém tit

Mt can bang dong chi tiét quay hay rotor néi chung 1a mét trong nhiing nguyén
nhan quan trong va pho bién nhét giy ra rung dong may moc va tiéng 6n. N6 can
duoc trir khir triét dé bang ky thuat can bang dong. Ap dung cho céc rotor ctng,
phuong phép hé s6 anh hudng 1a phuong phép thich img nhit cho can bang dong
chi tiét quay vi n6 chi sir dung thong tin thyc nghiém. Yéu cau duy nhét dé can
bang rotor bang phuong phap nay 1a phai ton tai sy ty 1¢ gitta khdi lugng mat can
béng dat tai cac mat phéng hi€u chinh va dao dong do dugc tai cac mat phéng do.
Do d6, rotor chi can dugc mo ta bang cic mat phang hiéu chinh va mit phang do.
Do nhay cua cac mit phang do so v6i cac mit phing hiéu chinh s& quyét dinh phan
g cua luong mét can bang & mot tbe dd quay nhit dinh. Bai bao nhim mé ta chi
tiét thuc nghiém can bang dong rotor dé kiém ching phuong phap hé sé anh hudng.
Viéc hiéu chuén truc tiép trén rotor crng hai mit phing bang phuong phap nay cho
thdy c6 thé dat duoc su giam dang ké mat can bang. Viéc danh gia chit luong can
bang dong rotor ciing duoc kiém soat bang tiéu chuan ISO1940/1.

T khéa: Céin bang dong rotor, phwong phdp hé sé anh hiedng, mat can
bang con lai cho phép, bién doi Fourier roi rac.

Evaluation of Rotor Dynamic Unbalances According to ISO 1940/1 Standard
by Vibration Experiment

Abstract

Mass unbalance of rotating equipment in general is one of the most important and
common causes of machinery vibration and noise. It must be thoroughly eliminated
using dynamic balancing techniques. For rigid rotors, the influence coefficient
method represents the most appropriate technique for dynamic balancing, as it
relies exclusively on experimental data. The fundamental requirement for applying
this method is the existence of a proportional relationship between the unbalance
mass introduced at the correction planes and the vibration measured at the
measurement planes. Consequently, the rotor can be characterized solely by its
correction and measurement planes. The sensitivity of the measurement planes
relative to the correction planes determines the rotor’s response to unbalance at a
given rotational speed. This study provides a detailed experimental investigation



of rotor balancing to validate the influence coefficient method. Direct calibration
of a two-plane rigid rotor using this approach demonstrates that a significant
reduction in unbalance can be achieved. Furthermore, the quality of rotor balancing
is evaluated in accordance with ISO 1940/1 standards.

Keywords: Dynamic balancing, influence coefficient method, permissible
residual unbalance, Discrete Fourier Transform.

JEL Classifications: 013, P48, Q55.

1. Giéi thi¢u

Mit can bang khéi lugng thuong 14 nguyén nhéan chinh gy ra rung dong trong thiét
bi quay, noi cic luc do mat cin bang nay sé& kich thich két cdu, may moc, phuong tién
vén tai... Thuc té, rotor mat can bang gy ra luc ly tdm tuan hoan, truyén rung dong qua
0 truc va két ciu, tir d6 phat sinh tiéng on co hoc. Tac dong cia rung dong ciing lam
hao mon, giam hiéu suat, van hanh sai hodc tham chi gay ra nhirng hu hong khong thé
khic phuc cho thiét bi néi chung. Muc dich cua viéc can béng rotor la phan b lai khéi
lwong cua rotor sao cho luc ly tim do mét can bang tac dong 1én 6 truc duoc giam thiéu.
Tuy nhién, muc tiéu nay chi co6 thé dat duwoc & mot mirc dd nhét dinh, vi ngay ca sau khi
cin bang, mit can bang du van s& ton tai.

Tiéu chuan ISO 1940/1 vé luong mat can bang con lai cho phép dua ra cic yéu cau
vé chét lugng can bang cho rotor cting, nham xac dinh gidi han mat can bang cho phép
dwa trén khéi luong rotor, téc d6 quay va cp chit luong can bang (Balance Quality
Grade). Viéc 4p dung tiéu chuin nay trong thuc nghiém hay trén céc thiét bi can bang
dong chuyén dung giup danh gia chinh xac mirc 6 mat can bang va dam bao rotor van
hanh an toan. Viéc can bang dong chi tiét quay ding giup cai thién dang ké tinh trang
rung dong va tiéng on cua thiét bi c6 chi tiét quay noi chung.

Trong nghién ctru ndy, phuong phap hé s anh huong (Influence Coefficient
Method) [1, 2] dugc st dung dé x4c dinh va hiéu chinh méat can bé“mg, sau d6 dbi chiéu
két qua voi tiéu chudn ISO 1940/1. Dé danh gia mét can bang dong cua rotor theo tiéu
chuén ISO 1940/1 bang thuc nghiém dao dong trén may can bang dong hay thiét bi do
dao dong hién truong, can do dao dong cua rotor khi quay, xac dinh luong mét can
biang, r0i so sanh véi giéi han cho phép theo cip chét lwong can bang (theo thang G)
ma [SO 1940/1 quy dinh.

2. Co sé ly thuyét
2.1. Cén bing dgng rotor

Can bang dong rotor c¢6 thé dugc xem xét theo hai cach khac nhau: trén may can
b?mg va tai hién truong [3]. Khi rotor co thé thao roi khoi may ma né la mot phén, viéc
can b?mg 6 thé dugc thuc hién trén mot bé chuyén dung cho muc dich nay, con goi la
may cén bang dong. Theo cach nay, rotor dugc cin bang trén cac gbi dd cia nd & tdc



d6 quay dinh trudc. Can bang tai hién truong ciing 1a mot giai phap thyc té cho viéc can
béng rotor, nhung can thuc hién tdi thiéu mét sb 1an chay thu.
2.1.1. Mdtphéng can bcing

M4y cin bang dong do lwong mét can bang & hai mit phing noi rotor duoc d&
thuong 1a béng b truc. Tuy nhién, viéc hi¢u chinh mat can bﬁng lai duoc thuc hién &
nhiing vi tri khéc, noi thuén tién dé thém hodc bt khoi lugng [4]. Cac mat phéng do
nay dugc goi la mat phcfng do, trong khi cac vi tri thuc hién hi€u chinh duoc goi 1a mat
phang hiéu chinh hodc mdt phang cdn bang. Xét hé thong trong Hinh 1: né gébm mot
rotor ctng dat trén hai 6 truc dan hdi 4 va B. C6 hai miat phang cin bang i va ii, tai 6
c6 thé thue hién cac hiéu chinh khdi luong can thiét dé triét tiéu dao dong tai cac b truc.

B i i 4

Hinh 1. M6 hinh rotor hai mat
2.1.2. Tilé gitta mdt cdn bang dong va dao dong
Qua trinh can bang yéu cu phai xac dinh d6 mat can bang tai cic mit phang hiéu
chinh, sau do gén cac dbi trong can thiét dé giam dao dong tai cac b truc. Viéc nay cé
thé thuc hién dya trén két qua phan tich tin hiéu dao dong nho hai cam bién dao dong
va mot cam bién pha (phasor). Thiét bj thuong dung nhit dé do dao dong trong may can
béng 1a cam bién luc ap dién, cho tin hi¢u dién ty 1€ véi dao dong. Tin hi€u nay co thé
dé dang duogc khuéch dai va phan tich. Cac dai lugng dao dong thuong dugc biéu dién
dudi dang dién ap V12 va duge do nho cac cam bién dao dong tich hop trong 6 truc 4
va B. Néu gia thiét hé dién-co nay myén tinh, thi Vi ty 1€ thudn vé1 do mét can béng.
Biéu dién theo s6 phirc (bién do va pha) cac dai lugng sau:
D) - mét can bﬁng ban dau tai cac mat ph'fmg hiéu chinh i, ii;
V1,2 - dao dong do duoc tai cac géi do A, B.
Céc luong mét can bang ban dau D, tao ra dao dong twong tng tai hai mit phang
A, B va sinh ra cac dién ap ti 16 V1., duoc do bang cac cam bién (Hinh 2):

D, =D """ =D (cos(wt +6,,) +isin(wt +06,,)) (1)
V,=V """ =¥ (cos(at +4,)+isin(at +4,)) ()

v6i d6 16n luong mat can bang:
D =m s 3)

12 7 2t
trong d6 m 2, r12— khoi lugng mat can bang va ban kinh tuong tng; 62— cac goc pha
mat can bang; ¢ > — cac pha cua dién ap ti I¢, @ - van toc goc cua rotor (van toc can
bang dong).



Luu y rang V12 do dugc tai cac gdi d& duge biéu dién theo phuong ngang, do ban
chat ctua phép do dao dong tai goi d&. N6 tuong ing véi phan thuc cua Vip:
Re(V, ") =V, (cos(wt + ¢,,)) (4)
Tuong tu, lugng mat can bang thir bang cach dat mot khéi lugng thir trén mat phang
i hodc ii tai ban kinh da chon trude cling dugc bi€u dién nhu sau:
M, = lezei(""l) =M, (cosy,, +isiny, ) ®))
v6i d6 16n luong mét can bang thir:
M, =i, 7 (6)
trong dom ,,7,,- cac khéi lugng thir va cac ban kinh tuong ing; w2 - cic pha ciia mat

can bang thr.

Hinh 2. Luwong mdt cdn bang ban dau va dién dp ti 1¢

2.2. Do dao dong

May can bang gbi ctrng vé ban chat 1a mot hé co hoc dan hdi, gin voi vat quay can
duoc can bang. Khi quay, rotor tao ra lyc ly tim déng vai trd nhu lwc kich thich tac
dong 1én hé dan hdi. Nho hé thdng do tich hop véi cac cam bién dao dong va cam bién
pha (phasor), cac dic tinh dao dong cta hé thong nhu tin sé quay, bién do, pha dugc
xac dinh.
2.2.1. Bang thir cdn bang dong

So d6 dién hinh cua bang thir can bang dong chinh 14 mot may can bang gdi cing
dugc thé hién trong Hinh 3. Rotor (3) dugc lap trén 2 gbi d& dao dong co tich hop 2
cam bién dao dong bén trong (4). Pong co dién M (1) quay rotor nho truyén dong bang
day dai (2). Pha chinh cua rotor dugc xac dinh bai dia pha c6 gin vach tham chiéu (5)
va cam bién pha (6). Cam bién nay ciing duoc dung dé do tdc do quay. Cac tin hiéu dao
dong do tir gbi d& va tin hiéu pha dugc xur 1y theo thdi gian thuc bai bd phan tich (9)
thong qua bo thu nhén dit liéu ciing nhu bd diéu khién (7). Tdc d6 rotor duge diéu khién
thong qua bd bién tan (8) dwa trén toc do quay do duoc tir (6).



Hinh. 3. B tri mdy cdn bang dong

2.2.2. Bién déi Fourier roi rac loc nhiéu

Trong tin hi¢u, luén tdn tai cac loai nhidu nhu thanh phén DC, cac bac hai cao, nhiéu
ngau nhién,... va diéu ndy c6 thé 1am cho phép do dao dong trd nén thiéu chinh xac
(Hinh 4, phia trén). Do do, can loai bo nhidu tir ngudn bang cach trich xuit thanh phan
co ban cua tin hiéu dao dong twong tng véi tan s quay cua rotor. Phuong phap bién
ddi Fourier ri rac (Discrete Fourier Transform, DFT) c6 thé duoc st dung dé loai bo
hiéu qua cac tin hi¢u hai & tan sb cao, tic 1a loc chung ra. DFT c¢é thé hoat dong nhu
mot bd loc s va di duge ap dung cho tin hi¢u dé dat két qua tdi wu. DFT la phép bién
d6i xur 1y tin hiéu roi rac hitu han theo thoi gian va mot sd hitu han (1i rac) cac tan sd
[5, 6].
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Hinh 4. Tin hiéu dao déng truede va sau khi loc nhiéu va bi pha

Cac dién ap ty 1 V12 thuong di kém véi nhiéu va can duoc loai bo bﬁng mot bo loc
nhidu thich hop. DFT cua N diém cta N mau x[n] do trong thdi gian thuc cho phép tinh
toan bién do va pha cua tin hiéu dao dong tai tan sd quay cin bang. N6 ciing dong vai
trd nhu mot bo loc nhiéu khi chi lay {¥12}41, tic 1a chi giit lai tin hidu & tan s6 co ban
(an = 21/T) trong cuing diéu kién dugc ghi nhan. Noi cach khéc, ta c6 thé khoi phuc lai
day gbc x[n] nhung khong con nhiéu, vi chi thanh phin co ban cia tin hiéu dao dong
trong Gmg voi tan s quay cua rotor duoc trich xuat. Ngoai ra, viéc do pha 1a rat quan



trong trong can bang rotor [7]. Ludn ton tai d6 1éch pha (su khac biét pha) giita tin hiéu
dao dong & tan s6 co ban va ddu méc tham chiéu x4c dinh trén truc. Céc gia tri 1éch pha
nay co thé duoc xac dinh thuc nghiém béng cach str dung mdt rotor thur (duwgc xem nhu
rotor mt can bang ty do) voi mot dau mée tham chiéu trén d6. Pha ciia mdi thanh phan
hai ciing c6 thé duoc tinh bang cong thire [5], va do d6 ciing ap dung cho tan sb co ban,
tire 14 tin sb quay can bang.

Luu ¥ rang viéc dich pha cia V12 di 90° ¢6 nghia 1a chi 14y phan thuc Re(V12), tic
la chi xét thanh phén ngang cua tin hi¢u. Sau khi bu d6 1éch pha, ta thu dugc bién do va
pha cudi cing trén mdi mit phang do (Hinh 4, phia du6i). C6 thé nhan thay rang khi bo
loc DFT duoc 4p dung, 4nh hudng ciia thanh phan DC, cic bac hai cao va nhidu ngiu
nhién da duoc loai bo.

2.3. Phwong phdp H¢ sé anh hwéng

Y tuong chinh cua phuong phap Hé sé anh hudng (Influence Coefficient method)
1a st dung mot lan chay tham chiéu véi rotor & cdu hinh ban dau va thém hai lan chay
thir véi khdi lugng thir gdn vao rotor tai mdi mat phang cin bang dé tao ra cac hé sd
anh huong [2, 4, 8, 9]. Mbi quan h¢ gitra cac mét can b?mg ban déau, khdi lugng thur tai
cac mit phang can bang, va luc dao dong twong tng tai cac mit phiang do duogc thiét 1ap
boi phuong phap Hé s6 anh hudng dé xuét. Khi can bang rotor trén cac gbi d, can dong
thoi do dao dong tai hai gdi d& dudi tic dong cua mat can bang ban du ¢ ca hai mat
phéng cin bang, va sau d6 véi khdi lwgng thir. M6 hinh rotor ctg lién hé dao dong do
dugc V12 voi cac mat can bang D; va mit cAn bang thir M; trong cac 1an thir lién tiép.
Bang cach gia thiét tinh tuyén tinh ciia hé thong, ta c6 thé viét mdi quan hé ty 1¢ giira
dao dong do tai cac b truc va cac mat can béng, c6 hodc khong cé khéi lugng thir tai
mdi mit phing cin bang.

v, =ia,ﬂ.(pi +M,) k=12 [=012. (7)
i=1
trong do:

Vi ky hiéu dao dong do duoc tai gdi d& tht k trong 1an thi thir 7, voi gia tri /=0
trong tmg vé6i 1an thir rotor & cdu hinh ban dau (c6 mat can bang ban dau), tirc 1a lan
chay du tién va khong c6 khoi luong thir gin trén rotor; con gia tri / = 1, 2 tuong tng
vé6i truong hop rotor co mét cin bang ban dau cung véi khdi lwong thtr gin 1an luot tai
mit phing cin bang i va ii.

aii ky hiéu cac hé sb anh hudng phirc (complex ICs) thé hién mbi quan hé ty 1é giita
mat can bang va dao dong ma nd gay ra. Can luu y rang a4 1a cac ham cua toc d6 quay
va phu thudc vao dac tinh cia hé théng.

Ba lan thir lién tiép duoc thyuc hién nhu sau:

Budc 1. Rotor & cau hinh ban dau, véi cac mét can bﬁng D, va D; can duoc xéc dinh
tai cac mit phang i va ii. Dao dong Vio va V2o duoc ghi lai tai cac gbi 4 4 and B.

Budce 2. Mdt khoi luong thir M dugc gén vao mat phéng i, va dao dong V11 and
V21 duge ghi lai tai cac gbi d& 4 va B.



Budc 3. Mot khéi lugng thir M> cubdi ciing dugc gin vao mit phang ii sau khi thao
M, va cac dao dong duoc ghi lai tai cac b truc 4 va B.

Céc quan hé trong phuong trinh (7) cho phép tinh toan tit ca cac hé sd anh hudng
va cac mat can bang D1 ,. Néu dao dong Vi - Vio chi do cac khéi lwong thir gdy ra, ta
thu duoc:

V. -V

aki — ktM kO (8)

1

Giai hé phuong trinh cho D1 s& cho ra cac gia tri mat can bang ban dau:

AREIS ”
DZ aZl a22 VZO

Céac biéu thtrc thu duge cho cac mit can bé“mg cho théy viéc xac dinh thyc nghiém
can ¢6 3 1an do lién tiép dao dong tai cic mat phang 4 va B, trudc va sau khi gan hai

khéi lugng thir. DO 10n ciia cac mat can bang va cac goc pha hodc goc vi tri twong tng
ctia chiing, 1an lugt 1a D12 va 62 c6 thé dugc tinh theo cong thirc:

D, = ‘D Lz‘ = D:, + D}, (10)
-1
6, =tan” (D, / D,,) (11)

Céac khéi luong hiéu chinh can duge thém vao cac mat phéng hiéu chinh phu thudc
vao ban kinh 712 da chon trudce, do d6 m12 = D1/r12 tai cac goc 612+ 180° nhu la cac
dbi trong. Quy trinh can bang cho rotor hai mit phiang dya trén phuong phap nay duoc
minh hoa trong Hinh 5 véi hai giai doan riéng biét: Hiéu chuan (a): tién hanh cac phép
do v6i khdi lwong thir dé xac dinh hé sb anh hudng; Can bang truc tiép (b): tinh toan va
gén khdi lugng hiéu chinh nham triét tiéu mat can bz"mg ban dau.

(a) Hiéu chuin (b) Can bang

Rotor ¢ Rotor ¢
tbc d6 w toc d6 w
Chay lan 1, khong

gan khéi lwong thir, | |+ A@
do (Vid)o

. *
Chay lan 2, gén M, | _  ——r (et
1én mit phing i, : <

do (Vudh), E Mat canbang D,
; No | K mét
' can bang

Chay lan 3, gin M,
do (V,¢), Yes

1én mat phing ii,
L [Tinh o Stop

Hinh 5. Hai giai doan Hiéu chudn (a) va Can bang triec tiép (b)
3. Két qua va thio luin
3.1. Thiét lgp thi nghi¢m



Céc thi nghiém nhdm tao ra cac hé sé anh huéng duge thyc hién trén bé thir can
béng dong HnB75B. Thiét bi nay duogc phat trién dé thuc hién viéc can béng rotor mot
cach dé dang va chinh xéc, twong tu nhu mot may cin bang dong din dong bang day
dai thuc té. Mot rotor dai va cung duoc do trén céac b truc cua né va duoc dan dong boi
mot dong co (Hinh 6), tdc do quay cua dong co co thé duoc diéu khién nhu minh hoa
trong Hinh 3. Bién d6 va pha dao dong duogc xac dinh bang phan tich DFT, 4p dung cho
phép do dao dong & mdi lan chay thur, c6 hodc khong co khéi lugng thwr. Sau do, dua
trén cac hé s anh huong, cac khdi lwong hiéu chinh dé loai bo dao dong ban dau duoc
tinh toan. T4t ca céc thi nghiém déu duoc thuc hién & cung mot tde do quay.

(a) (b) (c)
Hinh 6. Rotor mau véi hai khoi heong mat can bang ban dau (a) va véi 1 khoi eong
thir (b) dwoc gan trén bé thir HnB75B giita hai goi do (c)
Cai dat thong sd:

- Kich thuéde rotor (Hinh 6, ¢): a = 50 mm, b = 300 mm, ¢ = 50 mm;

- Ban kinh gin khéi lugng thir, khéi lwong khir mat can bang: » = 85 mm;

- Thong s hé théng do dao dong: sé mau lay/lan do: N = 512; téc d6 1dy mau: framp
=3 kHz;

- Téc d6 can bang: 1200 vong/phut;

- Khéi lwong thir (M): 20 g;

- Gi4 tri mat can bang con lai cho phép tdi da trén mdi don vi khdi lwong rotor
[g-mm/kg], hay con goi 14 dung sai can bang, theo tiéu chuin ISO 1940/1 [10] & cép
chat luong can bang G2.5 véi toc d6 van hanh 1200 vong/phiit.

Tolerance [ D]=Rotor weight [kg|xQuality grade (G)x9549/Operational Speed [RPM]
=15x2.5x%x9549 /1200 = 19.89 g-mm/kg (cho cé hai mat).
MJi mit cua rotor c¢6 khdi lwong 15 kg tai ban kinh » = 85 mm s& c6 khéi lugng
mat can bang cho phép ti da: [m] = ([D] x15/85)/2 =1.76 g.
The procedure for the experimental data collection is as follows:

1. Gin 2 khéi lwong mit can bang ban dau 1én 2 mit phiang i va ii cia rotor thir

nghiém (Hinh 6, a): m =m, =20 g, 6 = g, = o°tai cung ban kinh » = 85 mm.



2. Trong mdi lan chay thu, tién hanh do dao dong tai cac vi tri gbi d twong Ung
v6i (1) Mt can bang ban dau (7,4 ); (2) Mét can bang ban dau kém khéi lugng thir tai

mat phang i (M1, y1); (3) Mat can bang ban dau kém khéi luong thir tai mat phang ii

(M2, y»), sau do, tinh toan bién do va pha dao dong dya theo phan tich DFT.

3.2. Hé s6 anh hwéng va lwong mdt cin bang
Dit lidu dao dong thi nghiém cua 3 phép thir (TEST #1-3), cung véi 3 két qua chay
thir lién tiép & cliing toc do quay 1200 vong/phut (RPM) dugc trinh bay trong Bang 1.

Badng 1. Két qua do dao déng va khéi heong khir mdt cén bang

Lan Métcanbang Khoi

thr bandautai  luong
= ,
n =85 mm thur
84|
~
(m,6) (m,,6) M,y)

Vibration amplitudes & g, Khéi lwong khir mat
phases on planes 4 and B can bang va con lai [g]

(m, 60 +180°), ,0

(m Res Rcs)’
(Vl’ ¢1) (V29 ¢2) (mz’ 92 + 1800) (m Res’ gkcs)

20gs 20g”s 3027.9£0.2 [10667 22.66] [106.77 2021
1 0° 0° - 2568.220.3° 24.22 13081 || 24.06 126.68
#l ) 20820 20820 20g13 1857.4£55.22708.2£7.4 i, M2 MMRes
(o) (o] 50 (o) (o)
0.15g/-
9.94¢/180.4 66.5°,
3 20g20 20g20 20g£22 2263.9/353.2135.3/303 °, 0.54g~/-
° ° 5° 1° .5° 7.2°
19.46g./180.
20
20g/ 20gZ 3028.220.4 [106.48 23.03] [107.18 19.84
1 0° 0° - 2568.1£0.0° 2424 12952 || 2320 128.94
#2 20820 2020 20g£13 1849.8£55.0 2707774 7, M2 MRes
(o) (o] 50 (o) (o)
0.13g£14.9
9.87g£179.9 ,
3 20g20 20g20 20g£22 2260.1.£352.2165.5/303 °, 0.37g£21.9
o) o 50 80 .50 [e)
19.66g/180.
40
20g/ 20g/ 3081.8.20.7 [10691 17.83] [107.63 19.13
1 Oog Oog - 2585.920.4° {26.69 131.10}{25.32 131.76}
#3 ) 20g£0 20g£0 20g£13 1876.1.£55.1 2732.7/8.3 mi, mz MRes
o) o 50 o) o)




0.98/173.
0.982/180.3 6°,

y 20820 20320 205222 2347.5£353.2200.8£303°, 0.81g/-
0 0 5° 8° 9° 19.4°
19.24¢/180.
80

Ty 1€ giam mat can béng cua rotor cung dat 1an luot 99,2% va 97,3% cho thur nghiém
#1, 99,3% va 98,1% cho thtr nghiém #2, 95,1% va 95,9% cho thtt nghi¢m #3. Thuc té,
khdi lugng mat can béng con lai tbi da 1a 0,98 g, dat ty 1¢ gidm mat can bﬁng trén 95%.
Sai léch khdi lugng hi¢u chinh, tirc 1a mit can bang con lai, nho hon khéi lugng mat
can bang cho phép téi da ([m] = 1.76 g), thoa man cap chit luong can bang G2.5 (ISO
1940/1 [10]) voi sai s6 goc pha < £1°.

3. Két luén

Trong nghién ciru ndy, cac phan tich 1y thuyét va két qua thi nghiém cho thay, viéc
can bang rotor cimg bang phuong phap hé sé anh huéng c6 thé dap tng duoc yéu cau
vé hiéu suét va do chinh xac. Quy trinh dé xuit da dugc minh hoa qua mot loat thu
nghiém véi rotor hai mit phang. Hé thong can bang duoc sir dung trong thi nghiém nay
duoc phat trién nham gitp viéc cin bang rotor trd nén dé dang va chinh xac, dong thoi
cho thay kha ning chéng nhidu do ludng kha tdt. Mot yéu td quan trong 1a cAn phai tach
tin hiéu tan s co ban tir tin hiéu hdn hop thu dugc boi cam bién trong qua trinh do dao
dong. Ty 1¢é giam mat can bang c6 thé dat trén 95%, ching minh rang quy trinh nay hiéu
qua va thuc tién. Pac biét, viée ap dung phuong phap h¢ sb anh huong trén cac may can
bang cho phép xac dinh mit can bang mot cach nhanh chéng, chinh x4c va déng tin cay,
c6 thé xem nhu mot quy trinh chuén trong viéc hiéu chudn cac may can bang dong méi
trong san xuat.

Loi cam on: Chung toi xin tran trong ghi nhdn sy hé tro vé thoi gian va co so vat chat
tir Truong Pai hoc Bach Khoa - Pai hoc Quoc gia TP. Ho Chi Minh (HCMUT) cho
nghién cuu nay.
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