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TOM TAT
Rung d‘ong trong truc quay la mét hi¢n tuong phé bién thuirong gép trong cac hé thang
rotor. Viéc xdc dinh cac yéu to gdy rung dong dé qua dé thuc hién céc bi¢n phap giam rung
nham dam bdo cho rotor vdn hanh én dinh 1a mét trong nhiing yéu cdu cdp thiét hién nay.
Trong bai bao nay, mgt mo hinh danh gid rung dong cua rotor da duwot th[et Idp cho phép
khdo sat cac thong so chinh danh huong dén rung dong cua rotor bao gom toc do téi han, do
léch tam gay ra do mat can bang va géc pha ban dau. Cac ket qua thuc nghiegm cho thay: khi
toc dg quay gan toc do téi han su rung dong tre nén khong on dinh va bién do dao dong tang
manh; luwgng mat can bang tang dan den bién do dao dong tang, gdc pha ban dau cua vi tri
dat tdi néu bj thay ¢ doi trong qua trinh hoat dong sé ddn den cac bién doi khac nhau cua giai

doan rung dong ddn dén sw ting hodc giam cac ing suat uén co thé dan dén hién teong maéi
xudt hién trén truc quay.

Tir khoa: rotor; dao dong; toc do téi han; mat can bang; goéc pha ban dau.
ABSTRACT

Vibration in the rotary shaft is a common phenomenon observed in rotor systems.
Determining the factors that cause the vibration to implement the vibration reduction measures
to ensure the rotor running stably is one of the urgent requirements today. In this paper, a model
of rotor vibration assessment has been proposed which allows to investigate the main
parameters influencing rotor vibrations including critical speed, unbalance eccentricity and
initial phase angle. The experimental results show that: when the speed is near the critical
speed, the vibration becomes unstable and the amplitude of the oscillation increases sharply;
the amount of unbalance increases leading to an increase in amplitude of oscillation; the initial
phase angle of the load position, if changed during operation, will make different oscillation
periods leading to an increase or decrease in bending stress leading to rotor fatigue.

Keywords: rotor; vibration; critical speed; unbalance; initial phase angle.

1. GIOI THIEU Viéc hong héc cuia co cau quay thuong
gap trong céc thiét bj nhu cum truyén chuyén
dong cua cac phuong tién giao thong, tuabin,
may bom,... doi hoi kinh phi stra chira I6n va
quan trong hon 13 c¢6 thé gay nguy hiém dén
tinh mang con ngudoi. Nguyén nhan gay ra
rung dong 1a do mot sé yéu tb tac dong lén
rotor trong khi van hanh. Do vay, viéc nghién
ctru dong luc hoc cua rotor dé xac dinh céc
thong sb chinh anh huong dén rung dong cua

May quay la mét loai co ciu co khi quay
pho bién, dugc st dung rong réi trong cac
thiét bi cong nghiép. Hoat dong cua co cau
quay nay anh huong 16n dén kha niang van
hanh on dinh cua méy, néu gy ra rung dong
gua muc cho phep co the anh hudng dén chit
luong san pham va cudi cing c6 thé gay ra
hong hoc [1].

Doi: https://doi.org/10.54644/jte.66.2021.1060
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rotor nhu 12 tc d6 cua rotor (toc do t6i han),
d6 6n dinh cua hé thong va dap tng mat can
bang [2] da va dang duoc quan tam nghién
ctru. Trong do, toc do téi han va mat can
bang la 2 thong sb chinh dwoc nghién ciu va
danh gia [2-9].

Tbc @6 t6i han caa rotor 1a cac toc do ma
tai do rotor bi bién dang nhiéu nhat (cong
huong). Thong thuong téc do téi han duoc
mong muon ¢ mic 10% dén 20% trén pham
vi toc do hoat dong cua rotor [3]. Tuy nhién,
c6 nhiéu rotor sir dung céc 6 d& c6 giam chan
dic biét ¢ thé hoat dong trén toc do toi han 2
(mode 2) bang cach thay ddi cac hé sé anh
huong cua gdi 4, diéu nay dan dén cac van
dé mat 6n dinh nghiém trong khi rotor chuyén
sang hoat dong & toc do téi han 1 (mode 1).

Mat can bing trén rotor 1a hién tuwong
phan bd khéi luong khong déu quanh tam
truc quay cua rotor. Cé nhiéu nguyén nhan
lam rotor mat can bang nhu do ché tao, lap
réap, bién dang hay mai mon trong qué trinh
van hanh.

R. Tiwari da thuc hién céac phan tich va
nhan dang cac 16i mat can bang trén hé thong
rotor [4]. B. Xu d& xuat mot phuong phap
can bang ma khdng can chay thir [5]. Y. A.
Khulief dua ra phuong phap khong can thém
khdi lugng thir trén rotor khi can bang [6].
Yuanping Xu di xem xét str dung diéu khién
6 dd tir chii dong trong can bang [7]. Shachar
Tresser dua ra mot phuong phap tiép can
khac trong linh vuc cén bang la chay tc do
thap két hop luc kich thich bén ngoai [8].
Gan day Guangfu Bin dé nghi can bang s
dung tir 3 mit phang tré 1én dé nang cao do
chinh xac [9].

Tir cac két qua khao st trén, bai bao nay
trinh bay vé viéc thiét 1ap mot md hinh rotor
dién hinh, gém truc va dia quay, cho phép do
dac thuc nghiém dé danh gia rung dong cua
rotor dra trén cac thong sé nhu toc do, do léch
tam do mat cin bang va goc pha ban dau.

2. PHUONG PHAPNGHIEN CUU
2.1 Doi twgng nghién ciru

Dé nghién ciru danh gia céc théng s6 gay
rung dong trén rotor, ta can xay dung 1 mé

hinh thuc nghiém dé kiém ching. M6 hinh
thuc nghiém st dung trong nghién cuau nay
da dugc ché tao nhu hinh 1.

Mo hinh nay tap trung danh gia dao
dong phd bién cua truc quay 1a dao dong
ngang (bd qua dao dong xoin va va dao dong
doc truc).

Tir md hinh trén, chi tiét quay duoc dé
xuét thiét ké, ché tao theo tiéu chuin ISO
1143:2010 [10].

5] (6l

1. K’hung m§1y; 2. Dong co; 3. Encoder; 4. Cam
bién,chuyén vi; 5. May tinh; 6. DAQ; 7. C;im
bién quang; 8. Rotor; 9. Cam bien gia toc

Hinh 1. M6 hinh thuc nghiém may do dao dong
o ol

W10 O

W #0025

Hinh 2. Truc mdu quay bang thép C45

Vit liéu lam mau quay dugc chon 1a thép
C45 thuoc nhoém thép hop kim trung binh co
ham Iugng cacbon tir 0,43% - 0,50%, dam
bao dugc cac chi tiéu co tinh tong hop nhu:
do bén, do déo, d¢ dai, tinh chiu luc, chiu
udn, chiu xoin tét. Vé4i cac tinh chét nay,
thép C45 dugc sir dung rong rai trong linh
vuc co khi dé ché tao cac chi tiét may chiju
mon, chiu tai trong tinh va va dap tuong ddi
cao nhu truc, banh rang...
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Bdng 1. Céc thanh phan nguyén té cia thép
C45

Ngtléyen C|Si|Mn| P S | Ni|Cr|Cu
T‘Ahanh 0,46|0,21|0,64|0,021/0,007|0,04(0,09/0,16
phan (%)

D& xuat can bing rotor theo phuong
phap sir dung 2 mat phang qui doi, mau quay
c6 két cau nhu hinh 3. [3]

Hinh 3. Truc va 2 dia gan khoi Leong thir

Cac thong sb ky thuat chinh mau quay
nhu sau:

Puong kinh dia, Dgisc = 100 mm
Chiéu dai truc quay, Lmax = 256 mm

Khéi lwong truc, Mshart = 300 ¢

Khdi lwong dia, maisc = 180 g
Bé day dia, B = 20 mm
2.2 M6 hinh toan hoc

~ Phuong trinh chuyén dong cho rotor (hé
thong truc va dia) nhu sau:

Mil + Ci + Ku = F(¢) (1)

Phuong trinh chuyén dong theo cac
phuong x, y sé la:

MX + Cx + Kx = Mew?coswt
M3y + Cy + Ky = Mew?sinwt
Hay c6 thé viét lai:

Mi + Cx + Kx = mrw?coswt (2)
M3y + Cy + Ky = mrw?sinwt (3)
Trong do:

- M: khéi luong cua rotor
- C: hé s6 giam chan cua hé thong

- K: do cung cua rotor

- m: khdi luong thir thém vao
- 1 ban kinh dat khéi lugng thir
- o tbc d6 quay cua rotor

So dd lyc tac dong 1én truc biéu dién &
hinh 4. Vi céac vi tri dt tai khac nhau: 0°- Q°,
0°-90°, 0°- 180°ta cd dugc biéu d6 phan bd
lyc tuwong Ung.

Rz

R-E
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| |
| |
| | | R-F-F
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| | | |
| | | }
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| | My=EL=FL, | |
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Ry FL | F:
L+L,+1L, R-F+R,
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| | |

(M:) } |

M= LF:'IL;'LSL
1 2 3 b)

Hinh 4. Biéu d6 phan bé lyc va moment tac
dung 1én rotor: (a) vi tri 0° — 0° va (b) vi tri
0°-180°

Ta c6 ng suat udn sinh ra do luc li tam
Fe la:
My _ f(F)
== 4)

U, d3

Do d6, néu gié tri luc li tim F. = mrw?
tac dong Ién truc khong ddi thi vi tri tai tac
dong 16n nhat twong tng voi cach dat tai doi
xung (0° - 0°) va vi tri tai tic dong nho nhét
twong ung vi tri 0° - 180°.
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++

b)

Hinh 5. Truc mau tai vi #r{ ddt tai:
() 0° - 0°va (b) 0° - 180°

2.3 Phwong phap do lwong

M® hinh sir dung dong co tich hop truc
chinh c6 sé vong quay n = 24.000 vong/phut
va dugc diéu khién bai bién tan. Téc do thuc
té cua rotor dugc xac dinh thdng qua bo doc
Encoder. Dao dong cua truc quay duoc do
bang cam bién laser Keyence LK-G35 ¢ sai
s6 + 0,001mm; khoang cach do 13 30mm. Dé
xéac dinh lwong mat can bang trén rotor ta sir
dung cam bién gia téc va phan mém tinh toan
Digivibe MX cua Hang Erbessd Instruments.
Gia tri hién thi trén phan mém la gi4 tri trung
binh binh phuong RMS cua dai luong G =
ep. (Mm/s) nhu hinh 6.

Hinh 6. Thiét bi do mat can bang cia hang
Erbessd Instruments

3. KET QUA
3.1 Anh hwéng do tée dd quay (téc dd toi
han)
Rotor khi van hanh & gan tc do téi han
thir 1 (mode 1) s€ c6 dang dao dong nhu hinh 7.

I‘ FZA

=&\ i FTTa—
Hinh 7. Md hinh rotor van hanh tai téc dé
toi han thir 1 (mode 1)

Tir (1), bo qua hé s6 giam chan C, ta ¢6
cong thure xac dinh toc do téi han thar 1 [11]:

L 656,3.105_315rad
W= Im T 660 S

Khi d6, s6 vong quay cua rotor s& Ia:
_60.w; 60315
- o2m 23,14

DPé dam bao rotor trong md hinh van
hanh 6n dinh va twong Gng véi céc toc do
quay thuc té cua céc thiét bi; ta chon dai toc
d6 thi nghiém cua rotor la ny = 800
vong/phat, n, = 1500 vong/phut va nz = 2000
vong/phat (véi ns = 2000 vong/phut <
70%.nc = 2106 vg/ph). Két qua do dac thyc
nghiém duoc trinh bay ¢ Bang 2.

n; = 3009 vg/ph

Bdng 2. Két qua thuc nghiém do dao dong

o, Téc do Chuyén Vi
STT Tén so R
(Hz) trung binh X (mm) Y (mm)
(vong/pht)
1 19 800 +0,05 10,12
2 26 1500 +0,055 0,11
3 34 2000 +0,05 10,10
4 51 3000 +0,08 +0.18

H‘Inh’8. Két qua do chuyén Vi tai téc dé thuc
te n3 = 2000 vong/phat (f = 34 Hz)

Tir két qua do cho thay: khi rotor van
hanh ¢ toc do dudi toc do t6i han th 1; dao
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dong trén rotor la 6n dinh (dao dong tryc X =
+0.05; truc Y = £0.11); van hanh tai toc do
toi han tha 1: dao dong tang manh (X =
+0,08; Y = +0,18).
3.2 Anh hwéng do mit can bing
3.2.1 Trwong hop 1 - Khéi lwong thir dit déi
xaeng (Vi tri 0% —Q°)

Rotor khi mat can bang c6 két cau nhu
hinh 9.

1 23% 3 6 7

100

180°
256

1. Truc quay; 2. Pai oc; 3. Khoi hwong thir; 4,6. Bac
16t; 5. Pia; 7. Vi tri dat tdi

Hinh 9. Rotor thizc nghiém mdt can bang

Theo tiéu chuan mét can bang 1SO
1940/1 — 2013; ta tinh toan khoi luong thi
tuong (tng cac cap do mat can bang lan luot
la G2.5, G6.3 va G16 [1].

Doi véi G186, ta c6 khdi lugng thir cho
phép tinh toén tai toc d6 toi thiéu n1 nhu sau:

k.9,54.G16. Myoror
ng.r

Miriql = =377g

Vi thé; ta chon cac khéi luong thur Ian
luot 10g, 209 va 30g va chay theo cac toc do
da @& xuét, két qua do nhu hinh 10 [12].

WOk e

¥ ‘LJ.H;M.M._-A._.__..,.“ s

Hinh 10. Két qud do cdn bang trén 2 mgt
phang tai vi tri 0° — 0% myrial = 30g.

Két qua do lwong mét can bang trén
rotor tai vi tri 0° — 0% véi cac gia tri tai va toc
do6 twong ung duoc trinh bay trong bang 3.

Bdng 3. Két qua do mat can bang khi gan
khoi lwong thar tai vi tri 0° — QP

Khoi . _
5 do G=ey.
STT | hweong thar | 1090 P2
(gram) | (vong/phit) (mm/s)

1 0 800 0.58

2 0 1500 1.12

3 0 2000 1.34

4 10 800 0.9

5 10 1500 4.9

6 10 2000 20.5

7 20 800 11

8 20 1500 9.4

9 20 2000 32.8

10 30 800 2.2

11 30 1500 14.3

12 30 2000 42.3

0.2 T

=500 rpm
0.15 — 1500 rpm.,
2000 rpm

=

=

lacement

isp

D

g

.15

&S

.2 3
0 0 40 60 80 100 120

Sample

Hinh 11. Két qua do chuyén vi tai Mia=20g;

toc do 800, 1500 va 2000 vong/phut

Nhan xét: tai toc do 2000 vong/phiit dao
dong cua rotor khi mat can bang la 16n nhat.
3.2.2 Truong hop 2 - Khéi lugng thir dit
khong doi xing (vi tri 0° —90°; 0° — 180°)

Thay doi vj tri dat tai ban dau (goc pha),
ta thu duoc cac két qua mat can bang nhu
bang 4.
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Bdng 4. Két qua do mat can bang khi gan
khoi liwong thar tai vi tri 0° —90°, 0° — 180°

Vitri Khii , )
o ddt. Miial fieong thir (vgfgcl Figt) NN
' (gram) ()
i 10 2000 205
il 10 2000 14.3
3 [0°-180° | 10 2000 26
i I 20 2000 328
5| %) @ 2000 | 287
6 |[0°-180° | 20 2000 37
i 30 2000 | 423
8|00 % 2000 35.4
9 |0°-180° | 30 2000 42

—

— g (I-1)
—2lg0-40) |
g 0-18)

=
o

=
=
T

Displacement

=
o

=

100 10

=
=
=

Sample

Hinh 12. Két qud do chuyén vi tai Mirial =
20g, n = 2000 vg/ph, cac vi tri 0°—0° 0° —
90%; 0° — 180°.

Két qua do cho thdy luong mat can bang
va chuyén vi giam dan tir vi tri géc pha 0° —
0% — vi tri 0° — 90° — vi tri 0° — 180°.

3.3 Quy dao chuyén dong

Quy¥ dao chuyén d(_‘)ng,cﬁa rotor duoc thé
hién trén hinh 13 tai toc d6 n3 = 2000
vong/phat; trong 2 truong hop rotor khdng
tai va rotor c6 tai 30g, vi tri 0° —Q°.

Original
—30g(0-0)

0.1

015 !
0.15 0.1 008 [ 095 [N 0.5

Hinh 13. Quj dao chuyén déng cua tam truc
twong 1ng rotor khéng tai va c6 tai 30g

Két qua thuc nghiém cho thdy quy dao
chuyén dong cua rotor ng xur phu hop qui
luat vai cac thdng s6 anh huong.

4. KET LUAN

M6 hinh dénh gid rung dong rotor da
duoc thiét 1ap va van hanh on dinh. Anh
huong caa nhiéu tham sé dén dap ung rung
dong, bao gom téc do6 quay, do léch tam
khong can bang va goc pha ban dau duogc
nghién ciru chi tiét.

Két qua cho thay rang:

Khi toc d quay cua rotor gan toc do toi
han, su rung dong tro nén khong on dinh,
bién d6 dao dong tang manh.

Cung d6, néu rotor bi mét can bang s&
dan dén bién do dao dong tang nhanh lam
rotor nhanh chong hu hong.

Goc pha ban dau cua vj tri dat tai néu bi
thay d6i trong qué trinh hoat dong sé dan dén
céc bién doi khac nhau cua giai doan rung
dong dan dén sy tang hodc giam c4c tng suat
uén c6 thé dan dén hién twong maoi xuat hién
trén truc quay.

Cac phat hién nay co y nghia quan trong
trong viéc dinh huéng thiét ké an toan gidp
rotor van hanh trong thoi gian dai va hé trg
nghién ctru sau hon vé du doan do bén moi
cho rotor.

LO1 CAM ON
Két qua nghién cau duoc hd tro kinh phi

tr D& tai Nghién ciru khoa hoc cép truong
trong diem 2020, mé& s6 T2020-56TD.
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