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TOM TAT
BHam bao cho rotor vdn hanh & toc dé cao la mét trong nhitng yéu cau Cap thiét hién nay.
Bai bdo phdn tich mét sé dac tinh co ban dong luc hoc cua rotor trén nén ting mé hinh
Jeffcott rotor. !\/Io ﬁznh rotor truC mém cé thé van hanh & tpc do cao dén 12’000 vong/phuit
duoc diéu khién bang bien tan cho phép nghién ciru cac toc d¢ téi han 1, toc do toi harj 2
(mode 1 va mode 2) va cam bien laser Keyence G35 duot sur dung dé do lwong mat cdn bang
(chuyén vi). Ket qua thuc nghiém trén moé hinh da xdc dinh dwoc toc dé toi han (mode 1) Iy
thuyer la nix = 1115 vong/phiit va ket qua thuc nghiém la nyn = 1260 vong/phut voi sai lech <
15%. Diéu nay cho thay mé hinh thiet ke c6 thé ung dung trong thuc té phuc vu cho viéc danh
gid hoat dong Cua rotor va ciing co thé duoc su dung dé xac dinh toc do toi han 2 (mode 2).

Tir khéa: rotor truc mém; téc dé téi han; Jeffcott rotor; mdat cdn bang; chuyén vi.
ABSTRACT

Ensuring the rotor to operate at high speed is one of the urgent requirements today. This
paper analyzes some basic dynamics characteristics of the rotor on the basis of Jeffcott rotor
model. The flexible rotor model that can operate at high speeds 12.000 rpm is controlled by
inverter equipment that allows studying critical speeds 1, critical speed 2 (mode 1, mode 2)
and laser Keyence G35 sensor used to displacement measure. Experimental results on the
model have identified the theoretical critical speed (mode 1) is ny = 1115 rpm and the
experimental results are ny, = 1260 rpm with deviations <15%. This shows that the design
model can be applied in practice for the evaluation of rotor operation and can also be used to
determine critical speed 2 (mode 2).

Keywords: Flexible rotor; critical speed; Jeffcott rotor; unbalance; displacement.

1. GIOI THIEU nghién ciru vé phan tng cua tuabin trong nha

may thuy dién khi van hanh dugc nhoém N.

Cac thiét bi nhu may nén, tuabin, may
bom, dong co phan lyc, may tang ap...khi
van hanh déu bi rung dong do chuyén dong
cua rotor. Nguyén nhan gay ra cac rung dong
nay thuong 1a do rotor mét can bang trong
khi chuyén dong. Céac thong sé chinh dé danh
gid do rung dong cua hé thong 1a toc do cua
rotor (tbc do tGi han), do 6n dinh cua hé
thdng va dap tng mat can bang [1].

Trén thé gioi, nghién cuu vé dong luc
hoc rotor di dugc nhiéu nhom nghién ctu
thuc hién, dién hinh R. Tiwari [3] di thuc
hién cac phan tich va nhan dang cac 15i mat
can bang trén hé thdng rotor. Tai Viét Nam,

V. Khang [4] d& cap va nhém P. H. Hoang
[5] thuc hién nghién ctu ung dung md hinh
rotor truc mém dé cén bang trong phong thi
nghiém.

Trong cac nghién ciru ndy, toc do téi han
1a tan sb tu nhién khong bi suy giam (khong
xét dén hé s giam chén c) cua hé thdng rotor
duoc tap trung xem xé&t, dugc xem la thong
s6 chinh yéu dé thiét ké cac thiét bi quay. Do
d6, can thuc hién cac phan tich, tinh toan dé
xac dinh chinh x4c téc do t6i han cia hé
théng cung hinh dang ché d6 va phan bd
nang luong.
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Thong thudng tde do toi han dugc mong
muén & muc 10% dén 20% trén hodc dudi
pham vi téc do hoat dong cua rotor [1]. Tuy
nhién, c6 nhiéu rotor st dung cac 6 d& cd
giam chéan dic biét ¢ thé hoat dong trén toc
do toi han 2 (mode 2) bang cach thay ddi cac
hé sb anh huong cua goi do, didu nay dan
dén cac vin dé mat 6n dinh nghiém trong khi
hé théng chuyén sang hoat dong & téc do t6i
han 1 (mode 1).

Bai bao trinh bay cac két qua nghién ciru
diéu khién toc do vo cdp cua rotor (0 —
12.000 vong/phut) va dap ung tin hiéu
chuyén vi twong ng sir dung mé hinh rotor
truc mém.

2. NOI DUNG NGHIEN CcUU
2.1 Théng so thiét ké

Tu yéu céu thuc té, dé nghién ctru danh
gia cac thong so gdy mat cAn bang trén rotor
truc mém, ta can xay dung 1 mo hinh thuc
nghiém dé kiém chung. Mo hinh dugc lya
chon 1a Jeffcott rotor, day 1a md hinh rotor
duoc sir dung nhiéu nhat dé mé ta dong luc
hoc va cho phép phan tich phan ung khi rotor
hoat dong & téc do cao.

Do vay, thong s6 dau vao cta mo hinh
thiet ke bao gom:

- Pham vi diéu khién toc d6: 0 — 12.000
vong/phut .

- Kha nang chuyén doi va xu 1y tin hiéu
analog sang tin hi€u s0.

- Kha niang nhén biét va ghi nhan lugng mat
can bang thong qua tin hi€u chuyén vi.

- May cung viing, rung dong it.
2.2 Nguyén ly thiét ké

V6i théng sé nhu trén, khi rotor quay,
bién do dao dong s& xuat hién doc trén chiéu
dai lam viéc cua rotor. Cac gia tri bién d6 dao
dong nay s& duoc cac cam bién thu nhan,
chuyén ddi thanh céc tin hiéu s6 dua vé bo
Xt 1y trung tAm dé tinh toan, xt 1y.

~ Phac thao so d6 nguyén 1y ciia mo hinh
thiét ké nhu ¢ hinh 1.

1
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|

1. Dgng co— 2. Khop noi mém - 3. Goi do
4. Dia —5. Truc — 6. Cam bien - 7. Dé

Hinh 1. Phéc thao mé hinh rotor truc mém
2.3 Két chu

Tu so d6 nguyén 1y, phuong an thiét ké
két cAu mé hinh rotor truc mém dugc dé xuat
nhu ¢ hinh 2.

S

1. Khung may — 2. Tu diéu khién — 3. Dong co
4. Cym goi dé - 5. Truc — 6. Pia — 7. e

Hinh 2. Thiét ké két cau mé hinh rotor truc
mém

Mo hinh c6 don gian hoa mot sé thanh
phan nhung van thé hién diy du cac yéu té
cu thanh chinh cia mot hé rotor dién hinh
trong thuc té. Bac biét 1a van thé hién tét cac
ddc diém quan trong cua dong luc hoc rotor
1a: toc d6 va mat can bang. M6 hinh thiét ké
gém cac thanh phén chinh: 1 truc tron, 2 dia
dé bé tri khdi lugng, 2 cum gbi dd, co cau
truyén dong, thiét bi dan dong, thiét bi do tin
hiéu chuyén vi va cum dé may, khung may.

M6 hinh 1a tryc d6i xtng va sir dung 6 bi
co nén bo qua hiéu tng giam chan lién quan
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dén cum 6 d& hoic tryc. Giam chin duy nhét
¢6 thé duge xem xét trong mo hinh 1 giam
chan nhét ¢, phat sinh boi tac dong cua luc
can khong khi trén dia xody va truc. P cung
k trong md hinh duoc xét dén bai do cing
cua truc va két ciu cum 6 do.

Hinh 3. Truc va cum g(fi do
2.4 Kiém nghi¢m thiét ké

Mo hinh sir dung dong co tich hop truc
chinh ¢6 s6 vong quay n = 24.000 vong/phut
va dugc diéu khién boi bién tan. Dao dong
cua truc (dia) dugc nhan biét va do bang cam
bién laser.

Pé va két cau khung may bang thép 1a
két cdu chinh chiu tai trong ciia mé hinh nén
can dugc tinh toan kiém nghiém bén dé co
kha ning chong rung va ngin nguira hién
tuong cong huong. Két qua tinh toan, phan
tich chuyén vi cia khung may & trang thai
dong luc hoc duoc trinh bay ¢ hinh 4 [6].
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Hinh 4. Két qua phan tich khung mdy

Ta thay [o]max = 3,54 N/MM? > Gjeag = 3 X
0.75 = 2.25 N/mm?: do vay két cdu chéc chén,
khong rung.

2.5 Ché tao — Thir nghiém

Trén co so thiét ké va phuong an két cau
da dwoc kiém nghiém, mot mé hinh rotor
truc mém duoc ché tao nhu & hinh 5 véi cac
thong sb k¥ thuat chinh nhu sau:

- DPuong kinh dia Dgjsc = 120 mm;

- Chiéu dai tryc quay Lmyax = 725 mm;

- Khéi luong truc mgpase = 640 g;

- Khdi lwong dia mgisc = 2150 g;

- Cam bién do chuyén vi LK_G35;

- Pong co Spinder 3 pha 220 VAC, 1,5 kW;

i _— e y A5
Hinh 5. Mé hinh rotor truc mém (1 dia)

Rotor trong md hinh chay thuc nghiém
lal dia dqn dqu: gan dong tam trén mot truc
dan hoi dong nhat.
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Hinh 6. M6 hinh gofm truc va dia don voi 2
goi cing

725

Hinh 7. M6 hinh vén hanh tai téc dé téi han
1 (mode 1)
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Dap tng khong can beblngq cua rotor dugc
mo ta boi phuong trinh chuyén dong bac hai
cua hé thong nhu sau [2]:

mX + cX + kX = Mew? cos wt

Trong d6, bo qua h¢ so giam chan c,
cong thirc xac dinh toc do téi han 1 (mode 1):

_ [2k _ [21465.105 _ rad
1= T 2150 >

Khi d6, sé vong quay cua rotor sg la:
60.w; 60.116,7

Ny = o = 2314 = 1115v/ph

Dé do lugng mat can bang, cam bién
LK_G35 dugc bo tri nhu ¢ hinh 8.

Hinh 8. Bé tri lap dat Sensor LK_G35

Cong viéc thuc nghiém duoc tién hanh
véi nhiéu cap tc d6 khac nhau: n = 600, 900,
960,... 6000 (vong/phut), qua d6 do va danh
gia tin hi€u dao dong thu dugc (dac biét 1a tin
hiéu nhiéu).

Két qua do dac cho thy tin hi¢u do dao
dong thu duoc on dinh va cac gia tri tuong
ung duoc trinh bay trong bang 1.

Bdang 1. Két qud thuec nghiém do dao déng

STT Tan sé Téc do Chuyén Vi
(Hz) | (vong/phut) (mm)
1 10 600 +0,3
2 15 900 +0,3
3 16 960 +0,39

STT Tan s6 Téc do Chuyén vi
(Hz) | (vong/phut) (mm)
4 17 1020 +0,57
5 18 1080 +0,87
6 19 1140 +1,2
7 20 1200 +1,38
8 21 1260 +2,32
9 22 1320 +0,55
10 23 1380 +0,39
11 24 1440 +0,31
12 25 1500 +0,26
13 26 1560 +0,22
14 27 1620 +0,20
15 28 1680 +0,14
16 30 1800 +0,15
17 40 2400 +0,10
18 50 3000 +0,08
19 60 3600 +0,06
20 70 4200 0,05
21 100 6000 +0,04

Két qua do cho thdy tc do tsi han 1
(mode 1) dat dugc khi n = 1260 vong/phut
(twong ung tan s6 f = 21 Hz) véi chuyén vi
theo phuong X 1a Xmax = £+ 2,32 mm.
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Hinh 9. Tz’nrhiéu thu duwrot tai téc dé téi hagn
thuc té n = 1260 vong/phut (f = 21 Hz)
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Quy dao chuyén dong ciia rotor dugc thé
hién trén hinh 10 tai 3 tan so0 lan luot 1a f =
18 Hz, f =21 Hz (mode 1) va =30 Hz.

4‘
—f=30Hz

—f=21Hz
f= 18 Hz

Truc Oy
o

4 3 2 4 0 1 2 3 4
Truc Ox
Hinh 10. Quy dgo chuyén dgng Ciia tdm truc
twong ung tan so f = 18Hz, 21Hz va 30Hz

Tir cac két qua tinh toan (1) ta c6 toc do
t6i han (mode 1) 1a ny; = 1115 vong/phat va
ket qua thuc nghiém (bang 1) 1a ny, = 1260

vong/phut cho thy cac (ng xir cia mé hinh
phu hop (sai léch < 15%) [1].

3 KET LUAN

Mo hinh thiét ké va ché tao da dugc
kiém nghiém thanh cong, dam bao hé thdng
van hanh 6n dinh. Két qua do cho thay tdc do
toi han 1 (mode 1) dat dugc khi n = 1260
vong/phit (twong tng tan s f = 21 Hz) véi
chuyén vi theo phuong X 1a Xmax = + 2,32
mm.

Mo hinh st dyng cam bién LK_G30 +
bo Controller G3000 + Software Keyence thu
thap tin hiéu do dao dong c6 do chinh xac va
téc do xir 1y cao.

Mo hinh 1a tién dé dé phat trién viéc tinh
toan, do kiém cho rotor van hanh tai toc do
t1 han 2 (mode 2) va cac phan tng cua rotor
thu duoc tai toc do toi han 2.
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