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PHAN TiCH ANH HPONG CUA XUNG LU'C NEN MONG
LEN DAO BONG CUA HE ROTOR - O TRUC

ANALYSIS OF THE EFFECT OF FOUNDATION IMPULSE ON VIBRATION OF
ROTOR-BEARING SYSTEM

Ngb Vin Thanh, Nguyén Truong Giang
Khoa Co khi va Bong luc, Truong Dai hoc Pién luc

TOM TAT

Nén mong cé vai tro quan trong khi ldp dat hé may quay 16m nhw rotor — é truc. Khi vdn
hanh ¢ téc dé cao, cdc tac ddng ciia ngoai lc ngau nhién tir nén mong vao rotor théng qua cdc vi
tri 6 truc sé dnh hieong dén dao dong ciia ca hé mdy. Bai bdo nay tién hanh phan tich danh hiréng cia
xung lie ngdu nhién kich ddng 1én nén méng trong qud trinh van hanh rotor ciia hé rotor — é truc
ciia t6 hop mady phat dién 300 MW, Két qua cho thdy, khi tdc déng ciia xung tai cdc vi tri nén mong
lcfp dat 6 truc s€ lam cho tinh chdt doi xung cua co hé mat di. Céc quy dao tai vi tri 6 truc ¢é xung

liee kich ddng sé tré nén “hon loan” va gdy ra cac va ddp bt thuwong trong qud trinh lam viéc.
Tir khéa: Nén mong; Rotor — 6 truc; Ngoai lwc ngau nhién; Dao dong.
ABSTRACT

Foundation displacement has an important role in the form of a large fixed installation of
a large rotor — bearing system. When operating at a high speed, the impacts of random external
forces from the foundation to the rotor through the bearing positions will affect the vibrations of
the entire machine system. This article analyzes the influence of random agitated impulses on the
foundation during rotor operation of the rotor — bearing system of a 300 MW generator. The results
show that when the impact of the pulse is applied at the foundation locations where the bearings
are installed, the symmetry of the mechanical system may be lost. The orbits at the bearing location

with agitated impulses will become ¢haotic'and cause abnormal impacts during work.
Keywords: Foundation, Rotor — bearing; Random external force; Vibration.
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1. PAT VAN PE

Dao dong ngang cua hé rotor la mot
trong yéu té quan trong khi thiét ké, lap dat
va van hanh. Biét duoc quy luat va kiém soat
duoc dao dong c6 vai trd quan trong. Boi vi néu
dao dong vuot qua muc cho phép s€ 1a nguyén
nhan gdy mon tai cac vi tri 6 truc va anh hudng
tryc tiép dén hiéu suat van hanh méy. Trong
qua trinh van hanh, c¢6 nhiéu yéu t6 ngoai luc
co tac dong truc tiép dén hé dao dong nhu mét
can bang cua ban than rotor, cac xung luc cua
mdi truong xung quanh nhu xung chén ctia trai
dét,... Do d6, viéc xem xét cac yéu td anh huong
dén dao dong cua hé rotor c¢6 vai trd quan trong
[1]. Cac ngudn gay dao dong rat da dang, c6 thé
1a cic ngudn mat can bang ctia ban than rotor,
céc tai trong ngoai, cac yéu td kich dong ngiu
nhién & cac khép ndi hodc cac 6 truc [2]. D6i
v6i h¢ rotor, cac dao dong co thé 1a dao dong
ngang, dao dong doc truc hodc dao dong X04n.
Tuy nhién, do céc dao dong nay thuong doc lap
nhau nén khi khao sat c6 thé khao sat riéng 1&
ma khong 1am anh huong dén két qua.

Rotor duoc coi 1a trai tim cia to hop
may phat dién. Trong qua trinh tinh toan thiét
ké, van dé dong lyc hoc ludn la yéu td duoc
quan tdm, xem xét trudc tién. Trong hau hét
cac truong hop, khi t1nh toan dong luc hoc cta
rotor ¢6 thé coi nd gdm nhidu cac phan tu truc
va dia duoc lién két véi nhau trén cac 6 truc. Do
do, trong cac cong cu tinh toan dao dong cua
rotor hién nay, phuong phap phan tir hitu han
FEM (Finite Element Method) dugc su dung
pho bién [3]. Trong qua trinh van hanh, tuong
tac gitra truc rotor va cac b truc 1a mot trong
nhing yéu t6 duoc quan tm trudc tién [4], boi
vi day 1a vi tri lyc va mé-men dugc truyén tur
rotor 1én bé may. Cac luc va mé-men nay khi
truyén 1én bé may c6 thé phat sinh cac luc kich
dong tac dong nguoc trd lai rotor [5]. Ngoai

ra, cac nguyén nhan gay rung dong bé may co
thé dén tir cac thiét bi may khac khi lam viéc,
hodc do cac rung dong do xung chin cua trai
dat,... Do d6, van dé khao sat cac anh hudng
kich dong tr bé may nguogc trd lai rotor cling
can phai dugc xem xét dén [6].

O tryc 1a mot trong cac phan tir dong
vai tro quan trong ddi voi hé rotor. No anh
huong truc tiép dén hiéu suat van hanh may.
Céc thong $6 dong luc hoc cua b truc c6 thé coi
nhu mot hé dao dong gém 10 xo — gidm chan
— khéi luong [7]. Bai bao nay phan tich anh
huong cua tac dong cia chuyén vi nén do cac
tac dong ngoai luc tir yéu t6 ngau nhién dén
dap ung dao dong ciia mo hinh may phat dién
300MW, tir d6 sé& gitip du doan ciing nhu khic
phuc dugc mot s6 hién tuong bat thuong co thé
xay ra khi rotor 1am viéc ¢ dai téc d6 cao. Mo
hinh phan tt hiru han cta hé rotor — 6 truc [1]
duoc cho nhu Hinh 1.

Hinh 1. M6 hinh phan tr hitu han ciia hé
rotor — 0 truc

2. KHAO SAT CHUYEN VI NEN PEN HE
DAO PONG

Rotor — 6 truc dugc xdy dung bang mo
hinh phuong phéap phan tir hitu han nhu Hinh 1.
Trong d6, cac vi tri lap v6i nén 13 cac vi tri cia
truc dugc ki hleu 1a Brgl dén Brg 4. Goi u(t) la
chuyén vi ctia nén theo phuong truc x ta1 vitrid
truc thu 4, khi d6 ngoai luc tac dong ngau nhién
1én 6 tryc tht 4 c6 dang: [0, 0, 0, k .Lug(D)]",
trong d6 L 1a chiéu dai cua rotor, k_ la do cung
theo phuong tryc x cta 6 truyc. Phuong trinh
ngoai lyc ctia nén viét trong khong gian trang
thai c6 dang sau:
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Di — Sip; = [i-ug(t) )

Trong do, s la tririéng thiri va f la hang
s6 phuc cua dang dao dong riéng thir i cua hé
rotor. Giai phuong trinh (1) véi diéu kién dau
bang khong, ta dugc:

pi(t) = f; fiug (et dr (2)

Khao sat vo1 chuyén vi nén thay do1 dot
ngot bodi mot ham s6 mii nhu sau:

u(t) = upe F* 3)

Trong do, u, va B la cac hang s6. Khi
d6, dang dao dong riéng thr i duoc biéu dién
dudi dang sau:

pi(8) = fto [ 5 (e —eF)| ()
Phuong trinh dao dong ctia hé rotor xét
dén tac dong ctia nén c6 phuong trinh nhu sau:

O DlE -+ S =S

Trong d6: M, K 1a cac ma tran khéi lugng
va ma tran d¢ cing; G 1a ma tran Gyroscopic;
Q 1a tbe do quay cua rotor ngoai luc; Q = {0
kL}" 1a véc-to ngoai luc.

3. KET QUA VA BAN LUAN
3.1. Tan s6 dao dong riéng

Pé khao sat tic dung ngoai luc ngiu
nhién cta nén mong, trude tién xac dinh tan
s6 va dang dao dong riéng & toc d6 quay cua
rotor — hé truc 3000 vong/phiit bang cach giai
phu(mg trinh (5) trong khong glan trang thai.
Két qua 06 cdp tri riéng va tan s6 dao dong

riéng dugc cho trong Bang 1. Céc tri riéng va
tan sO dao dong riéng xuat hi¢én theo ting cdp
va phan tach nhau boi hi¢u ng Gyroscopic.

Bang 1. Tri riéng va véc-to riéng o 3000 vong/phut

Téc d rotor | Tririéng s Tén s6
(vong/phut) (rad/s™) (Hz)
3000 -0,14 + 85,7j 13.64
-0,15 £87.4j 13,93
-2,3 £257,6j 40.9
-2,5 £289,8j 46.13
-9,5 £ 628,4j 100
-15,9 £ 801,5;j 127.6

3.2. Khao sat xung kich dong nén

Pé khao sat anh huong cua kich dong
nén mong 1én dap tng bién d6 dao dong cua
rotor va cua 6 truc, mot xung kich dong ntra
sine dugc cho nhu Hinh 2. Xung cta luc kich
dong nay dugc dat vao vi tri 6 truc thir 4 (Brg4).
Khi do, d§ cung va do giam chan cta 6 truc
dugc cong vao ma tran khéi lugng, ma tran do
cung cua hé dao dong thi kich dong ngoai luc
cta 6 truc 1am cho hé trd thanh hé dao dong
cudng burec.

1 v o ol il v il i
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Hinh 2. Xung kich dong nén mdy dang nira sine
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Hinh 3. Ly @6 dao ddng theo tan sé

Ly d¢ dao dong tai node 2 (vi tri o truc)
va node 37 (gitra truc) theo phuong y dugc cho
trén Hinh 3 trong pham vi tan sb cua luc kich
dong twong Gmg tir 0 dén 50 Hz. Muc dich biéu
dién ly d6 dao dong tai node 2 va node 37 dé
chi & chénh 1éch bién d6 dao dong tai vi tri 6
truc va vi tri gitra truc khi chiu luc kich dong.
Tai céc vi tri tan s6 dao dong lan luot 12 13; 61;
13,92; 40,9 va 46,7 Hz cia xung luc kich dong
xay ra hién tugng cong huong, ly do cia cd hai
node 2 va node 37 déu tang 1én rat nhanh. Tai vi
tri nay c6 hai tan sb xay ra cong huong rat gan
nhau vi hai dao dong theo phuong x va theo
phuong y doc 1ap vdi nhau.

Hinh 4a 13 d6 thi dao dong tai vi tri b truc
Brgl khong c6 xung luc kich dong va dao dong
tai vi tri 6 xung luc kich dong Hinh 4b véi cac
gid tri p=2s" vau, = 1 mm. Két qua cho thay
ca hai vi tri dao dong déu co hién tuong phach
va ¢6 xu hudng tat dan. Tuy nhién, tai vi tri 6
truc khong c6 xung luc tac dong, ly do giam
dan theo duong trung hoa 1a mot hypecbol dan
vé 0, con d6i véi ly do dao dong cua b truc ¢
luc kich dong, ly d§ dao dong c6 duodng trung
hoa la truc toa d6 0, tuc 1a cac ly do dao dong
dbi xtmg.

k H| 'iW"‘u(u‘ v

Thpaenr

@ W
Hinh 4. Do thi dao dong tai 6 truc co kich dong va
khéng kich dong: a) Dao déng tai 6 truc khéng cé
liee kich dong (Brgl); b) Dao déng tai 6 truc c6
luc kich dong (Brg4).

Orbit during the time 1 o 3 sec ) i ol

Displacerment o Displacament mm

a) Quy dao node Brgl b) Quy dao node Brg4
Hinh 5. Quy dao dao dong ciia 6 truc

Hinh 5 1a quy dao chuyén dong cia
cac node tai vi tri hai 6 truc Brgl va Brg4. Cac
quy dao nay c6 dang elip (Hinh 5a) trong khi
cac quy dao ¢ Hinh 5b cda cac node c6 dang
theo xung ngau nhién. Piéu nay chimg to khi
tac dong xung luc cia bé may, tinh chit dao
dong ddi xtmg theo truc x va truc y mat di, luc
nay rotor turong ty nhu dao dong ctia hé bat d6i
xtng. Khi quy dao c6 dang elip tao ra (mg sut
thay ddi theo chu ky, day 1a mot trong nhimng
nguyén nhan gy ra tmg suit moi va hong do
moi cua rotor, ddc bi¢t la nhitng rotor trong
thuc té theo chiéu dai doc truc khong duogce coi
1a vat thé tuyét d6i cung.
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4. KET LUAN

Tir két qua tinh toan ddi voi hé dao
dong dudi tac dung luc kich dong ngau nhién
ctia nén may, c6 thé thiy hé rotor — 6 truc khong
con tinh chat ddi ximg. Cac tac dong cua lyc
kich dong Iam cho ma tran d cling tai cac vi tri
6 truc theo phuong cua luc kich dong tang lén.
Quy dao dao dong cua tai vi tri d6 cling thay
d6i khong theo quy luat va c6 phuong ting 1én
theo chiéu cua lyc kich dong. Tuy nhién, néu
tan sb cua luc kich dong tai 6 truc cach xa tan
s6 dao dong riéng cua co hé ng v6i pham vi
toc d6 1am viéc, thi cac kich dong nay hau nhu
khong anh huéng dén dic tinh dao dong cua co
h¢. <
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