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PHAN TiCH CAC THONG SO ANH HUONG DPEN O TRUC
THUY LUC

ANALYSIS OF PARAMETERS THAT INFLUENCE TO HYDRAULIC BEARING

Ngo Van Thanh
Khoa Co khi va Bong luc, Truong Dai hoc Dién luc

TOM TAT

O truc thity luc c6 vai tro quan trong trong két cdu ctia hé rotor - & truc. D ciing, d¢ cdn nhét
cua 0 truc la cdc tham so chinh, dnh hudéng dén do dao dong va do on dinh cua co hé. Khi van hanh hé
rotor - 0 truc thity luc, cdc tham s6 nay bién thién theo téc d9 quay cua rotor. Bai bdo nay, tién hanh
khdo sdt sy thay doi ciia ma trdn d¢ ciing, ma trdn cdn nhét cia 6 truc thity lyc tir khi khéi dong dén
téc d¢ lam viéc on dinh. Qua do, tim ra cdc thong s6 ciia 6 truc thiy luc c6 thé gdy ra mdt on dinh khi
van hanh ciia mdy. Tu két qud phan tich cho thdy, cdc thanh phdn khéng nam trén dudng chéo chinh
cuia ma trgn do ciing, ma trdn do cdn nhét la nguyén nhan chinh gay cho hé rotor - 6 truc mdt di tinh

doi xiing va lam mdt on dinh khi lam viéc.
Tii khéa: O truc thuy lvc; Hé rotor - o) truc; Ma tran do ciing; Ma trdn cdan nhét; Mdt on dinh.
ABSTRACT

Hydraulic bearing plays an important role in the structure of the rotor-bearing system. The
stiffness and damping of the bearing are the main parameters affecting the vibration and the stability
of the system. When operating, these parameters vary with the rotational speed of the rotor. This paper
investigates the change of stiffness matrix, and damping matrix of hydraulic bearings from starting to
stable working speed. Thereby, find out the parameters of the hydraulic bearing that can cause instability
when operating the machine. The results showed that the components are not on the main diagonal
of the stiffness matrix, the damping matrix is the main cause of the rotor-bearing system losing its

symmetry and causing instability.
Keyworks: Hydraulic bearing; Rotor-bearing system; Stiffness matrix; Damping matrix;

Instability.
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1. PAT VAN PE

Trong qua trinh van hanh, rotor thuong
quay & tdc do cao va gay ra dao dong néu nhu
khong dugc can bang tét. Diéu nay, sé lam anh
hudng dén do mat 6n dinh khi lam viéc, lam
tang hao mon va giam tudi tho ctia cac chi tiét
may [1]. D6i véi cac truc rotor ¢d 16n, 6 truc
thuy luc dugc st dung phé bién. Tuy nhién, do
cling cta 6 truc thay luc ¢6 anh hudng dang ké
dén d6 dao dong ciing nhu do 6n dinh khi van
hanh cua hé truc [2].

Khu vuc ap
suét thap

Khu vyc ap

. Budng ndi tam
suat cao

Hinh 1. M6 hinh tinh 6 truc

Quan sat hinh 1 ¢6 thé thy rang, tai vi
tri cAn bang ap sudt cua chém dau cin bang véi
tai trong. Néu nhu thay doi tai trong Q tac dung
1én ngdng truc, mot vi tri cAn bang mdi sé hinh
thanh va ap sudt chém dau ciing thay déi tuong
tng. Do d9, c6 thé coi 6 truc thuy luc nhu mot
hé 10 xo - giam chan [2]. Khi lam viéc, nho sy
léch tdm ctia ngdng truc (OB) va tAm ctia 6 truc
(OJ) cac mang dau sé cudn theo chiéu quay cua
truc va tao chém diu nang ngdng truc lén. Ap
suat thuy dong trong chém dau dugc tao thanh
phu thudc vao chuyén dong ctia ngdng truc va
do nhét ctia ddu. Ap sudt ndy c6 dnh hudng
16n dén d6 cing cta G truc cing va no cung la

nguyén nhén chinh giy ra d6 mét 6n dinh cua
hé truc [3,4].

Khi tinh toan dao dong ctia hé truc, do
toc do truc thay doi, hé s6 do cing, hé s6 can
nhét cua 6 tryuc cang thay déi theo va 1a mot
ham s6 ctia d6 1éch tdm gitia ngong truc va &
truc.

2. PHAN TiCH MO HINH TiNH TOAN

2.1. Ma tran d¢ ciing va d§ can nhét caa 6
truc thay luc

Ma tran d¢ cting va ma trdn can nhét
cua § truc thuy luc (loai & truc ngan) dugc cho
nhu sau (1, 2, 5]:
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Trong do6: f la tai trong tdc dung 1én 6
truc, ¢ 1a khe hd hudng kinh, Q 1a t6c do quay
ctia rotor.

Cac thong s6 ctia ma tran d¢ cling:
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Cac thong s6 clia ma tran can nhét.
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2.2. Xay dung mo6 hinh hé rotor- 4 truc thuay
luc

Dbé khao sat anh hudng ctia do cting, do
giam chan ctia & truc thay luc dén hé rotor - 6
truc, mo hinh hé rotor- & truc dugc xay dung
bang phuong phap phan tt hitu han (FEM) nhu
hinh 2 [4, 6]. Trong d6, vi tri ctia 6 truc thay luc
dugc dat tai nut tha 5 (node 5) va nut tha 37
(node 37). Cac thong s6 ctia hé rotor - 6 truc
dugc cho trong bang 1.

Hinh 2. M6 hinh hé rotor - 0 truc

Bdng 1. Cdc thong so ctia hé rotor - 0 truc:

Khéi lugng: A 80,508kg
Chiéu dai rotor: L 9310mm
Khoi lugng riéng: p 7850kg/m’
Young modulus: E 212x10° N/m
Vi tri dat & truc #4, #37
Chiéu dai 6 truc: L, 300mm
buong kinh 6 truc: D, 900mm

Tai trong tai 6 truc: Q 3.9x10°N
Khe hé huéng kinh: ¢ 0.lmm

Do nhét cta dau: n 0.1 Pas

3. KET QUA TINH TOAN

3.1. Bién thién cua d9 cing, d§ giam chan
thay luc theo d¢ 1éch tam

Khi rotor quay, do léch tam ctia ngong
truc va 6 truc € la ham s6 ctia toc do quay Q. C6
thé thdy, khi téc do rotor ting lén, do léch tim
€ gidm dan va tiém cin v4i tAm cua § truc (O]
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ti€n gan vé O,). Tuy nhién, quy luat thay d6i nay
khong tuyén tinh, do léch tam bién thién l6n
khi rotor quay & toc do thap tuong tng véi lic
m&i van hanh. Khi toc d¢ rotor tang 1én thi mtic
do bién thién cta do 1éch tam giam dan. Do vay,
khi rotor lam viéc 6n dinh thi cac thong s6 cua 6
truc cling it anh hudng dén ché do lam viéc hon.
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Rovox spin speed (se vimis)

Hinh 3. Bién thién ciia hé s6 léch tam ¢ theo toc do quay
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Hinh 4. Bién thién do ciing 6 truc theo Q
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Hinh 5. Bién thién gidm chdn & truc theo Q
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Hinh 4 va hinh 5 1a quy luat bién thién ctia cac hé s6 ma trdn d¢ cting va d6 can nhét caa &
truc theo ham ctia t6¢ d6 quay Q. C6 thé thdy, cac hé s6 ndm trén dudng chéo chinh ctua ma tran
(ma trdn 2 x2) hau nhu rat it phu thudc vao téc d6 quay cta rotor. Tuy nhién, cac thanh phan khong
nam trén dudng chéo chinh Kxy, Kyx, Cxy, Cyx c6 su bién thién rat r6 rét, nhat la khi rotor méi lam
viéc. Tuy nhién, khi t6c do rotor ting 1én thi cac thanh phén bién thién cham, ttic la mtic d6 6n dinh
cua cac tham s6 & truc cao hon. T6éc d6 quay ctia rotor cang cao thi tham s6 d¢ cting ting 1én, tham
$6 do can nhét giam xudng. Mot s6 két qua tinh toan cu thé & cac téc dd quay khac nhau dugc chi
ra trong bang 2.

Bdng 2. Két qud tinh todn d¢ ciing va gidm chdn ciia 0 truc thity luc theo Q:

Toc d6 Q K_ ny ny Kyy C, ny,—ny ny
vong/phat | (N/m) (N/m) (N/m) (N/m) (Ns.m) (Ns.m) (Ns/m)
500 9.96E+9 | 2.99E+10 | -3.31E+10 | 5.46+E9 1.58E+6 2.51E+5 2.51E+6
1000 9.98E+9 | 5.50E+10 | -5.66E+10 | 5.14E+9 6.24E+5 6.31E+4 7.23E+5
1500 1.0E+10 | 798E+10 | -8.11E+10 | 5.08E+9 5.88E+5 3.9E+4 6.87E+5
2000 1.0E+10 | 1.05E+11 | -1.06E+11 | 5.06E+9 5.86E+5 3.16E+4 | 6.81E+5
2500 1.0E+10 | 1.30E+11 | -1.31E+11 | 5.06E+9 5.72E+5 2.51E+4 6.78E+5
3000 1.0E+10 | 1.55E+11 | -1.56E+11 | 5.06E+9 5.70E+5 2.24E+4 6.74E+5
3500 1.0E+10 | 1.78E+11 | -1.8E+11 | 5.06E+9 5.56E+5 2.10E+9 6.71E+5

3.2. Khao sat anh huéng dén d¢ 6n dinh cua hé rotor - 3 truc

Khao sat anh hudng ctia cac tham s6 6 truc thuy luc dén d¢ 6n dinh ctia hé rotor - 6 truc,

tién hanh giai bai toan dao dong va tim nghiém duéi dang tri riéng & dang s6 phtic [2,6]. Két qua
tinh todan quy dao tri riéng (Root Locus) dugc cho trén hinh 6, véi luu y la phan thuc cta trj riéng
mang gia tri duong thé hién rotor mat 6n dinh. Qua do, c6 thé tim dugc gia tri ngudng mat 6n dinh
(Threshold instability) dugc chi ra trén hinh 6.

Real (sigemaluss)

Hinh 6. Quy dao tri riéng
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Mot s6 tri riéng & cac toc do quay khac nhau dugc cho trén bang 3. O day, xét ba cdp tri riéng
dau tién, ting véi ba tdn s6 dao don riéng dau tién ctia hé. C6 thé thdy, tai tri riéng ctia cdp thi hai &
toc do quay 3500 vong/phut S=2.35 + 168.28j, phan thuc mang gia tri duong lam cho rotor bat dau
mét 6n dinh. C6 thé thdy, & t6c do quay ndy, cdc thanh phén ctia ma tran d6 cing K, K_lam mat
tinh chét d6i xting ctia ma trdn d¢ cling gay ra. Khi rotor lam viéc mét 6n dinh sé gy ra cac nguy
hiém nhu pha v6 6 truc, pha v& cac két cdu may va lam hong may.

Bdng 3. Ddc trung nghiém ciia hé rotor - 6 truc thity luc:

s . , Tri riéng (Eigenvalues, rad/s)
Toc d Q (vong/phut) » — » R— » -
Cap thi nhit Cap thu hai Cap thu ba
500 -3.9+-26.3] -3.80+26.2j -0.35+163.75]
1000 -3.94+52.4j -3.86+52.42j -0.37 £163.1j
1500 3.8+ 78.5] -3.76478.6] -0.4+162.4j
2000 -3.85+104.75 -3.56+104.8] -0.42+161.7j
2500 -3.8+130.93j -3.09+131.01j -0.45+161.0j
3000 -3.74+157.11] -0.65+157.33] -0.48+160.35i
3500 -0.52:159.67] 2.35+168.28] -3.65+183.3]

4. KET LUAN

Déi véi 6 truc thay luc, cac tham s6 do
cting, d6 can nhét ctia nd thay ddi la ham cua
toc do quay. Cac gid tri Kxy, Kyx, Cxy, Cyx la
cac hé s6 khong nam trén duong chéo chinh
ctia ma tran do cling, ma tran do can nhdét cé
do bién thién I6n khi thay do6i téc do quay cua
rotor. Cac thanh phén nay géy ra tinh chét bat
doéi xting ctia ma trdn do cling, ma tran can
nhét lam mat di tinh déi xting cua co hé. Day
chinh 1a nguyén nhan dan dén sy mat 6n dinh
cua rotor khi lam viéc. Biét dugc cac gia tri nay,
khi van hanh c6 thé tranh dugc vung lam viéc
nguy hiém khac cta rotor khong phai tai vi tri
cong hudng. <
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