SG: 02-2023 TAP CHI KHOA HQC VA CONG NGHE DAl HOC CONG NGHE BONG NAI

PHAN TiCH DAO PONG CUA HE ROTOR XET YEU TO ANH
HUONG RUNG PONG CUA BE TRUC
TS. Ng6 Van Thanh®', ThS. Nguyén Thi Hién?
YTruong Pai hoc Dién Luc
Truong Pai hoc Cong nghé Pong Nai
*Tac gia lién hé: Ngé Van Thanh, thanhnv@epu.edu.vn
THONG TIN CHUNG TOM TAT

Ngay nhén bai: 12/07/2023 Dao dong ngang cua hé rotor 1a mét trong yéu té quan trong khi
thiét ké, lap dat va van hanh. Biét dugc quy luat va kiém soat
dugc dao dong c6 vai tro quan trong. Boi vi néu dao dong vuot
Ngay duyat dang: 21/09/2023 qua muc cho phép sé ’|a nguyén nhér] gay mon tai cac vj tri 6 truc
va anh huong truc tiép dén hiéu suat van hanh may. Trong qua
trinh van hanh, c6 nhiéu yéu té ngoai luc cé tac dong truc tiép
dén hé dao dong nhu mat can bang cia ban than rotor, cac xung
TU KHOA lyc ciia mdi truong xung quanh nhu xung chan cia trai dat,... Vi
vay, khi xét dao dong co khao sat dén cac yéu té xung luc cua
moi tredng xung quanh 1a viéc 1am can thiét. Bai béo nay tién
hanh phén tich dao dong cua hé rotor c6 xét dén anh huéng cua
Hé rotor; xung luc ciia bé may. Tir d6 s& gilp du doan ciing nhu khic phuc
Xung luc bé may duoc mot s hién twong bat thuong cé thé xay ra khi rotor 1am
viéc ¢ dai tc do cao. Két qua chi ra rang, khi xung luc tac cua
bé may lam cho quy dao dao dong cua rotor co dang elip, ching
t6 rang s& lam cho tinh chit déi xing cua rotor bi mat di sé tao
ra wng suat thay doi theo chu ky. Ngoai ra, tir két qua tinh toan
cling chi ra duoc céc vi tri xay ra hién tuong cong husng can
tranh khi khoi dong dén khi téc d6 1am viéc 6n dinh.

ABSTRACT

Ngay nhan bai stra: 29/8/2023

Cong huong;
Dao dong ngang;

The lateral vibration of the rotor system is one of the important
factors when designing, installing, and operating. Knowing the
rules and controlling the lateral vibration are important. Because
excessive lateral vibration causes to bearing wear and directly
affects the machine's performance. During the operation, many
external forces have a direct impact on the oscillation system
such as the unbalance of the rotor itself, and the impulses of the
surrounding environment such as the earth tremors, etc.
Therefore, when considering lateral vibration, it is necessary to
investigate the impulse factors of the surrounding environment.
This paper analyzed the lateral vibration of the rotor system
taking into account the influence of the response to ground. It
would help predict as well as overcome some abnormal
phenomena that may occur when the rotor works at a high-speed
range. The results have shown when the thrust of the foundation
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causes the rotor's oscillating trajectory to be elliptical, the loss
of the symmetry of the rotor will create alternating stress. In
addition, from the calculation results, it is also shown that the
locations where resonance occurs should be avoided when
starting until the working speed.

1. GIOI THIEU

Trong cac thiét bi may quay néi chung, dao
dong c6 anh huong truc tiép dén tudi tho, do tin
cdy, d6 6n va tinh kinh té cua may méc (Miranda
& Faria, 2012). Do d6, khi thiét ké, lap dat va van
hanh can phai chi ¥ diing muc van dé dong luc hoc
cua may. bac biét la trong cac thiét b, may quay
hién dai thuong duoc thiét ké 1am viéc ¢ ché do toc
do cao.

Dao dong la mét trong céc yéu té quan trong
can xét dén khi lap dat to hop rotor cua turbine may
phat dién. Mot trong cac nguyén nhan gay hong
hdc khi van hanh khi h¢ rotor dao dong véi bién do
qua muc cho phép lam pha huy cac 6 truc. Do do,
viéc xem xét cac yéu t6 anh huong dén dao dong
cua hé rotor cd vai tro quan trong (Ngo, Xie,
Xiong, Zhang, & Yang, 2013). C4c nguén gay dao
dong rat da dang, c6 thé 1a cac nguon mét can bang
cua ban than rotor, cac tai trong ngoai, cac yéu to
kich dong ngau nhién & cac khop ni hoic cac 6
truc (Bruha & Peroutka, 2015). Di vai hé rotor,
cac dao dong co thé 1a dao dong ngang, dao dong
doc truc hoic dao dong xoan. Tuy nhién, do cac
dao dong nay thuong doc 1ap nhau nén khi khao
sat co thé khao sat riéng 1¢ ma khong lam anh
huong dén két qua.

Dao dong ngang la dao dong theo phuong
vudng goéc véi duong tam cua truc rotor. Day la
mot trong cac dao dong co tac dong lon nhat dén
hé rotor - 6 truc cua cé4c chi tiét méay quay (Alsaleh,
Sedighi, Ouakad, & Engineering, 2020; Wu &
Design, 2007; Zou, Hua, Chen, & structures,
2002). Do d6, viéc kiém soat duge dao dong ngang
cd vai tro quan trong. Ngoai viéc dao dong ngang
c6 thé pha huy cac 6 truc, trong nhiéu truong hop
néu dao dong nay qua muc va khong kiém soat
duoc, ¢6 thé gay va cham vai cac thiét bi may khéc
hoac bé may gay ra nhirng hong héc nghiém trong
(Genta, 2009; Liu, Li, Zhang, Gao, & Zuo, 2014;

Zhang, Nielsen, Blaabjerg, & Zhou, 2014). Dao
dong ngang thudng sinh ra do cac thanh phan luc
ngang, dién hinh nhét 12 do mat can bang caa may.
Du may dugc ché tao hoan chinh nhu thé nao thi
cling phat sinh nhitng sai s6 vé ché tao va lap dat.

Rotor duoc coi la trai tim cua to hop turbine
may phat dién. Trong qua trinh tinh toan thiét ké,
van dé dong luc hoc ludn 1 yéu té duoc quan tam,
xem xét trude tién. Trong hau hét cac truong hop,
khi tinh toan dong luc hoc cua rotor c6 thé coi n6
gom nhiéu céc phan tir truc va dia duoc lién két voi
nhau trén céc 6 truc. Do d6, trong cac cdng cu tinh
toan dao dong cua rotor hién nay, phuong phap
phan tir hitu han FEM (Finite Element Method)
duoc sir dung pho bién (Friswell, Penny, Garvey,
& Lees, 2010).

Rotor duoc lap dat véi bé may théng qua céc
6 truc. C6 nhiéu loai 6 truc khac nhau. Déi vai cac
loai rotor ¢& nho quay & tée do cao thi c6 thé ding
c4c loai 6 bac d& don gian. Tuy nhién, khi tai trong
ting va tbc do quay ciing tang thi c6 thé st dung
cac loai 6 1an nhu 6 bi cau, bi diia,... Ddi vai cac
loai rotor ¢o kich thudc 16n nhu rotor cua to hop
turbine may phat dién thi khi d6 can phai sir dung
cac loai 6 d& thuy luc (He & Byrne, 2018;
Nitzschke, Woschke, & Strackeljan, 2023).

Trong qué trinh van hanh, tuong tac gitra truc
rotor va céc 6 truc 1a mot trong nhiing yéu té duoc
dugc quan tam trudc tién (Safizadeh &
Golmohammadi, 2020). Baoi vi day la vi tri luc va
mo men duoc truyén tir rotor 1&n bé may. Cac luc
va md men nay khi truyén lén bé may c6 thé phat
sinh cac luc kich dong tac dong nguoc tro lai rotor
(Grltzmacher et al., 2018; Lindley et al., 2022).
Ngoai ra, cac nguyén nhan gay rung dong bé may
c6 thé dén tir cac thiét bi may khac khi 1am viéc,
hodc do cac rung dong do xung chan cua trai dat, ...
Do d6, van d& khao sat cac anh huong kich dong
tir bé may nguoc tré lai rotor ciing can phai duoc
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xem xét dén (Luo, Wang, Tang, & Wang, 2019;
Nishimura, Inoue, Watanabe, & Acoustics, 2018).

O truc 1a mét trong c&c phan tir dong vai trd
quan trong d6i véi hé rotor. N6 anh huong truc tiép
dén hiéu suat van hanh may. Cac thong sé dong
lyc hoc cua 6 truc cd thé coi nhu mét hé dao dong
gom 10 xo-giam chan - khéi lugng (Fu et al., 2023).
Trong mét sé trudng hop, cac 6 truc thuy lec con
c6 kha ning gay ra mat 6n dinh caa rotor khi van
hanh bai hién tuong tu kich dong dao dong (Ma &
Wu, 2016). Do d6, trong bai bao nay tién hanh
phan tich anh huong cua hién tugng rung dong cua
6 truc, bé may 1én dao dong cua rotor &p suat cao
(HP- High pressure) va &p suét trung binh (IP -
Immediate Pressure) cua md hinh t6 may turbine
may phat dién 300MW vai ty 1€ 1:10. Tu d6 sé
gilp dy doan ciing nhu khic phuc dugc mot sé
hién twong bat thudng cé thé xay ra khi rotor lam
viéc ¢ dai tde do cao.

LR AR

TR ok Ll

Hinh 1. Rotor &p suat cao va ap suat trung binh

Brg: O truc; HP: rotor &p suat cao; IP: Rotor &p
suat trung binh

2. XAY DUNG MO HINH DAO PONG

Phuong trinh dao dong cua rotor dugc cho
dudi dang sau:

MG+ (QG+C)g+Kag=0Q(t) (1)

Trong d6: M 1a ma tran khoi luong, K la ma
tran do cung, C la ma tran do can nhét, G la ma
tran Gyroscopic, Q 1a téc do quay cua rotor, g la
véc to toa do suy rong, Q(t) 1a véc to ngoai luc.

2.1 M6 hinh truc

Pé xay dyng ma tran khéi luong, ma tran do
ctng cua rotor, md hinh rotor ;hé truc duogc xay
dung dua trén phuong phap phan tir hitu han nhu

Hinh 2, trong d6 mdi node c6 4 bac tw gém: ¢, g
| cac chuyén vi theo phuong x va y; ¢ q°la cac
goc xoay quanh truc x va'y. Cac ma tran do cung,
ma tran khoi lugng caa mét phan tur va caa toan bo
rotor hé¢ truc duoc trinh bay trong (Friswell et al.,
2010; Genta, 2009).

Hinh 2. M6 hinh FEM ctia mét phan tir truc

Cin ctr vao dir liéu cua cua rotor &4p suét cao
VA 4p suat trung binh, mé hinh FEM dugc xay
dung va cho trén Hinh 3. Md hinh bao gém 66
phan tir tryc Timoshenko ¢ xét dén anh huong cua
hiéu irng Gyroscopic (Lancaster & Applications,
2013). Mbi phan tir truc c6 hai node, nhu vay mo
hinh c6 67 node vai 268 bac ty do dugc dat doc
theo tam tryc rotor theo thir tuy tir trai sang phai. O
truc duoc dat tai vi tri node 2 va node 64 (Ngo &
Xie, 2013).

Hinh 3. M6 hinh FEM cua hé rotor

2.2 M hinh 6 truc

Luc tac dung tai cac 6 truc duoc md hinh bang
do cing (ky hiéu K) va giam chan (ky hiéu C) nhu
Hinh 4. Trong thuc té, m0| quan hé gitra luc va
chuyen vi tm truc tai 6 truc 1a mdi quan hé phi
tuyén tinh va 1a ham s6 theo tdc do quay cua rotor.
Tuy nhién, dé don gian héa trong tinh toan véi sai
s6 trong pham vi cho phép, mdi quan hé giita luc
6 truc va tam truc duoc coi la tuyén tinh (Ngo &
Xie, 2013) theo cbng thurc sau.
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Hinh 4. M hinh 6 truc

{fx} {kxx kxy} {x} {cxx Cy } {x} @
fy kyx kyy y ny ny y

Trong do: fx, fy 1a cac lyc tai 6 truc tac dong
theo phuong x va phuong y ; X, y, X, ¥ lan luot la

chuyén vi va van téc theo phuong x va phuong y
cua tam truc tai vi tri o truc.

2.3 Tac dong xung luc caa bé may Ién hé dao
dong

Dé thuan tién khao sat, luc va chuyén vi tai vi
tri 6 truc duogc Ky hiéu dudi dang véc to nhu sau:

el
Q= va q=
fy y

Phuong trinh (2) duoc viét lai nhu sau:
Q, =-K(Q)q-C(Yqg ©)

Khao sat tac dong cua bé may, goi gs 1a véc to
toa d6 chua cac bac tu do cua phan tur truc tai 6
truc, gr la véc to chira cac toa do suy rong caa bé
may. Néu bé may tuyét ddi cing, khi d6 chuyén vi
hé truc coi nhu khong chiu anh hudng cua bé may.
Tuy nhién, trong thuc té bé méay khong tuyét doi
cung. Khi do, véc to q la:

q=0,—3q; (4)

Do d0, khi khao sat tdc dong kich déng cua bé
may |én hé dao dong, cong thuc tinh lyc tong quat
cua o0 truc duogc cho nhu sau (Friswell et al., 2010):

Q, =K, (Q)(g, —q;) -G, ()(d, —d) (O)

Trong do: Kb, Cp la ma tran do ctmg va do
giam trn cua 6 truc, gs 1a véc to toa do suy rong

chia cac bac tu do cua phan ta truc tai 6 truc,
Phuong trinh dao dong tong quét cua rotor hé truc
khi xét dén anh hudng tac dong caa bé may sé la:

MG +QGq+Cqg+Kqg=T,C,q, +T,K,a; (6)
Trong d6 Ty la ma tran chl’xa cac bac ty do cua phan
tir truc tai vi tri lap cac 6 truc.

Dé khao sat kich dong cua bé may trong hai
truong hop, mot xung luc nira nura sine tac dung
1én 6 truc theo phuong thing dung trong thoi gian
25 ms vai bién @0 Imm va mét xung kich dong
diéu hoa véi do léch tam tai 6 truc 1a 10 pm.

2.4 Bai toan dao dong tw do

Giai bai toan dao dong tu do dé tim tan sé dao
dong riéng va dang dao dong riéng la nhiém vu co
ban. Phuong trinh (2) duoc viét trong khong gian
trang thai dudi dang sau:

e s l-f o

Nghiém cua phuong trinh 7 1a:

(§+J\/]7) Cioy t jay

(8)
Trong do: s goi 12 tri riéng, @, @, ¢; lan luot

|a tn s6 dao dong riéng, tan sé dao dong tit dan

va hé so giam chan ¢ dang dao dong riéng thi i.

Tri riéng duogc viet dudi dang so6 phuc vai j la don

Vi 40.

3. KET QUA VA THAO LUAN

3.1. Tan sé dao ddng riéng va cac dang dao dong

riéng

Bang 1. Tri riéng va tan sb dao dong riéng

Téc dd rotor Tririéngs (rad/s?)  Tansé (Hz)
(vong/pht)

0 -0,14 + 86,65] 13.79

-0,14 + 86,65] 13.79

-2,43 £ 273,3] 43.66
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-2,43 + 273 3] 43.66
-12,7 + 716 114.1
-12,7 + 716 114.1
3000 -0,14 + 85,7] 13.64
-0,15 +87 4j 13,93
-2,3 + 257,6j 40.9
-2,5 + 289,8] 46.13
-9,5 + 628 4] 100
-15,9 + 801,5] 127.6

Khao sit dao dong riéng bang cach giai
phuong trinh (7) trong khong gian trang thai. Két
qua 6 tan s6 dao dong riéng va cac tri riéng tuong
ung cua rotor ¢ 0 (trang thai tinh) va 3000
vong/phut (téc do lam viéc cua rotor) duoc cho
trong Bang 1. C4c tan sb riéng va tri riéng xuat
hién theo cap va trung nhau ¢ 0 vong/phut, 1Gc nay
rotor coi nhu 1a mot khéi. Khi tée do quay cua rotor
tang 1én, cac cap nay sé& phan tach theo hai chiéu
hudng thuan (FW-Forward whirl) va nghich (BW-
Backward whirl) chiéu quay do anh huong cua
hiéu tng Gyroscopic

2. Nat Freq = 13.6Hz

Mode 1 (FW)

~. <

) < -
\ - 0.6
T~ ;

Axial rotor

2. Nat Freq = 13.9Hz

Mode 2 (BW)

Axial rotor

2. Nat Freq = 40.9Hz

Mode 3 (FW)

\n‘ = T o e
h 0.8

\\\ < -

| 3 B 04

Axial rotor

2. Nat Freq = 46.7Hz

Mode 4 (BW)

- =

x 0 S~ ﬂ-‘ 0.6
= 0.4

= 2

2 .

< 9 Axial rotor

Hinh 5. Bén dang dao dong riéng dau tién

Hinh 5 1a két qua cac dang dao dong riéng ng
Vi c4c tan s6 dao dong riéng dau tién cua hé rotor.
Trong do cac truc X, y va truc doc theo duong tam
rotor 12 duoc chuan hoa va khong c6 thir nguyén.
Do tinh chét cua rotor 1a d6i xung, quy dao cia cac
node doc theo truc rotor 1a cac duong tron. Tan sb
dao dong riéng va cac dang dao dong riéng dau tién
la nhitng théng sb quan trong va thudng gap trong
thuc t& 1am viéc. Trong qué trinh nay can phai
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tranh cac téc d6 ma tai d6 c6 kha ning xay ra hién
tuong cong hudng.

V& Iy thuyét, khi tinh toan cac bac tu do cang
nhiéu, tan s6 dao dong riéng twong wng cang l6n.
Ddi véi cac tan sb dao dong riéng cao thudng chi
c6 y nghia trong tinh toan mé hinh ma it c6 y nghia
trong thuc té vi ¢6 rat it xung luc ¢6 tan s kich
dong lén dé gay ra cong huong & cac tan sb cao
nay. O céc dang dao dong riéng nay, dang dao
dong tha 3 (Mode 3 (FW)) va tht tu (Mode 4
(BW)) xuét hién mot diém nat, day 1a vi tri pha dao
dong doc theo truc rotor nguoc nhau.

% Forward whirl is red; Backward whirl is green.

w P W [ - o
(=} (=1 (=} [=} (=} (=1
T T T T T T

Damped natural frequencies (Hz)
[5o3
(=1

(=}
T

(=1

1000 1500 2000 2500 3000 3500 4000 4500
Rotor spin speed (rev/min)

Hinh 6. B4 thi Campbell

Dé xac dinh vi tri téc d6 cua rotor ma tai do
xay ra hién tuong cong huong (hoac tée do toi han)
bang d6 thi Campbell (tin s6 dao dong riéng bién
thién theo tc do quay) nhu Hinh 6. Trén do thi
Campbell cd thé thay, tan sé dao dong riéng xuat
hién theo tung cap, ¢ toc do cang cao, do anh
huong cua hiéu tng Gyroscopic, Cac cap tan s nay
cd xu hudng tach thanh hai duong rd rét, mot
duong thé hién dao dong theo chiéu quay cua rotor
FW (Forward Whirl) va mét duong thé hién dao
dong nguoc chiéu quay cua rotor BW (Backward
whirl). Téc do toi han trong pham vi toc d6 quay
cua rotor tir 0 vong/phut dén toc d6 1am viéc 1a giao
cta dudng © = Q, Vi » 14 tan sb goc cua ngoai
luc kich dong. Tur db thi Campbell xac dinh dugc
cac vong quay xay ra cong huong tuong tng la
816; 835; 2454; 2802 vong/phdt.

0 500

3.2. Khao sat anh hwéong kich dgng caa bé may
Ién hé dao dong

3.2.1 Khao sat xung kich dong nira hinh sine

Xung lyc ntra hinh sine t&c dung trong thoi
gian 25 ms 18n cac 6 truc tai node thir 2 va node
thir 64 duoc cho trén Hinh 7. Khi d6, d6 cung va
d6 giam chan cua 6 truc dwoc cong vao ma tran
khdi lugng, ma tran d6 cang cua hé dao dong thi
kich dong ngoai luc cua 6 truc 1am cho hé tro thanh
hé dao dong cudng buc. Ly d§ dao dong tai node
2 (vi tri 6 truc) va node 37 (giira truc) theo phuong
y duoc cho trén Hinh 8. Myc dich biéu dién ly do
dao d6ng tai node 2 va node 8 dé chi rd chénh léch
bién d6 dao dong tai vi tri 6 truc va vi tri gitra truc
khi chiu luc kich dong.

Trén d6 thi Hinh 8b, cac diém c6 toa do X ing
Vi tan sb, cac diém co gia tri Y ung véi ly do tai
vi tri tuong tng. Tai c4c vi tri tan s6 dao dong lan
luot 12 13; 61; 13,92; 40,9 va 46,7 Hz cua xung luc
kich dong xay ra hién tugng cong huong, ly do ctaa
ca hai node 2 va node 37 déu tang 1én rat nhanh.
Tai vi tri nay c6 hai tan sé xay ra cong huong rat
gan nhau vi hai dao dong theo phuong x va theo
phuong y doc lap vai nhau.

Dé so sanh dao dong tai 6 truc (node2) va tai
vi tri ¢6 anh hudng I6n caa hiéu tng Gyroscopic
do duong kinh tryc 16n (node 5), d6 thi dao dong
theo thoi gian caa node 2 va node 5 duoc biéu dién
trén Hinh 9. C6 thé thiy, dao dong theo truong thoi
gian cia hai node nay la gan nhu tring nhau va cé
dang song hai vai tan s6 trung binh 1 13,8 Hz vei
tan sb nhip 1a0,3 Hz. Trudng dép ung sdng hai nay
cling kha gan véi hai tan s dao dong riéng cua hé
dao dong la 13,61 va 13,92 Hz, mot thuan theo
chiéu quay va mét nghich chiéu quay caa rotor.

Do dich chuyén cua bé may theo tan s kich
dong duogc cho trén Hinh 10. Do dich chuyén cua
bé may giam dan khi tan sé cua xung lyc kich dong
tang 1én. O tan s thap thi do dich chuyén cua bé
may cang Ion. Do 16n ndy giam dan va dat gia tri
tiém can 0 khi tan s6 kich dong ngoai 50 Hz. Boi
vi khi tan sé kich dong cang cao thi cang xa tan sb
dao dong riéng cuaa co hé, dan dén anh huong cua
xung luc kich dong dén co hé 1a khong dang ké.
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Hinh 7. Xung ntra hinh sine trong thoi gian
25 ms
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Hinh 9. P4 thi dao dong tai node 2 va node 5
theo thoi gian
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Hinh 10. D6 dich chuyén cia bé may theo tan sb

Hinh 11 1a quy dao cia node 2 (duong lién) va
node 5 (dudng nét dut) tai cac tan sb twong Gng.
Dau x chi diém dau va dau <chi diém cudi coa
quy dao. Tai tan s6 13,6 Hz, ca hai quy dao thuan
chiéu kim dong ho, ¢ tan s6 14,28 Hz, ca hai quy
dao nguoc chiéu kim dong hd. Tai tan s 40,9 Hz
va 46,75 Hz, hai quy dao cd chiéu nguoc nhau, mot
thuan chiéu kim dong hd va mot nguoc chiéu kim
ddng hd. Cac quy dao nay co6 dang elip trong khi
cac quy dao ¢ Hinh 5 cta cac node la hinh tron.
Piéu nay chang to khi tic dong xung luc cua bé
may, tinh chat dao dong ddi xung theo truc x va
truc y mat di, luc nay rotor twong tu nhu dao dong
cua hé bat ddi xang. Khi quy dao c6 dang elip tao
ra ang suat thay doi theo chu ky, day 1a mot trong
nhitng nguyén nhan gay ra &ng suit moi va hong
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do mai cua rotor, dac biét Ia nhirng rotor trong thuc
té theo g:hiéu dai doc truc khong dugc coi la vat thé
tuyét doi cing.

Orbit at 13.6Hz

Orbit at 14.28Hz
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Hinh 11. Quy dao cua node 2 va node 5, don
Vi um
3.2.2 Khao sat xung kich dong diéu hoa
_ Trong thuc té 1am viéc, xung luc kich dong
dicu hoa cling thuong gép. Do do, truong hop nay
tien hanh khao sat mot xung kich dong diéu hoa
trong dai tan s6 tir 0 dén 55 Hz véi @6 1éch tam la
10 pm.
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Hinh 12. Bién d6 va pha dao dong tai node 2
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Hinh 13. Bién d6 va pha dao dong tai node 5

Bién d6 va pha dao dong tai hai vi tri lya chon
la node 2 va node 5 dugc cho trén Hinh 12 va Hinh
13. Tur d6 thi thay rang, khi rotor 1am viéc & 3000
vong/ phat, cac tan s6 dao dong riéng cua hé 1a
13,6; 13,9; 40,9 va 46,7 Hz. Tai c4c vi tri nay ly d0
dao dong tai cac node déu ting 1én, xuit hién cac
dinh caa db thi. Khi di qua diém cong huong, pha
dao dong dao chiéu. O tan s6 13,6 Hz, pha dao
dong chuyén tir 0 d¢én 180° va gitr gi4 tri 1a hang
s6, khi & tan sb xap xi véi tan s dao dong riéng
40,9 va 46,7 Hz, pha dao dong ¢ node 2 va node 5
déu dot ngot dao chiéu tir 180° sang -180° va sau
d6 lién tuc bién thién.

4. KET LUAN

Dua trén két qua tinh toan, mot s6 két luan
duoc rat ra nhu sau:

Thir nhat, tan s6 dao dong riéng duoc tinh toan
& trang thai tinh va dén téc do 4500 vong/phat. Cac
tan s nay xuét hién theo cap va bj phan tach boi
hiéu g Gyroscopic. Tuy nhién, khi tan s6 dao
dong cua luc kich thich trung vai tan sb cua trang
thai FW thi hién tugng cong huong mai xay ra.

Thir hai, cac trang thai dao dong riéng tai toc
do6 tai han dugc tinh toan va moé phong. Tur d6 co
thé tham khao dé tranh cong huong khi van hanh
may. Thong thudng ddi véi hé nhiéu bac tu do thi
tuong Gng s& ¢6 nhiéu trang thai dao dong riéng.
Tuy nhién, trong pham vi van hanh may, thuong
chi quan tim dén nhing trang thai dao dong ban
dau ¢ tan sd thap.
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Cudi cung 1a phan tich anh huong cua céc
xung luc cia bé may dén trang thai dao dong cua
hé. Bdi véi dao dong ngang cua rotor thi 6 truc
d6ng vai tro quan trong, né c6 thé 1am thay d6i dic
tinh dao dong cta h¢. Khi cac xung kich dong xay
ra tai 6 truc, no 1am cho tinh chat déi xang cua
rotor tai vi tri 6 truc mat di. Tuy nhién, néu tan s6
cua luc kich dong tai 6 truc cach xa tan sé dao dong
riéng cta co hé ung véi pham vi téc do lam viéc,
thi cac kich dong nay hau nhu khong anh huong
dén dic tinh dao dong cua co hé.

Két qua bai bao nay ciing 1a co s dé tiép tuc
nghién ctu hé dao dong cua toan bo rotor - 6 truc
ket noi vai may phat dién trong thyc te.
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