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PHUONG TRINH CHUYEN DONG CUA CANH TUYEC BIN
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1. PONG NANG VA THE NANG ¢UA CHUYEN DONG CANH TUYEC BIN

Hé toa 45 d& khdo sit chuyén déng cia canh tuyéc bin dwa vio nhir Aink I, trong d6 truc =z
doc theo chidn dii canh, truc ¥y vd z I truc quén tinh chinh cda thidt dign véi 0 < = < £ (€12
chidu dai canh), yr, zp 13 truc qudn tinh chinh tai thiét dién géc =z = 0 (Diém ndi gifra canh va
dia), v 1a géc léch gifa cdc truc quin tinh chinh tai z = 0 vi = = £, § 13 gdc 1&ch gifra truc quin
tinh chinh tai ¢ = 0 vi ti€p tuyén cda dia tai didm d6, T 13 tim udn tai thidh dién khio sit, 0 13
vin t8c géc cia tuyéc bin. .

17 .

Y CAx) \3

Hinh 1. H8 toa &5 clda cénh tuyéc bin
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Phwong trinh dao deb-ng cla cinh tuyée bin dwoc vidt trén hé toa dd Ozpyrar. Trong qud
trinh tinh tedn, cinh tuyéc bin dwoc xem nhw mé hinh cda mat thanh lién tue, thift dién ngang
cla canh bé so v&i chidu dai cla né. Ngodi cac gid thiét vé Iy thuyét thanh lidn tuc nhw trong [1),
canh tuyé&c bin cin thda min cic didu kién sau:

a) Vit lidu 13 d8ng chdt v ding hwdng - tudn theo dinh luit Hook,

b} Tai mdi thi€t dién cic dai lwgng nhw dién tich, khodng cich gifra trong tim va tim udn,
. mb men qudn tinh, ... cé thé bidu dién dwéi dang da thirc hitu han cda bién z,

c] Céc géc léch giira truc quan tinh tai z = 0 vd © = £ bién thién tuyén tinh theo chidu dai.

Céc bién dang chinh cda canh tuyc bin 13 bign dang udn theo hai phwong nim trong mit
phing vudng géc véi truc z va bifn dang xoin quanh truc ndy. Ky hiéu Vi, Wr 13 chuyén dich
cda tim udn vd v, w 12 chuyén dich trong taim cla thit dién, gita hai dai lvgng ndy ¢6 méi quan
hé:

VT:'U+sz¢)

(1.1)
Wr =w—dyr¢,

trong dé ¢ 14 goc xolin, d,p, dyr 14 kholng cich gitra tim udn va trong tim trong hé toa 45 khio
sdt.
Dong ning va thé ning cila cdnh tuyéc bin dwoc tinh theo cdng thic [2]:

g |
T 5 [ lAIVZ) + (V2] 0 Lo+ dard! )+
0
+ Iyp (¥ — dypd' — dypd) }dz,

1 E 12 12 r ' / 2 ' 2 (1'2)
U= gf{EIzF(‘P) “‘_EIyF('fb) +2IyzF50 4 +K'AGHU '“"P) + (w - Vf’) ]+
3 )

g
+ (V)2 + (Wr)? f pAQ(R + 7)dT — pAN? (Vr cos§ — Wpsin0)? }dzr.

trong 46 A 13 dién tich thiét didn cda cinh tuyéc bin, R 12 ban kinh dia tuydc bin, E, 6, £ 13 md
dul dan hdi, mb dul trwgt vi hé 58 trowot. I, 13 m8 men quin ¢inh cye. Cdc ky hidu ('), (') 12 dao
him theo th¥i gian va theo bign chign dai z. o, 4 13 g6éc nghidng uon giy ra chl do bign dang uén
thee phwong ¥ va 2. I;p, Ip va Iy.r 13 m8 men qudn tinh d8i v&i hé toa 8 khio s4s, L, I, Ia
mé men quan tinh tai toa'd$ z. Gifta cic dai lwgng ndy ¢ méi quan hé:

z z .
I = I, cos? 'TE + I sin® 4=

E H
. T . T
Lr= Iz'cosz'rz +Iysm2"jz - (1.3)

1 . T
Iyr = 5(1’; - Iy)sm2fyz-

Ky hiéu d,, d. 13 khodng cich gifta trong tAm vi tim udn clia thiét disn cé toa dé z, ching ciing
c6 méi lién hé véi cic khodng cich niy & thiét dign géc dyr, dop <6 dang:
z
E 1
z
. {

Tir {1.1), (1.2), (1.3) va {1.4), sau mét s& phép bién d6i, dong ning vi thé ning cda hé dua
vé dang:

dyr = —d; sin"y% + d, cos
PR (1.4)
d.r = d, cosqz + dy sin -y
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1 . v 2 . 12 . . : .7
T= Efﬁ{fl{(v)_g + ()% + Lrd” + Lpd® + 24d.p 04 ~ 24d,p ¢+
o]

1+ A(dzf‘f + dsgﬂ'") + IzF(d;F.)? + IyF(dLF)?iC!;Q + | Lpd? + f;ma’?;.ﬂ"ld;'z+
+ 21_:F"£2Ffﬁé¢’ + ZIde;F(Pq; - ZIdeyFEb.gt;f_‘_ 2ny‘dyp‘¢)¢—}-
+ 2L pdopdlp + Tyrdyrd, pldd Ydz, J (L5)

, . ,
1 ) 2
U=3 f{Eszst')E + ELp(¥')° + 2L ro'y + KAGH(Y — )° + (w' = 4)7]+
0

+ QP {Nv? + N + [N((d,p)* + (dLF)g) — pA(d.p cos 8 + dypsin 6)2 47+
+ 2pAsinf cos fuw — pAcos” fv? — pA sin? dw? — 2pAld,r cos® g+

+ dyp sin b cos flug — 2pA[dyr sin® @ + d.psinf cos8|wo+

+ N(dop + dop)d™ + 2Nd,pv'¢ + 2Nd,pv' ¢ — 2N, pw'¢ — 2N p ' ¢'+

+2N(dypd,p + szdrzF')¢¢S’}}d$, ' ' A (1.6)
trong dé
£ .
N:[pA(E)(R-i—":f)dE. (1.7)

la dai lwong ty 18 véi lirc ly tim giy ra do chuyén déng quay clia tuy€c bin. Bidu thic ning hwong
(1.5), {1.6) trén 13 him cia cic tham s& cda cdnh tuyéc bin nhw dién tich thidt dign, géc lach, géc
udn truwde, khodng cdch gitta trong tim vi tim udn, vin téc goc quay ...

D& thudn tién trong cdc tinh todn tifp theo ta dwa vio cic dai lwong khong thi nguyén saw:

. - R . ,
f.:.:%’Uzg‘?f:%’R:TI‘::COSH)SESinHr
\2 o odo 4 2 0 Ap e (1.8)
Ely Ely ,

(Ao, L0, dyo 12 cdc tham s8 tai thidt dién z = 0).
Theo gid thigt & trén, dién tich thigt dién, mé men qudin tink, khodng cdch giita tim uén va
trong tim c6 thé bidu didn 13 nhiing da thirc cda bign chidu dai ¢ dwdi dang:

A(f) = Ad)f{u fA =1+ cA-l‘:._l' CAZEQ +--F CAm,g’H:

Iy(f) - IyUfIy: fIy =1+ 67y1§+ ':Iy2f2 + ok Cf_qum;

I,
Iz(f):-{yﬂffzg f[zzfo

vy ‘
dy(f) = dgl’)f;!y; feiy =1- G.rﬂylf -+ Crlnyg + -+ Celyrn Em,

+CIz15+CIzEEQ+"‘+szrn£m; (I 9)

; d:l’)
dz(E) = dy(] fdiz: fdz = P + cdz1 € cazz ‘52 do Gz ‘Em-
1)

Thay céc bifu thive trén vio bidu thic n&né hrong, ta nhin dwoc:
L ,
1 Y ] . . w . A
T= EPAUZS f {51_117“ + bogd? + by + bes ¥’ + 2by30d + 263386 + band®+
. . .

+ bgaX? + 2byxX + 2basbid + 2bsPx + 2bagdp + 2basdx HE, {1.10)
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"
1 EI EJ ¥ 3 Ed *
U= 5—-232 f {riap™ + resy + 2rasp’y’ + rin' e+ ale® + age®—

0 . )
o 2rajgn’e = 2rase’y 92[’”115"2 + azap® + a1n”® A+ azae+
+ 2a19m¢ + 201309 + 2azagd -+ acex” + 2rian' é+
+2ri6n'% + 2ranss’d + Trases'x + 2asedx] }dE, (1.11)

trong dé x = d—'z, cac hé s8 ayy, by, rij, ral, ra;; cho trong [3].

2. PHUONG PHAP PHAN TU HUU HAN DE TINH CANH TUYEC BIN

Phwong phip PTHH dwyc fing dang & diy dé tinh cic tich phin ning lweng (1.10), (1.11).
Chigu dai £ clia cdnh tuy&c bin dwgc chia thinh N phin bing nhau (N > 1). Chuyén dich bén
trong mdi phin ti dwoc gid thift tink qua chuyén dich tai cic didm nit thong qua ham thay thé.
Ham thay thé & diy phii thda man cac digun kién litn tuc vi dao him lién tue. Hidu qud vi chit
lrong cia phuwong phdp PTHH phu thude vio viée lwa chon him thay thé vi =8 phin to dwoee
phin chia. Tich phin mét chitu hay him Lagrang L= T — U dwoc tinh:

1 Pl P: .Pi . PN
L=%fF(ﬁ)dE=%[/F(E)d6+fF(é)d£+~-—+ f Fe)de+ -+ f F(g)dg]:i_fz,-,
0 0 Py P, Pyl i=1

(2.1)
trong dé F(£) 1a hidu cda hai him dwéi diu tich phin trong (1.10) va (1.11). L; ky hiéu 13 tich
phin cia him Lagrang trong doan [p;_1, p;]. Trong phin tit thi ¢ bién s&:

1—1

5:—N—+-}\;Eg, 0L <, , (2.2)

va ham Lagrang dwoc tinh:

L
L= j—f{»/F(g)d& 0<E <. S (23)
Q

Véc to chuyén dich dic trung cho hé bién dang uén va xodn cda cinh tuyée bin dwee ky hidu:
T
gle} = [n{€),¢(€), #(8), w(€), (&), x(§)] . (2.4)

Véc to chuyén dich tai cic didm nidt cda phlin tid thir ¢ la:

. T
41‘—1(5{) = [m_x, Gio1y bie 1y i1, o1, X:‘—i}

i r T (2.5)
Gi(&) = (i1, qios iy Gid Tis @i} = [y ¢6s biy 00, Wi xs]
Trudng bién dang bén trong phin tir thi 2 dwoc tinh qua bign dang cia cdc diu ndt:
ql&) = G*(€) - (&), (2.6)

véi G*(€) 13 ma trin him thay thé.
Him thay thé G*(¢} trong phin t& thir + d8i vo1 bifn dang uén va xoin & diy dwoc chon la:
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n(&) =ni-1 Hy + pi-1 Ha + ni Hy + i Hy,
wléi} =iz H] + i1 Hy + 5 Ha + o Hy,
&)= Hy + i Ho + ¢ Hy + 4 Hy,
V(&) = g Hy + i Hy + g Hy + ¥ Hy,
¢{&) = i1 Hy + xi1 Ha + dHa + x: Hy,
x(&) = dema lly + xi-1 Hy + ¢ Hy + x: Hy,
trong dé Hy, Hy, Hi, Hy 13 nhitng da thitc Hermit bic 3 o;ﬁa. & 4]

Thay cdc bidu thic trén vio (1.10) va {1.11}. Khi 85 ham Lagrang 13 ham cia cdc bién difm
nit: '

(2.7)

L= ZLi ’71:§11¢1;§olswlnxls---:rﬁlfﬂ':431::@‘-'111[’1':)(1':"'177N=§N1¢'N)‘PN:¢N:XN]' (2'8)
=1 !
3. PHUONG TRINH CHUYEN DONG CUA CANH TUYEC BIN

T bidu thie ham Lagrang (2.8) & trén, st dung phuwong trinh Lagrang loai 2 ta thu dwoc
phwong trinh chuyén déng c¢da cdnh tuyéc bin dwéi dang ma trin:

M7+ (K + 02K)7 = G(t), (3.1)
trong dé
o . T
= [q11, 012, 913, Q14, 016, Q16,5 AN, G2 IV, IN4, IS ING] (3.2}
va véc to lwc ngodi tac dung: I
e . T :
Q=[qul:"'qulﬁs--'JQQNI:---)QqNG] ) (33)

M, K;, K> 13 ma trin khdi lrong va ma trin 46 cirng. Chiing 13 nhitng ma trin 46 xing.

Trong thwe t&, bién 46 dao dong cia cénh tuyéc bin cdn phu thudc vao gidm chin (5] . Gi
thi€t ring hé s8 gidm chin dwoc mé td qua dai hrong Dg, khi @6 phwong trinh chuyén ddng cé
dang:

—+

M3+ D3+ (Ky + QPKo)q = §(t). (3.4)
Pisu kién bign d8i véi cdnh tuyéc bin mét diu ngim, fn(f)t diu ty do la:
0—0 ¢ =0, $o =0, po=0, ‘/’0—0 x0=0,

tai z=£, (¢ = &y = 1)
WNZO, '¢'N:0: XN:D

(3.5)

Phuwong trinh chuyén déng (3.1) véi diéu kién bién (3.5) i phwong trinh co s& dé gidi bai
todn dao dbng cda cdnh tuyéc bin nhu bai todn v& tim dao ddng rténg, bii toin vé dao ddng'cda
cdnh tuyéc bin dwdi tdc dung cla lwe ngoai ciing nhw cic van d& vé d6 bén va db tin ciy cia canh
tuy&c bin trong qua trinh lam viée.
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4. vi DU VE TINH TOAN GIA TRI RIENG VA DAO DONG RIENG

Phwong trinh chuyén déng (3.1) v3 digu kign bién (3.5} dwoc dp dung & day dé tinh gid tri
riéng va dang dao ddng riéng cla cinh tuyéc bin véi thidt dién thay o .
é_(f_) =1-0C4,¢, éi@_ = 1— (.1 & d3c trung cho

o Ap Iy
sw thay d6i tuyén tinh cia thiét didn vi mé men quén tinh theo chitu dii, & dic trung cho sy
bidn d&i cda vén t8c géc quay cda tuyéc bin, n = 1,2,4,8 13 & phin t& dwoe chia ra cia cinh

Céc tham $8 Cyuy, Cr,;y trong hidu thirc

. tuyéc bin theo chidu dai. Cédc k&t qud thu dwoc cho tin s3 riéng dwoc so sanh vai két qui tinh
y 9 0 g : q

toin bing cdc phwong phap khdc, Duwéi day 13 két qud tinh todn cho tin s& riéng th& nhit va bén
dang dao ddng riéng d3u tidn clda cinh tuydc bin v& véi tham s8 k = 12.

Béng 1. Thn 8 ritng thir nhét véi cde tham s8 Cp,p = 0,95, Cyy = 0.8
. g 1 ) Al

kin 1 , 2 _ 4 8. . Theo [6]
0 5.27694 - 5,27452 5,27480 5,32729 5,27380
1 5,39278 5,39053 . 5,38667 5,38310 5,39030
2 5,72582 5.72491 5,72498 5,7_859_3 _ 5,72450
3 6,24023 6,24023 5,245209 6,18934 G,24020
4 6,80413 6,89326 6,89375 6,85548 6,80280
5 7,65010 7,65427 7,64383 7 66567 7,64430
6 8,47948 8,46757 8,46554 8,48363 8,46530
7 9,36133 9,33952 : 9,33439 9,36674 G,33470
8 10,28110 ~ 10,24628 10,27384  10,25520 10,27390
9 11,22874 11,17805 11,16692 1317717 ) 11.16500

10 12,19714 12,12828 12,10086 12,16441 12,10920
11 - 13,18137 - 13,09235 13,06744 13,09914 13,06570
12 14,17763 " 14,06673 14.03468 14,02354 14,03130
[
,!q.

Ban dang dac ddng riéng diu tién véi vin tdc gée quay k = 12
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5. KET LUAN

Trong bai bdo nay di dwa ra mét phuong phip thié’t-lf‘ip hé phwong trinh dao ddng cida cdnh
tuyéc bin dyra trén phu’cmg phdp phin t hiru han. Hé phtrorng trinh chuyén ddng ndy 4p dung ag
tinh toa.n céc tham sd dao dong ciing nhir cdc vin d% vé d5 bén vi d8 tin ciy cla cinh tuyéc bin.

Bw chi: . : Nhin ngay 25/3/1998
Vién Co hoc Vién KHVN C '

TAI LIEU THAM KHAO

1. Timoshenko 8. Vibration problems in engineering, D. von Nostrand Comp., Inc., Toronto,
1975. :

2. Fu C. C. Computer analysis of a rotating axial turbomachine blade in couple bendmg belding
- torsion vibration, Int. J. Num. Meth. Engng. 8 (1974).

3. Mahrenholtz O., Tin T. V. Bewegungsgleichungen der turbinenschaufel mittels der finite -
element - methode. Berich Nr. IB-026, Meerestechnik If, TU Hamburg - Harburg 1992,

4. Schwarz H. R. Methode der finiten elemente. Stuttgart, 1980.

5. Rieger N. F. Damping properties of turbine blades Shock and Vibration Digest, 11 (No. 4)
1979.

6. Hennig K. iiber Schwingungen rotierender Biegestiibe Report R-MECH 02/86 Adw der DDR,
1986. ‘

SUMMARY
THE MOTION EQUATION OF TURBINE BLADE
BY THE FINITE ELEMENT METHOD

In this paper, the finite element method has been applied to deriving the motien equation
of turbine blade in coupled bending - bending - torsion vibrations. These equations permit us
to develop straightforwardly digital computer programs for studing vibration problems of turbine
~ blades in turbomachinery as well as in other structural dynamic applications.
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