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PHUONG TRINH CHUYEN DQNG CUA CANH TUYEC BIN 
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1. DQNG NANG VA THE NANG CUA CHUYEN DQNG CANH TUYEC BIN 

H~ tc;>a d9 d~ kh!to sit chuygn d9ng ctia cinh tuye'c bin du-a vao nhrr h?.nh 1, trong d6 trl!C X 

d9c thea chieu dii cinh, tqtc y va z Ia tqtc quin tinh chi'nh cU. a thie't di~n v&i 0 < X ::; £. ( e I a 
chieu dai d.nhL YF, Zp ll tn.J-C qucin tinh chlnh t{l.i thie't di~n gO'c X= 0 (Di~m nbi gifra cinh va 
dia), 1 Ia g6c l~ch gifra cic .tr\}C quin tinh chlnh t~i _X= 0 va X= l) e Ia g6c l~ch giii-a trl;IC quin 
tinh chinh t~i x = 0 vl tiep tuye'n cUa dla t<,~-i di~m d6~ T,c.; Ia tim uOn t~i thie't di~n khio sit, fl ll 
v~n tOe g6c cda tuye'c bin. 
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Phmmg trlnh dao di}~g cUa cinh tuye'c bin drrqc vie't tren h~ tQa d9 Oxpypzp. Trang qui 
trlnh tlnh to<in, cclnh tuye'c bin dtrc;rc xem nhtr mO hlnh cda m9t thanh lien t\1-c, thie"t di~-n ngang 
cUa einh be so v&i chieu dli ella n6. Ngoli cie gii thie"t ve lY thuye't thanh lien t\1-c nhu trong [lL 
cinh tuye"c b-in c'an th6a man ccle Uieu ki~n sau: 

a) V%t li~u ll dOng eh<it vi d:ing hrr&ng- tuin thea d!nh lu~t Hook, 
b)_ T~i m6i thie't di~n cic d~i lu·qng nhrr di~n tich, kholmg cich giii·a tr9ng tim vi tim u5n, 

mO men qu<in tlnh, ... c6 thg bigu dien du&i d~ng da th{re hlru h<;tn cUa bie"n x, 
c) Cic g6c l~ch gifra tn1-c quin tlnh tg.i x = 0 vi x = l bie'n thien tuye'n tinh theo chieu dil.i. 
Cic bie'n d~ng chlnh ella cinh tuye'c bin li bie"n d<}Jlg u6n thea hai phuang n~m trong m~t 

phing vuOng g6c v&i tr\1-C X va bie'n dg.ng xo£n quanh tr\1-C nay. KY hi~u Vr, WT la chuy~n d!ch 
c-da tim uOn vi v, w la. chuygn d!ch tr9ng tim cUa thie't di~n, gifra hai dg.i lm;mg niy c6 m5i quan 
h~: 

Vr = v + d,p¢>, 

Wr = w- duF¢, 
(1.1) 

trong d6 ¢ li g6c xoiin, dzF, dyF li khoing cich gill-a t5.m uOn vi tn;mg tam trong h~ tqa d9 khio 
sit. 

D9ng nang va the' nang cda cinh tuye'c bin du·qc tinh thea cOng thlfc [2]: 

, 
T =~I p{A[(Vr)

2 + (Wr)2
J + I"J,

2 + I,F(<j:> + d,p¢/ + d~F¢) 2+ 
0 

+ IyF(~- dyF¢'- d~F,j.)'}dx, 

' 
U =~I {El,p(;:i) 2 + ElyF(.;/) 2 + 2ly,F'P'o/' + J<AG[(v'- 'P)2 + (w'- ·;'>)']+ 

0 . 

( 1.2) 

' 
+ [(V~ )2 + (W~ )2

] I pAO'(R + x)dx- pAO'(Vr cos e- Wr sin 8) 2 }dx. 

trong d6 A la di~n tich thi~t di~n clia cinh tuyCc bin, R lJ. bin kinh dia tuye'c bin 1 E 1 81 K Ia mO 
dul din h'Oi, mO dul tru·qt va h~ s8 tru-qt. 11, limO men quin tlnh n:rc. Cic kY hi~u ("), ('} li difo 
ham thea thOi gian va theo bie'n chi'eu dii X. rp, 1jJ Ia. g6c nghi<~ng ubn giy ra chi do bie'n d~ng uOn 
theo phuang y viz. fyF 1 lzF vi lyzF limO men quin tlnh d:Oi v&i h~ t9a c19 khio sit, Iy, lz li 
mO men quin tinh t~i t9a 'd<? X. Giii·a ca.c d'}-i lu·J!ng niy c6 m6i qu'an h%: 

2 X • 2 X 
lyF = ly cos '£ + lz sm If_ , 

2 X • 2 X 
lzF = Iz cos 1£ + lysm I[, (1.3) 

fyzF =~(I,- Iy)sin21~· 
Ky hi~u dy, dz li kholmg cich giii:a tr9ng tam va tfim uOn ctla thiCt difn c6 tqa df? x, chUng cling 
c6 mOi lien h~ v&i cic kho!mg eich niy & thie"t di~n ,-gOc dyF 1 dzF c6 d;;mg: 

• X . X 

dyF = -d.z_Slll/7. +dycOS')'e, 

dzF = dzCOS"f~ + dysinj~· 
( 1.4) 

Tir {1.1}, (1.2}, (1.3} va {1.4), sau m\it sil phep bi~n d&i, d(lng nang va thg nang ella h~ drra 
v'e d~ng: 
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T = ~ j p{A[{v)' + (w) 2
] + I,r<i:? + Ivr~' + 2Ad,pv¢- 2Advrw¢+ 

2 ' 
0 

+(I,+ A(d;F + d;rJ + lzrf(r) 2 + fyF{d~r) 2 ]¢ 2 + (I.rd;F + I,rd:,r(~' 2 + 

+ 2lzpd,r<P¢' + 2I,rd:r<P¢- 2l,rdvF~¢'- 2Iyrdvr~cf+ 
+ 2[lzrdzpd~F + lypdypd~pj},j,')dx, 

' 
U = ~ J {El,r('P')' + Elvrft/J')' + 2Iv,r'P't/J' + KAG((v'- '1') 2 + (w'- ,0) 2]+ 

() 

+ 0 2
{ N v'2 + Nw'2 + (N((d:r )2 + (d~F )2

) - pA(dzr cos 8 + d,r sin 8) 2 ]¢2 + 

+ 2pA sin(} cos Bvw- p;i cos 2 fJv 2 - pA sin 2 
()w

2
- 2pA[dzF cos2 fJ+ 

+ d,r sin 8 cos B(v¢- 2pA(dyF siu2 8 + d,p sin 8 cos Bjw¢+ 

+ N(d;F + d;r)¢'2 + 2Nd~rv'¢ + 2Ndzrv'¢'- 2Nd~pw'jJ- 2Nd,rw'¢'+ 

( 1 5) 

+ 2N(d,rd~F + d,rd~r)M') )dx, (!.6) 

trong d6 

' 
N=jpA(x)(R+x)dx. (1.7) 

Ia d~i hr<!ng tY I~ v&i l\l'C ly tam gay ra do chuy~n d~mg quay cUa tuye'c bin. Bien thU·c n5.ng lm;rng 
(1.5L (1.6) tren li ham cUa c<ic tham sO crla c<inh tuye'c bin nlnr di~n tkh thie't di~n, g6c l~ch, g6c 
uOn tru·&c, khoing cich giira trqng tim va tim uOn, v~n tOe g6c quay .. 

D~ thu~n ti~n trong d.c tinh toil.n tie'p theo ta d1.ra vao cic d~i hrq-ng kh6ng thiT nguyen sau: 

X v w ~ R . 
~ = i l 'fJ = f. ' ~ = g J R = £ ' c =cos B, s =Sin B, 

.>.' = eAo 14 k' = eAo 140 2 
EI11u 

1 
Elyo ' 

( 1 8) 

(Ao, ·fvo, dyo Ia c<ic tham sO' t{li thie't di~n x = 0). 
Theo git.. thie't Cr tren, di~n tkh thie't di~n, mO men qu.in tinh, kh6<ing cich giii·a tiim uOn v a 

tn;mg t5.m c6 th~ bieu di~n ll nhU·ng da thU·c cUa bie'n chi~u dii ( du·&i d{lng: 

ly(O = lvofiu, 

I.(c) = I,nfi., 

dv(CJ = d,of.tv, 

hu = 1 + C]yl~+ CJyz(
2 +' · + Cfyrn~m, 

Izo 2 
/Jz = J + Cfzl~ + Cfz2E + · · · + C[zrn~n', 

yO 

f-tv = 1 + c·dyl ~ + CrJy2 ~2 + · · + Ctlym ~m, 
d-o , 

!dz = ;;- + C.!zl e + Cdz2e~ +.. -+.· C<izm ~m · 
yO 

Thay ci.c bie'u thlrc tren vao bieu thlrc nang hr9'ng, ta nh%n du-gc: 

1 

T = ~pAof3 J {bui72 + b22~ 2 + b44p2 + b55~2 + 2bl3i!J + 26,3~¢ + b,,¢2+ 2 . 
0 . 

+boo:?+ 2b4o0x + 2b,4~P + 2b5o~x + 2bo,,¢,~ + 2b3o¢x }de, 

44 

(!.9) 

{1.10) 

T 
I 
) 

l. 

t 
:p 

r 

I 
> 

I 
l 
I~ 

t 
t 
I 

I 

I 
I 
I 

~· (t 

I 
J 
·l 



I 
l 
• 

I ,. 

I 

J. 

U lElyoj{ 12 ·'·'2+z ,_,,+ * 12+. '2+ * ') * •1,2 = 2-e- r44~ + rss'f' r4s<p '+' r 11 1'J r 22 S" a 44rp- + a55 'f' -

0 

2 • I· 2 '·'· n2[ 12 ~2+ 2+ 2+ - ra 14 77 <p- rzs$" 'f' + u ruS" + a33'f' a11'1 . azz~ 

+ 2alzry( + 2a13ry¢ + 2a23(</> + aoox2 + 2rl3ry'</>+ 

+ 2r1G7J'X + 2raz3~'r:P + 2ra2aS"'x + 2a3G¢x]}de, ( 111) 

; .... ' - ,.) " ; ,.,., 
2. PHU0NG PHAP PHAN TU HUU H~N DE TINH CANH TUYEC BIN 

Phrrong phap PTHH drr'!c rrng dt;ng if diiy dg tinh cic tich phiin nang lrr'!ng (1.10), (1.11). 
Chi€:u dai e cUa c<l.nh tuye'c bin drrqc chia thltnh N ph"an b!ing nhau (N 2: 1). Chuy~n dich ben 
trong m6i ph'an tli- d:U'gc gilt thie't tinh qua chuyen d!ch t<;ti cic di~m nUt thOng qua him thay the'. 
Ham thay the' & a_ay phii thCa m5.n cac dieu ki~n lientl.,IC va d~o h'ilm lien ll.,IC. Hi~u qui va chit 
hrqng cUa phu·ang ph<l.p PTHH ph\J thu9c vio vi~c hra chc;m him thay the' va sO ph'an ttY du·src 
phin chia. Tich phfin m(?t chieu hay ham Lag1·ang L = T - U dm;tc tinh: 

L = ~ j F(c)dc = HJ' F(E)d,; + J'F(c)dc + + ]' F(c)dc + + f F(CJdE] = f= L,, 
0 0 pl I';-1 f'N-1 i:l 

(2.1) 
trong d6 F(E)la hi~u cda hai ham dU"&i dau tich phiin trong (1.10) va (1.11). L, ky hi~u la tich 
phin c-da him Lagrang trong do<;~-n [Pi-l, pi]. Trang ph'an ttY thli- i bie'n sO: 

(2.2) 

va him Lagrang drrgc tinh: 

1 

L, = ~ J F(E)d,;, (2.3) 
0 

vee ta chuy~n d!ch d~c tru·ng cho h~ bie-n d•~mg u&n va xo&n ct.b cfinh tuye'c bin du·vc kY hi~u: 

(2.4) 

V ec ta chuy~n d}ch t<;t-i cic di~m nUt cUa ph 'an tti- thfr i li: 

!Ji_i(,;t) = hi-l,~i-bf/>i-lJ'Pi-l,t/;i-lJXi-l]T 
~7i(€i) = [qil, Qi2,4/i3, qi4, Q15, qia]T = [T.Ii,~i, 4->i, 'Pl, 1./Ji,Xi]T. 

(2.5) 

TrrrCtng bie'n d<;tng ben trong ph 'an ttl- thU· i dm;rc tinh qua bie'n d~ng ella c<ic d'au nUt: 

q(E) = G'(c) · q;(,;i), (2 6) 

v&i G' (C) la rna tr~n ham thay thg. 
Him thay-the' a•(.;) trong ph'an ttY thtr i dOi v&i bien d<!-ng uOn va xoiin & diy dm;rc chgn ll: 
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~(~;) = ~,_,H, + 'Pi-1H2 + ry;H, + <p;H,, 

<,o(e,:) = YJi.o...rH~ + IPi-rH~ + YJiH~ + IPiH~, 
>(~;) = ,,_,H1 + .p,_,H2 + ,,H, + ,P;H4 , 

,P(~;) = ,,_,H; + ,p,_ 1H~ + >;H~ + ,p,H~, 
¢>(~;) = .p,_,H, + Xi-1H2 + .p,H, + x;H,, 

x(~;) = .p,._,H; + X;-,H~ + .j>;H~ + x;H~, 

trong do H 1 , H2 , H 3 , H 4 Ia nhfrng da thrrc Hermit b¥: 3 da ~; [4). 

(2. 7) 

Thay cac bifu thrrc tren vao (1.10) va (1.11). Khi do ham Lagrang Ia ham d.a d.c bi~n difm 
nUt: 

N 

L = L Li = L[77rd"r, ¢r, ipr, 'if;I, xr, ... ' TJi, fi, ¢i, <p;., 1/Ji, Xi, ... j TJN l t;Nj r/JN, lPN l 'ifJN, XN ]. (2.8) 
i=l 

' , ,.J A J -' N 

3. PHUGNG TRINH CHUYEN DQNG CUA CANH TUYEC BIN 

Tlr bii!u thrrc ham Lagrang (2.8) & tren, str dvng phuang trlnh Lagrang lo~i 2 ta thu drrqc 
phrrang trinh chuy~n d9ng ella canh tuye'c bin dU'&i d~ng rna tr~rr: 

(3.1) 

trong d6 

(3.2) 

va vee ta Iv-c ngoii tic dvng: 

(3.3) 

M, Kr, K2 li rna tr~n khOi hrgng varna tr~n dg cU:ng. ChUng li nhfrng rna tr~n dO'i xU·ng. 
Trong thl!c te', bien d9 ciao d9ng cUa cinh tuye'c bin cOn ph~ thu9c v~w gi!un cha':n [5] . Gilt. 

thie't ring h~ sO' gilun chiln drrq-c mO d. qua d~i hrgng D~ khi d6 phrr011g trlnh chuy~n d~ng c6 
d~ng: 

(3.4) 

t~ix= 0,(~ = ~o =0) 

TJo = 0, fo = 0, r/>o = 0, <po = O, t/Jo = 0, Xo = 0, 

t~i X= f, (~ = ~N = 1) 
(3.5) 

<p'tv = 0, 'if;'t; = 0, XN = 0. 

Phll'rrng trlnh chuy~n df?ng (3.1) vCti di~u ki~n bien (3.5) li phm:rng tJ.-lnh cas& d~ gi!ll bai 
to<ln dao c19ng cda c<inh tuyfc bin nhrr bii toin ve tim dao d9ng ri€ng, bii to<ln ve dao di)ng'crla 
c<lnh tuye'c bin dtr&i tic dvng cUa l1fc ngoii cting nhrr cic viln ae ve d9 b~n va d9 tin c~y cda cinh 
tuye'c bin trong qu<i trinh lim vi~c. 
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4. VI Dl) VE TINH TOAN GIA TRl RIENG VA DAO DQNG RIENG 

Phu-ang trlnh chuyiln d\)ng (3.1) va dieu ki~n bien (3.5) duyc ap dl,lng & day d~ tinh gia tri 
rieng va d~ng dao d9ng rieng eUa d.nh tuye'e bin v6-i ~hie't di~n thay dOi. 

Cac tham s6 CAl, Cr, trong biilu thirc A1!) = 1- CA 1 (, Izl~~) = 1- Crzl E d~c tru-ng cho 

sv thay dOi tuye'n tinh ella thie't di~n vi mO men quiin tinh theo ehi'eu dJj, k d~e tnrng cho SJ.! 
bi~n dOi eUa v~n t5c g6c quay cUa tuye'e bin, n = 1, 2,4, 8 Ia s5 ph 'an hi- dm;tc chia ra cUa dinh 
tuye'e bin theo chi~u dii. Cie ke't qui thu drrqc cho t3n sO rieng drrqc so sinh v61 ke't qu.i tinh 
to<in blng ciic phrrang phip khie. prr&i day li ke't qui tinh toiin cho t'an sO rieng thtl- nh5:t vi b5n 
d<;tng dao d{lng rieng d'iu tien ella cinh tuye'c bin ve vCri tham sO k = 12. 

Bdng 1. T'an sO' rieng th-fr nhti't v61 eiic tham sO chl = o, 95, CAl:::::, 0, 8 

k\n 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 5,78593 5,72490 
3 6,24023 6,24023 6,245209 6,18934 6,24020 
4 6,89413 6,89326 6,89375 6,85548 6,89280 
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 9,33470 
8 10,281~0 10,24628 10,27384 10,25520 10,27390 
9 11,22874 11,17805 11,16692 11.17717 11.16500 

10 12,197.14 12,12828 12,10986 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 

-{ 

BOn d~ng dao d{)ng ri€ng d5.u tien v&i v~n tOe g6c quay k = 12 
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5. KET LU~N 

Trang bai b<io nay d5. du-a ra m9t phucrng phcip thiet l~p h~ ph«ang tr'inh dao d{>ng ella cinh 
tuye'c bin d1Ja tren phrr011g ph<ip ph'an trl- hiru h~n. H~ phucmg trinh chuy~n d·9ng nay ip d\].ng d~ 
tfnh to<l.n- c<ic tham s5 dao d9ng cling nhu cic v5:n d'e v'e d{> b'en va d? tin c~y ella cinh tuye'c bin. 

Dia chl: Nh~n ngay 25/3/1993 
Vi~n Cu hqc Viin KHVN 
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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 motion 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. 

48 

l 

I 

r 


