Nghién ciru khoa hoc cong nghé

~ MO HINH CHUYEN PONG LA CANH
~ CANH QUAY TRUC THANG BA KHOP XET DPEN
TINH CHAT PHI TUYEN KHONG DUNG KHI PQNG HQC

Nguyén Khanh Chinh'", Pham Vi Uy*

Tém tit: Bai bdo trinh bay hé phuong trinh tong quat mo ta dong luc hoc (DLH)
canh quay (CQ) truc thang véi day di cdc chuyen déng dic trung gom vdy, lic va
xoay ciia cdc la canh (LC). O ddy tinh chat khi déng hoc ciia CQ duwoc xét dén la
phi tuyén, khong dirng, dwoc ldy ra tie mo hinh tinh todan theo phuong phap xoady roi
rac (XRR). Mot mé phong so duoc thuc hién dé gidai cac phirong trinh vi phdan
chuyén déng phi tuyén ¢ diéu kién trang thai én ldp, qua dé xdc dinh ddp img vé vi
tri cua cac LC.

Tir khéa: Canh quay truc thing; Pong luc hoc canh quay; Phwong phép xody rdi rac; Vay; Lic.
1. DAT VAN DE

CQ tryc thang (hinh 1) gdm cac LC gan 1én moay-o thong qua cac ban 1¢ doc, ngang va
ban le dung. Cac ban 18 dép tmg cac bac tu do cia chuyen dong LC, han ché ung suét uén
tai gbc LC. Ban 1& doc cho phép LC xoay, thay dbi goc lap, thay dbi dic tinh khi dong. Ban
1é ngang cho phep LC chuyén dong 1én xudng so voi mit phiang quay — chuyen dong vay.
Ban 18 dtmg cho phép LC dich chuyén hudng 1én truge hodc ra sau trong mat phang quay —
chuyén dong lic. Mot bo phan quan trong ctia két cau truc CQ 1a co cdu dia nghiéng, cho
phép diéu khién goc 1ap chung ciing nhu su thay dbi theo chu ky cua goc lip LC bing cach
thay doi khoang cach cua dia nghiéng so v6i mét phang quay va thay d6i goc nghiéng ciia
no6. Cac thanh ndi tir dia nghiéng t61 gbc cac LC duoc bd tri & phia mep trude LC, do vay,
khi c6 chuyén dong Vay cling s€ lam thay 601 goc 1ap LC. LC vy 1én, goc lip giam va
ngugc lai (hleu ung bu Vay) Tai ban 18 lic m&i LC bd tri mot bd giam chan.
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Hinh 1. Cau tao moay — o canh quay Hinh 2. Cac hé toa do va cdc goc dac trung.

truc thang Mi-8.

Trong hinh 1 1a cdu tao moay—o ciia CQ tryc thing Mi-8, cac ban 1& vay, lic va xoay
dugc bo tri vuéng goc voi nhau, lan lugt ¢ vi tri tir trong ra ngoai so voi truc quay. Mo
hinh s€ duogc xay dung trén co s& phong theo CQ tryc thang Mi-8.

Mo hinh BLH chuyén dong CQ voi gia thiét LC cung tuyét d6i bao gdm cac phuong
trinh chuyén dong xoay, vay, lac c6 anh huong lan nhau khi LC quay quanh tryc, chiu tac
dung cua cac luc bao gom trong luc, luc ly tdm, luc coriolis, cac lyc khi dong va luc can
thuy luc ctia b giam chan. Loi giai cac phuong trinh PLH 14 canh CQ cung cap thong tin
ve dap img PLH cuia cac LC va vi tri cua chung trong khong gian khi CQ 1am viéc.
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Trong cac nghién ctru trude day, thuong dua ra gia thiét vé cac goc nho dé don gian
héa cac phuong trinh [1], m6 hinh khi ddng duoc sir dung thuong 1a cac mo hinh tinh toan
theo phuong phap phan tir 14 canh [2]. Trong nghién ctru nay, md hinh khi déng tinh toan
CQ theo phuong phap XRR dugce st dung, cho phép xac dinh sat thyc hon thanh phan van
tdc cam tng trén mdi panel cia bé mit LC, qua d6 xac dinh chinh xac hon cac thanh phan
luc khi dong phan bd.

2. MO HINH CHUYEN DPONG CANH QUAY TRUC THANG BA KHOP XET DEN
TINH CHAT PHI TUYEN KHONG DUNG KHI PONG HQC

2.1. Bai toan phan tich phén t6 I4 canh

2.1.1. Cac hé toa do va cdac goc ddac trung cua la canh

Bé thiét lap cac phuong trinh chuyén dong, str dung hai h¢ toa d6 (hinh 2). H¢ toa do
nua toc d6 cua CQ co goc O dat tai diém giao gilia tryc quay va mat phang quay. Truc OX
nam trén mit phang quay, cung chiéu vecto chuyén dong tinh tién cua tryc thang. Truc OY
trung véi truc quay, huong lén trer}. Truc OZ tao ‘Ehanh vO1 hai truc k}a hé toa d9 truc
chuan phai. HE toa do 14 canh c6 goc O tai giao diém cua truc ban 1€ lac voi truc d‘chlé
cénh. Truc O\Z; trung véi truc doc LC.‘ Truc OY; ¢6 phuong theo phuong truc ban I¢ lac,
chiéu hudng 1én trén. Truc O;X| c6 chiu hudng t6i mép trude LC, vudng goc voi hai truc
kia tao thanh hé toa dd truc chuan phai. )

Trén cac hé toa d0 ta xac dinh duoc cac goc vi thé dac trung cua LC: v — géc phuong
vi; @ — goc xoay; S — goc vay; & — goc lac. Ngoai ra con ¢o goc a 1a goc tan CQ, hop
boi vée to van toc dich chuyén cua CQ véi truc OX.

2.1.2. Phan tir I canh

Trong bai toan dugc xem xét, co tinh dén yéu t6 do van cua LC. Dé sir dung két qua khi
dong tir md hinh xoay roi rac, LC duoc thu vé thanh tam mong — mat mang (hinh 3). Tuy
nhién yéu t lién quan dén profil LC 1a luc can ma sat van duoc xét dén.
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Hinh 3. Cdc phan tir va phdn tich céc lyc tic dung trén phan tir LC.
~ LC dugc chia thanh » ph.'?ln, i theo sai, danh s6 theo chi §6 i . Céc diém tinh toan duoc
bo tri trén moi p}lén tr. Gia thiét rang, truc khi dong, truc khoi lugng cua LC (rﬁng Vo1 truc
doc di qua ban 1€ xoay. Khi do, cac diém tinh toan trung véi trong tdm cua phan tir.
Tai mdi bude tinh, toa d cac dinh va diém tinh toan C (x, y,z) trong hé toa d6 CQ cua
ph?m tr 14 canh (PTLC) hoan toan xac dinh theo toa d cac dinh LC va d¢ van cua noé.
Trong hé toa d6 LC, diém tinh toan c6 toa do (xl, Vb2 )
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Ma tran chuyén toa do ciia mot diém trong hé toa 0 LC sang h¢ toa do CQ:

cos(&) sin(&)sin(f)  —sin(&)cos(H) 0

T 0 cos(f) sin( /) 0 n
" ]sin(&)  —sin(B)cos(E)  cos(E)cos(B) 0
0 —bsin(f) bcos(f)+a 1
Ma tran chuyén toa do ciia mot diém trong h¢ toa do CQ sang h¢ toa do LC:
0 0 0 0
sin(&)sin(f) cos(f) —sin(f)cos(&) 0
L=l _sin(&)cos(p) sin(8) cos(&)cos( ) 0 @)
(acos(ﬂ)+b)sin(§) —asin( ) —(acos(ﬂ)+b)cos(§) 1

Trén moi phﬁn tu, cac lyc tac dung tap trung tai diém tinh toan, bao gém trong lyc, luc
li tam, lyc coriolis va cac lyc khi dong.

- Trong luc F, c6 phuong va chiéu huéng tam trai dat, véi gia thiét CQ khi chuyén
dong co truc quay ludn thang ding, trong luc c6 chidu nguoc chiéu OY:

F,=gm 3)

Trong do:

m — Khéi lwong tap trung cua phan tu;

g — Gia tdc trong truong.

- Lyc ly tdm cua chuyén dong quay quanh truc chinh c6 phuong, chiéu theo véc to
AC(x,0,z) (hinh 3) va c6 do 16n:

F.=mé= m.Q%r 4)
Trong do:
& — Gia toc ly tam chuyén dong quay quanh tryc cia PTLC;
£ —Van toc quay cua CQ;
r=~xt+z7.
- Lyc coriolis tac dung 1én qéc PTLC xuét hién do cac chuyén dong Vay, lac cta 1am
thay d6i khoang cach cta cac diém tinh toan so vdi truc quay:
E, =2m(V; +V,)x 2, 5)
Trong do:
V,, V, — Céc véc to van toc dich chuyén do vay va lic;

Z); — Véc to van tde quay trong hé toa d6 LC.
Str dung cac ma tran chuyén toa d9, ta xac dinh duoc cac thanh phén cua trong lyuc, luc
ly tdm va lyc coriolis trong h¢ toa d§ LC:
F,=(F,.F,.F,)

gx o gz

Fo=(FusFyoF) (6)

x>t eyrt ez
Frpp =(FooresFrorys Foor: )
- M6 men can cua bd giam chan, chong lai chuyén dong lac cua LC:
M,=-k& @)
k — Hé s0 m6 men can theo van toc goc lac.
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- Céc lyc khi dong trén LC xac dinh theo md hinh XRR canh quay phi tuyén, khong
dung [3]. Véi cac PTLC dugc chia trung khop vai cac dai dugc chia trong mo hinh xody
roi rac. Khi do, cac thanh phan lyc khi dong tac dung tai diém tinh toan cia moi phén tu s&
la tong hop céc thanh phan luc khi dong tac dung Ién cac phén to trong dai:

Fa:(Fax’Fay’ az) (3)

- Lyc can ma sat 1‘7;, c6 cung phuong va nguoc chiéu véi van tée dai tai diém tinh
toan, c6 do lon duogc xac dinh nhu sau:

¢,V pds

Fp == ©)

Trong dé:’

¢, —He¢ s6 can ma sat;

p —Mit d6 khong khi;

dS — Dién tich phan tu, )

V, — Van toc tuyét doi cua diém kiém tra;

V, =Qr.cos(g,)+Ucosa.cos(g, —g,)+ &2

U —Van tde dich chuyén cua CQ;

g,,83-84 — la cdc goc hinh hoc xac dinh duoc qua khodng cach truc cac ban 18, cac
goc vi thé 1a canh (y,&, ) va vi tri diém tinh toan (hinh 4).

U.cosa

2o
Qr

Hinh 4. Xdc dinh van toc tuyét doi cuia diém tinh todn.

Str dung céc ma tran chuyén toa do, ta xac dinh duoc cac thanh phé”m cua luc can ma sat
trong hé toa do 14 canh:

Fy =(FpFyoFr) (10)

2.2. Cac phuong trinh chuyén ddng 14 canh
2.2.1. Phirong trinh chuyén déng xoay

Chuyén dong xoay 14 canh 1a chuyén dong cudng buc. Goc xoay cua mat cat goc 1a
canh tai cac goc phuong vi khac nhau dugc dat vao boi co cau dia nghiéng.

P =@y + A COS(Y +Y )+ Bysin(y +y,) + ki, B

Trong do6: )

@, — Goc lap (sai) chung cua cac 14 canh;

4,, B, —Céac goc nghiéng cua dia nghiéng theo kénh ngang va kénh doc;

., —Goc don diéu khién;

k., —Hé s6 diéu chinh goc lip do LC chuyén dong vay.

202 N. K. Chinh, P. V. Uy, “Mé hinh chuyén dgng ... phi tuyén khéong dirng khi dpng hoc.”



Nghién ciru khoa hoc cong nghé

Do LC ¢6 d% van, goc xoay ¢ tai cac mat cat i khac nhau dugc xac dinh:

(i—l).Ago

p=¢,+ Al COS(l// +l//don) +Bl Sin(y/ +l//d0n)+kcnr‘ﬁ_ (1 1)

Trong do:

Ap —Goéc van LC
2.2.2. Phurong trinh chuyén dong lac

Xem xét chuyén dong ldc trong hé toa d¢ 14 canh (hinh 3). Véc to canh tay don cia céc
luc doi voi giao diém cua truc ban 1€ lac va truc doc 14 canh cho béi:

Fig =0,C =(0,0,2));

Véc to chi phuong cua truc lic: lag = (0,1,0).

M6 men do cac luc tac dung trén LC ddi voi ban 18 1ic xac dinh nhu sau:

M6 men gay boi lyc khi dong: M, ,, = Zn:(ﬁa X Fiug ).f,ag = Zn:Fax.z, ;

M6 men gay boi luc can ma: M, = Z(F X Fig ) tag = z Zy

i=1

M6 men gay boi lyc ly tam: M, . = 2(136 X Fg ).f,ag = chx-Zz ;
-1 i-1

n

M6 men gay boi trong luc: M, ,, = Z:(Fé X g )fl% = Zngz, ;

i=1 i=1

M6 men gy boi luc Coriolis: M, 4, = Z(F xnag)t,ag z o Zl 3

cor
i=l1

Mo men can ciia bd giam chéan, nguoc chiéu chuyén dong lic ctia 1a canh:

M,=-ké
Cén bang cac md men lyc quanh ban 18 Iic, ta co phuong trinh vi phan chuyén dong lic
cua la canh:

é: Z‘]lag ax lag f lag + Mcxilag + ngilag + Mcorilag + Me (12)

Trong do.
J,

lig — MO men quan tinh cua phan tir d6i véi ban 1é lac: J, lag = mz; .

Trong mot budc tinh toan, gia tri cac goc £, & va van toc goc ,[)’ , <§ lay tir budc tinh
trude d6. Vi céc gid tri ddu: B, =0 ; B,=0; & =0; & =0

Van tbc chuyén dong lac va gbc lac buérc tinh tiép theo duoc xac dinh:

& 5 +¢ (13)

~ Ay A_,/,z
Sn=c+e 0 +§-[Qj (14)

2.2.3. Phurong trinh chuyén dong vay
~ Xem xeét chyyén dong vay trong h¢ toa d§ LC (hinh 3). Véc to canh tay don cua cdc luc
doi voi giao diém cua truc ban 1€ vay va truc doc LC khi khong lac 1a:
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Frp = BC =(bsin&,0,z, +beos &)
Véc to chi phuong cua truc vay: fﬂap = (cos £,0,—siné ) .

M6 men do cac luc tac dung trén LC ddi voi ban 18 vay xac dinh nhu sau:
M6 men gy boi luc khi dong: M, 4, = Z(Fa X Fap ),fﬂap = zFay (z,cosE+b);
i=1 i=1
M6 men gdy boi luc can ma sat: M, ;. = Z(Ff X Fap ).fﬂap =Y Fy(zcosé+b);
i=I i=1

M6 men gdy boi luc ly tam: M, ,, = Z(E X F o )fﬂap = Zn:FCy (z,cos&+Db);
i=1 i=1

M6 men gy boi trong lue: M, ;. = Z(ﬁg X fap )‘?flap = Zng (z;cosé+b);
i=l i=1

M6 men gy boi luc Coriolis: M, 4, = Z(ﬁ X fap ).fﬂap = tiory (z;cosé+D).
i=1

cor
i=1

Cén bang cic md men luc quanh ban 1& vy, ta c6 phuong trinh vi phan chuyén dong
vay cua la canh:

ﬂZJI :Maiﬂap +Mf7ﬂap +Mciﬂap +Mg7ﬂap +Mc’or7ﬂap (15)

i=1
Voi:
J g — MO men quan tinh cta phan tir voi ban 18 vay: Jpap =m.(b+z,cos& )2 .
Van toc chuyén dong vay va goc vay bude tinh tiép theo duge xac dinh:

fa=Bi e (16)

~ Ay A_Wz
Ba=B+p. 0 +'B'(Qj (17)

3. CHUONG TRINH TINH TOAN VA MOQT SO KET QUA VE
PAP UNG VI THE LA CANH VA PAC TiNH CANH QUAY

3.1. Poi twgng tng dung mé hinh va so d6 thuit gii

~ Chuong trinh tinh toan md hinh dong luc hoc CQ dugc xdy dung trén co s¢ phat trién
tiép chuong trinh tinh toan }(hi dong hoc CQ [3]. Poi tugng dugce tinh toan la CQ truc
thang Mi-8 vdi cac dir li¢u vé CQ nhu sau:

Ban kinh CQ: R= 10.614(m) ;

S6 lugng 14 canh: k., =5;

Khbi lugng 1 14 canh: m,,,, =140(kg);

Profile 14 canh NACA 1102 c6 hé sb can ma sat: ¢, =0.0084;
Khoang cach tir truc quay dén truc ban 18 lic: a = 0.9(m) ;

Khoéng cach giira hai truc ban 1& viy va lic: b= 0.6(m) ;
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Khoang cach giira truc ban 1& vay téi mat cit gbe 14 canh: ¢ = O.S(m) ;

Goc xo0édn 14 canh: Ap=5°;

Van toc quay: 2 =20, 096(rad / s) ;

, ’ A R _ o,
Goc don dicu khién: v, =217;

Hé sb bu vay: k

cor

=0,5;

Qua trinh tinh toan duoc thuc hién theo so do thuat giai (hinh 5).

Nhép dir ligu:
Dit liéu hinh hoc: R.k,,m,.a,b,c.Ap
Di lidu dong hoc: U, Q&

f

Khdi tao cac gia tri goc:
@, =@ +a,y
p=0.p=0.p=0

£=0,£=0,=0

!

Nhap s6 luong budc tinh: S,
Khai tao bude tinh: s=10

Xac dinh cac toa do:
- diém kiém tra
- diém tinh toan

Xéc dinh cc tham s6 khoi hrong,

quén tinh phan tie: m,J ., J,
Tinh céc luc:

F,=(F,.F,.F,)

a

(F.F,.F.)

F=

Tinh cac mo men:
-Banléldc: M, .M., M

c_lag? " g _lagr e

-Ban levay: M, .M, . .M, .M

M

a_lag? ™" f _lag?”

S A e _flap?

Xac dinh gia toc goc: f§,&
Van toc goc: 3.
Gia trj goc: f.&.@

Hinh 5. So do gidi thudt.
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3.2. Cic két qua va thio luin
3.2.1. Danh gia sw hoi tu cua chuwong trinh tinh toan va tinh dung dan ciia mé hinh

Trong so do giai thuat trén, tong s6 budc tinh S, va budc thay d6i goc phuong vi Ay
duogc lya chon khi chay thir chwong trinh tinh toan dé khao sat tinh hoi tu caa no. Trong
cac két qua dugc dua ra & dudi: S, =162; Ay =10° tuong Gng 4,5 vong quay cuia CQ.

Khao sat CQ & ché do chay bao doc truc (CBDT) véi goc lap LC ¢ =11, thu duoc dit
lidu vé cac gbc vi thé LC va cac hé sb khi dong quan trong, xay dung dd thi quan hé cia
chung vai goc phuong vi ta thu dugce cac dac tinh:

Tt cac dac tinh théy ;éng, o cl}é do CBDT cac hé s6 1}_10 nang (hinh 8) va moé men can
(hinh 9) c6 su hoi tu, thé hién sy on 1ap dan cua cac hé s6 khi dong. Pap tng goc vay cua
cac LC (hinh 6) 6n dinh VQ mot gid tri xac diqh. Su' hdi tu cta cac gia tri khang dinh tinh hoi
tu ctia mo hinh tinh toan thé hién ding ban chat vé mat dinh tinh dong luc hoc CQ ba khdp.

Chuyén dong lic clia LC khong thiy c6 sy 6n lap vé mot gid tri goc ldc ¢b dinh ma la
mdt qué trinh dao dong (hinh 7) v6i chu ky 16n hon nhiu so v6i tan s6 dao dong cua
chuyén dong Vay phii hop véi két luan ciia cac tac gia khac [7]. Do vay, trén cac hé thong
CQ hién dai déu can co cac giam chin duoc b tri dé triét tiéu chuyén dong lic ciia LC.

2
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Hinh 6. Padp ung goc vay la canh Hinh 7. Dadp itng goc lac la canh
(ché do CBDT, ¢ =11°). (ché do CBDT, ¢p=11°).
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Hinh 8. Do thi hoi tu hé so lyc nang Hinh 9. Do thi hoi tu hé so mo men can
(ché do CBDT, p=11°). (ché do CBDT, p=11°).

Qua cac dic tinh hoi tu cua hé sb nang, h¢ s6 can va gbc vay ciia LC nhan théy ré“mg, su
hoi tu cua chuong trinh tinh toan dat dugc ¢ sau khoang ba vong quay (S, =108). Do vay,
dé dam bao thoi gian tinh toan, cac sb liéu khao sat sau nay s& duogc ldy voi tong s6 budce
tinhla S, =108.

3.2.2. Khdo sdt cdc dic tinh ndng, can ciia hé théng canh quay ba khép & ché do chay bao
doc truc

Thuc hién tinh toan cho CQ & ché do CBDT véi cac gbc lép khac nhau ¢ =0,...,14° 1a
cac gia tri co trong thuc té, duoc diéu khién boi phi cong cua tryc thing Mi-8. Tir cac dit
liéu thu duoc, xay dung cac dac tinh nang, can cam rng va dac tinh cyc ctia CQ nhu trong
cac hinh v& dudi day.
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Hinh 12. Dac tinh cuc CBDT canh quay ba khop
Céc dac tinh thu dugc c6 sy twong déng t6t v& mat dinh tinh vé6i cac két qua cua cac tac
gia khac [4, 5]. Thé hién dung ban chat vat Iy cua dbi tugng, khi goc lap LC tang lén cac
hé s6 nang va can cua CQ tang 1én. Bac tinh cyc cho thay xu hudng tiép tuc ‘tang nhanh
ctia hé sb can trong khi mirc ting cua hé s6 nang giam di khi tiép tuc ting goc 1ap 14 canh.

Pé so sanh, danh gia dinh lugng céac h¢ sb khi d(_)ng’ cua CQ ba khép, thuc h1¢n tinh
toan CQ khi khoa cung cac khédp. Qua do thu dugc cac so liéu vé CQ cé cac LC gan cing,
xay dung dugc cac dac tinh.
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0.000 0.000 J
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= Khéng vay, khong lic = Khong vay, khong lic
Hinh 13. Cdc dac tinh ndng canh quay Hinh 14. Cac dac tinh can canh quay
khi co va khong co cac chuyén dong ddc thu  khi c6 va khong co cac chuyén dong ddc thu
o ché do CBDT. o ché dé CBDT.

Cac dac tinh khi dong ctia CQ khi khoa cic chuyén dong dic thi co su tvong dong tot
ca vé dinh tinh va dinh luong v6i cac két qua ciia cong trinh [4].

So véi CQ 1a canh gin ctmg, khi cac 14 CQ c6 khdp thuc hién cac chuyén dong dac thu,
v6i mot goc lap 14 canh xac dinh, ca kha ning tao nang cua CQ va m6 men can déu giam
di. Tuy nhién mirc giam cia m6 men can 1&€n hé thong dong lyc nhanh hon so voi mirc
giam cia luc ning theo sy tang 1én cua goc lip.

4. KET LUAN

Bai béo’dﬁ dua ra mo6 hinh tinh toan dc}pg luc hoc CQ ba khop cua truc t’héng, trong do,
cac tham so khi dong hoc dugc tinh toan bang mé hinh xoay roi rac phi tuyén khong dung.

Tap chi Nghién citu KH&CN qudn sw, S 66, 4 - 2020 207



Co ky thudt & Ky thudt co khi dong luc

Chuong trinh tinh toan xay dyng trén co s¢ md hinh ¢é tinh hoi tu. Budc dau, chuong
trinh d4 duoc sir dung dé khao sat cac dic tinh khi dong cia CQ & ché do CBDT. Két qua la
cac dic tinh thu dugc c6 su twong dong t6t voi két qua cta céc tac gia khac vé mit dinh tinh.

V& dinh lugng, cac dac tinh khi dong thu dugc khi khoa cac chuyén dong dac thu la
twong dong voi két qua ciia cac tac gia khac khi xay dung mé hinh tinh toan cho CQ c¢6
cac LC gan cimg. Khi ¢ cac khép quay, kha ning tao ndng va mo men can trén truc ciia
CQ giam di so véi khi gén cimg cac LC. Tuy nhién mirc giam cua kha nang tao nang cham
hon so v6i mirc gidm ciia md men can. Nhu véy, c6 thé nhan xét 1a két ciu CQ co ‘khop
khong chi ¢6 loi ich trong viéc giam mé men udn, tai trong dong gdy pha huy tai gbc LC
ma con c6 y nghia trong viéc nang cao chat lwong khi dong cia CQ, 1am dju mirc do bién
thién ciia m6 men can tac dung 1én hé théng dong luc cua truc thang khi thay ddi ché dd
bay (goc lap).
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ABSTRACT

DYNAMIC MODEL OF THREE JOINTS HELICOPTER ROTOR
WITH CONSIDERING NONLINEAR UNSTEADY AERODYNAMICS

This paper presents the general equations describes helicopter rotor dynamics
with a full range of typical motions including flapping, lagging and rotating. Here, the
aerodynamic properties of the rotor are considered to be nonlinear, unsteady, taken
from the model calculated by the discrete vortex method. A numerical simulation was
performed to solve the differential equations of these nonlinear motions at steady-
state conditions, thereby determining the position responses of the blades.

Keywords: Helicopter main rotor; Helicopter rotor dynamics; Vortex model; Flapping; Lagging.
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