PHUONG PHAP NHIEU PONG NHO XAC DINH TAI KHi PONG
TREN LA CANH QUAY TRUC THANG KHI BAY

TS P4 Minh Khai, ThS Hodng Anh Ti, Qudn chiing PK-KQ

1. Pat vén dé
Tryc thing 12 mot loai thit bj bay c6 nhiéu tinh nang bay dic biét nhw: cdt ha cdoh
thing ding, bay treo tai chd, bay sang bén phii, sang trdi va c6 thé bay ldi vé phia sau. Nhos

nhilng tinh ning bay dic biét nhu vy ma truc thang ngay cang duoc sit dung it phd bién
trong mei nhu dan su. Vi vay viéc nghién ciu truc thang vé 1y thuyé
cfing nhur vé khai thc thuc t& déu it cdn thiét va c6 ¢ nghia.

Trén két céu tryc thing, cinh quay chinh I thinh phén rft quan trong, né c6 rét nhidu
chifc ning: tao luc ning cho truc thing, tao lyc ddy (kéo) cho truc thang, 6n dinh va diéu khién
truc thing. Khi truc thing bay, 14 cdnh quay (LCQ) tham gia déng thisi chuyén ddng tinh tién
ciing truc thing v chuyén dong quay quanh truc cénh quay. Do vy & cic géc quay khéc nhau
cita LOQ tdi khf dong trén LOQ s& khdc nhau-va n6 s& 1ap theo chu ky quay ciia LOQ. Diéu
nay lam cho m6 men khi dong trén LCQ thay déi theo chu k¥ quay cia LCQ vi né lam mdi
LCQ din d&n lam gidm twdi tho cdnh quay. D khic phuc didu nay trén hdu hét céc loai tnrc
thing ngudi ta gn LCQ véi § quay thong qua bdn 1€ ngang. Khi nay LCQ c6 thé vily w do
quanh bdn 1¢ ngang, Nhung khi LCQ vira chuyén dong quay quanh truc T;a}r lai vira chuyén
dong viy quanh ban € ngang sé lam xudt hién lyc Coriolit trong mit phing quay cia LCQ.
Luc Coriolit ciing véi luc cdn khi dong trén LCQ ciing s& thay ddi theo cdc gée quay ciia LCQ.
Diéu ndly lam mo men utin LCQ trong mét phing quay s thay ddi theo chu kj quay cila LCQ
vl cling gy mdi vi gidm tuéi tho LOQ. Dé khic phuc diéu niy ngudi ta con gin LCQ vao &
quay thong qua bin 1€ dimg. Khi niy LCQ c6 thé lic w do trong mat phdng quay guan.h ban 1€
dimg. Nhu vy LCQ tham gia déng thdi nhiéu chuyén dong phic tap. Cic chuyén dong nay
dnh huémg lin nhau, ldm cho cdc dic tinh khi dong cia LOQ truc thang rét phitc tap va viéc
xdc dinh chinh xdc tai khi dong trén LCQ truc thing gap rdt nhifu khé khan.
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2. Sir dung phutong phép nhiéu dong nhé xdc dinh tai khi déng trén LCQ truc thang

Tir viéc nghién ciu dic diém 1am viéc cilia cdnh quay truc thing [1] ta thiy ring, khi truc
thing bay tinh ti€n céc tham s& dong hoc cia LCQ fudn thay ddi theo chu k¥ quay ctia cdnh
quay. Nhung c6 mot tham s& ludn khong déi khi cong sust dong co khong ddi, do la géc mo
clia nén quay. Khi truc thang bay todn bd nén quay nghiéng di, con géc md cia non quay
khong déi. Diéu niy duoc thé hién trén hinh 1. Nhu vay khi LCQ quay mét vong thi céc tham
s6 dong hoc clia n6 s& dao dong xung quanh gid tri trung binh. Gia tri trung binh cua cic tham
s0 dong hoc ciia LCQ la cdc gid i xdc dinh tai vi tri trung l4p cla ndn quay. Vi tri trung lap
duge xéc dinh & ch& d6 bay treo cila truc thang. Nhu vay cdc tham s6 dong hoc cia LCQ c6
thé phan tich thanh 2 thanh phén; phdn khong déi va phin thay doi (nhiéu dong). Trong thuc
1€ khi truc thing bay, nén quay nghiéng di mdt géc tuong -ddi nho, do vay gid trj cilia cdc tham
s6 dong hoc thay déi mot luong ciing twong doi nhd. Can cif vao cdc dac diém trén ta thay
ring ¢6 thé sit dung phuong phép nhiéu dong nhé [5] d€ xdc dinh tii khi déng trén LCQ truc
thing. Sau ddy ta s& xdc dinh tai khi dong trén LCQ truc thang bang phuong phdp nhi¢u dong
nhd. '
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Hinh 1. Bjc diém lam viéc clia cénh quay tryc thing

Xét mot phan 16 LOQ c6 chiéu dai theo sai 1a mot don vi, ddy cung 1A b, dong khéng khi
¢6 t6¢ 6 U chdy bao LOQ dudi goc tan e (hinh 2).

Hinh 2. S0 48 mit cit LCQ tryc thiing trong déng khi

Dé xic dinh cdc luc khi dong tic dung 18n phan 16 LCQ ta chon he toa dd gin trén phan
16 LCQ va quay theo truc quay ciia cinh quay. Géc lap @ cia LCQ sé dugc tinh tir mat phing
quay. Trong hé toa d¢ trén, téc do dong khi so vdi mat phing phén 16 LCQ c6 céc thanh phén
li u, vi u,. Thanh phdn t6c do u, ndm trong mat phing quay va hudng theo chiéu lyc can khi
dong; thanh phdn t6c do thing dimg u, vuong géc véi mat phing quay va hudng xudng dudi.

Téc do téng hop ciia dong khi trong thiét dién LCQ s& 1a U =m.g&tﬁncﬁn thiét dién
LCQsEla a= 6- p wong db ¢ = arcrgiufu,).
Lyc ndng va lyc can khi dong trén mat cit LCQ s i
T=05.C, pU"b,
0=05.C,.p.U"b.

Luc nang T vuong gée vai tdc do dong téng hop U cdn luc cin Q song song véi U. Luc
nang v luc cin thanh phdn trén hé truc toa d6 chon & trén s& 1a ¥ va X Sau day t1a s sir dung
cdc dai luomg khong thit nguyén U =U /@R, &, = u, /@R, U, =u (@R, u =u ok, odly
w la 1oc do goc cla truc cinh quay: R 1a bdn kinh cdnh quay. Cdc hé s6 luc nang C =C (a,M)
vi C,=C (M) la cidc him cia goc tin a=(0 - ) vi s6 Mach M=M,£_f ,odiy M, la s6 Mach
a ddu miit LCQ & ché do bay treo.

Luc hudmg kinh trén nét dién LCQ la:
2240 y'¥ = pUnbC, - 'Y

Thanh phdn thit nhat thé hién luc can huéng kinh cua tét dién |, thanh phin thi haj 13
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hinh chi€u ciia luc nang ¥ theo phuong hudng kinh. Thinh phin ndy xuat hién Ia do do udn y’
trong mét phing vly cda 1.

Ciic lyc tic dOng trong ti€t ditn LCQ dugce xéc dinh nhr sau:
Y=T cosp-Q.sing=(Tu, —Qu, ) iy
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X=T.sing + Q.cosp= (Tu, + Qu, ).
Thay céc gid trj ciia T va Q vio céc bifu thic trén va chia cho gradien hé s6 luc nang a
ddy cung b v mat do khong khi p ta nhan ducc:
Y=
{m’mb _[ ]
-ofe gea)
= Z —_
z=—-l-l_=
oo 5
Bay gidf ta s& x4c dinh céc luc khi dong thong qua cdc chuyén dong nhiéu dong cia LOQ
(su thay ddi t8c do vh gée lip LCQ). Nhur di trinh bity & trén, m&i mot thanh phén t6c do dong
khi 50 véi LCQ c6 thé phan tich thanh hai thanh phdn: phén khong d8i va phén thay d6i. Phén
khong ddi dugc xdc dinh bing su lam viéc dn 1ap cla cdnh quay & ch€ d9 can bing, con phén
thay d8i duge tao ra la do chuyén dong nhiéu dong. Phin thay déi nay c6 gid tri wong ddi nho.
Nhur vay ta c6 thé biéu dién géc lip va 16c o dudi dang:
9=ﬂ,+55'. E,=F;n"'ﬁ"":-
i, =, 48, i, =, +00,.

Tix day ta thé hién cic gid tri nhiéu dong géc tn, nhidu dong tdc 4o vd nhifu déng s6
Mach dudi dang:

da = 60 i, 8, - &1, )1 T,
U =(ao, +u,& )T,

SM=M, 60
cdn nhifu dong céc hé s6 luc khi dong c6 thé viét dudi dang:

ac ac,
8C n-——"ﬁa+ﬁf-ﬂf =C%a+CY oM,

S - '
oC aC v
5 =—Lda+—=20M =C8a+CYéM .
v Ao aM :

Nhifu dong céc luc khi dong duge xdc dinh bang céch 1oy vi phan cdc biéu thiic ¥ va
X ciing véi viec sit dung céc két qua & trén d€ thé hién cdc nhiéu dong nay thong qua &6, &,

ﬂE’.Tan:ﬁ:
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D6 véi cdnh quay tryc thang chiu ti nhl.’l. e do dong khi chay bao LCQ khong 16n,
nén khi phan tich khi ddng cdc loai cdnh quay ndy c6 thé sir dung gid thi€i cic géc nhd. Cé
nghia 12 @, @ va Cx/Cy rdt nho so véi 1. Tir ddy suy ra @ va wju, ciing rdt nhd, U = u, vl
@=u/u,. Khi niy cdc luc tdc dung trong thi€i dién LCQ sé la:

o = C &
¥FaT=
Ea
i C
thT,",-—L+if{‘
2a 2a
C

Mit khic & céc géc t4n nho gradien hé 8 luc ndng c6 thé coi la khong déi va khong cb
din dong. Khi ndy C, = aa = af 8- u/u,) va 1a cd:

¥ = % ila = l{ufﬂ'—ulu]}.
leﬁ,ﬁ',a + i Lral TR T }+Efi_
3 2a ¥ P i %0
Vi cdc gid thigt géc nho nhu vy céc biéu thirc nhidu dong luc c6 dang:
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, Cing véi viéc don gidn hod & trén, & day ta ciing bd qua sy chiy nguoc va cdc thanh
phin C7, C)' vk C¥ . Nhu vAy céc bidu thic xdc dinh luc trong mat cit LCQ nhan dugc &
trén vita thé hién duge qui lugt co bin ciia khi dong hoc LCOQ vita cho phép thuc hién phé

ae : rc hié p tich
phan gidi tich.

~ Bay gib ta di xdc dinh cdc thanh phdn khong ddi va cic nhiéu dong téc do. T do bay
ﬁuﬁlcﬁam thing & ché d on l4p phu thude vio diac tnmg ché do 1am viéc va hé s6

y:
Veosa,,

pu—o— Aoy =4 +uga,,,

& day V I t6c do tinh tién chia tryc thing, 4, =% la he s6 chdy cim img, v, I t6c d6 cim

tmg clia cinh quay,a,, l& géc tin ciia mat phing quay. T6c d¢ dong tuong déi trong mat
phing quay dugc thé hién bing t&c do quay ciia LCQ va 18c do bay ciia truc thang, céc thanh
phdn cia né bdng &, =F+ usiny vd &, = pcosy , & ddy F=r/R |a bén kinh khong thir
nguyén. Tir day ta thdy réng céc lye khi dong duoc xdc dinh bing céc téc do &, va &, sé chi
phu thude vao g Géc lap @ cha 14 va toc do i, phu thude vio ché do lam viée ciia cénh quay,
mot phdn phu thudc vao hé sd luc kéo va g Vi viy cdc luc khi dong ma trong céc bidu thic
chia chiing c6 céc gid tri khong ddi Ahoac &, sé yéu ciu xdc dinh cdc gid tr gdc tdn va i &

mot ché d¢ 1am viéc xdc dinh. Khi bay tinh tién tdc do cioa LCQ va tai trén né sé thay doi theo
chu k¥ do chuyén dong quay v tinh ti€n ddng thii cia LCQ, Diéu nay lam cho cdc hé so
trong cdc phuong trinh chuyén dong ciing bién ddi theo chu ky. O ché do bay treo va bay
thing dimg, cdnh ‘quay nim trong dong déi ximg, vi vay phuong trinh chuyén dong déi véi cic
trudmg hop niy s ¢ cdc hé sd khong déi.

M#é men khi déng so véi bin 1€ ngang va bén 1€ ding s la:
1 1
M, = [n,¥dr, M, = [ Xdr,
] U
& day 1 va 1 la dang 1Ong dao dong chinh cia chuyén déng viy va lac.
Trong trutmg hop ¢ chuyén dong lac cin phai xét cdc luc vi t6c d6 dong khi trong mat
phing quay. Nhidu dong t&c do i, gay ra sy thay doi dp luc dong va su thay ddi nhd goc tin.
S thay d6i luc nang khi nay nho hon nhiéu so véi khi thay d6i 86 va &, vi 80 va &, anh

hutng true tiép dén géc tin. Cic lyc trong mat phing quay duoc thé hién bang sy thay déi luc
cn cdm (ng va vi vy nho hon nhiéu so véi luc trong mat phang viy. Nhiéu dong @, trong

bidu thic d6i véi &Y s lam thay ddi ca luc cin prophin do nhidu dong 4p luc dong. Nhiéu
dong goc lip va téc do thing dimg & la:

50=0-Kp, &i,=Ai+ngf+n, i

& day 0, A, P 1a nhitng do léch nho so vdi cdc gid tri cén bang.
Su lic s& tao ra nhiéu dong 1c do:
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Lip cic nhifu dong luc va nhifu dong t6c do vdo cong thifc tinh mo men ta nhan duge
céc mo men trong mét phing vy vi mat phing quay:
M, =M,0-K,f)+M,A+M B+ M,B+M L+ M S

M, =Q{E_Krﬂ]+gafl+g_;.&+gpﬁ+g.;; +0.¢,
& day céc hé s6 khi dong biing:

1 i
e s .
M, = ]—iq,ude. M, =- _{Eq,u,:ﬁ‘.
o a

i i
V2. M .
M, =-I_’?.:":'f- M, =-u, I—H,Hﬂu,dl-'.
il il

'l . e o L
M, = -hmﬁ;l". +2i,a)dr’ M, =i, .[E‘?#"J{"r + 2ua)dr

L P W o v
0, = [onci,ia,dr .0, = [on (@~
a o

1 el = LU e i e
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I o
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Cic h¢ s6 Mg Ma, M, va My la cic mo men trong mat phang vy, ching dugc a0 ra

nhdr su thay d6i luc nang do nhiéu dong goc 1ln. Cic hé sd nay dugc xdc djnh bang dac tinh
ché d6 lam viéc va dang tong dao dong viy cia LOQ. O cic hé s6 khéc c6 t6c do hodc luc
trong mat phing quay, dé xdc dinh cic hé s6 niy cdn phai biét cdc thong s& chuyén dong &n
lap cia LCQ (& u,, @, u,, u.). Cic hé s6 niy phu thudc vao ché do lam viéc chasednh quay, dic
biét phu thudc vao hé s luc kéo.

X Két luan

Chuyén déng clia LCQ true thang rit phic tap, cic chuyén dong nay 6 anh huéng qua
lai lin nhau rdt da dang. Vi viy viéc xac dinh chinh xéc cic gid iri tai khi dong téc dung lén
LCQ la mét viée khé khin va phic tap.

Tuy nhién vai phuong phdp nhi€u dong nho nghién clu & trén, ta ¢6 thé xdc dinh duge
cdc mo men khi dong gy udn LCQ trong mat phing quay va mat phing viy. Trong cdc bidu
thirc xdc dinh cdc md men nity cd ddy du cic thong s6 chuyén dong vy va chyén dong lic clia
LCQ. Thong qua cic bifu thic xdc dinh cic mo men nity ta ¢6 thé khio sit dnh huémg cia céc
véu 18, céc chuyén dong (dac biét Ia chuyén dong viy va lic LCQ) dén 1di khi dong trén LCQ
truc thang. Vi kha nang cda cic cong cu tinh todn hién nay ta c6 thé khio sdt dnh hudng timg
véu 16 dén dac tinh khi ddng LCQ. cling nhu viéc tic dong déng thi cia mot s6 yéu 16, Day
ciing li noi dung vin dé dat ra cho tic gia nghién ciu tiép theo,
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THE METHOD OF SMALL DISTURBANCES TO DETERMINE THE
AERODYNAMIC LOAD ON HELICOPTER'S ROTOR BLADES

Po Minh Khai, Hoang Anh Tu

Absiract: During the flight, helicopier rotor blades participate a complicated move.
This move (s in different forms which affected each other. This move also causes the
changes of aerodynamic load on each blade, 5o calculating aerodynamic load on each
blade meets some difficulties. This article is written lo show summaries of characteristics
and law af air flow on rotor blades. From them, the method of small disturbances fo
determine the aerodynamic capacity on helicopter rotor blades is used. This method allows
to research the effect of wave form and shake form of blade s moving on rotor plane
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