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ABSTRACT

This paper describes a stability and dynamic characteristics of bearingless helicopter main rotor in
hover. Baseline rotor configuration is defined and modal analysis for the configuration is taken to
verify the dynamic characteristics. The kinematic pitch-lag couplings through ways of pitch link in-
stallation are analyzed to know effects on loads, frequencies and stability. The effects of pitch link
attachments in spanwise direction and chordwise direction as well as pitch link inclination on thrust,
power, flpa-lag-pitch mode frequencies and inplane damping are examined. Pitch link at trailing edge
location in chordwise direction has influence on aeroelastic stability of the rotor. Also, the pitch link
with negative inclination angle makes inplane damping increase.

deFHe 2HIAS $3 FHS TAAA ¥
Yop= HPA =M TdHoz g 2 kg 4
A =ZHo] vk 53] delFgHoAN FREE F

o 5 Aolde WS BFE By Axge
2 A4 Al glof 7)Ee] Be FU v
@ 28 S Feg 27ea ok s de)
26 F2d du 9¥e =H ns AP
Selolmo WAsE EUES Hada] 99
SR Wz WY $EL H, olg] 9%
o FseES Be WA 2L fAust A 9
Ashe =He E99 &%

g
2

T aAAL A3, ST e ed
E-mail : cyyun@Kari.re.kr
Tel : 042-860-2288, Fax : 042-870-3590

* I FHeled

394

EE fdust gk B Sdolse wert 24
2 93 A7 288 A = ole
A

I

|
o,
iy n)
o

o

|

fru
)
rir
N
hinS)
o
ﬁ
Lo
I
ot
B
=
)
=z
2
o,
o
~
Y

HollA EAlshs d1A9 wloEs H3A
(Flexbeam)®} EF5FE(Torque Tube)= A
O 715s A e e JEQL )
2HE 2H AR, 8o Hish A=A
o8 QI3 &fFAH AREHE ST
aEd HIEE 540l sle Al EAIRE FE

= W 7ksst

ol rO

]_

;.10_4
il
o
o
4
J
o
N
o
:oé
i
i
ot
fr
o
to,
—d
(o o
N
froox ot Q [ K §2 O off

O oo 2

=
i3
=
)
oo
)
o
f
=
)
o
o [
ot
o
o

o Beol= gL
=

o, Byol= ¥z 2Ee 94

Aen 23S A9 ABNE TEI 294 E
=

o|Ed| AAE IAPFIE EAYY B mewkako



kl
- O\(
o
ro,
it
H
A
(z
i
S
:0‘1:11
e
)
o
[
1o
i)
o
o

i
d
=,
il
il
>,
i
=)
K

=
2
o,
fil
o
ﬁl_"
=
i
x
=2
X0,
2
f
|
ox
)
2
™2

fo dn fo
ot
o
v
=
il

et a

o 2

T

o i)

o M2
QL
ofy %
off
s
)
fu
o
1o,

¥ ¥
12 L oo

o

rﬁ o

4>

N

E

-

o

Q

3

<

1§

=

o

Q

3

<

oX =

il

2 b1 2% rlf oox )y ofN
-~ o e

A iw-r’ﬂ%-’Ft OFTE 4—340}04 34
o} 22 soft-inplane stiffness’} =% 06/rev ~
0.75/reve] WSl Atk ZE] T
YA G 7ol G o, ﬂﬂ-%%‘ %31'51
EQgAdo] WA WS FEd] w2 @S 7HA

B =EoA= BMRY AAE fldte] A9
Hsle] wE =9 %%*é% ARyt A=
BMRe] A5 A48 9 4 FAL s /)
e Aolgel WAV wEY DHAES
2 2E oA £ 9TS nxE )R Y ausk

2.1 BMR 84 ¥ EY
(1) BMR 7]% &4

BMR s54314& +aat7] 9l Figure 19} 2
of FAZMA AAE FFES vEoR S 9
. 2H 3d v g =2
247y 5.74me} 349RPMO] T,
2H AAE 9% Hd o|5F5EFS 3,270kgelth
& Fullol® 2B 712 E ol
ek ghs JERAATE 7128l A Edlo] =g}
ARE AN 21.2%A HollA] AZo] =,
Hep ~UmE 3R] 4.53% Al Q)
AYA= ——‘L’ﬂ ol=9] HA(Trailing edge) &kl
28k, WEko 2= 326%R(R: radius) 913

£

O fo & ¢ Ho

glov] £Ho5 2o

%ﬂﬂolEQ‘r Odéﬁoi It} Table 2 7]#87o)
F2 95 EAI 1E0e S8 skedol
o XA g A= Chordwise(+ trailing
edge), Spanwise, Normal(+up)©]t}.

2= 3.0%RY

Figure 1 BMR A7 &4

Table 1 Rotor geometric properties

Property Value
Hub Type Bearingless
Number of blades 4
Radius, m 5.74
Blade chord, m 0.36
Solidity 0.08
Rotor Speed, RPM 349
Blade airfoil section profile NACA 23012
Linear blade twist, deg -8.0
Flexbeam length, m 1.16
Table 2 BMR Baseline Configuration

Definition Value(mm)
Swashplate 300
Pitchlink attachment to pitch horn 171,187,0
Pitchlink attachment to swashplate 171,187,-300
Pitch horn attachment to blade 260(radial)
Inboard end of torque tube 200(radial)
Blade/flexbeam connection 1,160(radial)
Snubber attachment to flexbeam 0, 260, 0
Snubber attachment to blade 0, 260, 0
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Figure 2 Flexbeam and blade mass distribution

Flexbeam and Blade Section Stiffness Distribution
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Figure 3 Flexbeam and blade stiffness distribution
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(3) Fan plot
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Figure 4 Fan plot
Table 3 BMR Blade Mode Frequencies

Modes

Frequency, /rev(Hz)

1st Lag Mode
1st Flap Mode
2nd Flap Mode
1st Torsion Mode
3rd Flap Mode
2nd Lag Mode
4th Flap Mode

0.69(4.00)
1.03(6.01)
2.62(15.24)
4.11(23.89)
4.65(27.06)
4.89(28.44)
7.38(42.93)
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Table 4 Vertical Pitch link Position

Pitch link Position Note
S.W.* C.W.*
Baseline 3.26% 2.98%
Spanwise Ok 0 0
effect 2.6%~5.2% 2.98%
i 1.9%~4.5% T.E.
Chordwise 3.26% 9%~4.5%
effect -(1.9%~4.5%) | L.E.

*S.W.: spanwise, C.W.: chordwise
Table 5 Inclination Pitch link Position

Pitch link Position
Inclination
SHiD S angle(deg.)
Pitchlink
attachment to 3.26% 2.98%
pitch horn
3.26% 4.38% -15
3.26% 4.09% -12
3.26% 3.81% -9
3.26% 3.53% -6
Pitchlink 3.26% 3.25% -3
attachment to 3.26% 2.98% 0
swashplate 3.26% | 2.71% 3
3.26% 2.43% 6
3.26% 2.15% 9
3.26% 1.87% 12
3.26% 1.58% 15
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Figure 5 Rotor Thurst and Power(Baseline)
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Figure 10 Rotor Thurst and Power(Chordwise)
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