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ABSTRACT

A parametric study was performed to analyze the variation in the vibration characteristics of a
prop-rotor hub to reduce vibration using the individual blade control (IBC) method under the transition
flight conditions of a prop-rotor system. A transfer matrix (T-matrix) was generated to derive the hub
vibration response to the IBC input based on the results of the parametric study. Parametric studies
were conducted for seven transition flight conditions, and seven T-matrix were generated through these
parametric study results. The results of the parametric study were used to analyze the sensitivity of
the hub load element to the IBC input frequency for each transition flight condition. The generated

T-matrix was verified through simulation comparison to minimize vibration of IBC input conditions.
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Table 1 Parametric study condition for IBC input

Control Parameter Number of
parameter value parameter
IBC operating 2/rev, 3/rev, 4/rev,
6
frequency S/rev, 6/rev
IBC magnitude 1°, 2° 2

0° to 345° with
IBC phase angle 15° intervals 25

Tilt angle 90°, 81°,

Flight condition 70°, 60°, 30°, 18°, 10°
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11 Tilt 70° condition IBC 2° input results - S/rev
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Fig. 26 Non-linearity characteristic of hub load varia-
tion with IBC input - tilt 70° transient con-
dition
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Fig.27 Analysis result of hub dynamic load mini-
mization - tilt 90° transient condition
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Fig. 28 Analysis result of hub dynamic load mini-
mization - tilt 81° transient condition
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Fig.29 Analysis result of hub dynamic load mini-
mization - tilt 70° transient condition
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Fig.30 Analysis result of hub dynamic load mini-
mization - tilt 60° transient condition
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Fig. 31 Analysis result of hub dynamic load mini-
mization - tilt 30° transient condition

3 715907t 7005 AL thE Holu|a) 2o A
38 i 439 CAMRAD 11 a4 A= v
HE o 97 Flso] T7hshe FdE BT
Haste F 7EA A Al digk W
AR YR o Za 71897k 70°
Zoug) 7oA =8 dudHol
Pl e HoFal Qitk 1
BW, Fx, Fy, Fz 35 {4
o]Fo]A| 3L glot, Mx, My
e o] Fox|A] o
=3 A7R= IBC 8ol s

Fx, Fy, Fzoll Hlsl 3ol Afr o= 2t}
Mg AT 24 Aol dAeh= Aol

=
411
M

24
1o
oy
o
e =

[>
i)
lo,
oX,
o

o £
o
o

ol

oW > oo foh N 9
ot (R
1o
ofy ol Jm
oy
B>

il
B>

ol rir

L iy,

EL
=
= oy
ot

L
LB
o
.
i ofy

o fo oy e K
o
o

Ll

1

nﬂi
o

rr

_

H

3.8 E

o] RME 595F UAM A4S e A=
& 2H Alzdo) g Hojuld 27 s A

[Kl

_I- I_ -I I- I. I- Il 11
0

Fx5C Fx55 Fy5C Fy5S Fz5C Fz55 Mx5C Mx5S My5C My5S

ENoIBC M MatrixCalc mCll Analysis

Fig.32 Analysis result of hub dynamic load mini-
mization - tilt 18° transient condition

e o 9
B o o e

Force(N)

o
¥}

0|.|._|.|_|.|n..|

Fx5C Fx55 Fy5C Fy5S Fz5C Fz55 Mx5CMx5S My5CMy5S

ENoIBC mMatrix Calc mCll Analysis

Fig.33 Analysis result of hub dynamic load mini-
mization - tilt 10° transient condition
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