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Dynamic Characteristics of Ducted Fan: A Study
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Abstract

The dynamic characteristics of a ducted fan in hovering condition were investigated. The section properties
of the fan blade were calculated, and a simulation model was developed according to the rotor system
components. Dynamic analyses were conducted relative to the rotational speed and the collective pitch. The
proposed ducted fan system showed less aero-elastic instability within the designated operating ranges. To
verify the analytical approach, a rotating test stand of the ducted fan was set up. A functional test of the
assembly was carried out to determine the kinematics and interference between components. The non-rotating
and rotating normal frequencies were measured by excitation of the collective pitch using hydraulic actuators.
The results indicated a correlation between the test equipment and the simulation model.
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Fig. 1 Blade 3-dimensional model and section
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Fig. 2 Blade section properties (a) Flap stiffness (b)
Lag stiffness (c) Torsion stiffness (d) Mass
distribution (e) Blade twist angle
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Fig. 3 Chord wise offset (a) and normal offset (b)
of section center
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Fig. 4 Ducted Fan Test Equipment Layout

Table 1 Ducted fan design parameters

Property Value
Rotor Diameter (m) 0.80
Hub Diameter (m) 0.24
Number of blades 6
Airfoil section profile NACA 0012
Rotor speed (RPM) 2055.5

Max. Tip Mach No. 0.25
Collective pitch range (deg) 0 ~ 40.0
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Fig. 6 The Proposed Fan Model using CAMRADII
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Fig. 8 The Assembly of Duct Fan Test Equipment

Fig. 7 Fabricated Blades and Installation on Hub

xr

=
[5)

nhg o R Fig. 8% 3

=
=

Al K

FAFSA

o]

&

T
ol

weo] el

= AxEgon o

Fo
FAE A== A

]

w-

<
i
-

o))
il
o+
)

i
o

ﬁo
i

X0
R

}

Al

X7}t 5 degolA 25deg 7FA 10 deg

stnt.

HA

Tk

.Fo
)

o ool 9%

a4 o] eyl

ol
S

3

solA 7 gk

Al

P e e

22 FAS

5% W9 &

= O
= 1

gE st

goj== dol7b #aL,

EdE

=]
=

A tE

o},

F A=

3

dol=7t gap M5 L AAA DA o

p=N
=

A 2FE Tt



HE qlo] 554 AT 89
3.2 MXIHYA We| SEN o4
Table 2 Non-rotating blade normal modes
st EdolE=e 3ES WA HERE, olF 9
Coll. Mode | Cal.(Hz) | Mea.(Hz) | Error(%) } N - . ;
thig 3 Ako] 9] =) =]
F1 78.79 79.00 0.27 al e B4 NACA 0012 cfofxdel distel whal
5 deg L1 393.98 | 380.50 -3.54 T 9 Xzt gk Y AF Holas A}
T1 | 674.09 | 676.50 | 0.36 CAMRADII®] &5l 2 AL-g-3tgltt.
F1 79.23 79.00 0.29 .
2] 9] ) 5 ki
15 deg | L1 | 39836 | 380.00 | -4.83 T Ak HE A 2E AR diste],
T1 | 674.03 | 679.00 0.73 =A% Yo F54 #4S Syt Fig. 103 2
Fl | B0G | 7900 | -1.33 of SAel g Helol= 7 f mEe) IfAE
25 deg | L1 | 383.66 | 380.50 | -0.83 R ] C
T1 674.16 _ _ 4*Z Fan plote® Yellen, 7% ATE Yir
x F1: 1st Flap Mode, L1: 1st Lag Mode, HEA43te grow Fdsksch o] W F1, L1, Tl
T1: st Torsioin Mode 27k 1 £, d7, vEY REE ousie] AHo
2 FI39a, ®79 71z AES S35t 534
7+ 34RCo FPas Bgols Rt A4S Fig S g, =8 35l tE n/frev HAES
9s} 2t} ddom ol mASAT e A% AL 99
Me z 15 Ee7F 289 Nen/rev 83 221814
: QE= s o] AurHelth o] W N& Zo]=g
E
i A%, ne A5E ouach B AolA s 1.25
—Nh— WA g ot AL ehge] ol frm A
£ i 2 A5 2ARAD SRkt Buolse] mpREE
v s700] o8] WA Aol BHEA e wiE
1.2 A 4
0.0 02 0.4 i 06 08 10 94711:'_;, SAzo] wel Z7bse Aol ?jl%?ﬁ]o]\/h
(@ Aotd HE @ Edol=s W AgH B & A
1.2
T oos / o7 Qg 3| Ao wE Fukre] Frlgko] Frg A A
o I ik 4 AvelAE £§ A AN B
D 0|9 7} BEF Nnfrev 423} ol4so] glo] A%
£ = 1o Gl A Ao mol}, FHAe Folg
i e o oz med h@ Qe Fold West AL
1.
0.0 0.2 0.4 s 06 08 10 Aow AZEAT. Fig. 10& wA70] 5 deg A9
(b) Adtolnt, 15 deg 2 25 deg AIME ZAA tt=x &
. £ dne massin
&
2 s — —
' ﬁéﬂ?ﬁﬁ?{_ A Torsin
149 0z 0.4 08 08 10

R
(c)

Fig. 9 Normailized mode shapes for the rotor
blades of the proposed ducted fan: (a) flap
modes, (b) lag modes, and (c) torsion
modes.
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Fig. 10 Fan-plot; Blade Modes relative to RPM
ratio at collective pitch 5 deg (Fan Only)
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Fig. 12 Fan-plot; Blade Modes relative to RPM
ratio at collective pitch 5 deg (Ducted Fan)
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