Trans. Korean Soc. Mech. Eng. C, Val. 3, No. 3, pp. 183~191, 2015 183

<28J|sx=2> DOI http://dx.doi.org/10.3795/K SM E-C.2015.3.3.183 ISSN 2288-3991(Online)

3|M g3}2 DSk Active Gurney Flap & SEM 3|48

Dynamic Characteristic Analysis of Active Gurney Flap
Considering Rotational Effect

Kee YoungJdung ™", Kim TaeJoo™ and Kim DeogKwan’
* Korea Aerospace Research Institute, Rotorcraft Research Team

(Received January 7, 2015 ; Revised July 9, 2015 ; Accepted August 4, 2015)

Key Words: Gurney Flap(7111Z %), Modal Analysis(=-2314), Rotational Effect(3] <l &.3}), Dynamic Characteristics
(TAE5A)

J

DR ERdAe AuYgE 28 Alage] AT A5S ARATI] S el 1y Fl sEAUS
(AGF Active Gurney Flap)oll thall f-3ta2S ol 8ate] ¥ F54 s dsts sl AYEse
4 ez BP0l a5 gwld £H9l waow WA, Bol= SI(T/E, Traling Edge) 1ol 4
CAVEY =fAE AVIRES LY €714 2 E¥ 5 REER A Bdel= el 4
gz AN s AEES FaA7]7] HEl 3-Blrev M2 T5 2R Aloj7t stk uhghA
A{WEH&% 3 =E Bl o7 A= AejdEo]l HEH gl FRAM AYEH FH
S 2Asslen, 4 dads S AUE 5 UEAL £ deS gk

—= U

o

oo fo i b o 1@ P
ol 2 & i r-‘.m
] >

oZ:
o

lo
ol
oft
E
f
ko
-

Abstract: In this study, the finite element analysis was carried out to investigate dynamic characteristics of the
AGF(Active Gurney Flap) which is under development for reducing vibration and noise of the helicopter rotor system.
The Gurney flap isakind of small flat plate, mounted normal to the lower surface of the airfoil near to the trailing edge.
An electric motor, L-shaped linkages and flap parts were integrated into a rotor bade, and 3~5/rev control was given to
the AGF to reduce the vibration in the fixed frame. Thus, an explicit time integration method was adopted to investigate
the dynamic response of the AGF with considering both centrifugal force due to the rotor rotation and active control
input, and it can be seen that the vertical displacement of the AGF was satisfied to meet the design requirement.
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Table 1 AGF design requirements©®

1&0

Design Parameters Requirements
Flap position
(chordwise direction) 243 mm (90% chord)
Configuration Flap posjtior_1 3.69 m (75% radius)
(spanwise direction.)
Flap width 0.25m
Excitation range 3~5/rev (35 Hz, max)
Paformence
Flap stroke 5.0 mm (1.9% chord)
Airfoil trailing edge
Upstream
separation
bubble /
Gurney flap  Two counter-rotating
vortices
Fig. 1 Configuration of the Gurney Flap'/
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Table 2 AGF components and using materials

Components Materials Element type
1) Frame
2) Support

AL-6061

3) Linkage Solid element
4) Flap (isotropic)
5) Shaft(front/rear) 17-4PH
6) Spacer Brass
7) Eccentric disk AL-6061 Spring element

’ Linkage (L4)
Rotating center

Linkage (L, )

/- Flap (D)
Pivot hinge

!

Fig. 2 Actuating mechanism of the AGF system
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Table 3 Flap tip displacements with respect to the excitation method (force/displacement constraint)

Flap tip displacement (mm)
Excitation frequency
Force constraint Displacement constraint
4/rev (28Hz) 0.51 0.51
6/rev (42Hz) 0.53 0.51

Frame

Linkage{2)

Linkage(1)

I:-y%;}
) MPC/spring element
' ) z f—_‘(
k o )
Ty | W

-

Fig. 4 Boundary conditions and constraints for hinge rotation
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(a) Eccentric disk model (b) Horizontal and vertical control inputs

Fig. 5 Eccentric disk model and horizontal/vertical strokes of eccentric disk, 5/rev
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Fig. 6 Applied forces (centrifugal, drag, and body force)
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Fig. 7 Modal analysis results, mode-shapes
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Fig. 8 Frequency response analysis results
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Table 4 Natura frequencies and mode shapes

Mode no. Frequency (Hz) Mode shape
1 127 1% flap bending
2 264 1% torsion
3 556 1% chordwise bending
4 1,154 2" torsion
5 1,412 1% edgewise bending
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Fig. 9 Transient analysis results, 1% configuration
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Fig. 10 Strain distributions due to the drag force
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Fig. 11 Transient analysis results, 2™ configuration
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