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Intro: Speaker

% Prof. Sung Nam Jung
% Research Interests:
= Rotorcraft Aeromechanics / Aircraft Structures / Optimum Design
% Work Experience
= 2006 — Current, Professor, Konkuk University, Seoul
= 2023 - 2023, Visiting Scientist, KARI, Daejeon
= 2018 — 2018, Visiting Scientist, DLR, Braunschweig, Germany
= 2011 - 2012, Visiting Scientist, NASA Ames, Moffett Field, CA
= 1997 — 1999, Post Doctor, Univ. of Maryland, College Park
= 1994 — 2006, Professor, Jeonbuk National Univ., Jeonju
% Professional Service
= AIAA Associate Fellow (Since 2014)
= Associate Editor, Journal of the American Helicopter Society (2015 — 2022)
= Associate Editor, Int. Journal of Aeronautical & Space Sciences (2011 — 2019)
» President, Rotorcraft Systems Division, KSAS (2014 — 2015)
» President, VFS Korean Chapter (2018 — 2021)
= Tech Program Co-Chair/Chair, ARF 2012/2018, Rotor Korea 2007/2009

A doll in glasses (2000)
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What Does the Rotorcraft CSD mean?

¢ Rotorcraft CSD (Comprehensive Structural Dynamics): Disciplines
related closely with “Aeromechanics” or “Aeroelasticity”

= Aeroelasticity: A branch of applied mechanics that studies the phenomena

associated with the interactions between the inertial, elastic,
acting an elastic body

= Aeromechanics: The branch of aeronautical engineering science dealing with

equilibrium, motion, and control of elastic rotorcratft in air (by

= Comprehensive: Complete or broad covering (by Merriam-Webster)

*» CSD code: Key S/W dealing with rotorcraft aeromechanics analysis

Main rotor/tail rotor

Complex wake Blade/tip vortex
structure

: X 0.25
interactions

interactions

Blade stall on

Blade/tip vortex
e interactions
Main rotor/empennage -
interactions "

Rotor wake/airframe
interactions

Transonic flow on
advancing blade

EONKUK
TUNIVERSITY

KU Source: J. G. Leishman, 2006

Aerodynamic
forces

L=aSC,

Static Dynamic
aeroelasti stability
Elastic Inertial

forces
F=kx

and aerodynamic forces

forces

Vibrations F=ma

W. Johnson)

Disciplines associate with
Aeroelasticity

Measured
Rolled-up wake
Multiple trailer wake

i
90 180 270
Azimuth angle, deg.

360

HART Il validation (BL)

Intelligent Rotorcraft Structures Lab



What Functions Needed for Rotorcraft CSD Codes?

*» Core features of generic rotorcraft CSD codes
» Rotorcraft trim (wind tunnel, free flight) analysis

Aeroelastic or aeromechanical instability

Link to external aerodynamics (e.g., CFD/CSD coupling)

Loads (blade & hub loads) and vibration (airframe) prediction

Elastic plus rigid beams with large deformation (linear or nonlinear)

Non-linear Blade
Deformation

S

FE-based Blade Cross-
Section Analysis

Rotorcraft Vibration &
Noise Prediction

e

Flight Dynamics &
Control Modules

Real-time Flight
Simulation

Rotorcraft Sizing &
Performance Analysis

Comprehensive
Rotorcraft

Aeromechanics
Analysis System

BEMT-based Rotor
Analysis (Dynamic Stall,
Dynamic Inflow Model)

Hybrid CFD/Free Wake
Analysis

Full CFD Aero &
CFD/CSD Interface

-—

Fuselage Interactional
Aerodynamics

High-performance
Computing (OpenMP/MPI)

| GUI Interface (Python) | ¥

* Optimum Design

K[J EonkUK * Module-based S/W Architecture
NIVERSTIY 2= ANG 2% ST

* Versatile Compound Rotorcraft Design

S8t

* DLL-based Program Interface
Wy =20

Internal aerodynamics (quasi-steady or unsteady) with inflow models (uniform or prescribed/free wake)
Multibody capability to model arbitrary rotor types, joints, linkages, dampers, and elastic bodies

craft Structures Lab



How Rotorcraft CSD Codes Developed?

*» Rotorcraft CSD codes: Mostly developed by helicopter companies

*» Technology drivers in CSD code developments
» 1970s: Blade elastic models (nonlinear); 1980s: Advanced inflow models (prescribed/free wake)

= 2000s: Multi-body formulations (joints, linkages)

E . T T 7T T T LI LI T T 7T T T T T 1T T T T T T T T
C81 : COPTER i Bell Helicopter e
C-60 5 TECH-01 TECH-02 i Bocing Vertol "\ | CAMRAD
! E i ML L E ocmg vero dvnamic tiltrotor & CAMRAD/MIA
SADSAM DART RACAP ¢ Hughes/MDHC “stall rotorgraft /
- 5 - Iy H A stabjlity
Y-200 :RD‘( NE SIMVIB Sikorsky Aircraft \ ~ ! CAMRAD &
REXOR : Lockheed Al boooo ' T~ dAMRADIA
&F : : Kaman - \ applicatipns L
. : H & & extensions vake model
STAN H GENSIM MEB wake . COPTER.
: : Scully UMARC,
51 SIMH 54 : DLR AHS free wake software tool IGCHAS
p onference | 2eometry wake & airloads
CA:“‘ RAD : NASA conference swepl tip aero
Westland R:150 CREM wing/body interaction st g enerat i on
. . , . regulator for HHC
LS. Army El(J(.Hf\S RC:;""\-S CFD loose coupling f
Kdmuv g lJLISS_ﬁ E Illi llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
Aerospatiale : RES HOST : . unsteady aero
P . . . . 2nd gen eration general wake  dynamic stall
Johnson Aeronautics : CAMRAD/JA CAMRALXII beam models  hover wake
Advanced Rotorcraft Technology : FLIGHTLAB N
S : multibody dynamics
University of Maryland UMARC : finite ¢lemnents
" s : R AET CAMRAD| I A OO o e e e e
Contimuum Dynamics Ine. : RotorCRAF] ECHF\RM ! rotor wilke & aero i G 19
Politecnico di Milano MBIyn wbitrary géom & config  Releqses
Georgia Institute of Technology — § D¥MORE l l
- H | I 1 | | | L1 | L1 1 1 1 L1 1 1 L1 |- |
I L | I T T | L I Ll Ll 1 Ll L 1 L | I T T | L I Ll Ll L Ll t L | I T T | L I Ig(‘() ]()_."[} Igs() IL)‘J(] :.}(ltk] 2()|()
1960 1970 1980 1990 2000 2010

KU Gevamsirs Source: W. Johnson, 2012 Intelligent Rotorcraft Structures Lab



What Rotorcraft CSD Codes Available?

¢ Various rotorcraft CSD codes developed worldwide

CAMRAD I
DYMORE
RCAS
FLIGHTLAB

UMARC
HOST
S4
rMode

RDYNE

Tech-01/02

KU 5s
TINTVERSITY

Johnson Aeronautics Building block approach

Georgia Tech / Univ. of
Maryland

US Army / ART
ART

Univ. of Maryland

Eurocopter FEM, Hierarchical inflow
DLR FEM, Semiempirical
JAXA Structural dynamics
: Substructure decomposition
SR (rotor-body vibration)
Boeing Modular approach

MLDB: Moderately Large Deformation Beam
GEB: Geometrically Exact Beam

Multi-body dynamics

Hierarchical FE

Handling qualities & real time

simulation

Non-profit (academic)

FE-based multi-body, GEB (MLDB + Rigid)

FE-based GEB
Nonlinear GEB (2GCHAS)
Nonlinear beam

FE-based MLDB (Hodges-Dowel)
Elastic
Linear elastic (Houbolt-Brooks)

Linear elastic (Houbolt-Brooks)
Elastic (Arcidiacono, 1969)

Elastic

Intelligent Rotorcraft Structures Lab



Sample CSD Results: HART I

“ Application of sample CSD codes for the validation of HART Il data

No. of FEs No. of aero panels Time resolutions
DYMORE 10 31 (equally spaced) 15 deg.
CAMRAD Il 16 17 1 deg.

% Blade 2

16 elastic beam
finite elements

Nonlinear elastic beams
with 10 finite elements

Blade 3 ,»,f': y

31equaly
airstatio

V :free stream

\ = = - i
= : Blade 4 -
P = A Revolute joint N
\ o an : \ v:ttl; et:‘r;ie?;al ;y_:n'ng B ‘ T
g \ g hinge A
; A\ ’
N\

Rigid hub with a A
revolute joint N

CAMRAD Il model D(\Q\_/IL?rF;eE vTaiS)el
(rolled-up free wake)

5 U Intelligent Rotorcraft Structures Lab



Sample CSD Results: HART I

s Comparison of airloads, tip deflections, and structural loads (BL case)

20 . ; :
025r 5.0 ! T O Measured (17%)
i * Measured —©— Measured (Blade #1) CAMRAD Il (17%)
- CAMRAD Il (Rolled-up wake) e CAMRAD Il (Rolled-up wake) — — DYMORE (17%)
02 — — DYMORE (B-L free wake) © — — DYMORE (B-L free wake) £ 10| 1
i L 25t . i
i @ zZ
0.15 N o —
i o c
o | 3 2 9
N 0.17 = g
= X =3 =
\ ©
i = o
0.05} Q ©
- = L -10} 4
- )
- g
T = Structural load
- Section airloads (0.87R) o Blade motions ructural loads
- -20 Il Il 1
20,05 e T S ) T S S—— -5.00 9'0 1'80 2'70 360 0 90 180 270 360
0 90 180 270 360 .
Azimuth angle, deg Azimuth angle, deg Azimuth angle, deg
0.2 5.0 - - - 5.0 . . .
i Measured : ©— Measured (Blade #1) O Measured (33%)
- CAMRAD II/KFLOW with complete data % CAMRAD Il (Rolled-up wake) CAMRAD Il (33%)
F eeeeee-- CAMRAD Il/KFLOW with test points only ° — — DYMORE (B-L free wake) — — DYMORE (33%)
I c 25} i S
0.15}- S >
| = <
| o =
= )
O S S
o 0.1 *(7') o
= @ s
o c
o o
2 ‘B
0.0 o S 251 i
.05 ()
° ~
8
m
50 L L L _50 1 1 1
0

“““ e
I CO 90 180 270 360 90 . 180 270 360 || 0 90 . 180 270 360
Azimuth angle, deg Azimuth angle, deg Azimuth angle, deg



Development of K-CSD Code CoRAN

Goals:

- Develop comprehensive aeromechanics analysis
with the capability of predicting:
- Rotating free vibration frequencies
- Blade & hub loads
- Trim, blade response, stability

Approaches:

« Based on nonlinear beam theory (MLDB or GEB)

» Enabled multi-body modeling capability

» Quasi-steady or Leishman-Beddoes unsteady
aerodynamic theory adopted

» Extension to free wake inflow model & loosely coupled
CFD/CSD approach

Outcomes:

- General purpose rotorcraft CSD program

- Integration into rotorcraft M&S (modeling and
simulation) system

- Possible applications for new helicopter
developments in Korea

KU 5s
TINTVERSITY

- User's Manual control sattings Ml b theary

Modal Coordinate =

Transformation -

Blade Response Solution
Using FEM in Time
Newton-Raphson

method
Yes

No
Hub Loads
Using Force Summaticn Method

Coupled Coupled or
uncoupled trim?

Calculate
Jacobian
r

No

5 Jacobian
evaluation

complete 7.
Yes Uncoupled
Inflow Distribution
Tri:lpg::'?mg #1- Uniform inflow, Drees's inflow
|- Wake modal (Prescribed or free wake)
Response
L-ONVergenceg
No
Yes .4
Aeroelastic Stability Vibratory Hub loads Performance
- Dymarnic inflow - Hul fixad frame - Waks model
- Floguet theary = Ny Elinw
-Constant coefficients analyis
Blade loads

7
AZVAUTH: a°9

Jung et al., AIAA J, 2002

\\X\\}&“\v;\‘;

770 J——

Tip Deflections, u/R,v/R,w/R,$/R

Lag ModeDamping, -ay

oz
owr

0.05 F

ooz

0.00
002l
ool

present result
—~ =" Smith’s result

—

-0.06

90 50 zn 360

Azimuth Angle, ¥

0.030
0.0e5 - —6—  present result
£ Smith’s result
0.020
oask
0.010 -
0.005 . Cilo=0.07
Lag mode stability
aaw 1 1 1 1 1 1
oo 005 o0lo o0ls5 02 025 030 035

0.016

« 0.012

0.008

sional 4/rev Hub Load:

-dimen

S 0.004
z

Advance Ratio, u

4P hub loads

Baseline
Case 1

Case 3

Vertical Shear Forces




Intro: K-CSD Code CoRAN

*» Flow diagram of K-CSD code CoRAN (Comprehensive Rotorcraft Aeromechanics aNalysis)
System

Initial Value
[ Initial control settings ] [l:mse-ee-:ﬁnn stiffness J

Propusive Trm coefficients
- User’'s Manual control sattings iz bearm thaony

Y]

Modal Ennrdipate -
Transformation

Blade Response Solution
Using FEM in Time

Newton-Raphson
method

N
Code under development onverged o
. . Calculate
with the collaboration of Jacobian
KU & JBNU vy Yes
Hub Loads

Uging Force Summation Method

No

s Jacobian
evaluation
complete 7

Coupled or
uncoupled trim?

Uncoupled

Inflow Distribution
Uniferm inflow, Drees's inflow
|- Wake modal (Prescribed or free wake)

Update
Trim Setting

L 4

Coupled trim procedures

No
Aeroelastic Stability Vibratory Hub loads Performance
- Diymarmic: inflaw - Hub fixed frame - Wake modal
- Floguet thaary = Ny Elinw
KU EONKUK -Congtant coefficients analyis
TINIVERSITY

Free flight / Wind tunnel trim
Autopilot trim

Nonlinear beam (MLDB or GEB)
Multi-body formulation (control linkages, lag
damper, rotor-rotor, rotor-wing)

Single or multiple load path blades (articulated,
hingeless, bearingless rotor)

External interface: Blade section properties
Ksec2D

Blade response: steady & transient
Blade & hub loads
Rotor-body coupled vibration

Analytic / C-81 table
Inflow models: Uniform / Linear / Free wake
Peters-He dynamic inflow
External aero interface
CFD/CSD coupling

Ll ]

Aeroelastic instability (Flutter) \

Intelligent Rotorcraft Structures Lab



K-CSD Code CoRAN: An Overview

s Multi-body formulation

Multi-body models (e.g., control linkages, lag damper)

Segment Lagrange

Segment
3 Multiplier 9

SpringJnt

Segment
2

Lagrange
Multiplier

Segment

Multiple load paths (e.g., bearingless rotor)

9
SpringJ
2

Multiple rotors (e.g., coaxial, tilt rotors) segment

Segment
4

* Rotor-body coupled vibration analysis Vultiole blad
ultiple ades Lagrange Lagrange
(MSC.NASTRAN, ICARUS) ]. P i N | it
« Rotor-wing coupling
L1 h ) ‘
Blade Flap, lag, and Torque-tube  Blade ) .
pitch hinges
Shaft " SN o Nt Jackscrew
5‘*91|__| AGimbal Rigid body
W . Beam
L | se Single blade ade il -
= - seo? | 9 Blade 1 Shaft|  Pitchlink B Revolute joint
sping = 4 Sliding joint
oint [ [ . P
. © Spherical joint
Seg3 ble - ;
place 2 Swashplate ‘:B‘ Universal joint
Larg.
M
Seg4 Wing \
Blade N ‘ D—b‘ Fuselage _
LargM. Nacelle ' ('\gl;‘m'tlig;iy model
Multiple P
LaraM. blades/rotors

5 U Intelligent Rotorcraft Structures Lab



K-CSD Code CoRAN: An Overview

** Nonlinear beam kinematic models: Two-track approach
*» Large deformation GEB (geometrically exact beam) model

= Based on Hodges’ (1990) mixed variational beam formulation *Im, B., Cho, H., Kee, V., & Shin, S. (2020). Geometrically exact
beam analysis based on the exponential map finite rotations. Int.
n Initial code deve|0ped from the WOfk Of Im et a|_ (2020)* Journal of Aeronautical and Space Sciences, 21(1), 153-162.
**Jung. S. N, Kim. K. N., and Kim. S. J., “Forward Flight Stability
2 Moderatel y I arg e deformation beam (M LD B) model Characteristics for Composite Hingeless Rotor Rotors with

Transverse Shear Deformation”, AIAA Journal, 40(9), 2002
= Based on Hodges & Dowell’s (1974) 2"d order geometric nonlinearity

= Initial code developed from the work of Jung et al. (2002)™

@ SC. gnearcenter
€a @ MC:  pass center

1
. ——— .
Deformed frame . @AC:  Aerodynamic center]
& & !
—_ 1 = . O te:
1

Tension center

1
1
l :
/4" ' '
n b [ |
« o ® ° >
{ M.C sc AC

Motion frames: MLDB 7z’

Undeformed frame

a b, a : rotating global frame
b : blade’s undeformed reference frame
A B : blade’s deformed reference frame
Moving global frame Motion frames: GEB

Undeformed coordinate system

L IR Intelligent Rotorcraft Structures Lab



K-CSD Code CoRAN: An Overview

* Large deformation, nonlinear GEB model: Validation of results (JBNU) §
ty ,l A
Governing equation: f f |6(K — U) + W ]dx,dt = §A
ty J0

t
f 26}(?‘"[1:3()(,)&) —F ldt =0
t

1
fa ~ A T
— [£T T ., T pT T pmT pT T T oT T yTpT yT AT T
X = [F1 My uy 0; Fy My Py Hy ... uy Oy Fy MyPy Hy uN+19N+1]
g A [ o.125m Dynamic response analysis (GEB)
4 o @ E=70GPa
i / nu=0.33 0.25m
P 75m —A— Y, m (DYMORE)
Y _ —— Z, m (DYMORE)
3k P F(N) x sin(10t) e X, m (Present)
[ 3 - Y, m (Present)
.' / r = = == Z m(Present)
25+ Lo/ 10 F
~ I -
Iy 5

O Present (u)

[0 Present (v)
Present (w)

® Yoon, K. et al. (u)

Shear force, F_ (kN)
[3%]

Displacement (m)
[8)]

® Yoon, K. etal (v) | -10 :_
4 Yoon, K. et al. (w) B
= =Shell (u) _ r
. . 0.5 — Shell (v) 15F
Twisted cantilevered —==Shell () :
beam (GEB) . : . . “r

0.4 0.6 0.8 1 1.2 25 t ] ] L L 1 ] ] ] ] 1 L L L ] 1 L L L L J

Displacement (m) 0 05 Ti 1 (s) 1.5 2

ime(s

Intelligent Rotorcraft Structures Lab
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K-CSD Code CoRAN: An Overview

** Nonlinear MLDB model: Validation of results (KU)
R
« Governing equation: éH:J‘:LZ (5U —éT—é\N)dt:O where SU :%IO IIA(GXX58XX+GXU58XU+GX§58X§)d77d§dX

R Lo
* FE responses in space & time (X, y): oT ZIO HAPSV -oVdndZdx

SW :J';(Llﬁu +L,6V+ L, 0w+ Mé&})dx

1 T T 1 L 1 T T
uy ‘ Uy

12 I; (Beam element)

F 9
L 4

0.08

Present (C81)
----- Present (Analytic)
= = =Jung (1997) g N,

o

.

.

.

_.
il
A\

o
o
=2
A}
i
4

Tip deflections u/R, v/R, w/R, ¢

E=70GPa t=0.01m
v=0.33

=
(=]
o

«
b=0.1m

5 0.02
H(s)=2(s*—5°- 0255+ 0.255) [~—Presaratingan
3 —&— Prasent(Nonlingar)
8,4 3 2 |- - ~MSCNASTRAN |
HQ(.;]:—g(s —0.55" —5-+0.55) e 0B
:-DI?
H,(5)=4(s*-1.255+0.25) g .,
8 %m 0.02 i
4 3 2 o~ Bow ¥ 0N = Raa___-.
H4{5}=—§(5 +0.55" —5°—0.55) 2. u=20.35
i »
5
e | 3 2 0 0.04 L I I . . . ) ) L . L
Hj(5}_§(5 +5°—0.255°-0.255) o 0 30 60 90 120 150 180 210 240 270 300 330 360
002
Azimuth angle, v
w: 4”. Order Shape fun(:tiDn n-[‘ a1 02 03 04 0s 08 or oa [ek:] 1

“m Comparison of blade response solutions

L IR Intelligent Rotorcraft Structures Lab
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3D geometry of rotor blades

2D Cross-section FE model

KSAC2D

1248)

EONKUK
TUNIVERSITY

K-CSD Code CoRAN: An Overview

** Interface with a general blade cross-section analysis program KSAC2D

\

» Stiffness/inertia matrices in Euler-Bernoulli level (4x4):

[ EA

sym

GJ

EAe,, EAe, ]

El

y
El,

m me, mey,

mkK.,,2

MLDB or GEB model

I Interface

KSAC2D output

_ m,

with the section constants:
EA=E j jAdydz
GJ = GJ‘_[A(y2 +22)dydz
El, = EJ'IAzzdydz
El, = EﬂA y2dydz
m= J'A pdydz
mk,,* = ||, pz°dydz
mk,,,* =[] py*dydz
mky? = [[ p(y? +2%)dydz =mk,,* +mk_ .

EAe,, =EA _[ j ydydz

EAe,, =EA|[, zdydz

k2 =”A(y2 +22)dydz =1, +1,
me,, = HA pydydz

me,, = HA pzdydz

Intelligent Rotorcraft Structures Lab



K-CSD Code CoRAN: An Overview

«» Evaluation of blade & hub loads

« Blade loads (rotating frame): Force summation method
* Hub loads: Fourier coordination transformation
* Hub vibration: nN,/rev (blade passage freq.) components

1
! 1
1
| Forward speed, x ! ! l l :
. 1
! Weight, C, ! : ‘—l—l ! Hub forces:
| ! ! Hamilton Principle
1 l 1 1 P ! AT
! i i Force ! Ny ]
| Propulsive Trim : : - Summation ! Fuy)= Z_;(Fx oSy, — Fy sinyy, — F- cosy, Bp) Hub vertical shear F,
: I | Foe enen Vethod |
: l X , | Met od }n PACE Ilq— Ny ] ) B Baseline
| ConolSetngs || LT I ] | Bw= 3 vy cosyFosin )
' Vehicle Orientation Angles | I : B =
! : : ! 'y 0 0012 -
----------------------- | : : W)= 3. (F+Ff)
' Calculation Blade ! = 2
Response & Hub Loads 3 -20%
l Hub moments: 3008 r 0% .
S -38%
Yes No _ Y : g
—_— Converge? _— Mx(W)_Zl(Mx cos ':Um_ﬂf*rj'sm':‘ym_iﬂ'f: COSWmﬁp) € 0004 -
= z
Nb
MY(WJZ Z (M, sinys, +M1' cosYy, — M. sin Wnaﬁp)
=l

N Vertical Shear Forces

M.(w)= Z:(M- +M.5,)

5 U Intelligent Rotorcraft Structures Lab
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K-CSD Code CoRAN: An Overview

0.14

< Rotor aeroelastic stability analysis [ —Presnt
0.12} - - =Tracy(1998)
- Governing equation: Md+C(a,)4q+K(q,w)q=F(q,4,») F; O Measured(1998)
- Linearized perturbation equation: oF oF ?DDB
P d M 5q+[C oq J5C]+[K 8q 0q=0 B Aeroelastic stability in hover
- State-form equations: §X = A(y)S X § 0.06 (Tracy et al. (1998))
(m]
0 | Sp g
A o oX =
(l//) [ M - K M _1C] {é‘p} 0.02f
- Modal flutter equations: MSPp+Cop+Kop=0 o Collective Pitch Angle, deg
M :¢T M ¢ C :¢T [C %I; J¢ K :¢T [K ((?Blci J¢ :g_-g::;:?:ssz)
» Flutter solutions: Constant coefficient / Floquet transition matrix solutions 3
1 f.v 002 Aeroelastic stability in forward flight
_1 1 2 2 S (Smith et al. (1992))
P=tind =a +ia|  a-=Li/- m{( L), ] i
« Stability criteria: A :
a2, >0 :Unstable a)k:%tan—l (—)' > "
O (/lk)R -
o < : Stable
KU ﬁtﬁ& l[ DD DI‘I Dlz 0‘3 0.4

Forward speed, 1



K-CSD Code CoRAN: An Overview

. ] ] 4000 i — 'IR'h:Iust - 600 0.2 ———— ::2:2 p—
L} - = = Rolling moment
** Interface with external aerodynamics: Future work t o
—{400
» Tight coupling with prescribed or free wake model | 2
- 200 §
. . I | E
» Loose coupling with RANS CFD code (KFLOW) IR -
F o gniRIIcEzRIZEETCRII £
L 3000‘E ‘~o___o_—-0‘"‘° “ T %
y ] 14
% Free-trailing vortex 3 200
- :
/ 2500 L 3 _ 3 T 3 6740 05 o 0 75 360
Voo ¥ Trim Cycles Azimuth angle, deg
——— X
Rajiees uia CFD/CSD LC trim histories
bound vortex
£ il 6
¢ = Free-trailing vortex C START )
Solution of Aerodynamic Solution of Structure CSD Trim
[C === I — | L?SD = LI!'L + AL, <
1 Calculate v, a I 1 Calculate F, . . M, | Output: control angles &
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K-CSD Code CoRAN: Sample Results
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K-CSD Code CoRAN: Sample Results
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Summary

«» Current status of rotorcraft CSD codes briefed

“* Ongoing work on CSD code development at KU introduced. Key features
of the so-called CoRAN include:

= Flexible multi-body formulation

= Nonlinear beam kinematics modeling (MLDB or GEB)

= Prediction of trim, blade response, blade & hub loads, and aeroelastic stability
= [nterface with a general section analysis program KSAC2D

= Pipeline to external aerodynamics (free wake, CFD solver)
* Some benchmark comparison results demonstrated

¢ Future work: Long way to go... (wake models, CFD/CSD coupling)

Intelligent Rotorcraft Structures Lab



Q&A

Thank you!

Contact: snhjung@konkuk.ac.kr
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