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1 Flight Dynamic Model (HETLAS)

Recent Progress in HETLAS Applications2

Kinematically Exact Inverse Simulation Techniques

Direct Dynamic Simulation Approach to NOCP

Importance and Methodologies of MTE Analysis

Summary of Part 13
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1st Generation
'Ŝ34}ŝ5/(

R-5 / H -21

2nd Fdm-'Ŝ5/}ŝ64(
CH-47A,UH-1, 

CH-53

3rd Fdm- 'Ŝ64}ŝ8/(
UH-60A
AH-64A 

2*Fdm-'Ŝ8/}ŝ04(
V-22, UH -60M, 

AH-64E CH-47-II, 
A/UH -1Y/Z

4th Fdm-'Ŝ04}ŝ1/(
RAH-66
CH-53K

5th Fdm-'Ŝ30~ )
FVL, MUX

FUAS

Å<100 knots

ÅReciprocating EG

ÅMechanicalFCS

ÅWooden Blade

ÅLow Survivability

Å<130 knots

ÅTurboshaft EG

ÅMechanical AFCS

ÅMetal Blade

ÅPassive 

Survivability

Å>150 knots

ÅPower Increased

ÅMechanicalAFCS

ÅComposite Blade

ÅActive

ÅCrashworthiness

Å>150 knots

ÅHigh Efficiency

ÅFBW FCS

ÅComposite Blade

ÅSensor Fusion

ÅLow RF/Noise

Å>170 knots

ÅExtreme Efficiency

ÅDigital FBW FCS

ÅComposite Blade/ 

Structure

ÅActive Crashworthy

Å>200 knots

ÅLong End./Range
ÅInd. Blade Control

ÅCompounding

ÅAdaptive FCS

ÅAutonomousFCS

Flight Dynamic Analysis
ÁTrim 
ÁLinearization
ÁSimulation

Applications for MTE Analysis / FCS Development
ÁInverse Simulation 
ÁNonlinear Optimal Control Analysis
ÁDesign/Evaluation of Flight Control Laws

HETLAS:Helicopter Trim, Linearization, And Simulation
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Attitude kinematics

Position kinematics
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Linear motion equations

Gravity forces

ÁEuler attitude angles
ÁQuaternion
ÁFinite rotation angles
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Angular motion equations

Flight control 
system

Force Summation
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Moment Summation
Propeller/Ducted 

Rotor

Wing/Control surf.

Fuselage

Power plant ?
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Atmospheric conditions
Turbulence model
Wind shear model
Etc.

Flight dynamic equationsExternal forces and moments
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Rotor-components modeling requirements

Å Any configurations of the rotor/propeller can be handled.

Å Flapping and laggingmotions are independentlyadopted

(Ex. No dynamics: ABC rotor blade)

Å Interference amongrotors usingempirical data.

Å Both Pitch controls and RPM control are selectable.

Å Number of bladesand airfoils is not limited.

Å Input data of eachbladeare receivedfrom external files

Å Various inflow models

Å High-fidelity rotor modeling techniques

Å General rotor orientations

Å General directions of rotor rotation (CW, CCW)

Rotor

Propeller

Bladeelement method 

Unified Rotor Models

Dynamic inflow

Dynamics Aerodynamics

or

Pre-cone Pre-sweep Flap    Lead-Lag  Feathering                                    Blade section

BALFSP rlllll

XZYZY eeeee ----

Rotating

hub

Airfoil #1 Airfoil #2 Airfoil #3

Anhedral
Tip sweep

Direction vectors for hinges

Rotor Type Dynamics Control Location Orientation

Propeller No dynamics

collective 

or

RPM

Front (Pull) 

or Rear 

(Pusher)

90 degFWD tilt

R
o

to
r

Conventional

main rotor

Flap / Lag / 

RPM

Collective

2 cyclic 

pitches

Top/center
Vertical (reference)

Small FWD tilt

Conventional

tail rotor

Flap / RPM 

(MR 

dependent)

collective Rear

Ô90 degsideward 

tilt with small cant 

angle

Gimbal/Teeter

ing main rotor

Flap

Gimbal

Collective

2 cyclic 

pitches

Top/center
Vertical (reference)

Small FWD tilt

Gimbal/Teeter

ing tail rotor

Flap

Gimbal
Collective Rear

Ô90 degsideward 

tilt with small cant 

angle

ABC

(Advanced

BladeConcept)

No dynamics

Collective

2 cyclic 

pitches

Top/center
Vertical 

Small FWD tilt

Ducted No dynamics

Collective

(thrust 

vectoring) 

Design 

dependent

Design dependent

Diversity in Rotor Configurations is reflected
in selecting Requirements for Rotor Model
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Unified Wing Models

Wing + Control Surface

Strip Theory Lifting Line Theory

Biot-SavartLaw

Lift IncrementEstimation
Airfoil aerodynamic 

data Table Lookup

Wing Type Control surfaces Location Orientation

Conventional
main wing
(starboard)

Aileron / flap
(2 control surfaces)

Fuselage 
center

Horizontal with dihedral,
sweep, and twist distribution 
along the span

Conventional
main wing
(port)

Aileron 
(reversely coupled)
Flap
(rightly coupled)

Fuselage 
center

Symmetric in x-z plane with 
respect to starboard side main 
wing

Conventional
horizontal
stabilizer

Elevator 
(1 control surfaces, 
independent)

Rear 
fuselage

Same as the starboard main 
wing but airfoil may be upside 
down orientation with 
specified attachment angle

Conventional
vertical
stabilizer

Rudder 
(1 control surfaces, 
independent)

Rear 
fuselage

Ô90 degupward tilt from the 
reference airfoil may be upside 
down orientation with 
specified attachment angle

Wing with
endplate

As specified As specified As specified

Others As specified As specified As specified

Diversity in Wing Configurations is
reflected in selecting Requirements for
Wing Model

Wing-components modelling requirements

Å Orientation of each wing can be defined with respect to the

referencestarboard main wing

Å Many control surfaces can be allocated to the wing, some of

which havethe right or reverseddeflection angles

Å Airfoil can havethe convectionalorientation or the reversedone
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Aircraft Rigid -Body Dynamics
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Blade Hinge Dynamics
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Rotor RPM Dynamics

Rotor Inflow Dynamics
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Blade Beam Dynamics

Fuselage Aerodynamic Forces and Moments 

(Tabulated Aerodynamic Coefficients)

Wing Aerodynamic Forces and 

Moments (Strip Theory)

Blade Aerodynamic Forces 

and Moments (Blade Element 

Method)

Empennage Aerodynamic Forces 

and Moments (Strip Theory)
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Trim Flight Category ( for Trim Kinematical Equations )

ÁRectilinear Flight : hover, vertical flight, side and rearward Flight, forward flight with
sideslip and climb angle

ÁTurning Flight : coordinated/uncoordinated turn with flight path angle (Helical Turn)

ÁAuto -rotational Descent 

ÁBank-ydqn Sqhl 'enq Ohknsŝr @ssqhatsdr(

ÁPull -up    (instantaneous)

ÁPush-over (instantaneous )

Trim Methodology 

ÁHarmonic Balance Method

ÁPeriodic -Trimming Algorithm (PTA)

ÁPartial Periodic Trim Algorithm (PPTA)

Trim Equation (NAEs) Solvers

ÁStandard Newton Methods

ÁQuasi-Newton Methods

V Aqnxcdmŝrgood method
V Aqnxcdmŝrbad method 
V Fqddmrq`csŝr1st and 2 nd method   
V Thomas optimal method
V L`qshmdyŝr column -updating method
V Etc.                  

x

xf
J(xBxfBxx

d

d k
kkkkkk
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Numerical Jacobean approximation using the Finite Difference Formula

Motion equations Trim solution),( tux,fx=" 0u,xff == )( TTTrimTrim
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Derivation of Linear Model @ Trim Conditions

Reduced Order Model : Low -Order Equivalent (LOE) Model
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Truncation method by ignoring the inter -axis coupling
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Residualization (time -scale separation) method
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Ą Residualization method is better suit for rotorcrafts due to high inter -axis coupling
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Standard Explicit Time Integrator

Å RTAM-3 : 3rd order Real-Time Adams -Moulton integrator

Å RK-4 : 4th order Runge-Kutta time integrator

Å RKF-45 : 5th order Runge-Kutta time integrator with step size control

Standard Implicit Time Integrator

Å Crank-Nicolson Algorithm : 2nd Order

Å Backward Difference Method : 3rd / 4th Order Algorithm

Pseudo Spectral (PS) Time Integrator coupled with Piccard Method

( , ), (0) ot= =x f x x xMotion equations

Nonlinear Algebraic Equations (NAEs)

0 0

0 0

0 ( 1,2, , )
2 2

k N k N

jk k j j jk k

k k

h h
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Applications of Piccard Fixed Point Iterative Method
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¸Hovering & Vertical Flight Performance

üOGE Hovering Limits @MCP, TOP

üIGE  Hovering Limits @MCP, TOP

üMax. Vertical Climb Rate @MCP, TOP

¸ Forward Flight Performance

üMax. Climb Rate @MCP

üOEI Service Ceiling @MCP

üMax. Cruise Speed @ MCP

üNever Exceed Speed Limits Vne

üFlight Envelope

üMax. Load Factor

üService Ceiling (max. RoC<100 ft/min)

üAbsolute Ceiling (max. RoC= 0 ft/min)

Engine Power MCP: Maximum Continuous Power
TOP: Take-Off Power

Engine Failure AEO: All Engine Inoperative  
OEI  : One Engine Inoperative

Ground Effect IGE  : In -Ground Effect
OGE: Out-of -Ground Effect
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Ç Computer -Model Procedures for Point Performance Analysis

1. Aircraft Data Processing & Analysis Option Selection

2. Standard Day Performance Analysis for Initial Guess

(Generate Initial Values and Save it for óTrim Moverô)

3. Performance Analysis with WAT Sweep

(WAT: Weight, Altitude, Temperature)

0V fV

Performance 

trim node 

Sea level, ISA condition 

trim result

Trim Mover Functions are developed and 
implemented for Robustness in Analysis

Trim Mover Functions 
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ÁRange

ÁEndurance

ÁPayload -Range Performance

ÁPayload -Endurance Performance

ÁMax. range with zero payload

Mission Profile (Example)

Single mission 

segment 1

Single mission 

segment 3

Single mission 

segment 2

Mission Profile

Mission Performance Analysis Results
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Ç Definition of Mission Segments using Way -point Data
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Ç Trajectory Generation using spline interpolation of

Ç Time integration along the generated trajectory to get converged solutions of 
coupled mission -performance equations using PS -integrator
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1. Aircraft Data Processing & Analysis Option Selection

Ç Computer -Model Procedures of Mission Performance Analysis

2. Define Mission Profiles and Divide into Segments

3. Mission Segment Generation for Actual Analysis

4. Performance Analysis for i-th Segment
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Ç Validation of HETLAS: Example Rotorcrafts

Reference Helicopter Bo-105

V&V : Comparison with Flight Test
Criteria : 1) FAA AC-120-63

2) GENHEL(Sikorsky )
3) Boeing

V&V : Using Ref. (Flight test/Analysis)
Criteria : FAA AC-120-63
Ref.: 1) AGARD GARTEURReport

2) Published Papers
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Trim Analysis Simulation Results

C.-J. Kim, C.-D. Yang, C. Kim, Model-Fidelity Validation of the Helicopter Flight Dynamic Analysis Program, HETLAS, 213 (2019) 210ï213.
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Trim Analysis

Stability Analysis

C.-J. Kim, K.-C. Shin, C. Yang, I.-J. Cho, C.-D. and Yun, Y.-H., Kim, C.-J., Shin, K.-C., Yang, I.-J. Cho, Interface features offlight dynamic analysis 

program, HETLAS, for the development of helicopter FBW system, in: 1st Asian Australian Rotorcraft Forum and Exhibition 2012,2012: pp. 12ï15.
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J. An, Y.-S. Choi, I.-R. Lee, M. Lim, and C.-J. Kim, ñPerformance Analysis of a Conceptual Urban Air Mobility Configuration Using High-Fidelity 

Rotorcraft Flight Dynamic Model,ò International Journal of Aeronautical and Space Sciences, Jul. 2023, doi: 10.1007/s42405-023-00610-7.

Mission Profile for Analysis
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J. An, Y.-S. Choi, I.-R. Lee, M. Lim, and C.-J. Kim, ñPerformance Analysis of a Conceptual Urban Air Mobility Configuration Using High-Fidelity 

Rotorcraft Flight Dynamic Model,ò International Journal of Aeronautical and Space Sciences, Jul. 2023, doi: 10.1007/s42405-023-00610-7.

Endurance and Range Prediction 
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AC 120-63 - Helicopter Simulator Qualification

Test Tolerance Comment

Level flight Performance and 
Trimmed Flight Control 

Position

Torque : Ô3.0%
Pitch Attitude : Ô3.0À

Control Position : Ô5.0%

Forward Flight, 
Level (C, D)

Longitudinal Handing 
Qualities : Control Response

Pitch Rate : Ô5.0% or Ô2.0À/sec
Pitch Attitude Change : Ô10.0% or Ô1.5À

Collective & 
Longitudinal

, Level (B, C, D)

Lateral Handing Qualities : 
Control Response

Roll Rate : Ô10.0% or Ô3.0À/sec
Roll Attitude Change : Ô10.0% or Ô3.0À

Level (B, C, D)

Directional Handing 
Qualities : Control Response

Yaw Rate : Ô10.0% or Ô2.0À/sec
Yaw Attitude Change : Ô10.0% or Ô2.0À

Level (B, C, D)

Table. AC 120 63 ŘTolerance of trimmed flight control position and handling qualities.
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AC 120-63 - Helicopter Simulator Qualification

[Bo-105 Data from :Padfield, Gareth D, Helicopter flight dynamics: the theory and application of flying qualities and 
simulation modelling, John Wiley & Sons, 2008]

Uniform 
inflow

Fig. Forward flight trim result of BO -105 dynamic model



24

AC 120-63 - Helicopter Simulator Qualification

[Bo-105 Data from :Padfield, Gareth D, Helicopter flight dynamics: the theory and application of flying qualities and 
simulation modelling, John Wiley & Sons, 2008]

Fig. 80knot Řcollective input 3211 response Fig. 80knot ŘLateral input 3211 response
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AC 120-63 - Helicopter Simulator Qualification

[Bo-105 Data from :Padfield, Gareth D, Helicopter flight dynamics: the theory and application of flying qualities and 
simulation modelling, John Wiley & Sons, 2008]

Fig. 80knot Řtail collective input 3211 responseFig. 80knot ŘLongitudinal input 3211 response


