
����

�� : Lateral Cyclic Pitch Angle [deg]

�� : Longitudinal Cyclic Pitch Angle [deg]

�� : Fuselage Angle of Attack [deg]

���� : Tip Path Plane Angle [deg]

�� : Fuselage Drag [lb]

�� : Tail Rotor H-Force [lb]

� : Inflow Ratio

�� : Fuselage Lift [lb]

�� : Main Rotor Power [hp]

�� : Tail Rotor Power [hp]

�� : Tail Rotor Thrust [lb]

� : Collective Pitch Angle [deg]

�� : Thrust Coefficient

� : Solidity
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Development of Helicopter Design and Analysis Program
for Helicopter Conceptual Design
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Abstract

It is necessary a simple helicopter design and performance analysis program for a stage of helicopter
conceptual design. To meet that needs, we have developed a program which is simply used to estimate
helicopter configuration and performance. The program developed by this study is composed of Requirement,
Mission profile Analysis, Size, Aerodynamic, Trim, Propulsion, Weight, and Performance modules, and each
modules carry out operations for a given flight condition. In this study, we validate this analysis program in
9,500 lbs and 22,000 lbs helicopters and estimate design configuration and performance of 16,000 lb
helicopter. And We can use this program to optimization process for Helicopter MDO framework.

� ���� �� ��	
� ����
�, ,
E-mail : donghlee@snu.ac.kr
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6 V W E F X Y  �� ��� � E F  � �,
� MDO(Multidisciplinary Design Optimization)

B Z [ < � M � U 7 < �Framework .
\ ] Z � � ? � V ^  _MDO Framework

` < a ��� � b V W E F + [ c d e # < �,
f g � h # V ^ < � M # ) i 5 g < j � �.
k _ ` ] Z % � ] �%  l 4(1)(2) Module
� m � � i n  b Y o [, Aerodynamic Module
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v S E F � F  �� 
w x @ ` [ c # d e ,
y i ( � F B z { O ! E F B < � H � � <

: | } � �1 ~ < j � .

� � � � � � � � �2. Module
\ Z [ f g � h � v S � � P � B � � 5

g - � - - b Y t B � � <  F �<Module
a ! � � � �  � � < � � X B 1 � < 1 ~,
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� � � � m � B = �< a # tModule Module

� > K ( < j � � B � A m � � � � x y.
i ( B t � � � < 1 ~ < � � b V _ # <  

P < j � .

�� ��2.1 Framework
� Q E F b S \ Z � � XFramework Fig. 1

, � E F � 9 : K � # � �. Framework
Z [ X y i (MDA(Multi Disciplinary Analysis)

X Y 5 g �� ��6 \ ] Z % � � ? �,
Z [ # � � B Z [ < a ��Framework , MDA

� � b 
w x [ c A � # � ` < j � .
b Z [ � ��� � � � � � w < � �MDA ,

b v S 7 Z � � # � � < a � �' Mission
 � 	 @ ` R � b w � # � � 5 g SProfile

Q - J K b 
w # Z <  , Aerodynamic, Trim,
� 5 g Z [ �Weight, Propulsion, Performance

� b f g > � B � ` �� - �Module . Module

Fig 1. MDO Framework Structure

Fig 2. DSM for Helicopter Design

- - b Y t B � � <  F �< a y . � X g


w � � [ c A � � X B 1 � ��, , .
� � � 7 Z � � # � L < � � a J B   � <

 ��� � b 
w � � # 0 H � ¡ x ¢ £,
] �< a y . i ¤ � X B � : � � - ¥ ¦ �.
b w § ¨ F B 5 gDSM(Design Structural Matrix)
Z [ � M � + , �Fig. 2 .

2.1.1 Requirement and Mission Profile Analysis
E F 7 Z � � K � � E F <  P < � ��

� � b � ¢ i ¤ 
w x [ c  © � ! � � �

# E Y < a f g � h b ª « # � ¬ < 6 ,
� f g � h b 3 � P �Mission Profile Vertical

Takeoff/Landing, Climb/Descent, Hovering, Forward
b �� g �� � i ¬ � @ ` �Flight 6 Segment
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�  1 + � '  1 w ® ¯ X , � @ ` Y t �,
s �� @ ` w °  � ± 7 Z ² � x ] � � �

� Y 4 S � ³  3 � P � - B E F <, Segment
 P < � ) i  ´ : Z [ < a #Mission Profile
E Y �� .

2.1.2 Size Module
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2.1.4 Trim Control Module
% � � À �Main Rotor Module Blade Loading
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Fig 3. Improved Trim and Aerodynamic
Module Interface
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'  1  © � 7 Z ² � b Ú K · 5 g y ©
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3. Validation

� � �3.1 9,500 lb Helicopter
Z [ � E F f g � h % 1 � � ��� � 


w x [ c A � � X + S Û  V ^ � O ! ��
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��� � ¤ b O ! H � � + E F f g �UH-1D
h  b A � �' Ü ��� � 3 � Ý x9,500 lb
� � [ c H � � B @ � < a  �¼ �, Table 1.
n � .
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Table 1 Analysis Result of 9,500 lb Class

Configuration UH-1D(7) Designed Case

Main

Rotor

Radius [ft] 24 22.29

Chord [ft] 1.94 1.98

Tip Speed [ft/s] 714.19 717.4

Tail

Rotor

Radius [ft] 4.25 3.87

Chord [ft] 0.95 0.8

Tip Speed [ft/s] - 692.17

Fuselage Length [ft] 42.58 42.51

Weight

[lb]

Gross Weight 9500 9226.9

Empty Weight 5215 5052.99

Fuel Weight 1400 1496.91

Range [nm] 275 279.32

Endurance [hr] 3.3 3.31

Rate of Climb [ft/min] 1755 1770

� � 	 
 � � �3.2 22,000 lb
É Ê �� * ½ 5 g ¤ b 
22,000 lb UH-60L

w x [ c A � � X B 1 � < a  �¼Table 2.
� n � .
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� � + b Ú � g d w 4 6 ] � � b µ ��,

E Y  � ± Ú � � á  [ cMission Profile ,
A � J K  ��% � Î % b Ú � +Size Airfoil
_ é x � S ¾ ¿ A �  �� �Y x � " ( 

b A × ê # À ë # M 5 g d w � � � ? � �.
Q i ¤ 
w X [ c % �ì Y 1 í D � � X

B �¼ î 5 6 � ? � � X g ç # � Z [ �,
E F � S \ 
w E F x [ c A � # <Module
� H ��% 3 � R � �5 6 Î % ï Ü � J,
K #  l < a t u < � æ t � Y o � � X B

� # � �� y i E F B < � H � � � 1 Z �

ð M 5 g S © � � .

Table 2 Analysis of 22,000 lb class

Configuration UH-60L(8) Designed Case

Main

Rotor

Radius [ft] 26.83 26.55

Chord [ft] 1.73 1.91

Tip Speed [ft/s] 725 739.19

Tail

Rotor

Radius [ft] 5.5 5.4

Chord [ft] 0.81 0.74

Tip Speed [ft/s] 685 732.91

Fuselage Length [ft] 50.625 51.14

Weight

[lb]

Gross Weight 22000 22383

Empty Weight 11516 11258

Fuel Weight 2353 3125

Range [nm] 315 311.45

Endurance [hr] 2.3 2.23

Rate of Climb [ft/min] 1550 1570
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 � � 3.3 16,000 lb
Z [ � ¹ º B i � < a KHP (Korea Helicopter
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w x [ c A � � X BProgram)
1 � A t ë � b ��� � � N ñ V ^ �. KHP
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Fig 4. Mission Profile

Table 3 ROC of KHP helicopter (9)

Configuration ROC

Gross weight 15,000 ~ 16,000 lbs

Hover Ceiling 5000 ft

Endurance 2 hr

Payload 3000 lb

Table 4 Analysis of 16,000 lb class

Configuration Designed Case

Main

Rotor

Radius [ft] 23.21

Chord [ft] 1.60

Tip Speed [ft/s] 722.37

Tail

Rotor

Radius [ft] 4.75

Chord [ft] 0.63

Tip Speed [ft/s] 716.86

Fuselage Length [ft] 44.36

Weight

[lb]

Gross Weight 15951.81

Empty Weight 8951.55

Fuel Weight 2200.27

Range [nm] 262

Endurance [hr] 2.7

Rate of Climb [ft/min] 1450
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