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Analytical Method of Helicopter Flight Dynamics

Suitable for Conceptual Design

Gui Jingran, Chen Renliang , Li Pan, Kong Weihong

(State Key Laboratory of Helicopter Rotorcraft Aeromechanics, Nanjing University of

Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: To improve the accuracy of helicopter performance calculation in conceptual design phase, an

analytical method of helicopter flight dynamics is proposed for conceptual design. In the method, the at-

titude angle of fuselage is set before trim, and in the trim process the attitude angle is set to be equal to

the set value by changing the lengthwise position of the horizontal tail and the vertical position of the tail

rotor. So when the overall design parameters vary, the effect of fuselage attitude change on the flight

performance can be ignored, thus analyzing the influence of the overall design parameters on the flight

performance and optimizing the overall design parameters in the conceptual phase.

Key words: helicopter; conceptual design; analytical method of flight dynamics; trim; flight perform-

ance; parameter analysis
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Fig. 1 Input and output of general trim calcualtion

ARSCHE T — A T A B B B B
PLBC -3 H53 05 125, an &1 2 B, B Y- JF 3R 2 i 45 38
AN AT AR B WL B 22254 A4 A A T aod e v
(AL B 5 25 55 0 B 4 S A BB 2 25 A 0 KU AR
S5 AU RGN 1 07 B R R A T () {7 B > HOR M
A o SR A AR L T AR SR AT R A 1 i B R R
e (0] LB . R Y PR SRS RO o] Z s L B
AU X TRAT P B T A R I L DT 45 Y PR A
PR BT 2 O RATPERE 9 -2 W 73 A7

BPt 5 PRERME
R
BT A Bl R R C

Bl 2 3E TR v e ISP 1 G A L
Fig. 2 Input and output of trim calculation

suitable for conceptual design

TEAES T B IHHLA s M s 2 ) i ar
TARAEDr R L. AR SO TE ) 8 gl 2K 35 Ok SR
filt 1205 R R AOR A B TH P 3B BE 0, e 1] A
WAERE A, k) SRR By R EEE 0 R R IR
6] (o YN AL B DL R AR B R a0 a0
VRS R B 0o 000, BUI ESEL K R 0 FH 2
RALAH I M AT AAS 2, 5 BURC P 3 R AR A
(38 TR S BT Y BC T S A5 R DL 3~6. 141 3
H A AR SCIE - 3153 07 35 I BIL B SR 25 4R BT 45 5
T2 AR 8 e X L C P 2 A R 22 T AU A
B o A PR RGP A R 0 LT LA L AR
SCHR P TERAR SF FE ) A5 R R AR A ) 7
B AL B S S AR AR e BOE RO B A T
37 B ) B A28 Bl AR TE - O 0 B 4R G0 I e 3L
PR BETE B Lr MW 75 o IR AR SCHR HE B AT g2
Sy HT 7 AT T BT HURE & i B B R AT M fE
N



262 Moal it m M R OK ¥ ¥ AT %
10 10
e 5 — W E ~ — W E
= o AXEFiHE N 0 AVFTHE
S > 0
& 0 W—ﬁ—e—e—o—e : W
jﬁ: _z¢ f= -5
® O &
-10 P N — -10 N NN
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
27 / (km + h™) 253 / (km * h™)
(a) WA (b) P
&3 LB B35 A B W B 0 AR A
Fig. 3 Attitude angles of fuselage varying with forward speed
10 15
— R — W
_ 5| O AXWTIH T 10 O AXETiIHE
i i
g g s
= weeeeaeego 3
= m 0
S &
i S
-10 - - - -10 - ' '
0 100 200 300 0 100 200 300
253 / (km * h") 253 / (km * h")
’ (a) M1 AIAAR R (b) Y\ EH#AAR R
15
— EAREE — EAREE
_ 0 UM o 0 AR
= 20 “ 10 f
= &=
B B
® 15 ) 5
10 0 - ' -
0 100 200 300 0 100 200 300
235 / (km + h") 235 / (km + h")
(C) ﬁ}%%ggﬁﬁ (d) %%:{?\EE
4 ERY R E E O B Y 2R A i 3
Fig. 4 Manipulated variables changing with forward speed
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Fig.5 Lengthwise position of horizontal tail and vertical position of tail rotor varying with forward speed
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Fig. 7 Calculation process of flight performance
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Fig. 8 Influence of rotor blade tip speed on helicopter flight performance
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Fig.9 Influence of disc loading on helicopter flight performance
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