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An analytical method for longitudinal-lateral couplings
in helicopter motional modes
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(National Key Laboratory of Science and Technology on Rotorcraft Aeromechanics,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A quantitative method to analyze helicopter longitudinal-lateral coupling char-
acteristics was put forward, including amplitude characteristics, time characteristics, and in-
tegration characteristics of couplings among state variables of a motional mode. Relative
strengths of couplings could be reflected by amplitude characteristics. Time ratios of cou-
plings with intensifying or diminishing effects could be described by time characteristics.
And divergence or convergence rates of state variables caused by couplings could be represen-
ted by integration characteristics. With the typical longitudinal oscillatory mode of a hove-
ring Puma helicopter as an example, the couplings characteristics among state variables of
the mode were analyzed through comparison between longitudinal-lateral decoupled and cou-
pled conditions. It showed that, because of longitudinal-lateral couplings, both lateral veloc-
ity and roll rate had effects on pitch rate, and their strength was almost three times the effect
of longitudinal velocity on pitch rate, and the divergence rate of pitch rate was accelerated.
Longitudinal-lateral couplings had a great effect on coupling characteristics of the mode, and

the dynamic stability was influenced further.
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Table 1 Eigenvalue comparison of motional modes
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Fig. 1 Correspondence of mode eigenvalues
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Table 2 Coupling property of Au in longitudinal-lateral

decoupled case

k G35, /(m/s?) N Ci,/(m/s*)
1 0.0176 0 —0.0051
2 0.0002 0.5811 0.0002
3 0.0111 0.8081 —0.0034
4 0.4060 0.5984 0.4059
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Fig. 3 Coupling process of Au in longitudinal-lateral

decoupled case
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Table 3 Coupling property of Aw in longitudinal-lateral

decoupled case

k Cs,/(m/s") Cs, Cs,/(m/s)
1 0.0092 0.4189 0.0078
2 0.0068 0 —0.0020
3 0.0002 0.3891 —0.0002
4 0.0116 0.9826 0.0028
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Fig. 4 Coupling process of Aw in longitudinal-lateral

decoupled case
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Table 4 Coupling property of Aq in longitudinal-lateral

decoupled case

k C,,/(rad/s™) C;, Ci,/(rad/s™)
1 0.0113 0.8081 0.0088

2 0.0001 0.6109 —0.0001
3 0.0074 0 —0.0022
4 0 0 0

Agl(rad/s)

C /1072 (rad/s?)

5 YR B Aq HEE ISR
Fig. 5 Coupling process of Ag in longitudinal-lateral

decoupled case
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Table 5 Coupling property of A@ in longitudinal-lateral

decoupled case

k C;,/(rad/s) C, Ci,/(rad/s)
1 0 0 0

2 0 0 0

3 0.0165 0.5935 0.0165
4 0 0 0
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Fig. 6 Coupling process of Af in longitudinal-lateral

decoupled case
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Table 6 Coupling property of Au in longitudinal-lateral coupled case
. C;,/(m/s") C,, Ci,/(m/s*)
Decoupled Coupled Decoupled Coupled Decoupled Coupled
1 0.0176 0.0175 0 0 —0.0051 —0.0085
2 0.0002 0.0003 0.5811 0.9434 0.0002 0.0001
3 0.0111 0.0220 0.8081 0.6780 —0.0034 —0.0107
4 0.4060 0.5862 0.5984 0.6742 0.4059 0.5856
S 0.0336 0.3651 0.0201
6 0.0164 0.3072 —0.0163
7 0 0 0
8 0 0 0
x7T HE@BER AvHBEEE
Table 7 Coupling property of Aw in longitudinal-lateral coupled case
L C,,/(m/s") C,, C;,/(m/s*)
i Decoupled Coupled Decoupled Coupled Decoupled Coupled
1 0.0092 0.0092 0.4189 0.0566 0.0078 —0.0058
2 0.0068 0.0132 0 0 —0.0020 —0. 0064
3 0.0002 0. 0004 0.3891 0.7346 —0.0002 —0.0001
4 0.0116 0.0168 0.9826 0.6176 0.0028 0.0166
S 0.0069 0.3085 0.0031
6 0.0009 0.3638 —0. 0009
7 0.0318 0.9785 0.0172
8 0 0 0
x8 HHEEBEH Aq HBEHFHE
Table 8 Coupling property of Aq in longitudinal-lateral coupled case
C:, /(rad/s") C,, C;,/(rad/s*)
}’ 3k 3k 3k
Decoupled Coupled Decoupled Coupled Decoupled Coupled
1 0.0113 0.0113 0.8081 0.6780 0.0088 0.0113
2 0.0001 0.0002 0.6109 0.2654 —0.0001 —0.0002
3 0.0074 0.0148 0 0 —0.0022 —0.0072
4 0 0 0 0 0 0
5 0.0226 0.9569 0.0082
6 0.0110 0.3709 0.0067
7 0 0 0
8 0 0 0
F9 HEEBEN AHBEHNYE
Table 9 Coupling property of A@ in longitudinal-lateral coupled case
. C,,/(rad/s) C,, Ci,/(rad/s)
Decoupled Coupled Decoupled Coupled Decoupled Coupled
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0.0165 0.0328 0.5935 0.6478 0.0165 0.0327
4 0 0 0 0 0 0
S 0 0 0
6 0 0 0
7 0 0 0
8 0.0020 0.8994 0.0015
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