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Couplings in helicopter hovering longitudinal motional modes
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Abstract: A quantitative analysis method was put forward, concentrating on couplings
among state variables in helicopter motional modes. In the method, based on motional modes
resulting from a decoupling procedure, couplings among state variables in motional modes
were quantitatively described in combination with the matrix of aerodynamic derivatives.
And all couplings were distinguished quantitatively by instantaneous characteristics and inte-
grated characteristics. With the application into helicopters, Lynx, Bol05, and Puma, cou-
pling characteristics of hovering longitudinal motional modes were analyzed. It showed that
the coupling on pitching rate from longitudinal velocity by speed stability played a vital role
in the unsteady hovering longitudinal oscillatory mode. Based on the quantitative analysis of
examples, simplified models were obtained with the selection of main couplings, and the re-
sulted deviation of natural frequency and damping ratio of motional modes was less than 2%,
superior to simplified models in references. So it is feasible to obtain simplified models on the

basis of the quantitative analysis.
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Fig. 1 Diagram of couplings in complex plane
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Table 1 Couplings on Au, Aw and Aq in hovering longitudinal oscillatory mode of Lynx

‘ C.‘%Alk ‘ / ‘ CS.ZL' ‘ / / ‘ C\'L.‘%h ‘/ /
.1k ) . .2k a3.3k
k 1072 1:; Tagg Cy/% 1072 (:; Tuge Cy/% 1072 1:; Tuge Cy/%
(m/s") (m/s") (rad/s*)
1 4.13 180 0 —0.48 66.77 1.16  0.9936  8.99 100 13.67 0.9241 144. 99
2 0.34 —1.16 0.9936 0.03 65. 99 180 0 —7.58 0.89 12.51 0.9305 1. 21
3 3.26  —13.67 0.9241 —0.40 0.89 —12.51 0.9305 —0.09 95.24 180 0 —46. 20
4 100 83.01 0.5388 100.85 100 84.17 0.5324 98.68 0 0 0 0
R 2 Bolos BENEIRFEESR Au,AwFl Aq IS
Table 2 Couplings on Au, Aw and Aq in hovering longitudinal oscillatory mode of Bol105
.1k ) .2k , 5,5k
kR 107 (l; Tugg Cy/% 10°* (O; Tugg Cy/% 10°° 13; Tugg Cy/%
(m/s%) (m/s") (rad/s")
1 4. 07 180 0 —0.27 44.88 —9.31 0.9483 —4.70 100 7.79  0.9567 149. 80
2 0.08 9.31 0.9483 0.02 57.18 180 0 —4.16 0.52 —162.90 0.0950 —1.38
3 3.73 —7.79 0.9567 —0.26 4.18 162.90 0.0950 1.05 97.69 180 0 —48. 42
4 100 86.03 0.5221 100.51 100 76.72 0.5738 107.81 0 0 0 0
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Table 3 Couplings on Au, Aw and Aq in hovering longitudinal oscillatory mode of Puma
I (:341!4 ‘ / / ‘ (:3.2!\- ‘/ / I (:lL.‘%k ‘/ /
N a3, 1k . N 3,2k . N 3,3k .

ko 10°* ;l; Toge Cy/% 10°° (o; Tuge Cy/% 10°° :; Tuge Cy/%

(m/s%) (m/s") (rad/s*)
1 4.33 180 0 —1.28 79.18 104.59 0.4189 93.07 100 34.55 0.8081 134. 25
2 0. 04 75.41 0.5811 0.04 58. 27 180 0 —23.24 1.07 —70.04 0.6109 —1.47
3 2.73  —34.55 0.8081 —0.85 1.79 —109.96 0.3891 —2.46 65.87 180 0 —32.78
4 100 72.28 0.5984 102.09 100 —3.13 0.9826 32.63 0 0 0 0
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®4 Lynx B2EMINEESDR Au, AwFl AqHIIES
Table 4 Couplings on Au, Aw and Aq in hovering pitch

mode of Lynx

‘ C.Zwlk‘/ ‘CQVZk‘/ ‘ (;_7‘3’1‘/
., @, 1k ., 2,2k ., o.s5r/
ko100t M o BT g
(m/s%) (m/s") (rad/s")
1 1.13 180 18. 24 0 6.76 180
2 0.08 0 15.51 180 0. 05 180

3 13. 83 180 3. 77 180 100 180

1 100 180 100 180 0 0

£S5 Bol0s BEMMRER Au,Awil AqIIFES
Table 5 Couplings on Au, Aw and Aq in hovering pitch
mode of Bol05

‘C/ZAI/\*‘/ ‘C‘Z.Zk‘/ ‘C/Zil‘/
X .1k B .2k N ./
k1077 . 10°? . 10°° )
(m/s%) (m/s”) (rad/s*)
1 0.71 180 7.78 0 2. 38 180
2 0.01 0 5. 60 180 0.01 0
3 27.76 180 31.12 0 100 180
4 100 180 100 180 0 0

%R 6 Puma BEMIMESD Au,Awil Aq 9B E
Table 6 Couplings on Au, Aw and Aq in hovering

pitch mode of Puma
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X7 Lyx BEZERESSH Au,AwFl AqHIBE
Table 7 Couplings on Au, Aw and Aq in hovering

vertical mode of Lynx

[Conl/ [ Coar |/ [ Gl /
. Q. 1k ) Q. 2k ., Q. 3k
k107 A 10°° . 10°°
(m/s%) (m/s*) (rad/s")

| Crul/ [Cranl/ | Cral/
” Qi 1k . a2k . QL 3k
k107 . 10°° . 10°° “
(m/s%) (m/s%) (rad/s")

1 2.74 180 37. 94 180 55. 34 180
2 0.09 0 100 180 2.12 0
3 4.73 180 2.35 180 100 180

4 100 180 75.79 180 0 0

1 9.91 180 0.82 180 91.12 180
2 100 180 100 180 100 0
3 0. 96 180 0. 001 0 10. 63 180

4 44,84 180 0.23 0 0 0
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&8 Bol0s BEEMMBESH Au,Awil AqHIBE
Table 8 Couplings on Au, Aw and Aq in hovering vertical

mode of Bol05

[Cial/ [Cial/ [Cisel/
5 o1k , o2k ) ask/
ko 10 ’ 10°? ; 107 ’
(m/s%) (m/s%) (rad/s®)
1 5.22 180 0. 28 0 69.61 180
2 27.78 0 100 180 100 0
3 2.33 180 0.01 0 33. 26 180
4 100 180 0. 49 180 0 0

X9 Puma BEEMESS Au,Awil AqIBE
Table 9 Couplings on Au, Aw and Aq in hovering

vertical mode of Puma

|Cl‘lk|/ ‘CI.Z}\"/ |Cl‘3f<|/
5 a1, 1k Y Qr,2k Y Qa1,3k
ko100 M o T g
) ) ) )

(m/s%) (m/s®) (rad/s®)

1 5.50 180 1. 30 180 89. 58 180

2 5. 26 0 100 180 100 0
3 2.25 180 0.02 180 38. 24 180
1 100 180 1. 29 180 0 0
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fisR A:

RGEABS A AME Al~F A3 Iin. B, Tis m=

— X HHI N M PR FES A, W SRR IEE AN 1 /55 [ W, Wo, Wi,

BT NSO EE Aulm/s)  IE [ HEE Aw(m/s) AN A 3E
(rad).

K AD~RADAH T Lynx,Bol05 Al Puma Y 2 (5N i 46 (42
—0.0199 0.0215 0.6674 —9.7837
0.0237 —0.3108 0.0134 —0.7215
ALynx - (Al)
0.0468 0.0055 —1.8954 0
0 0 0. 9985 0
—0.0211 0.0113 0.7086 —9.8029
0.0091 —0.3220 —0.0311 —0.3838
Agoros = (A2)
0.1045 —0.0151 —3.7472 0
0 0 0.9990 0
—0.0176 0.0076 0.6717 —9.8063
—0.0092 —0.3195 0.0126 —0.2803
Apuma — (A3)
0.0113 —0.0057 —0.4506 0
0 0 0.9989 0

1,2,3,4 5 B4R L TE ) B2 A AL 25 N
W, " %J%?Eﬁﬂg,éj\%uxfr
JE AqCrad/s) VA K HLEH A E A A



411 Pk JCAF B I PRGN mE SRS RS 2709
x Al Lynx RS EIEEES
Table A1 Hovering Longitudinal Motional Modes of Lynx
m A/ (1/$) Wi/ (m/s) W/ (m/s) Wi/ (rad/s) Wi/ rad
1 0.05552+0. 474031 1 0.07535—0. 001521 0.02285—0. 005561 —0.00598—0. 048 831
2 0.05552—0. 474031 1 0.07535-+0. 001521 0.02285-+0. 005561 —0.00598-+0. 048 831
3 —2.02452 1 0.064 86 —0.36521 0.18012
4 —0.31262 —0.10709 1 0.00031 —0. 00099
® A2 Bol0s BENmIZshES
Table A2 Hovering Longitudinal Motional Modes of Bol05
m A/ (1/$) Wi/ (m/s) Wa,./(m/s) Wi,/ (rad/s) W.,./rad
1 0.03430+0. 514041 1 0.03553+0. 005831 0.02699—0. 003691 —0.00366—0. 052701
2 0.03430—0. 514 041 1 0.03553—0. 005831 0.02699-+0. 003691 —0.00366+0.05270i
3 —3. 83626 —0.85479 —0.01738 1 —0.26041
4 —0.32264 0.10058 1 —0.00134 0.004 15
#& A3 Puma BEHEIEZHES
Table A3 Hovering Longitudinal Motional Modes of Puma
m A/ (1/$) Wi,/ (m/s) W,/ (m/s) W3,/ (rad/s) W, /rad
1 0.11528-+0. 381051 1 0.00534-+0.02051i  0.01361—0.00937i —0.01261—0.03948i1
2 0.11528—0. 381051 1 0.00534—0.02051i  0.01361-+0.00937i —0.0126140.03948i
3 —0.69041 1 0.07589 —0. 04532 0. 06556
4 —0. 32785 0.45187 1 —0.004 84 0.01474

(3t . TR A





