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Analysis on stability and structure computation of
helicopter with slung-load

Cao Long Cao Yihua Ma Chao Xu Zhongda

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract; Computing method is given of geometric structure of slung-load for specially designated flight
mission. Using this method, the geometry and internal force of slung rope were estimated. The influence of ve-
locity and slung weight on geometry of slung-load was analyzed. An improvement of some existing helicopter
flight dynamical model with slung-load was presented by taking geometry and detailed structure of this specific
slung into consideration, and the trim state had been calculated, with the result meets existing conclusion per-
fectly. The equilibrium and stability property of various velocities and slung parameters were computed and an-

alyzed. The result tells that, for helicopter with slung-load, the increment of flight velocity can improve the in-

stability of spiral mode, however, make periodic mode worse on both longitude and lateral.

Key words: helicopter; slung-load; internal force; trim; mode

EIH AL A AT s R LAY J2 2
ik Z—. EATEEE & HIHHLA & 558 5ME
Z IRV D I TR, FEASAN 32 3 AR AR ) ] 249, mT L
e —Jeiz i TR X L3 B 3t Dy s ke
). ELTHHL M HEAR DN B s R AT o B sl B R
AR R BRI 14 i 1) 32 R

4 20 iE2 70 AUR, B2 HE AT B THL M
AT MIBRBETE, SCAR[ T -3 ] B9 OR B X —
Jr T AR 5 N — S0 3l Tl Se AR R T i 5

Wi B, 2011-03-07; M HARETIE]. 2012-05-22 1610

VK T A

AR RIS ISR A S A ST AR SR A v R
AL AR R — DB, A5 R HEAS B L
AP RSE A RATEEAS AR SCEE RS 19 1 R ATAE 55
Hh T SR WA R ) B BRI EEAT S 4 ] e
ARSCAR B SCHR [ 6 ] RIS | LA 5l i B A 32 3
WA LA 2 U5 T U, HETIT e < sh ).
ARG B B 1 IR B AR R, LB 3
A7 FHBIL B IXUTR] 5 6 4 00 A0 0 7, B8 R 2 Y

2% AR 3E . www. enki. net/kems/detail/11.2625. V. 20120522. 1610. 015. html

EETA . E%K 863 il B H (2006 AA06A205 )

1EER/AN. & (1988 —) 3B AL BN 4 ,caolong. buaa@ gmail. com.



712 5| AT A T Nl N <= <

2012 4F

T HE A RLIIEAT 0 RRE R AT,
1 BmEREZT
RSO0 S EE R R B2 T LA S
Toll SRR R A 1 TR R
LRI (UMD 5 B R () PR S L1, P 5

MR, 0 T R —F iy, U2 el 9 2
RMETEHIHLUT .

K1 ETHLR A

HNEEAMER HA2 @ =15 m BIE 12 HIE,
PR S BRS¢ =0. 1 m WIRDE. 7EH 1730
FIZERE MR B, AN 0625 i 0 1 B 4 N
SERE) WO WO I N R ) TR 4 R s (an sl 2
FiR).

K2 BRI

1E 12 BB A TS A5 [ — R4 &
X 12 RARICR T — 8, R ER RS
NERAR IR i OE S o e Y2 | Eo e I SR )
40 m, Hrp Fap R X B sy 2/3 B 12 1
A8 FRIWI IR A A T3 Bl B 1) — A~ =45 a5 AL
1.1 REYEERRIE

R ) AR [ [R] IR AR X6 B A
AR A PR

1) ZRIE LR WA, AN 00 B2 B 25 R 4 R 1Y)
‘[ﬁ;

2) ZWEUR R TR RN TT;

3) SRR SIEZ BB KA IK T, 214k T2
EHPRE.

Horp i 3) AR A Il R b ) R EE A 2k
B IR RSB FH D) 1, TR PR AR , o2
IR AT H AT IR 3 ) B /N T 5 ) R

PAR| RN NE A I e VAN B B N N
s IVERT, R ETE RS o B VEF T SR A
—ERHN BT —EEMEN. A TX R,
FEALFRZE PR AA 1) By ) 2 [l SR 3R T LUK Y
YENIASR B RS, A LE TR ERAEIE.
1.2 REMNLAMZHSH

R U T, 2R ERER B 12 T
HERNARKE, DHEEER TARET, B
YIESHFKE(E 3).

5 o 1l
K3 R RER )T A URER

LR PEE AT R P sz B O RS s 0 R
WO 2R BT B bR, BV ETHLE B &4
Pl AR DR I8 A B T2 B B R XK, B
ZR AT IER. R LB E S K g
RPLIINOZIE T, MY E4 RS HIAHL
T R R A A A Ak ) — A A e 1w 2k
TR REE N, ERRE G E— .

2L FFHIL IR ] 1 3 B AN Sk O B, £ B A
Mt sz 2 ), TR R RMUSEE, 05
5.

MURAT R AR B £ T A2 R B B &
MR R T A2 DA, EAR R SRR A
N R AR AR B O TR A B4R R I AE
25 I, I8 B 2 B Y- T A b N BE DR FE K F-.
PLEF RS RAPIR AT R B 454, AN R L
b CAPIRAS FIEH TAE.

PIE TFHLAT B E 25 m/s (R R A =
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F1 BRENKENAD

Y5 KJE/m M 71/N
1 13.9136 259.328
2 14.1070 263.945
3 14.6222 275.366
4 15.2980 288.633
5 15.9451 299.790
6 16.4027 306. 895
7 16.5671 309.303
8 16.4027 306. 895
9 15.9451 299.790
10 15.2980 288. 633
11 14.6222 275.366
12 14.1070 263.945
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B/

. 2k B TE 300 kg LRIE T 250 kg
(m-s™")
[,=15.24m; N, =280. 1N [, =15.23m; N, =233.3N
> 1, =15.35m; N, =282.1N [, =15.36 m; N; =235.2N
[, =15.08m; N, =277.2N [, =15.04 m; N, =230.4N
10 I, =15.51m; N, =285.2N [, =15.55m; N, =238.3 N
[,=14.81m; N, =272.6 NI, =14.71m; N, =225.8N
15 I, =15.78 m; N; =290.5N [; =15.87 m; N, =243.7N
[, =14.42m; N, =266.5N [, =14.24m; N, =219.9N
20 I, =16.13m; N, =298.3N [, =16.29 m; N, =251.8N
s [,=13.91m; N, =259.3N [, =13.64m; N, =213.0N

1, =16.57m; N, =309.3N [, =16.80m; N, =263.2 N
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N YRS o
ﬁﬁig I Bl 22541/ (°)
(m-s™) LT 300kg LRI 250 ke
HUAAARHD £ 1.728 1.723
s MU TR £ 1.959 1.959
i E M 2.203 2.292
O3 A -1.931 -1.927
HUARARHD £ 1.316 1.302
0 MU TR £ 1.490 1.490
R e 3.308 3.689
O3 A -1.478 —1.476
MU £ 0.880 0.859
s MU TR £ 1.127 1.136
SRR e 5.386 6.257
IREERUEESS:| —-1.121 ~1.130
MU £ 0.190 0. 154
20 HUARTR R ff 0.952 0.967
IREEICEES:i| 8.185 9.716
[EEERIUEES::| -0.949 -0.963
MU £ 0.715 0.772
- HUARTR R ff 0.832 0.853
IREEICEES:i| 11.696 14.023
IEEERIUEES::! -0.830 -0.850
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N In] R 1]
A = -2.5761 X, = -2.8724
Ay = —0.7638 A, = —0.0297
A4 = 0.0897 £0.5346i Ayy = —0.0411:£0.7120i
As=0
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IR EEAS AR 4 3 T . 55 h 300 kg /N3
250 kg 33X A A2 AT 1] 4 S BASE 2 A o) ey 22 7R
RS EAE LT 7T L Z AR T

x5 HEMEENFERAZZNE(HME)
EE_/I 2R I TE 300 kg 2RI TE 250 kg
(m-s™)
A = -2.1704 A = -2.1675
5 Ay = —0.5497 A, = -0.5509
A3, =0.0536£0.4811i Ay, =0.0528 +0.477 i
A, = —2.2045 A = —-2.2010
10 A, = —0.7466 A, = —0.7474
Ay 4 =0.0500 +0.4879i A5, =0.0492 +0.4828i
A, = -2.2573 A = —2.2524
15 A, = —0.8629 Ay = —0.8669
Ay,4=0.0552£0.5087i A;, =0.0541+0.5054i
A, = —2.4085 A= —2.4049
20 Ay = -0.8274 A, = -0.8284
A3,4=0.0673 £0.5144i A5, =0.0661 +0.5105i
A = -2.5761 A = -2.5726
25 A, = -0.7638 A, = -0.7636
X3, =0.0897 £0.5346i Ay, =0.0883 +0.531 i
F6 FHEMEBEINFERAZM(ERE)
JEE_/I 2R B T 300 kg LRI TE 250 kg
(m-s7")
A = -2.9176 A, = -2.9064
5 A, =0.5822 A, =0.5851
Ayy=—0.1115+0.45651 Ay, = -0.1173 £0.4373i
A, = -2.8605 A, = -2.8534
10 A, =0.5840 A, =0.5810
Ayy=-0.1794 £0.2966i A;, = —0.1832+0.2789i
A = -2.8417 A, = -2.8364
15 A, =0.3374 A, =0.3235
Ayy = -0.1305£0.2630i Ay, = -0.1296 £0.2515i
A = —2.8464 A = -2.8423
20 A, =0.0133 A, =0.0062
Ays=—-0.0263£0.4872i A;, = -0.0288 +0.4929i
A = -2.8724 A, = -2.8693
25 Ay = -0.0297 A, = -0.0310
Ays=—0.0411£0.7120i A5, = —0.0460 £0.7162i
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