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Analysis on trim and stability of helicopter casting objects
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Abstract: A six freedoms flight dynamics model for a helicopter with pylons was built
based on the theory of component-level. Trim calculation was conducted, and the result com-
pared with the existing conclusion. Stability was analyzed for the helicopter casting objects
with different patterns at different flight velocities. The result indicated that there was great
effect on rolling angle and lateral control-stick when the helicopter cast objects by one-side
due to the asymmetry of the recoil force. With the increase of the forward-flight velocity,
casting objects had a greater effect on Dutch mode. Dutch mode evolved into two divergent a-
periodic modes as the helicopter cast objects at a velocity higher than 50m/s, flight stability

became worse obviously. The helicopter should cast objects at a lower velocity.

Key words: helicopter; cast; casting pattern; recoil force of casting objects;

flight stability

TEBUAC A v R o o 7T SR ) 3 AOR
R E BT A AT B TR R 2 B Or b B
THLAR AR X T s A R LR e . E
THOLA A AT e 0 38 R T A S L 4R T A
TR AN 2E 4 AR AT T TN R AE LS W] S

75 B #:2018-05-15

YA

I JLAE K T R R TG 2
Je 5151 AH S DY SE DL #1271 LT 3 1 2 A
WO BN RGBT 52 e T BT RAT 3)
Jyo B o R R R P 9 3 %

=4 PN

PR T A LB (1986 —) I8 -2k, EBN S B AL K Bh A B RAT 1R

S| A RN, 22 % AR T OLI S AT B R e M o M LT iz B 1 2 . 2019,34(3) £ 685-691. WANG Huanyue,
PENG Fei,CAO Yihua. Analysis on trim and stability of helicopter casting objects[J]. Journal of Aerospace Power,2019,

34(3):685-691.



686 i o= 3

no iR % 34 %

NASA/Ames ff 55 b .0 JF & B9 ARMCOP &
RIS 25 I PG R 3 4 | T & 9 GENHEL
BRI P 2 A A S AR B R AT T i 2
% AR 2R R G AR DL R B e AN
Bl e Ry S AL 2T B LS H O B AR
B A SR IMEARY Y S T T AT R
JRVEAS 1 AT B 7 2R AR s AR B0 3 TR [
R R IR T T RAT BN A AR A

AR SCHE T B e F RS T R R
I, HUHE Bl i s 0 0 R R s i, 45 CFD
TN T BT LA R E RSB ) R A,
X B HLAT B R v S A RS E PR AT TR
38T
1 BEAN-GERKERS 1T

NEERE

TE L WLEE AT A0 75 B HL B 00 Y A B A
14 A7 B T O 5L ke B AR TR DL — 5 B ) 3R A
XPFEFHULAL S 0] R . AEd i R L AR
T SEIE — A3 E 5 10 8 AR 7 18] A
AR IR = - RSNl T A WA NPE Rl R
HRATIREWNE 1 R . A B PN b A E e
ZJE BRI E T3 S A 3G KA A 6 A
HEOCREAINMELES AU R
L E.ONLE . Ak BEINAR TR E S S X E T
LR G R 3 A s8h A ek 2 . B DL e A
e R AR v R R A B DA
YNE AR ULPIRIIR- AL LTI )| AN o
B T AL B R GE.

1

Bl 1 EFAHGE AT
Fig. 1 Flight with mine-casting of helicopter

L1 HEREER

ELTH LA A T A o e b Al AL
P A A ) A Do e S A T
L Ty e s 2 A ALK Bl 2R A Ce Bl Oy O B2 7
l6] + A K - TN A 10 LB A D = Bl O 1) ol A

s W R (D IS (2) S A 7 3
TR 7 5 B9 R oS3 RS0 AT 5L o
X. Y. Zo WA 7 R o ) 26 P R P 4
BEF R T) o, L A T A BB A
BIRGRCE L M. N, 2 ) 7 8]
L 0 9 HELAE A R P 4

X, 0
Y. |= 10 (D
Z. —F
L‘i‘ o Fda
M. |\=| FI. (2)
N, 0

ARG A A 75 7 B R L 2 A A T
A1) AR T L R 1R AR 3 5 (3D At (4D A 5
b XY Zo D 24 A 7 1 S b S 7E R &R
@100 Lo oM N O 224 A R ek 47 B sl
B 1Y) T HEAE R AR N A A O

X, X,

Y. |=| DY, (3)
Z. Nz

L. 2L

M. |= 2 M. (4)
N, 0

TE H LR AT A ok A b, 2 0 A AR N
B4 A B A T 5 — 0 A A R I AT I R A
PRI, PPN AT TR AR 09 5 A8 Ak DA R R AR ) 25
T T AL ZR G 00 A1 4 VL X T B TE P A AR
FE VAR 23 RAR KA SE 0 o >4 7 0 1) A 75 a7 [) s
P 1 B A TR R 25 BT AIL Y 2 L el R AE D D
53y,

FE FL LA B P45 1 3 A 7 A A B
R I BT 7 L LART et 67 B B A1 A T AR
JhE Ry 270 kg, A Hb BT 24 A0 TR 3R 6 A A
. EMEI LY S EN 7. 2 kg, 5
S p 1o 5000N,
1.2 X1Tzh 1R

AR SR FHER A 9 A5 AR ) B AN 5 TR X
BB B e B B B R B THALE FE R
SR R TE B AL R 2 AR A LML B AR L
CED B {800 11 530 85 4 Ay JE itk o 2% J& 485 3 2
8 R I V1 i3 R R 7/ L B B € 1 o =SVl =
T T8 26 5 RGeS A RAT3) ) 2Rl



5 33

TEM A - BT B 5 0 11 i R R 7 k0 b7 687

BT SCHR16-17 ] rp A A S& BE3E i FH 2 1 B
VORI 2 R 4 A kAR O VR e O S L 3
%ﬁﬁﬁﬁ%zﬂjﬁ MR A Bl B 0 R R s Ay
FERL B 3B A A B O R R R DL S A
BEHE YN — A WA 2 iR, R A CFD $i i B 4
TR 7 2R A WL S A4S Bh s
S Y AN o = R W K= TN 1
A T 2 0 AR R 0 R R R T AR SC LT
B 6 2% B AT Bl A

K2 EIHLLE R
Fig. 2 Fuselage parts of helicopter

2 BEFNAEFEHREETES R

2.1 BEANGETLEITESN

FIH 1 3BT g S ) BT LA TR R R G R
T8 12 A AT BE S TR TS bl R
P AR AR TSR A 0 SR (P Ak A
DR AR HCF- 25 5L . A SCIE T 3461 B TR 1y i e 7Y
HEREEA R L, RATE N 0~80m/s,
BT S 800 WL B Ky 18,424 m, (5
h4.756m, FRERE H AN 21, 3m,5 g m, g
FZAKN 0,52 m, SN FTM Ay 4.5°, B HAE
H3.908m,3 F AR KR 0.27m. HIHLA
AT A 3 A1 B A8 A E I SR FH 6 R A
B[] B ol ) e S0 000 A5 B A A E TR e R v ] 2

AN B A AT B DA S SR P A B AR A TR AT R
T rhn] g 23 & AR e S SO — 0 A TR AR TSk TAE
SRR {500 A B A A T . AR A TR R b Al
e SN A B A A T R e g i 5 | RS Y ) R R
g2 X T RAT 22 A 1 5% A e K TR G AR SOX) T
A7 T T IR F B9 AT B A O S AM A TR A . xR
T4 B AT R O EIHHLAR A EAE R
FHAANATA B 5 @ B FHHLAE FH f S 00 A 3 4 2k 17
XA ) B 3R 48 AT B s ) B T BIL A R e 0 A TR A
HEAT 22 HA B s @ B AL e S0 0 A5 B AR

HEAT A A48T o R LA B 4 Rb T AL R BC T 25 2R
5 TP A 83 B AT B A5 R BEA T g
Mr . dn & 3~ &1 8 frz .

Hi [ 3~ 8 AT L& B B T HLA 1A I - 45
RARAC S SCHR 16 AR W) &+ A 75 IR A BC 1 25
RS —5. MWIE 3~ 4 thal LUk B,
TEAR AR BL T A B A0 B THILRAN #1582 i A8 K

3.5

3.0 B :, = .

25k \1“\\ ‘---.-‘-xl_\_‘
 20¢ = -i-':.-“ti;f__;:__i\ \“'\..\
£ 15f BN :
B 1| XA R
B 10r e N\

0.5 | a uppiy N

of -+ zchim \
o5 o it

0 IU 20 30 40 50 60 '.I"U 30 9[]
T H R (m/s)

P 3 IR A #f L P 45 2R
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Table 1 Longitudinal stability roots of helicopter

TR/ (m/s)
T
0 40 50 60
A 0.19855+0. 440311 0.10582+0. 26758i 0.11371£0. 260721 0.12775+0. 273111
1 AH
" —0.59430,—0. 29386 —0.76760,—0.36793 —0.85838,+0.33184  —0.91421,—0. 33664
v 0.19802+0. 447 70i 0.11963+0. 289 89i 0.12948-+0. 283601 0.14136+0.29362i
FA AH
" —0.61259,—0. 26276 —0.73061,=0.36756 —0.81322,—0.33976  —0.85158,—0.35352
0.20005+0. 446 361 0.11381+0. 278451 0.121034+0.27311i 0.12930+0. 28578i
XU A 2
—0.60466,—0.26007 —0.69992, —0. 36867 —0.77066,—0.34616  —0.78449,—0.37620
A 0.19911+0. 447561 0.11658+0. 284051 0.12508=+0. 278221 0.13511+0. 289551
] A1 R
" —0.60965,—0.26133 —0.71482,—0.36839 —0s79153,—0.34301  —0.81819,—0. 36414
S E 0.19883+0. 446111 0.11687=+£0. 284311 0.125404+0. 27845i 0.13548+0. 289761
M 41 5
" —0.60696,—0.26136 —0.715125—0. 36814 —0.79213,—0.34270  —0.81933,—0.36362
x2 EANBEREERTELSER
Table 2 Lateral stability roots of helicopter
PR/ (m/s)
T
0 40 50 60
0.14276+0. 816241 1.2196640. 288031 1.3071340. 303 381 1.3766440. 314651
T A TR A —2.24277,—0.07212 —1.40354,0.01592 —1.57957,0.011802 —1.74389,0.01907
0 0 0 0
0.17772+0. 714071 0.82785+0.24051i 0.90451+0. 164 18i 1.08326,0. 85002
A EAE —1.47486,—0.07102 —1.30136,0.02600 —1.47277,0.02746 —1.63062,0. 02862
0 0 0 0
0.18245+0. 717 64i 0.81414+0. 262 14i 0.88741+0.18064i 1.06195,0. 83097
KA A5 B —1.44693,—0. 06639 —1.30949,0. 01880 —1.48134,0.02189 —1.64030,0. 02428
0 0 0 0
0.16089+0. 72248i 0.79499+0. 203571 0.86868+0.06032i 1.13475,0.72305
2 A EE —1.44081,—0.06611 —1.27003,0.02506 —1.43966,0.02801 —1.59818,0.03001
0 0 0 0
0.19886+0. 707 94i 0.84338+0.26353i 0.92036+0.20332i 0.98166+0.03436i
A B —1.47912,—0.07124 —1.33413,0.02669 —1.50827,0.02766 —1.66650,0.02879

0 0

0 0
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