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Abstract: To address the technological gap in the full-process autonomous operation of “pre-deployment -
activation — flight” for traditional tube-launched multirotor UAVs in complex water — air cross-media envi-
ronments, a pre-deployed tube-launched quadrotor aircraft named Feiying is proposed, aiming to overcome
the limitations of traditional systems in response latency and single-stage control and to meet the demands for
long-duration pre-deployment, rapid activation, and fast response in complex environments. In this scheme,
an innovative carbon-fiber/aluminum-alloy composite load-bearing structure and a torsion-spring-driven folding-
wing mechanism are employed, and a hierarchical power-supply system is integrated with a state-machine-based

full-process control model. Validation results indicate that Feiying can maintain low-power standby while being
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rapidly activated into its mission state and can quickly transition to autonomous flight mode during launch,

demonstrating a reliable 30 d pre-deployment capability and a rapid response time of 0.1 s. This design achieves

highly reliable deployment and high-speed responsiveness for pre-deployed tube-launched quadrotor UAVs and

provides a technical foundation and verification support for subsequent engineering applications.

Key words: quadcopter; pre-deployment launch; composite structure; folding mechanism; hierarchical

power supply
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Fig.1 Flowchart for launching a drone
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Fig. 3 Schematic diagram of folding mechanism
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Fig. 4 Electronic component layout and hardware framework

®1 TANEITSE
Tab.1 UAYV parameters

S m/kg 1.32
5 Z/mm 350
T A 7/d 30
B P D,/mm 177.8
HAHLK,/(rrmin~ V1) 1700
25 P T/min 8

2 RAFigit5LI

ATV 2 U A 5 DU B3R e ABLE 251
TR, X Y P R A — Y
5. Hd, 13 WIBRI U RS ¥y
P BRGSO SRR R R AT =K RGBT
RoU BRSO, ARl RS R R A S KR
Gio BARGABITEE IER AR TR E N

5@ nitE, s JC AHLRERS SR 5E AT 55 .
2.1 BERZEIT

1 15 R G IETC AL o T - £ 22 18] 8 15
FesE o RAUREAE T 58, 45 A LAy TR
AR, B0 PR AEAS R PR8N 9 R 1% g A 52 T4
ARTEATEEE , RGBT T IUUAGESS , iR B
A B I A BE B RS . IR, Gl A5 R GE il
IEAFAR BRI R SR P LRE Ty, 1E N R
IR IR S

2.2 #EHREET

PR R GEI o AT | A 55 P AN g A B
=2, R ETT. Wi RS PID
PR AR A& RS TR e . 155
PE A CA TSR, e R s e i e i



G5 176 1D

U SR S P HES TC ML BT B A S HAR GRIE P74 197

PRI S5 AR 7E 08 R GER A S H AR5 [a]
IBALE], B PRAE S HOIRAE T 2 AR [ R HLAE
2.3 RERZRIT

TE M M A 2 R AT I DG B P B B
S0 N = N 4 RPN = S N (51
MO 42 1 B 2 8 10 S 2l 5 2O LR | e
58 B 1 R G, e BB T AER IR 3
BEREBEF KM W, BOt—EH &HE
ST, A T e S E ) B AT A AR
A, B PRBETC AN G 30 A7 22 e 56
BECEF XM . i, TR TRANLG S R
FRGUA N R SRR AR ), M T &
AR R S ) AR TRTBILR , BRI R ST
REAS 7L mrd L 5 oA MR AR O 26 PF T, s
TSRS I 58 s A

RATRR R A R IR SR B A SR
A&, DR U T R A S v o 2 A 2R
AP RE B . EBUR PR, RATHEH R 5E
ELSERNAR T s S e ARt A S RS
LI E IC AN S 3 B IR BB E BRI, RGLH%
ARG AW ARE , SRR 2 oy ) (R 5

TETC AT B BE, = %75 1) 38 B2 S ) W 75
S £ 958 LR SR T A G B Wy B . AR SOk
T TS0l 5 A A Y S I S (L 4. 271, [
9, BE T HE TR V=8 0 m/s V5 fif 43 fish
KM HBEMROE EEIET LN B —TF
T, B e T 6 Bl e B nT RE A 1Y
eah 5 TR, UBkRAA ;s 5—Jrm, e
AR T o AHLTE B 3 4K 5l T e Tk B A AR 5E 1
P, LA DR 5 HUE B 58 2R JT ST E
I RE S I SOG B 1 RGeS BE R W], KA
(10t fRT IR P S B P 3K 8. 5 m/s, T ULEIE, 00
TZBE RGP S AR PO

A5 Ve = Vesnona» R R0

3 EHIRERIEIT

TEBCHHE SRS I, R 16 HE F e A7 sh
SPRRURIR R SRS A1, i 1175 18 T P A S
e IO SR P R R, feith T —%&
FERPE /AT B 2 i SR B Tk
3.1 XTI hEEE (EHEREE)

h SE B 5 JC AL QAT AR AR A

T BT AR AR 2R (LR A AR R 5 15 AR s 220 M
HIEJym, anlEl 5 fros, #Em e HoS A i R
(LSaIpIkEa i)
& =—"T (cosgsinfcosg + singsing ) /m,
3y =—T (singsinfcosg + cosgsing ) /m,
$=g— T(cospcost)/m,
¢="0p(1,—1.)/1,+./I,
0=¢y(1.—1,)/1,+17,/1,
G=¢0(1,—1,)/I.+¢./L, (D
Kb THPLT s m A VUFER T AN & ; 2.y.2
O3 =IALE s 0 o B R A L R A
AT s oo i il il 2O L
L LAy 5k il .yl 2 Bl shifi . TANLY
BeEe b AT ol yh . 2B, IR
18738 A 3 2ok 5 ) 4 A SR Y AL S I . 41 e
S AR A R A TR SRy

f
T, |—
T,
7.
Cr Cr Cr Cr
Yy der Npder SRder N Rderdf
2 2 2 2 @ |
Fa Fao L Fa]
L Cm —Cym Cym —Cum i
2

B 5 #iR5EAME

Fig. 5 Coordinate system and positive direction
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Fig. 6 State transfer diagram of pre-launch control system
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Fig.8 Pre-deployment activation test
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Fig. 12 Simulation diagram of step response
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13 tao_x  tao_z=cm*(n142 + n2*2-n342-n4*
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o4 o e
tao_y ;%3 %f= ct*(n142 + N2A2 + n3A2 + ndA2);
% tao_x=-d*ct*n2/2 + d*ct*nd*2;
et - % tao_y= d*ct*n142-d*ct*n3*2;
tao_z|—(4) % tao_z=cm*(n142-n222+n3*2-n4
*lem tao_z A2)

control_efficiency end
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Fig. 13 Construction of control efficiency model
[=cr(nl+ni+ni+ni),
r,=dcrsin(n/4)( —ni+ni+ni—ni)/2,
t,=d crsin(n/4)(nf—n5+ns—ni)/2=
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Fig. 14 Construction of power unit model
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Fig. 15 PWM input normalization diagram
il setiiod FF R A

11.+ P> *’—-» 30 PID(s) @

roll_deg_d deg2rad2 L roll_kp roll_pum

) »@)—f@@ PID(s) —D
piteh_deg_d  degarad] F pimh kp pl ch_pwrr
s - <o

. Q 'l
deg2rad3 | y

rol wh_act
1l_pwm |-

~pitch_deg_d

~iyaw_deg_d pitch_pwm

»Euler_act

S yaw_pwm

- Euler_act

B 16 ZE&iETIE

Fig. 16 Posture controller
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function [roll_d, pitch_d]=
fen(v_x,v_y, act_y ,9)
%V, XVJ»{ 73 lxi/i’lpldhikk
_act [ yaw_act gyiE
Y%yaw¥ 5 Bt yaw il &, 42 A 8
#,7+ Ematlab#) = fi & $c ikl 69 3K
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v_act %4y i 6 A R LKA B
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os(act_yaw)sin(act_yaw)];
dulu roll _pltch =1*(1/g)* A_INV
V_X:V.

KPR

pg roll_d= deslre roll _pitch(1);
pl(ch d=des|re roll_pitch(2);
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Fig. 19 Top-level simulation block diagram
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Fig. 20 Construction of position kinematics model
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