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Study on modular design method of tiltable rotor system for

quad tilt-rotor unmanned aircraft
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Abstract: The tilt-rotor unmanned aerial vehicle has the obvious trend of multi-rotor development, and modular
design of tiltable rotor system is helpful to integrate assembly and can reduce design duplication. In this paper, a
quad tilt-rotor unmanned aerial vehicle (UAV) is taken as the target, and the modular design method is applied to
the design of the tiltable rotor system. Firstly, the modular mechanical structure, control structure and communica-
tion structure of the tiltable rotor system are designed. By using CAN bus communication mechanism, the tiltable
rotor system is connected to the overall distributed control system as a node. Then, the internal pitch control, rotor
speed control and rotor tilting control of the tiltable rotor system are studied. Finally, a tiltable rotor system test
platform is built to verify the correctness of each component design of the tiltable rotor system modular and the feasi-
bility of the modular design method. The results show that the rotor speed fluctuation error is less than 2.6%, the
smooth and uniform transition from helicopter mode to fixed wing mode can be achieved within 7 s, and the system
has good real-time data communication, which meet the application requirements of tiltable rotor system.

Key words: tiltable rotor system; modular design; CAN bus communication; distributed control system; node

controller

WiRBEH: 2022-0819; fEEBH: 2022-10-09
ESWE : HIHUBER 3h )5 B Z 9T 8 9280 % Kk 4 B Y201 H (9140C400504130C4148) 5 L5 i M AR $ L £ i LA & W B H
BEES: 5, xjfae@nuaa. edu. cn
SRR ANDEMS, TRER S . DO S T0 N AT 2R UL E 3 R R B O ik P S (], s TARR RN, 2023, 14(4): 58-67.
SUN Xiaobin, XU Jinfa. Study on modular design method of tiltable rotor system for quad tilt-rotor unmanned aircraft[J]. Advanc-

es in Aeronautical Science and Engineering, 2023, 14(4): 58-67. (in Chinese)



54

PMGEME 2 - DU Jie LT A RAT A 19U e 38 2R SER Ak B 5 i F 5 59

0 35l

070 Jig 35 00 N KA e Sl L OIE BT AT A% A [ 2
AT AR A BRI A 1 R R R I, AT L
TE— 28 T2 BE bk 4h e 328 TR AT g TS R 19 Bk
S BB TGN TRAT A U A B AR AR AR
050 %% e B R AT A% B AR SR DLR A |, T 1993
AE R T TRILS J&E MR T A B, J& T 150 % g
BN CATHY oK T€AT HUE ATk 360 km/h' 5 LA
3 F 2010 4F B T — 3% =000 % e 35 o AL R
7 AT 24> R 1A Bl e 3R N =
i A JRy 1 = A0 e 3 JE N AT R E S Tl
ETHHLBE T 5T BT F 2013 4F- 42 T — 35 DU 4% e
EICN CATH W ET L PO E Py MRS i 3T
N CATERWBESE o 1 4 R B Re ) FE BE L 2 e
FALE AU R TN AT R R R R

1050 2% e 3 TG N TRAT A A0S e 3 AR 4 A LR
il 45 # b JLP — 350, HU e e 6 8 1Y A 8] 4 AL Ak
YR A TR 22 57 o MG e 3 JC N RATAR 2
e B2 Ak e T KA Ml 2 e 3 R e vt g | AR AR ik
THRE A B Ak B T AT 7 i 2 e 35 R G LA K
TR R B et TAR S R
58 Ak B T AR AE N A A 4B A 6
il o B T A LIS ek n] R TG A BLAILEL A F
FERT G, IF R ST X Z2 BERL Y [R) A0 A 7 s AT s 4
MG A5 X 2 & TE AMLIT e T AL H Ak < 8 A
JR it EEA B ER AR S A R AR ] =
KR, EHEEEMBRIRA S T REIUNLHET
AHLEE B SRR e 5 . P. David 481 & X o] &
4 Je AAL, R Ge b oy B 1 B SR AL 5 o A PLER
A PERE Z 18] (Y 52 OC 2, R T 2 A 7 vk 58
TRLHAL T AP AL 115 T. C. Stephen 2642
T — OB Y A iy 2 B S B, FT Y 2 R i
e 3 T N\ ML o #E #E A 0 Oy S HEAT A, 1
TAHLE R, e m T RATHERE . M AT S A LA
Pl Bt AR 3= 20 0 T 8h A Jmy AL 25 A8
8T B0 A 5 IS, A 5 T 3 T8 NP L Y
Wb H D, BB HAL R G0 N AR 0 45 ] 25 A D) e A
Pedl £ 485 50 5 0 A5 52 57 T A RF Sl i b

A SC LA DA A i B TC N AT g R E RN 4
K LA B T 7 3, X 7% Jié 3 3 G2 AL 45
oA ) 25 R R A 45 O T AT RS AL B

il

(U e 3 28 G A b DU TR e 32 0N AT AR i — 4
TRl R G AT S R s, N CAN B 2kl
fr WL A il R O BE AL 0 A 3R AT i R S — A
T 2R G 5 Al 0 e 3 AR e A B AL T 0 T 56
R YL, I TR ABTURE T 3 28 G2 B AL W58 A B2 0 1K A
Bk

1 SHERAIEIT T E
L1 #EHER

U {5 4% T 3 0 N KA T i B0 S AR A R R 4 S I
FR e 3 AR G AR D Bl 3 A R B LT LR | [
S S AR i A 5 = b AT Y DD 4 5 T g
SR G eI AR gt SRR as M A LR
BUAR 73 rhy e 38 28 0 A0S MLRG 2 00 . e 38 % ¢
e g =R R G, t 3R BEAEHLAN 14 i
S O AL IEAT $R A5 L 28 h A Sl IB0RE g 92 B 3
SSEER RS NN T A DGR G N ST R O S RPN
ANFITT 1) e A AR A T 3R G B R M 2 Bn 5k 1
JI 7 o A AL ALY o S AT A R F L R B
2l i KA I, R SR M T L AR A W) R AR B Oy
li] o DU fi@ 30N AT H 4 ZHAR [ 3 1 A4 i
AT A 3 A o A 2 A TR W 3 BE A T TR i
BAR G A B YN AT & AR A A ATR
L L rissh .

BT e e 38 24 Se s 4 1K

Fig.1 Structure diagram of tiltable rotor system
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Fig. 3 Control block diagram of tiltable rotor system
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