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ABSTRACT

Today's rotor UAV development prospects are broad, and the scientific and technological
level of rotor UAVs is extremely high. With the continuous development of social progress,
people's demand for manned aerial vehicles is also increasing, but the development speed of
manned aerial vehicles is far less than the development speed of rotary-wing unmanned aerial
vehicles, whether it is the limitation of operational difficulty or safety and reliability, or the
shortcomings of aircraft technology research and other issues are the reasons for the slow
development of manned aerial vehicles. Therefore, this paper summarizes the research status of
single-person aircraft at home and abroad, and proposes a foot-stepped aircraft, which has eight
rotors and uses lithium batteries as a power supply to provide sufficient lift to ensure manned
flight. The operator needs to stand with two feet apart in the foot fixer of the aircraft to operate
the aircraft movement.

According to the flight power requirements of the manned aircraft, the appropriate motor,
rotor and battery are selected to determine the size of each part of the aircraft. Use SolidWorks
2016 software to draw parts of the foot-stepped aircraft and assemble the parts as a whole. After
completing the modeling work of the aircraft, the finite element analysis method was used to
analyze the fluid-structure interaction of the rotor using the Flow Simulation plug-in and the
Simulation plug-in. Static analysis of the arm using the Simulation plug-in verifies the strength
and reliability of the model design of important aircraft components. Finally, we summarize the
research process of this project and put forward prospects for further research in the future.

The foot-stepped aircraft is one of the single-person aircraft and can be used for manned
flight. Both military and civilian have great prospects for use, such as military reconnaissance,
military material transportation, high-altitude operations, security patrols, surveying and mapping,

fire and disaster relief, commercial performances and so on.

Key words: Single-man aircraft; octagon; structural modeling; finite element
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ANHRIES S 7 AR S B T RATIRTE o 9 RAIE AT 25 TR AT RS, b 7R R 28 2 Kt eiAe
B, KR PRI B TARRCR s R e 3 WAT a7 X I 2 e 38 AT Sl i e =
2%, BT I R R R AR ORI AT AR RS, B AT A R A AR A e
B, IF HAR A e AL — 21, Sl 1k SR AN R 16 D0 T REAH B B shilk il 278
SRR R B RAT d he AT B 7 SR e B TSR AR TR Z . IR H BT
B sTt, MBI WATa, BATURE, MIidal DU m R ST % 4 n] SE
SR E R T AR OR Y. AT\ e R AT ARSI 2-1 B

M1 M2

O O
MS

L |
M4

M7

O O

M6 M5

Bl 21\ el KT RS
2.1.1 KITEERIMI WSS

JURER KAT 848 UL =364

(1) Ml : HLEERNEAN KITR ARG RIKIRGEN, B OREERS. B,
FRDTEIR = AN R PO FH T 2223 AT IS R G ST T AN & M4 ST
V6 FH 2 1] 52 B L 5 L, )\ AN BE RO S AT s ARTE SR E R 6T S 8 b T 22
B S P IR X KA T SR L, TR G B S M TR A, R D M T A DA A R S B X,
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AT A E N P A (R T T WL AR SRS AT IERE RS2 N AR 8er P 2R N B 7T e S e e 7
ARHES S WATER B S B IEEAT, DR BRALRIRENR . SRS, JF HibEK
5 RAT LRV SRR R B VR SR b ol e o AL, BLER SR IR % IR L NI
FEVL R RasE Mo XA BIER S RAT AR N AT IR AN B 22 & (R B B ARAIE

(2) B7P3EE.: J\JER AT A3 7 R G bl S AL i S it 20 S Al
g 3 I R MR A [ 58 AR HL b, VB R S e rE LR, FELPE b2 B, R AE HIAL
ANt 18], e AL TS B IR M. VAT RSB AR E R oy e Ty Y
NI EAHE IR BN 12 E (ANl 2-2 Fos), AR DXORIAE T e 3 -5 HUE A m AL
B ORI AL e R R AENUE Em i, SR s IR E, RS AR ) TeRE
WL e 3 2 THUE Moy, 2N A E, e LT, AR5 ERIA
Rz axlaldl, o 1Ak R 5 NEGAAEEREE, RENAEBHENE T, BtAR
Wi I I Bl 1

L \&‘ \
| ew
17

EOVALE!
K22 Pikishi I E T

(3) KATEHI RS T RS RER TR L, & UTRIRERED L, H
AT RGOS AR R MRS (GPS). MRS (MU, M8 EHL. %
THAGRER . W AR AR . AR R AR S, FELH TR CATH RAT RS K TR
BAEE, JFRE RIS R A I BT SR A g R, R ML
AFGIEE] AR CATIRES, (55 TR MO, i F AR RBETT 32 38 H R s s ikt
PLURATIE S RAE A LRI R AT
2.1.2 kITERHI RITIRIE

JURER AT B HAW Xo Y. Z =N AR R X, Y. Z #=ANJ5 RS,
T 43 SV — 7 [ AT R B, (E )\ e 3R AT 2 Bt N 2 L TR R A R
(AT DU AN B o\ R AT B A — V)R 2 A A 29300 1o 508 )\ A LR s SR ST o A3
KA\ i3 AT HIS 3 JFE AT R, DIWLSK T RO X BIETT M. S bR R,
X BN AT HKCPRTEE . JERIEENTIE, Y MO AT KT AR BRIEENTT I, Z B
WATEEE BT FREEE . )R T EE AT RSB A THEIEE). AT
JERE RSB AT, BT RAIE 2 A B 22 4 ) L, 76 S R A BT 4
J\FP AT A AR B 328 7 & H HAE S 43l AN L, ) \AS L T AR, AT = A AN
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[ AR ) Z B E A 120 AU R AT B RSN R R (“+7 RIRH
PUR R IER, “—7 RoR B ER/N) Wk 2-1 Fios.
#2-1 )R AT A LA S AL N R
AN HIAL 1 HFL2 L3 R4 HHLS  HFle  HENLT L8

BT M1 M2 M3 M4 M5 M6 M7 M8
Tt M1+ M2+ M3+ M4+ M5+ M6+ M7+ M8+
G MI- M2- M3- M4- Ms5- M6- M7- MS-
i M1+ M2+ M3 M4 M35- M6- M7 M8
JEt% MI- M2- M3 M4 M5+ M6+ M7 MS8
Fit% Ml M2 M3- M4- M5 M6 M7+ M8+
H M1 M2 M3+ M4+ M5 M6 M7- MS-

22 BB KITRs EE T SEI h RS IEA
221 EENHR

BER AT SR — L . A3 U oo, ZHMAML., —& TG RRERSAH
B —d “EhIIRon” WARRER . NLLL A IS A, B E b AT RN 2 A s J) o
SR . WA BEATG, /2 T5kg FEA—DRENR PR, \HH RS FEG, N
45kg MRS MG R RAT M & G el it & 30kg!™, Fi&E Al 2-3 Frs. bk 8 44
I E B iESN, S on A VAT R E IR T H RESR LAY S HE /T O 1500N,
HEHE KT B SRR, ATA W DL E B SRR, n B o R B HE T,
(BREBEE) RN

Te = n X (T = Gunicg) 2.1
0X(T-Gypie) > (Gs+G+Gy)g (2.2)

AAQR.D 2XQ2H: TA—HB BT ERIHET s GV — A B 1 T E &
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AT AR
JREG
1
| |
ﬁii&f}LDﬁE E,‘?éz%th
em
7 _‘I - : ‘I‘ [ _Ll -
n«ﬂdlﬁ%‘ HMZISGS —Ei‘ﬁﬁ% EE?J@Gb ﬁ%&%@ﬁ
Jt G Gy
H EHRG, |H B
H LG, |H ARRiESE
|| ABIAGe |L IR E AR

23 ZHER CATRRAAN T
222 N ARG EH

NI FEG )\ e B R AT S A0 AE, RYUE YITR R IR SR = . B b,
% Jie B KAT A% 0 0 FH T R AT LEEAT IR S .« TER FML S A R LA LU SR, LT 2546 58
N BREWER, SRR T, CRGCHHRE. SR R, T8 G B R e ) 7= 25 17 HE K
T, BRIER, FiEAmbEs Aok, IRsh/h. 4e15 050,

BIRLIB) 1 R G RAIE )\ 3 RAT 3% RATYERE I G . 3l U R I Kb R ik
BNITIRY, Hamplsy BE, BICRATEE: s iA R LR TEY R AT & A A 78
FEAESS, HBEALAs oIz, LI (B R DD 3RIE AT 2 KRB I HEAT LS BB P XU
SECME RIS EIF R A W52 30 )1 RGHAE 0 OCEEAE T BT IR B AG 5% RAT 28 i
R R B, AR S RS T B e A FLT R 0 VE AR T A B R Re s A
BRAFE I ER B I RGBT %

LSRR : MERNITSRME S EE TR AW, A3 W,k
ECEEAW,, BHEE AN oo BIFIRE T — BN KHE S NL,, — AL
P B RIS NL,,, AT RIIA B R WA K (2.3). AX2.4). A (2.5):

W, =W, +W, (2.3)
— Wi

La_ Nmotor (24)

L,=alL, (2.5)

B b))\ R AT S e ST ROGR WERER, U T aHe 4] LLEHE .
BRI AL O B 1 38 AT SR HERC R 24, IR BEAR M — & 20 3h J7 i EAT A | R TR S
FlEshtE, LA s RIS RIETIURGE /1. Q25T o N LER T, Rz el T
a BUE DY 1.6, "WATES B B B 5 Hith) Tt 75kg, $ucihERA Ry 75kg,
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A3 A4, HER KAT 2 CEE W, =150kg. 42N T a=1.6, HHLNEIN, 0 =38
HAaRQAHATHE, FAEMRE T Y TSRS EER, BBV HRRAEM R TIA:

Wi

L,=—= =18.75kg (2.6)
FLESLERB D1 TURTE O, BE BN B LT Bk 2 1 B KL 18
L, =oL,=30kg 2.7)

R e R mT g, IR AT 38 B AT 55 i fr SLBLARE /AT, RERAHBNLREIAE]
i NHL 1A 18.75kg. [T RIAF 51, S 7] Bagle power EA120 ML (Nl 2-4 From) #4
Bt UC4013L (40 TE~FRRA4ETN) (nEl 2-5 Fron) oK f7alis 31.08kg, AT 2 S2br
AT R R 3R 2-2 NHNLIBECIE R IV RE S 4L

% 2-2 &z /) Eagle power EA120 HAHLIEHL UC4013L (40 Ji~FRREF4EER) HHRES L

L FEL Y HLIL(A) #:71(2) T /PRM DIZ(W)
9.98 6030 1545 443.112
18.85 9050 1885 836.94

27.85 12040 2147 1236.54

39.65 15030 2394 1760.46

128 53.55 18060 2614 2377.62
66.75 21050 2792 2963.7

82.36 24100 2957 3656.784

99.88 27160 3100 4434.672

123.64 31080 3290 5489.616

2-4  J# %77 Eagle power EA120 HLHL
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K 2-5 UC4013L (40 TE~FRRLF4EE )
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2 FBCRAT SN (W 4k, 380 RAT 5 B 2SI () RO FEAR, ARER 2RSS /oK Wk
B AR, W T4 A S EE, 5 T8 WITHCRIER. e WUradt A
7] CAT ARSI Be#EAT P22 57, AR MEVERR L LS R . B ISR E R AT K2 LT 2%
AR, PR S AL S it e . AT, W (2.8).

Gy=kN,,,ot0:]nH (2.8)
e
I(mA) N AT 2B A5 I BN B FRIL s
Cp(mAh) N LT &
k AL, @FIUE 1.5;
H(h) 975 SR EL i ]

R ARQOHETE, WEEERET BAEYUHE SN 18.75kg. HFE 2-2 WA, It
i FE AL IR L0 N 56600mA., i 3 Bt K AT A 1] 0.25h, A R (2.8) T 15 # L ith K 2 Cy M-
C,=1.5%x8x56600x0.25=169800mAh (2.9)
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-
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HAEW . & A R TTIEAE D) PR Re 0 dr b i Aok B R, ©8 OIS BRI &
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E AR ESICYYSSUR S L
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WAk 7
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2 BT EIR B N x BT 1A — 1.35m-1.46m,y $ 75 1] — 1.35m-1.46m,z %177 [7] —0.69m-
4.01m.

3. KR P ATE KA R DO IR X IR, HEiE N 278rad/s. EHL z Hi A
FAE R EH bR, SEEL 7 Fl 0 B P B AR R P EE N AR B bR IRk is 545 R 44T
W H bR sk

4. XI5 65817 WIS, HATIEH, RAERIKECH 1331 1k, FERT 21 4 56 Fhiz i
FER. JRBAELL B25E A N IRANIE LA 4-1 FioR.

12573
11.716
10.860
10.003
9.146
§.289
7.433
6.576
5719
4.862

R [mis]

SRENEEE 1

4-1 AT L]

5. ¥ Flow Simulation #fi {4+ )iz H 4544 F tH 2 Simulation ff{4FH .

6. A Simulation fdFOIEUET B, HEATERR 108 Wi B T IREF4ER K

7. KoL SRR N TR AR S, [ E AR

8 HMEBERAT LI NI . — IR BB RN AR A AT, AR VR R T i 4
f14% SOLIDWORKS Flow Simulation H VR RM, FRREEBAEE S AN Hirpr e — ik 855
OIERSNE R, e R AR NS, KR E MAIESE )y 278rad/s.

9. MG, HITIEHE, BEGRWNE 42 Prn. RERRRIE KA R
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von Mises (N/m*2) URES ()

1.156e+008 1.200e+001

1.060e+002 1.100e+001

_ 9.637e+007 . 1.008e+001
_ B.674e+007 - 9.070e+000
_ 7.710e+007 . 8.062e+000

. 7.024e+000

. 6,04 6e+000

_ 5.03%e+000

_ 6.746e+007
5.783e-+007

| 4.819e+007

f | 3.856e+007 | 4.031e+000

. 2.89Z2e+007

1.02%e+007
9.651e+006
1.596e+004

_ 3.023e+000

2.015e+000
1.008e+000
1.000e-030

B AR =
42 MERPE W74 R
43 BB NFE S

MM e 335 [ 5 T-HLAE 08 it , e AT )72 RAT A R o, ERAENLE
Uity 0 I 7@ I AL EE TR AR B T RAT AR A0, BRI, HLEE 78 B B A AT R AR SR OBt

FEHLZE T R AL 51 S\ SolidWorks 4 H1 (1) Simulation #fFH, T B 4E44
B, [ T8 L2 )8 5 T A 1 1) i T , 75284 AL 8 — i 1 [ A TR b In 2 187.5N 4 7,
JEEE W o ARG EEATIE R, BREGRWE 4-3 Bis. MU E BT R AEAE
R AL B — i, B KR T BN 2.96mm, fix K. E HAE AL 2R )y R T4 4 Tl A 1 — Vg »
NN 14 32.03Mpa. SFESRVFIEEA,  BIHLAE )T MRV R ST g £ 2 & 3.
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von Mises (M/mm*~2 (MPa))
3.203e+001
2.936e+001

2.670e+001

2.403e+001

2,136e+0M

1.870e+001

1.603e+001
1.336e+001
1.070e+001
8.029e+000
5.362e+000
2.695e+000
2.806e-002

—» [EIRA]: 2.000e+002

URES (mm)
2.960e+000
2.714e+000
2.467e+000
2.220e+000
1.973e+000

1.727e+000

Kl 4-3

PUE & 15 Hr 45 R
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FHhE REE5RE

5.1 B2
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AT A A RIS E, e SERIERE, 1E R AT ZE H P 7 T A A BRI A
ARG HER A AT S AT E R 0T, A G EE, SRR AT A A i
B, JEXE AT s B S AT A PR IT M o XL AR IR =X AT 2R 107 v
TR 7 RS EEA . PO A S = B A A A TAE RS W T

(1) RIEIA AT NS F A0 22 Jie 3 AT 28 10 CAT JFL A AR X R AT 28 AL
PREE AN AT JE I, BB RN 2t aeik i BAE T ok IR . iR 4E IR AT 38 45
I TR TSR EE D KA EE, AT E SRS T TR 7. R4
TE A7 R AT 1 3£ 5h /7 Eagle power EA120 HEHLIEEL UC40130 40 JE~Fhk £ 4
¥, ACE %X 22000mAh 128 §y#e4H s th {F A f RE R

() Hegm BNl R b R E S Mo B, B ENVE . H0 g
Tl E . BALEE, RbE. RIS RS R AN TR Bt R [ e 28 R, A
T 5 R ] 52 28 1 KRR B . FIFH SolidWorks Bt b3 28 3541k 01 25 i e 2 14T 45 44
TR, e BT A SN BRI AT LA S &5 5 ONER 30 AT % A B AR 2S T TAF

(3) BALFHIBR A YE e ALY, 45 MR G, Hi BN 278rad/s, X e ik
AT, 15BN E, Wi 8dE T NE 15007, 15 MR ERE GRS NIRRT
INWARSTOR %Kl R R N A7 A N = N N D PR T 012 ) el S S W G O E VA /9
AN DT A A R oA, AT 5 EE 1% N IR EE AT, 15 BI85 R moR
DI/ IR VE IR, AT IE BABLEE B F) 5 e 0 JEE s A2 RAT 28 AT IR ) 32 23K

52 REE

ASCGE R T R AT S A R ik 5 B E AR SR AT, (EIIER S AT SR T
T NRGHERKTAE, RTIEAFRME SRS, RZ 7R BEEATIRA 2T
WEFCAIRSS, AR 2 5 B O ANf k -

(1) ASCRER AT 88 A BEAT 78ttt AT R G LK B L HER BEATHIE 7T
T JEEEWT UG B AT HE R G H A R AT BT A

(2) XHAERA AT B R AT A PR 7T TN, AR AT S B IRAS THEAT 1 98
M. RSP TR, WATE A R UTRAS, JE SRR HAl R AR T e B s AT
B, ASCEERUAE AT 3D 1520 Hr

(3) BABRFRAT ARSI Rl A, mT DA H b &k, SRR As A i
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