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4) #t 7H’ (£ http://aeroquad.com/showwiki.php?title=Frame-Materials)

I 0 X T L TS

% & (lb/cuin) 0.05 0.07 0.05 0.04 0.0027-0.0081
R & (Msi) 9.3 2.7 0.75 0.38 10.3 0.16-0.9
%A (Ksi) 120 15-50 8-16 8-11 15-75 1-4.6
ek (10: &2 ) 1 6 9 9 7 10
mIL (10:REH) 3 7 6 7 7 10

e
(a) ME. BEBRSRTAMPHLEBRETHRNE, ARV FREERERSAXZ; BEAERXE, REALAK
(b) 3% K. #Ai3% B A RKAEILET AT AR L8R KATARILE 7

2017/3/20 = ‘Iltﬁfl_fﬁ'ﬂ TEHMRA 10

BUAA Reliable Flight Control Group




(1) %A
1) XEZRETS
2) BAIFHRBRKL, W EL R

3) R IGAR TR A3
4) HAEFBKSREEEGHOGRERE

frame mcluded

2017/3/20 <. A€ TEHRRA

~ BUAA Reliable Flight Control Group

11



D ?@ﬁ Fleye Flying Platform

(1) £ R ﬁ%i\ﬁi e SR )

1) Ry Rt FeATEA 245 2 ="

2) ;I;JET’J%""'#—L}] }i‘? i%}k, RAR

3) mMJURF EAEGES b

(2) THhR= AN
2 jﬂ;jﬁﬁf fﬁ?ﬁ ’—“L';;Z Eégﬁ:ﬁ;i& f‘j (@) Tfsm (b) AT YRR
SBHE K, B il A WA Bi2.5: WIER AR

E: RERE T AR KR IE o B A3

(3) &% 1]

{238 4 0 8 ) AL B 5

TBEKEABREALZRY RE RIS ETENAREEFE %4,
AN TERK, ATRTAaE[] BERIKAHRLETEZRE ST,

[1] Hrishikeshavan V, Black J, Chopra I. Design and performance of a quad-shrouded rotor micro air vehicle. Journal

of Aircraft, 2014, 51(3): 779-791.
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[2]Aaron M Harrington. Optimal propulsion system design for a micro quad rotor [Master dissertation].
University of Maryland, USA, 2011.
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Specifications 2814 ﬁﬁgﬁggﬁ <6209 X %1
Stator Diameter 28mm EFH
Stator Thickness 14mm EFEE
ﬂ jj g 2% No. of Stator Arms 12 E T 1l
3 No. of Stator Poles 14 E FRE
. 7N~ Motor Kv 770 ALKV
No-Load Current (A/10V) 0.8A 7= £ B
Motor Resistance 70m EEL AL ER fH ,
Max Continuous Current 30A/30S R ES T
Max Continuous Power 550W R EZ TR
= *[L Weight Tisg EE (AKS)
Outside Diameter 35mm BrEE
Shaft Diameter 4mm Hi B B ,
- b > ~ > Body Length 36mm B LK TE .
3 ) *;]: ﬁlj: § #k % ‘/}]gbﬁ‘j %}i Overall Shaft Length 38.5mm HLSMEEE
Max Lipo Cell 2-4S B K H T 8
ESC 30A BWEHEHE
E‘ ik« ( Z- #&i? Z/‘E %) dli“ L ‘:F Recommended Prop(inch) APC1047 APC1147 | ?&-ﬁiﬂ@;‘g#jﬁ% .

Xj— ‘E*}LZ@Z!’U ik%}}- ( 7610\/) Fﬁ'lﬂ‘] 'ﬁ"‘% ‘%*E‘%mu?ﬁﬁ'ﬁ *k‘%m Lo
4) JKER/th %

XA (BER) SR/ E: MR RTH R RGBT B/ £,
RAXESE (B%) $RA/% % AR AFESEIHE (AEEE) mRBERN K
KiE S wiR/oh %

5) A

BAERAGT HFARNM, ZRZAMEAEDN, 22 TFEERBEXARNEE

AR JUH &3, BT lig)s W PR 9T 28k
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RPLHT —REM, TR GRRR, ERRHITTOES K. 4524
G, —RBRBRAT ARG X LEE, BR—HT], HHTEREG AT

AL S IR (V) S S IR (A) DR (W) $i (@) R (RPM) | % (GIW) #efi (N-m) )% °C

50% 33 79 745 3821 9.44 0.142
55% 4.2 99.8 910 4220 9.11 0.172
0,
T-MOTOR 60% 52 123.6 1075 4576 8.7 0.198
15x5CE 65% 6.3 150.7 1254 4925 8.32 0.232 38
75% 9.1 217.2 1681 5663 7.74 0.31
T-MOTOR 85% 12.2 292.1 2115 6315 7.24 0.382
b 0
MN5212 o4 100% 17.8 426.7 2746 7167 6.44 0.498
K\/340 50% 57 1375 1318 3596 9.58 0.29
55% 7.4 178.1 1612 3958 9.05 0.344
0,
T-MOTOR 60 0/o 9.3 222 1901 4310 8.56 0411 .
18%6.1CF 65% 11.6 278.2 2259 4622 8.12 0.472
75% 16.5 3955 2835 5226 7.17 0.605
85% 221 531.1 3477 5751 6.55 0.737
100% 31 7447 4355 6358 5.85 0.918
E2.10: EEALT-MOTOR MN5212 KV4201: e %
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T ER, BRI LR A LA LB

4) R F

WAL iR B BIRMR IR EFRKR LR, ESRAFBEE
Z A, WiAZAME MR, AR I LA fed T2 %E+,
Ve Z K AS0HZ, #a 3, BAAR Ik ELEAS0HZ, $%EY
EECEXBRIRE, FMEAKN, mAHCALERS, LapikFiR
MBI B AT, ELL&UItraPWM3h &k & 9,87 F & 5 2 500Hz 8 &) 37 %,
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ESC Programming
Set the Red LED

as per this photo

Programmable
Items 1
| Basic Items

~ . IS . o S N ,1_ - J
° p] X % d- % $ ] ﬁ& Z Forward/ Forward/
y 3\— 3» 1 1& 1 - } 1. Running Mode :U\;:;’ike Reverse R;ve;sek
with Brake (Cf;W\DE?]
° \ﬁ \1_ l 'S B 3‘%&‘ )ﬂ ‘g HE #k/f ‘i,ﬂ_ E % ‘f}ﬂ ﬁ .Ei 2.Drag Brake Force 0% 5% 10%  20% 40% 60% 80% 100%
)
ad 4 3.Low Volta
J\,_ I 1 - ge 2.6V 2.8V 3.0V 3.2V 34V
’ 4 Cut-Off Threshold  Me-Protectien Jcell JCell  jCell jCell JCell
. < ﬁ i— é - . . < i ,1_ .i k b 4.Start Mode(Punch) Levell Level2 Level3 Leveld Level5 Level6 Level7 Levels Leveld
Y, 2 ) Advanced Items
B R, AEEZEATR R %
, / 5.Max Brake Force 25% 50% 75% 100% Disable
6.Max Reverse Force 25% 509 75%  100%
S >,
6 ) B N ) 7.Initial Brake Force = Drag 0% 00  40%
& ' Brake Force
8.Neutral Range 6% (Narrow) 9% (Normal) 12% (Wide)
< . . 9.Timing 0.00" 3,757 7.50°  11.25° 15.00° 18.75° 22.50° 26.25°
T e > g
ol b hfe b Bk A REF, ALK mm aw oo
, 11.Motor Rotation gﬁ;‘éﬁ"s o  Clockwise
3 A T .
12.Lipo Cells Calculate 2 Cells 3Cells 4 Cells 5Cells 6 Cells
A A Bp ALK

i

b, BFAHZAFTXATHEALKIT ®mo1 FREREESKEEE
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(3) FikIRzh V.S. E7% )k IR
1) F kL

TRARFIET, BEHRAS THEEFXRS, eRREEHEFRRAKDF
£ 5 .
2) E5zIRF) (k=4 %], Field Oriented Control)
EFZIRFH R BAT-RARME ., ARTEE. RFRBEFTBRT FHIEF, B AT RHA
ALRBE. ERERBERAFARATANIYN T EMNERTAL. BASRAE
PIE A TAFEGHRRET, TUARTFANB QT EHTEERF, TARK,

2017/3/20 :Itﬂﬁﬂi%ﬁﬁﬂﬁ%ﬁ 29

BUAA Reliable Flight Control Group



3. &R

O Hk
(1) %A

w2 TRERES. BAABRKXOEEAETEMERE, X
BRATEEEZN R ). AATHRMMRES A EFF LIRS, FLY
AEEASYER (LIPo) 4 A v (NIMh) |, 2B FHARGEERE
0 7 2

B

2017/3/20 e LiAE T TEHRRE 30

BUAA Reliable Flight Control Group



YR FEEREEA S L (LiPoRk) 25 d
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(2) ALK BB R A B GEY R B36VES.

1) w&

o SR AW IL: WFesE BRI &R

o HHFHEITV, ISIPEAFIFERAS vk S, BEZILIV, HLP:
SREH, PATHIPE, XA2S2P 8k T2R ARG LG BEIE, RS
BMANIHBREMFIK, CRERLTAV, ZERZ RN TS,

e FREARXELIBEFTELELATHR, mAYTF AR AR, LR ddii
MK, BFHTFTAMRFEGEBERAE KR, Brlad o) R840

—| 3.7V 100mAh I—l 3.7V 100mAh I—
_| 37V 100mAn I_l 27V 100mAh I_l 37V 100mAR I_ —l 3.7V 100mAh I—l 3.7V 100mAh I—
(a) 3S1P (11.1V 100mAh) (b) 2S2P (7.4V 200mAh)
K2.15: N HES TR
2 2= 4= Ly e
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An Open Source Remofe Control System

http://WWWOS-rCCOFn/ . : “ S '.‘_.;\‘_ That has everything you ever wanted...
: e s Here!

http://www.open-tx.org/

Next»

http://www.reseau.org/arduinorc/

BHRAPTURER THERIH B THBIER

#EFG - 9 - Sl x | [ welcome 1o Gpeatx  x [ Open source BC wanse x | IR x A x| Dimmes - 88 = R - W8 - SR« | [ Wekcome 1o OpenTX. x| [ Open source AC mamsa. %\ TFRRESIRET
- c
Arduino Radio Control
R W FES Sl OrRArdUIn g
Homep, “1 Open source RC transmitter software for the Arduino
Welcome to OpenTX e P
Software

With this software you can buld a custom muli-channel (8 channeks by defaul, s to 9 channels) programmiable RC transmitter
Documantation

Gallary

OPEN Changelog The project is open source: the software and the decumentation published in this website are released under the GNLU General Public License W
T FIRMWARE Conract

Gther Projects :
OpenTX ourc s firrmac : - out

your controlier board is working fine after instaling the scftware for the first time
5 {0 @ single analog inpat
er with FIS flight simulaior

mone features: than found in
the firmware

s trarsmmitters. The furmaarne i hig

n the theusands of users ensures the

Latest version: —

« Verson 155 released June B, 2014 - See whal has changed

Feawres:
« Programmable vwaith Linux or Windows wa US8
- upie 9 proportional channels. & channels by defaul I- l
+ Channeks contrellid by a potertiometer of by a switch
= 9 model memones
= Model selection switth
« 2 neoarammahle mivers.
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(3) FikAER

FF&>R B (Open-Source Projects) | ik (Web site URL)

Ardupilot http://ardupilot.com

Openpilot http://www.openpilot.org/
Paparazzi http://paparazziuav.org
Pixhawk https://pixhawk.ethz.ch/

i

Mikrokopter http://www.mikrokopter.de

KKmulticopter http://www.kkmulticopter.kr/

(d) Pixhawk (e) Mikrokopter

e Multiwii http://www.multiwii.com/

Aeroquad http://www.aeroquadstore.com/

Crazyflie https://www.bitcraze.io/category/crazyflie/
CrazePony (EH) http://www.crazepony.com/

BE&HEE (BA) http://www.etootle.com/

Bzt (BR) http://www.anotc.com/

Autoquad http://autoquad.org/

(g) Multiwii (h) Aeroquad

MegaPirate http://megapiratex.com/index.php

— R T Erlerobot http://erlerobotics.com/

@2 18: zb‘@ﬁ‘ﬂ:% g 71_’:36( MegaPirateNG http://code.google.com/p/megapirateng
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Taulabs

Flexbot
Dronecode(FF B R AN E Bk £ &)

Percepto( X AT BRAKL-F &)

Parrot API(F#SDK)

3DR DRONEKIT(SDK)

DJI DEVELOPER(SDK)

DJI MATRICE 100+ DJI Guidance

SDK for XMission(SDK)

EHANG GHOST SDK(SDK)

A ITEITHI RS

M Ak (Web site URL)
http://forum.taulabs.org/
http://www.flexbot.cc/

https://www.dronecode.org/

http://www.percepto.co/

https://projects.ardrone.org/embedded/ardrone-api/index.html

http://www.dronekit.io/

http://dev.dji.com/cn

https://developer.dji.com/cn/matrice-100/

http://www.xaircraft.cn/en/xmission/developer

http://dev.ehang.com/
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APM (Ardupilot) 66 X 40.5 ATmega2560 16 MPU-6000 MPU-6000 HMC5843 MS5611
Openpilot 36X 36 8.5 STM32F103CB 72 I1SZ/1DC-500 ADX330 HMC5843 BMP085
Paparazzi(Lisa/M) 51X25 10.8 STM32F105RCT6 60 MPU-6000 MPU-6000 HMC5843 MS5611

40X30.2 8 LPC2148 60 1SZ/IDC-500 SCA3100-  HMC5843 BMPO085
D04

Mikrokopter 44.6 X50 35 ATmega644 20 ADXRS610 LIS344ALH KMZ51 MPX4115A
Kkmulticopter 49X 49 11.7 ATmegal68 20 ENC-03 —_— —_— —_—

N/A? N/A? Arduino® 8-20 ISZ/IDC-650 LIS3LO2AL  HMC5883L BMP085
N/A? N/A? Arduino® 8-20 ITG3200 ADXL345  HMC5883L BMPO85

Crazyflie 2.0 90X 90 (#Lik) 19 STM32F405 168 MPU-9250 MPU-9250 MPU- LPS25H
9250

CrazePony-I11(434) 38.9*39.55 20 STM32f103T8U6 72 MPUG050 MPUG050  HMC5883L MS5611

B &H# <+ (2015) 1V 33x33 300 (#EA) STM32F103 72 MPUG6050 MPU6050  HMC5883L  #& & % HC-SR04

B & RIEV2R STM32F407 168 MPUG6050 MPUG6050 AK8975 MS5611

H: aiEHE. FAMultiwii flAeroquad XX #FFEAEARE, FR T 54X, b CEREZETArduinoF &, FILSEh
R A EL 2R AT 6 3E . RPN BEB 2% T SCHRLIm H, Park J, Lee D, et al. Build your own quadrotor: Open-source projects on
unmanned aerial vehicles. IEEE Robotics & Automation Magazine, 2012, 19(3): 33-45.
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| ]
HOME DESIGN(Beta) BUGSZCONTACT ABOUT US LANGUAGE ¥
Frame Type Total Weight v Howvering Time Flying Altitude Design Application Battery Density (*Optional)
QuadCopter v 15 kg 15 min. 50 m Aeral Photography Whikg

ion!
Recommended Configurations Reetsa Soiuton!

Hovering Remaining

Num. Moter ESC Propeller Battery Frame Size Tiifics inad Weight
1 JFRC U2212KVTED Hobbywing XRotor 204 APC 10%4.7 B e L L2 450mm 26 6min. 0.3kg 1.5kg
2 JFRC U2208 KV1500  Hobbywing XRotar 20A APC 10x47 Li””gf&g;;ﬁfuc‘ 450mm 24 7min. 0.3kg 15kg
3 JFRC U2206 KVI500  Hobbywing XRotor 204 Carbon 8:3.6 Lipg 3gmm;{12uc 350mm 22 6min. 0.3kg 15kg
4 EMAXMT2216-810KV  EMAX Simonk 124 1055 Carbon Fiber Lipo 3500m:;1200 450mm 23.6min. 0.3kg 15kg
5 JFRC U222 KVG80  Hobbywing XRotor 204 APC Ox47 Eipa 2§DDNA\“2”C 400mm 23 6min. 0.3kg 15kg
6 T""*OLS?“'E'FME T-MOTOR AIR 154 T-MOTOR 10%3.3CF Lipa ;EDDM\;?”C 450mm 23min. 0.3kg 15kg
7 EMAX MT22081-2000KV  EMAX Simonk 254 HQEx4 5 Kipa ﬁmm;hzsc 270mm 20.9min. 0.2kg 15kg
8 TMOTOR Mi2212 T-MOTOR AIR 154 T-MOTOR 10*3.3CF Hpa 3511 AVA0C- 450mm 23.1min. 0.3kg 15kg

KAvVOBD £500mAh

BT HRRAAEE MR, ZRBTREEI R Tk, AP RERMANSRE
FRAFGCATHREIR, RIZQHEFRROSRERE ST K.
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[1] Yan J, Zhao Z Y, Liu H X, Quan Q. Fault Detection and Identification for Quadrotor
Based on Airframe Vibration Signals: A Data-Driven Method. In: Proceedings of the 34th Chinese
Control Conference. Hang Zhou, China: 2015. 6356-6361.
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