PR CiT@Rit 5%
P EAXRHER

£ BIBER
gq_buaa@buaa.edu.cn

H bRk 5 AR TR SR
LR R AR K

1|:ﬂ1ﬂ:&'&ﬁ? %’Jﬁﬁfxiﬂ

Flight Control



2017/3/20 < iltﬁﬁﬁli-&ﬁﬁﬂﬁﬁ?tﬁ 2

BUAA Reliable Flight Control Group



$REGHLEA AR

2017/3/20 S EaRTEYTEHRRE

BUAA Reliable Flight Control Group



LB
2.5L52

3. N &G

4. I8FEIER RS
5. RWG

2017/3/20

A ETTERRRA

BUAA Reliable Flight Control Group



HAL

GPSEHL &

F2.1: 2 & RS LY E

2017/3/20 :_:i%ﬁiXﬁﬁﬂﬁﬁﬁ

BUAA Reliable Flight Control Group



; | PPMfifEhs o

B AR L

-
- ==
i

2
{

oT

-
- -

EM3

Hit R At

gﬁu

M g

Hagrx i
g

Bl

JbRobotic
=
eiiy
s

Iz

Kl2.2: 2B NG, B FE4ERIET MBS ardupilot.org
2017/3/20 :_:k%ﬂiXﬁﬁﬂﬁ%ﬁ 6

BUAA Reliable Flight Control Group




O 4L & HEREABLZ RRFTERENTE. SRRKNE
1 et T L G e A RN 1A R

%, FULER LSRR, ENERRS.
(1) %A R ARl SRR E BN R R N R

MFRAREKSREARSFE

RN K EFFA50 KB X KE F550 EREHIGHONEDY ji & K IB “4E”
(HLERATHr &) (BB &)

2017/3/20 <@L A 7

BUAA Reliable Flight Control Group



MY MEEFEBRRTER SRR . BTFEHF
(2) At B, MG AR vk AL A R A,

RN S RO RT IR T, BENRED.
1) €%

2) #h¥E (Diagonal Size)
HBERARAREESRARTHEZEZSH, CHEFHENNIEEHERE
Bt az.

(a) 5B F4504122 (b) K5E F550H12%2
E2.3: #hfp s EE
2017/3/20 ol :k%ﬂi%ﬁﬁﬂﬁ%ﬁ 8

BUAA Reliable Flight Control Group



AR

OV 5
(2) FArH%

3) A QO Qe XY
__¢__ i ¢ ;?:\ _:):(?_

QUAD + QUAD X HEXA + HEXA X
(a) VY jie 3 (b) 7N E
-o :t*- y ’ (Y N ;(‘
OCTO + OCTO X X8
(c) /e

I2.4: £ He REEAAT R
S EMAE TR R

BUAA Reliable Flight Control Group

2017/3/20

Y6



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
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[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 %
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RAXESE (B%) $RA/% % AR AFESEIHE (AEEE) mRBERN K
KiE S wiR/oh %
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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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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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e FREARXELIBEFTELELATHR, mAYTF AR AR, LR ddii
MK, BFHTFTAMRFEGEBERAE KR, Brlad o) R840
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4) #EREX -- FBFEARF

£EFMEAFRRABBATENEHBEGRERR. £0EFREFZ
“‘l‘ér]_l_%ﬁi” , ﬁ%/‘# “%4]:F+‘/‘3§2$%” . E]i%’j‘h]%i% “%4]:F+%ﬁi” , ﬁ%
“WI1+ES" . B, DASRERBNLEDFERES L.
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O 3748 e ias |
(2) FAFHE ‘
5) 17
o WMITHRLAFHI P, BIKEH0%HIT, BHEH100%M T, XF

T BT R AR A IS 6 K, AREE W,
« XTH—FHNIZMFHNTAIE P, BTFHEEd
6) EIFFEH

RFEHEFRF, BEZSEFNEBZLAMIR. EEZ LT

JA 3R o 38 Kk (Power Amplifier, PA) A3, 3 g#k K&, T3
KBIEBERE,
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(3) FRERE
g ®, BNLATRAR, T —

¢ e
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.

4 for many different 1asks like




GPSModule

1 BB RN

(1) £a% A
SREANBIMN, 5 AR TS, B
1) 23k Elitk % (GPS) HiKk3E;

2) BHME2T (IMU) |, G =4hiik Fit. ZHREN. €FFE (X
#wAH) , BHRFHZHRAGESEE;

3) AR AR F N FEAE SR
4) fHA 3 H A

GPSHiH

5) #wm,
A FE YRR
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(2) %A

1) Bdn, FMMAME “ZRILEN HRM, WwiTEXES AL BREHL
B, RIANLHHLEFLSFELE, ROBENEZRYETENFR., TEF
. AN AU

2) 1EHl. HHKABE " ZHRAELE WMEHM. BB AHGILE
Fo kAT 8, ZEREBES, BXFER A EENE, SELwiAE, Stai
Hl bbbk, st E+. +—. T =3

3) BH, RERXKAIBE “LREEIRIL HEM, EIRILT R AEEF
FEE, LTREATRES, BBRAZAEGEELETE, TEF T =,
+ Bt
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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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(3) 78 7B AL

Fr &R B

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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23

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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O i
(2) Fifsbd sk

(e) Mikrokopter (f) Multiwii

(d) QGroundControl (PX4)

(h) Crazyflie (i) CrazePcmy (j) D.R R&D

&2.20: #54) VR HuUE b AR 1
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HAE RS 2R
CHARZANHIE S LREAH S
RAKFETAE. HFAHMEA. B
AT QL. BERI R FD R TR
HEHWEE . HAELE —BBNE
W (eEmsERLE) , —REANSRIAR
B, BREA— W GEAT, Ak
BB BN & 5549 S E . B12.22: Openpilot Xofs e 2

K2.21: 3DREELZYE
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@) 1 EEEHIRG

o %M’%

(2) FHAr
1) &, Tk 433MHzH915MHz, EM K T A915 MHz, Bk F=
W & — A% A433 MHz, 33915 MHz3R &2 2/ 44,
2) HHIER
3) Bk
(3) L
o BN XARBENIE, ZRBEN TN RKELEZEFNG—FLYE, A&

BB — 6B AW, TMEFEERFEARARR, TUREERFNH
B AL

. MAVLink:\,iﬂWi)‘Lfa*‘/l\i@ﬁiﬂ KATR R EFTERTE. Ry kIHH
AR EAE B B . MAVLINK & 41 & 9746 3% & BR4&$ELGPL (Lesser General
Public License) # T &£2009%F#1 % % . Openpilotg B4 KA TUAVTalk¥r
X5 oy 3b 34738 40,
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B (FRFET T— =3  REER (FEFET=.
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(2) BE &), BREAELE" | RAE. RARLEH EM
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(1)7T % ®ATER 41 A1 04 £ RAE T O (23R4 T R)

(2) K E ] 5 RATE R A LA AKX T buaarfly(XFE. FiRF)
(3) %2k X1t 54 iR QQ#E:183613048
(4) AINRAZ(MOOC)R F A, RMHZRELE “Srd”

() Aa® XL A#EM (ZrAITRLITE&EH) BPRFALEE
F I AL R, BOFEAF
OEEREEFL. 3¢ PIES g: dai@buaa.edu.cn
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