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Flight Controller .
Eli .ht Control_ler . . Electronic Speed Controller (ESC)
Brain of the flying system; accepts the commands from remote; -
. . Typically four or more, brushed DC or brushless DC
interfaces with sensors systems and controls ESCs, camera motor. speed control for thrust and direction chande
commands, gimbal, stability, and so on; assist in image transmission ' Sp 9
\
€ ) (. \ n
\, J \ J
Battery Pack Payload y _ Sensor systems
Single or typically multi-cell LiPO or Appl|cat|on_depenc!ent addition to the drone flight; for Multiple sensors (Ultrasonic, LiDar, IR, Accelero,
Li-lon batteries for example 3S LiPO example, gimbal with camera for photo or Gyro) for collision detection, landing assist, stability,
videography, thermal camera for agriculture crop all interfaced to main controller; GPS for navigation
analysis, package holder and package for delivery,
and so on
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Electronic speed controller

2-to 6-cell
LiPO |

1x DC link
voltage sense

Power supply

Gate driver FETs
E I
S8 3x PWM HS | x3
Duty cycle € &
o — Ot
serial interface cg
2= 3x PWM LS
=) PWM X3
- ADC - |
Interface 3x phase
Sensorless control current sense
algorithm {
3x phase
voltage sense
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1.2 FERGHK

A TR FRE-ABE LIRMEEREE I AR, DB A oA B 5L AT R R B E 5
IR PSP ENTT M (Bl Vaus N 7.4V & 22.2V) AR AV bt .

FH T B LAV B0 T 400K () A R B BRI RS TR 4, Ik PWM Bl i SR s st i i K2
45kHz % 60kHz # PWM S0, JE6 #F—SHmpas.

HR RS AT Sl E 0 2, AT A B R AT A5 T e R

® 1 EERG

ZH A
HNHLE 4.4V % 45V, FEEHITEATRIBEEE Z SR S Eih
FHLAH AL PWM 4% 45kHz = 5
F A TE4 G N AE ] InstaSPIN-FAST HHT ToA% Bas A 1 Al 54
o as F RS T NSEHUE R AERETEAE 1024 HUZR DA AR A1 £1 HHEEu A
HL AL 1) 9 SKH FOC S5t 7 ekt AL Ao 33 i 4% il
R L4 22.5kHz
FHL A T 2.5kHz (HURFHELE
pyRIIE 22.5kHz
T Y —12 £ 12kRPM
T E =115 86kRPM/s
[ F InstaSPIN-FOC
1.21 ThER%
LaunchPad #1 BoosterPack K FH AN A HL o i ALY FRRTE LA 4.4V 2 45V, DR GA8 AT ok E
TIRBNAR I =AM o X =AM 20 DA R B N LR D 2, (LT % ] 74 500W.
1.2.2 R AR EEL e A
BoosterPack 14 ¢ 7 Jo A% By L BT 5 10 H R AR IRAS I o AR 9] 7E EE R 12 Vauss —MHHELEFI =
AH . HL LI R d AR e A S B, BT B = AN s AR I SO 2 SR R AE DRV8305 IC H.
1.2.3  ESC |8

ST ESC 8%, 7 EAli ] TMS320F28069F SR EL ML B4 HI F & o 1 L 2844 AT LU F To AR I 38 I Hi B
A B2 4203 InstaSPIN-FAST.
GO P RIE T S ES AR A EAG LAY, 1 B AUTE AL SRR R B R BB SS E FOC Bk

InstaSPIN-FOC Hi:21F N BSD HAUKIFE R AEfL (B A MotorWare™) $2AEKT, il iz, &/ a]
PLIFFUAME R FOC ML H, FF H AT DA A 2% P R B SR S A e gt iz By, INT 8 5 FR LY s Bris
SASE A AL S, XAy I B P AR I s
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Electronic speed controller
2-to 6-cell
LiPO

I
3x PWM HS | x3
Duty cycle >
serial interface
d 3x PWM LS
i FAST- Observer > i | x3
InstaSPIN-FOC -

1.4

14.1

1x DC link
voltage sense

|

Power supply
LMR16006

DRV8305 CsD18540Q5B

Flight controller
interface

PWM 3x phase

ADC current sense

Interface {
3x phase

voltage sense
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ADC TI{E OV % 3.3V [l 2 il SR Bl P9 S 48, SRR LB Vipgr/ Veerio 2E4E. ADC 5 H LTI
FFASAFEIR HE4T T 404k
ZAS L T HATH ROM a8 % H I s ML d1 0 LB InstaSPIN-FOC fi# ik i %8, JRiEid
MotorWare H:: 2 G 8 S FE .
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o HUR T TAL IR 5 W FAE A H 2% (FOC) A (N LI 2 5 e Al g #5748 I 2%
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- HEHENSERS

—  EBY AR A

— ANTEE e R AT SE A TR LI 2% R AR S I ) 2
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— WEHEIFAR M e R AR - @I B R AE A B A R B R A SR B A
LR 5

- EHRFUH

— AR R LR RO CROR R D S — RS EER

—  A[EN Rs 7EZThAE AT LARRER F BE AR A0 15 (5 72 3 0 TR B ARk 3

— FAST ¥4t 2%

DRV8305

DRV8305 #&— ki T = AH W LIRS N A MR KB &% 1ICI 7oK e iZ A MFR Bt = AN b A BE AR P A 2

MIErfrazhas, A IREh A aENE s —

4%WﬁﬁwwﬁmﬁNm@M0$ErDmmwsﬁﬁ:Aﬁ$

HLR A VA IO 2, T SEBUXS IR RS I Y, SCRE 100% st JF HAA SRR, @it B AT
BEHE LT (SPI) AT LUt 22 AR 33 28 1047 2

2 2 R 4.

4.4V & 45V TAEHE

1.25A 1 1A WA AR 3x 5 Hif

SCRF 100% % bE AT HELART A SR 2 2
AR RO

fi% 200kHz ¥ 3 PWM Bk 6 PWM % A5 il
L SPI AT 2 1 B R AR
TRI T

— WS WIR MCU F 1

— A YRR B X B [A] 4% il

— MOSFET #5149

— MOSFET Vg i3 M4 2%

— R B A AR

—  SZRRHIb R AR

- SCRFBAT RIS
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1.4.3

1.4.4

LMR16006

% PWM Eil/ERFESRRESEA 4V 2 60V I A RERTEH, & T MR ER 2 BT ARk
B FYR A R . AR A A ECO BESUR MAFHLALY 28pA, JEHNE & b LSRR S

(PR E IR S TR T

£ ECO U N A 28pA B IR AL
WAL 4V 2 60V

1pA ST HLIR

ik 600mA ff i FLIR

0.7MHz 1 2.1MHz JF 4%

PR A B

IR

iR

CSD18540Q5B

X 60V 1.8mQ SON 5mmx6mm NexFET™ Ih3R MOSFET w] F T i kPR 8 dth BAAR s 4 e |87 FH o 46

FEo

2 2 R 4.

K Qg 1 Qgq
fICHABH

Expi:E4
BT
T 145 =
54 RoHS
T3
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2 BEAE R AR AT

2.1 fEfF

ARFRAS AR TE RV AN R R, 350 B 2 AR i B R S5 v e BT % e
o HJEEH

o ZHThEY

o HLER A EL LA

« ESC EHL&H#

o RATERIEEO

2.1.1 FL YR P
ST 4 F2806xF AhFRSL{ILE, LMR16006 #2144t 3.3V HE, I EE 0.6A.

212  =AEThERZE

RGN =EHE ] DRV8305 M iKksh#% IC F1 6 /> CSD18540Q5B NextFET IC. JiTikf] NextFET
HA 1.8mQ 1 Rygonyo AT B EFLHERIE 15Azys B 20APEAK FIH. ARABIHE S TEAEE, 1S
bﬁ (BOOSTXL-DRV8305EVM /i /' #5/) (SLVUAI8), HA44H T i% BoosterPack.

213  HJRAHEAN

AT InstaSPIN-FAST M2, FHE-LMEMES: NAHENEE (Z/MEHEEM—4 DC link
) PLEEAHEBNERE (GAMEER)  E20E 4.

Xt BoosterPack /&5 B AT BE B in=y 2.1.3.10Tid . A BN B FEAE R, S0 (BOOSTXL-
DRV8305EVM /] 15K ) (SLVUAI8).

2.1.3.1  HERW

Fr#E BoosterPack fR¥E T AITE 4.4V & 45V [HLEVERE AN TAE. BT iZd Eyu Bz T I AL A S
JE, DRI 25 B 5 H PR AR AR v FEL R AS S O UERR . HFH 2% R8. R9. R10 Al R14 £ id & o LAMFE % vy,
EF7E . DRV8305 BoosterPack [ B M L ES & 5 oo

PVDD

IR14
$62.0k

° fSEN PVDD
IR16 c22

$499% | 0.1pF

<

GND
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& 5. BoosterPack [#) 8 & 44 il i 2%

BEAL,  FEALA H SO B IR B T AR G R FEL S R14 A R16 5 A 4 C22 ZH BRHJUE IS -
FE5E DB, EH B LT JLsi:

o LA 2R ?

o HENLBIT IR KRR 7
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FEIXL G, PR AR 1 TR AL O A
MAX 12000 rpm
f = L = —————x6=1200H
voltage sec PP 60sec z 1)

XA WY T I DR A JIAE 1200Hz oAy, LA fE 5 38l b R . BEH BB e il i, AL
M 2:

1 1
fo = -
filter_pole ™ 5 xR parrallel % C 2X X R14xR16 xC22
R14 +R16 @)

AR, EEA LS R14 Al R16 4 62.0kQ fil 4.99kQ, Hik# ) C22 4 0.033uF. KA H
ffilter_po|e j“j 10443HZc

AR T IR, HEZRLERE T, A2SEUESHEHE 2.

2.1.3.2  Hmmm

214

2.15

2 R AR FEL AU RSN P B T DASE R A 20A BRI, HIERI RGN RER, R—HERAEEHM. A T
THIE 7508 FRLIAUASE I BSE 32 AT o B 5 RV AT B B P 2% PR R o

ESC EAHlizH|2s

ESC MM #H L AR 181T FOC 5k, Jofki@ds A B EENIBE DIRe . 7E0 2 X —ZR A A, Jz»
AR ARAE T2 U TRIBAT FOC Sk FEAL S . PWM BRI, $AAT 3K 7 b B3k f v R B i) o>

Ak, FTE S BR  EALAEE  A ASAE  RCER R A AT I ] o B B4 ) 2% s 60 55 A A R G
(InstaSPIN-FAST) [#] C2000 = f & 51,

A T &iHE ] TMS320F28069M . £ £ 45 7] LLf# ] TMS320F2806xF Bt TMS320F2802xF, HAKEL #kT
ESC A4 il 25 1) H A 50 1F BSOh 4 S R o AL 7 2 FE A P 6 AT 42 il s 4 10 AR (% ] e A IE W ) 90 it
KATEE AR O

ARE AL A 2x10 511 2.54mm £k ER FE PG HE$R . %82 11&EH T+ LaunchPad LAUNCHXL-
F28069F/M.

2151 5 uH

ZE 0 B LU R I T4 45 5 DME 5 C2000 A3 % b i AT $ ) 233178 AE .
ZHEO5 3.3V II0 RGHE. £ 2 FIH TEEEIH ERES
F 2. ERFFEN MCU B TIDA-00916 # 0 ERESS

TR 55 1/0 [3V3] &I
AT - N TSN 1T 52 L PWM FOE
- - SN TSN R L R &
PRI O] - B ATRE D
G - R Hoth B T B T i &

A REEGTINIROHEAER, SR 6 7

10
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www.ti.com.cn WEHEFIEAEAT]
2.15.2 KATEEHIES B O I

7t TIDA-00643 H ] LLE EIRH T 52 kAT HI#R M L . AR Z 9415 S, 1555 TIDA-00643 it
f8F (4.4V % 30V. 15A. & PERETLIIE g e s 4 2411t ) (TIDUAKL) 28 5.3 #453.

2153 BERREE

2.16

2.2

221

XF ESC M E, RERSH AR R EE p OQEM 8, AR, BT AR, ERT X
LB

R MYIDALFNE N, &S TIDA-00643 Tl #il. fEAWIIER (TIDUAKL) W, iEZ 5 7.2.4 #
or TR MR, JES I 8 B4y AR TIDA-00643 it SCAFIf T 4tz .

HEFER BT
i Fl—~> LaunchPad A1 BoosterPack Szl ESC.

At

i 2T MotorWare. 7 MotorWare H, H56A# A proj_lab02c SE46 K HML, S8 518 H
proj_lab05h A= Bkt Xt PID $2 il % 2 40e SO &R AR 20 «

A A MotorWare 5 Code Composer Studio™ (CCS) 45 &AM HE 258, BRI (InstaSPIN
T H FISE55H P #5FT) (lit#) o

NEFE K BoosterPack B MotorWare IREhFEF
N T ULFC BARFALET 5 R EE, BoosterPack £t [ i, i ik Sefifi {2 teth 2 ) BLAE MotorWare .

2211  HJEMERKLS

o EE s JRE 8 2% BT A A B e 15 4.3 LRIk . R MO 20 BE B 3] DRV8B305 BoosterPack Kz fE 7 H . it
i 2AE user_jLl.h SO T AR AR B SE L

#define USER_VOLTAGE_FILTER_POLE_Hz (344.62) // BOOSTXL-DRV8305 = 344.62 Hz

I Ab R [){E /& DRV8305 BoosterPack fIERINE . BILLE NOKF HAE B 20 -
#define USER_VOLTAGE_FILTER_POLE_Hz (1044.30) // New voltage filter pole frequency

2.2.1.2  GEEFIERAS

BT T i L, RTS8 U R 2 e 25 P A A

#define USER_SPEED_POLE_rps (100.0) // 100.0 Default, do not change

B S RS AT AR T e v e .l R I W] PLE ESC R mEMERE . K ILIE AR B SR
TR R G ARSI
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222 HAHEHL

AR, 15 T # MotorWare J£4% 3 proj_lab02c. ISz ) H 2R 5 B A K HLUEH) PMSM H
Hlo WSR2 )5, HILSHAM TARCEF: Rs. Lo Ld MIFERGE. XM E ZHEIER, SR
(InstaSPIN-FOC™ 7l InstaSPIN-MOTION™ / /7#555) (SPRUHJ1).

N7 RBIAEHL, R T AN G s E

#define USER_MOTOR_TYPE MOTOR_Type_Pm
#define USER_MOTOR_NUM_POLE_PAIRS 6)
#define USER_MOTOR_Rr (NULL)
#define USER_MOTOR_Rs (NULL)
#define USER_MOTOR Ls_d (NULL)
#define USER_MOTOR Ls g (NULL)
#define USER_MOTOR_RATED_FLUX (NULL)
#define USER_MOTOR_MAGNETIZING_CURRENT (NULL)
#define USER_MOTOR_RES_EST CURRENT (1.0)
#define USER_MOTOR_IND_EST_CURRENT (-1.0)
#define USER_MOTOR_MAX_CURRENT (15.0)
#define USER_MOTOR_FLUX_EST FREQ Hz (100.0)

fir Bl user.h SCAF X —5E 3G, U T AL,

2.2.3 A ERm R

B R ERIA N, 158 proj_labO5h SEEG . FEAE A MSLES, 5214 instaspin_labs.pdf SRS U
W], f£%%% MotorWare A= %) SCRS ST A TR AT AR B S04

Az X e BRI R LR P BOE R IR R G Pl ARS8 7R A R R, R GHTF 5 B 6 A0
DUER BB XA SAEISAT LN 7™ A A vHE A (14 K

TG, PR DUMRIE RGO RE RS 152004 T AT <R R R AR A ) g DU R A EE I e
FEEARRAI IS
2.2.4 s ah 2k

N1 ARG IZE, proj_labO5Sh £ 1 i % DS YA BE KN [a] R0 45cH o {5 FH (00 el B AN R S 50h R 48
L ONIER

DA AT BE 4 H o B BRAG B AT FUFLINF, 42048 proj_lab09 B% proj_lab10. JREKIZET, 24525 bk w2 4
WS EAE, XA SIS T LE )R
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NNk

3  AIl¥EF

3.1 PCB #

6 f 7 B/~ T LaunchPad #1 BoosterPack PCB HITH AR Ao 3.2 TR H LM BRA B 2R 15

He.

3.2 EHEASFIBELRE

3.2.1 LaunchPad Ft &

7. LaunchPad HE#H & A (THALED

{fiF] LAUNCHXL-F28069M i, #%di ] LaunchPad ML FECE . % 3 7 T k&R E .

% 3. LaunchPad Bk

5] HERE Bt

JP1 L4 M USB JE ] 3.3V HUE (ZEHIREE)

JP2 LT 4 M USB J5H GND (ZEFFRED)

JP3 Bk Ja BV #4fas (GCH HARasR) 3.3V HLIED

JP4 LW % 2 ¥ H¥s MCU 3.3V %E#: 55 —%& BoosterPack %3k

JP5 LT 4 # H¥s MCU 5V %455 —%& BoosterPack 3k

JP6 L4 Pin Mux % T- GPIO15. GPIO28. GPIO29 Fil GPIO58 fI5E X
JP7 LT 4 Pin Mux % T GPIO15. GPIO28. GPIO29 Fil GPIO58 HI5E X

S1 M E A ON-ON-ON i & LA ¥t 4T JTAG R . [T %33 BoosterPack 353k J1 &

J4. £ LaunchPad I ZHEME R, S M (LAUNCHXL-F28069M #it ] /'#5 /) (SPRUILL) Al ¢

Fi#4iE: InstaSPIN-FOC #7 InstaSPIN-MOTION LaunchPad £7 BoosterPack) -
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3.2.2 BoosterPack ft &
BIOR ALY 2.0.3. 1FTIR X JE U A8 1E AT B 4L

4 % BoosterPack [ Z 452, &2 (BOOSTXL-DRV8305EVM /] /7#51) (SLVUAIS).

3.3 By
331  MELEH

AL TIDA-00916 TI %11, A1 B4 DL R A5 46 i

*x 4. DEZAM

B

I

4V ZF 24V Al E

RN HR A 20A 1 RS

InstaSPIN-Motion F28069M LaunchPad

A M TI eStore 4%

DRV8305N = i #l4%5) BoosterPack

A M TI eStore 4%

TIDA-00916 JEAHG

M TIDA-00916 #it3C#FJ T4k (Motorware #4#2)

USB H145 AT iE#3 LaunchPad
CCS 6.1.3 B &/l M www.Tl.com.cn %,
332 HWHEE
i LaunchPad L IBkZki%IE R 3 Frid & & .
# BoosterPack #:k J1 1 J2 ##:5] LaunchPad J1 & J4 (i5ZHE 6 AIE 7) .
AR R E R RIR S A 1 33, W = AHHNLER R 4 (EZRE 6) .
333 HKH&E
BATHAFRS, &K PRAE MotorWare HEZL S CCS &6 . B1TIX Bl 152 % Motorware SRS 4
J& (motorware_1_01_00_xx\docs\labs) T4 (InstaSPIN Ii H fIsLEGH F 166D o
AR R AL UL R s
* Proj_lab2c
» Proj_lab5h
« Proj_lab9 g% Proj_lab10
334 HPHRm
HK CCS P R IHMHEANE R, 1S (InstaSPIN Ji H fISZ5H F I8/ «
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Wi

4 Maas R
AT FREEAD ThRESR B HUBRAR R, JRATTHEAT TSI, BpAkid, #EAT 100 Rt

ESC F MLz 4%

— LA

- HHK PWM i

RY MR

— R R

- BE R R

ARG PERENR

— B AE

—  THURE T BRI A
FEATL A - F BEL T PR B R A Lo
— TELIHEEENLT Rs A2

Mt &5

MRAEKZ) 22°C & 23°C L Ti#4T, Hd PWM A 45kHz, HH G %L 22.5kHz 1817

TIDA-00916 MR 5 KA T LR % 4

& 5. TIDA-00916 P4 RE I Ak 15 2%

W% 5
CINGREREN TDK Lambda GEN20-38
R A (Gl TS 50D Tektronix TDS784C
ARk Tektronix P6139A
LR Sk Tektronix A622
ESC Hifl Turnigy Multistar 1704-1900Kv 12 2 #F 4k X L V2
IR ER 5" x 4.5"
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4.1 ESC FHLEHIZS

8 &7~ T TIDA-00916 #3476 23 Wl i B v o

K 8. TIDA-00916 3 & Ml fry il ik ¢ & B A

411  HHLRG

A FENLZE K T MotorWare H11) proj_lab02c. HIH T UL R LS4 :

#define USER_MOTOR_TYPE MOTOR_Type_Pm

#define USER_MOTOR_NUM_POLE_PAIRS (6)

#define USER_MOTOR_Rs (0.225925133)

#define USER_MOTOR Ls_d (1.57321483e-05)

#define USER_MOTOR Ls_g (1.57321483e-05)

#define USER_MOTOR_RATED_FLUX (0.00297940802)

{# F MotorWare i 7R FIHAB FHAUE AR T PMSM HEHL. 7E user.h 3 e LRI REIZ AT 2.2.291)

WEIITHH.
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412  fEHK PWM S
K 9 R T InstaSPIN-FOC % it MK BX 5 45 1) PWM A%

C1 Freq
: ; -’-lS.ZSZkH‘f<
I Min 45.15
PWM HS Phase A : : PHAEH puefase : : Max 45.35k
S
r—’T. : fr— ]
+
1.00V M5.00us Ch1 /s 2,00V 24 Oct 2016
14:04:32

K 9. fr i B MR IR Bh 28 0 PWM 5 5

AR KL 45kHz, R R ER . 5% DRV8305 Mk Iksh#: i LM =H, HS (TIDA-
00643 TI ¥ it#EF) (TIDUAKL) 155 7.1.2 #B5.

42 R VEREVAL
ARG NERE IR AR 7 I TE AN 22 BB e I L R HEAT I o kb Bk 7 1 G 56 FH B R i) SR AR 5 v
Sk SEILAR E ) e A

421 YRR R

AR EHLA Turnigy Multistar 1704-1900Kv 12 #2258 74NN V2. ZHEHLRIIR 18
MotorWare H1J proj_lab05h £ % H. Vays 2T 11.2V A T 52 RAX AR E RS 7L R 4R,

10 BoR 1 1d B HIEE PIBTERIIN .

0

all
ol
ol

\

Id Current step response [A]

-0.4
05 \/\} /TNA /\ NEVAEN
. v ~ \J a4 Y/ S M
-0.6
0 0.5 1 15 2
Time [ms]

2S5

10. AFERAZTESLI IR 1d P FRL I 25 ] 2R B ER ) 52
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11 SR TIREESIZS PLEYERIR .

1.

Speed Current step response [kRPM]

0.

B 11 ANEHAR IR 1 P 4 1l 48NS 5 B gk B

1.
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0.

0.
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1

0

9

8

1/

1Y

4

0

25

50

75
Time [ms]

100

125

JIT 7= A OB BRI IS R o AT P P i 2 A T DA R K K (B SEBLAY

R 6. A BYTERIARL Pl {26825

150

Eylbd Kp K,
AbF 22.5kHz f H % il % 0.35 0.5900
QT 1.5kHz F 55 B 2 i) B 0.27 0.0001

FIFX 28 Pl 5] 38 S 50E 12kRPM I 3RAE 1 30 R Bl (R B A e k.

12
12
12
12
12

11
11
11
11
11

Speed Current step response [KRPM]

12

5

A4
3

2

1
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.8

7
.6

5

K 12. 12kRPM #EJEfa e ke (

1
Time [s]
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B
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422 A TR R B
BB E R N (i 13 A N ESC I HENLER B

B 13, &8 VIR A pLE A

R AMREAEE ] 6" x 4.5" IRHESR A2 T 52 o K SRR e OB B 2 bl AR AR T 11.2V 1Y
Veus I 3R1G T RAUT 4R
14 BoR 7 IR RAS PLBTERIER .

0
-0.1 \
-0.2 \
|
B
-0.5 \/\ /\ A ,\ A\ /\/\v/\

Vv N~V

vV

Id Current step response [A]

-0.6
0.0 0.5 1.0 15 2.0
Time [ms]

B 14, JERIZHEIRI I Pl R AT 2% B ER S

D005
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15 TR 7RSS P ERIR .

Speed Current step response [kRPM]

P 15. BEHARIEIRIN B PI s A2 28 /ME 5 B BRI S

1.1

1.0 =

0.9 /
0.8

0.7 /
0.6

0.5

0.4
0 25 50 75 100 125
Time [ms]

JIT 7= A OB BRI IS R o AT P P i 2 A T DA R K K (B SEBLAY

R 7. R RS B P AR BRI R G P85 4

150

Ecilbs

Kp

K

4b-T- 22.5kHz (1) B I 4 0.38

0.530

b 1.5KHZ (3 42 il

% 2.50

0.002

K 16 Son T IEEESZE Pl IR R

Speed Current step response [KRPM]

B 16. EZIZEE R I 12kRPM 53 3 fa e i

125

12.4
12.3

12.2

12.1

120 | A b AP

11.9

11.8

11.7
116

115
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Time [s]
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4.3 R tEREN

RGN RE R 0 AR AN AN IE PR A 00 T X s MLREAT Ao e, TG BoRs S5 7T e A doe R
AR AN f KT R SE T o

431  HHEIHESHER

AT W PR N B AR R IR, 220 Tk DR B R EHLTE 12kRPM B [ AR . AT N
%N 1.2kHz GEZRAR 3) .

PO R LN AN IESZ 3 1.65 METE, XAH4 T

_ v 42KkHz
1.65 x 500 s @)

Pk $E R LA FTRE B A BAE S i 3, XS PUELR B 58 R IE52 i, thsh, SMEMIEZs A fllis
ITRAUMEL, X2 R RS RIRER.

4.3.2  EEMHEEIDE AR
AT N B e R AN R AR v, BT DU NS .

125

105 //
8.5 //

6.5 /

/

V

o /]
L

0 100 200 300 400 500 600 700 800 900 1000
Time (ms)

B 17. K 36kRPM KHEEHIE N 1kRPM FHE %] 12kRPM (N8 e %)

Speed step response (kRPM)

0.5

N T AEIE IR MG OL T SEOLPT 75 AR FE B, A R P P85 . S A AR AR K /ME
SHrERmR A 18 PR .

11

1.0 I/\\

0.8

0.7

0.6

Speed Current step response [kRPM]

0.5

0.4

0 25 50 75 100 125 150
Time [ms]

18. EFRIRHEAKIT ) PI IR FEFE 88/ ME SR BRI N, G& T =g FEE)
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= A2 (R B i 7 %o FEL AL R P 45 ) 2 A FH DA Ko K (B SIS
R 8. FEAEM R B LASEEURAL U [ Pl 28 S50
Bl Kp K,
QT 22.5kHz [RS8 0.38 0.5300
AT 1.5kHz FIE 2 il 28 2.50 0.0125
125
=
% 10.5 ,/
é 8.5 r/
= 65 /
/
5 us /
3
8 25
&
0.5
0 50 100 150 200 250 300 350 400
Time [ms]
19. ¥ 56kRPM B i FEHZE M 1kRPM T3] 12kRPM GERZiE2)
AT IR RE A, SEIIE M 1 T 2] 8Kpy CRHA 86Kgpy HLIE)
8.5
5 /
&
? 6.5 //
;5; 4.5 /
/
0.5
0 50 100 150 200
Time [ms]
K| 20. % FH 86kRPM I i EH 7 M 1kRPM F+E %] 8kRPM GEREIZHE2)
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N7 IMGE L R, MM T BIEN IR IERIE . SARNUB T, ESCE T PIERHIER S KR
N TR EFEMIERERE. S5 RINE 21 Fros.

7.5 s

55 //
35 e

15 /

-0.5 V4
-2.5 /

Y Axis Title (Unit)

4.5 v
6.5 s

-8.5

0 100 200 300 400 500
Time [ms]

& 21. S%F 36kRPM I i B 8375 A —8KRPM F+ 53] 8kRPM GEH:IB i 32)

4.4  HYLE T HHEEREZE RS
Rs A PATE 2kRPM F1 8kRPM 244 F AR ML, BT HALEH, FEIE AT 12kRPM 4514 N AT ILERAE

441  {ELHEHEIL Rs 2L

L HHL AR K s i, LS TR . XSO EALE T IR . 0 AR AT R M AT DA R R (¥ F AL
FEH R . A InstaSPIN-FOC w] A & FI#Ma2 LI B BH, AT SRASTC A% R 28 SR I iR 1k e

f&iF MotorWare [] proj_lab7 "] LR ZhiZIhRE. BT Cg il Bos 1 BL 2kRPM #1 8kRPM % i#iz 1T HL
MUY Rs 7E£R04, B7E 7A@ Rs 7EZ6 I & 7 ik i iR AR 4k
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o
)
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Rs change due to temperature [Q)]

0.20

0 25 50 75 100 125 150 175 200
Time [ms]

23. WWEIE 7R T Bl 8kRPM #e#iz 4T LI BEI (M HERS i) Rs 7ELRAE1L
DU i IR LI RS, L THR . 2 2hREn] F TP 1k LI 2T e 25 3 B0l e

45  WiEs

A TR T Al A T1 AR BERER AR K % InstaSPIN-FOC LASE I s g L] . b 5 2248
C2000 Ab2E &8 R B HFF AL BE LASKIL i 0 R g T RE . X AT B9 AR B AR AN 78, Atk IE N
ARG REFRMG A TR, TR T SEhR A R b Sk . Kk, WA ERE SR 15
ke CAMRHHLEL PCB X R4 & AR AN .

B TR S (B MotorWare) , C2000 #8441] LUz 4T — AN HAIREIA 1.2kHz 505 SR 1)
SEHE FOC. JofB st TR HLIR AT H R 58
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5.1 HEFRHEE

BIESMMREIEE, ESH TIDA-00916 H W34
52 YpliEHA

B ISR ENS ., 1§55 TIDA-00916 H A& 11304
5.3 PCB #iEH&

BRI AAG R, TEZ 1R TIDA-00916 H TS0

5.4 Altium i H
FEREAAA Altium 35 H SCE, 520 TIDA-00916 w1 301t

55 JELXfF
BSR4, TES 5 TIDA-00916 H A& 11304
56 KK

TR MR EERC A, 2% TIDA-00916 H TS0

6 A

WA, 1M http://www.ti.com.cn/tool/cn/motorware % MotorWare v17.

7 Sk

1. EMXES (T1), DRV8305, HA =AERIFBORNE B =M IKE)2%, http:/
/www.ti.com.cn/product/cn/drv8305

2. fEMALES (TI), TMS320F28069M, H.A InstaSPIN-MOTION [ Piccolo fi% 2%, http:/
ww.ti.com.cn/product/cn/tms320f28069m

3. HIN{EE (T1), LMR16006, EA1K Ig i) SIMPLE SWITCHER® 4V % 60V. 600mA [#Efa /5%, http:
Ilwww.ti.com.cn/product/cn/Imr16006

4. fEJNACES (T1), LAUNCHXL-F28069M, C2000 Piccolo F28069M
LaunchPad, http://www.ti.com.cn/tool/cn/launchxI-f28069m

5. ML (TI), BOOSTXL-DRV8305EVM, DRV8305N —AHHL LX)
BoosterPack, http://www.ti.com.cn/tool/cn/BOOSTXL-DRV8305EVM

6. MHINALEE (T1), TIDA-00643, (4.4V % 30V. 15A. EVERELH ERtE e RizH #4243 ) , TIDA-
00643 ¥ it#EF (TIDUAKL)

7. IS (T1),  (InstaSPIN-FOC™ #1 InstaSPIN-MOTION™ /f /{55 ) (SPRUHJ1)

8. Richard Poley, (#=ilH#igEAL) , ISBN-13: 978-1496040732

9. fHEIMAES (TI), (HAIEHIHE) , http://focus.ti.com/download/trng/docs/c2000/TI_
MotorControlCompendium_2010.pdf

ZHCU503—December 2016 EHT AN ESC 1 mi#E L4842 FOC S48k 25

TIDUCF1 — http://www-s.ti.com/sc/techlit/ TIDUCF1
fitAL © 2016, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUCF1.pdf
http://www.ti.com.cn/tool/cn/TIDA-00916
http://www.ti.com.cn/tool/cn/TIDA-00916
http://www.ti.com.cn/tool/cn/TIDA-00916
http://www.ti.com.cn/tool/cn/TIDA-00916
http://www.ti.com.cn/tool/cn/TIDA-00916
http://www.ti.com.cn/tool/cn/TIDA-00916
http://www.ti.com.cn/tool/cn/motorware
http://www.ti.com.cn/product/cn/drv8305
http://www.ti.com.cn/product/cn/drv8305
http://www.ti.com.cn/product/cn/tms320f28069m
http://www.ti.com.cn/product/cn/tms320f28069m
http://www.ti.com.cn/product/cn/lmr16006
http://www.ti.com.cn/product/cn/lmr16006
http://www.ti.com.cn/tool/cn/launchxl-f28069m
http://www.ti.com.cn/tool/cn/BOOSTXL-DRV8305EVM
http://www.ti.com/lit/pdf/TIDUAK1
http://www.ti.com/lit/pdf/SPRUHJ1
http://focus.ti.com/download/trng/docs/c2000/TI_MotorControlCompendium_2010.pdf
http://focus.ti.com/download/trng/docs/c2000/TI_MotorControlCompendium_2010.pdf

13 TEXAS

INSTRUMENTS
KF1EH www.ti.com.cn
8 KFEH
KRISTEN MOGENSEN M {2 (TI) Tk 2GS LI sh 35 BN R A TR, 57508 TALIREI# K S
A
8.1 Mgy
VE# 75 B34 RS MARTIN STAEBLER #1 PAL BOELE 7£ TIDA-00916 it (I35 i1 F11 S A% g bl i B AE L
HH L DTk .
26 EHT AN ESC 1 miE T4 /A FOC &% it ZHCU503-December 2016

TIDUCF1 — http://www-s.ti.com/sc/techlit/ TIDUCF1
AL © 2016, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUCF1.pdf

Y A5 5175

TI S LR AR SRR M S AT SRR (OFEEE R « Wit EE (ORESHE R o MBI, WA TR A fE BRI AL T
?E%%$1%1EEEPK%\E@IF§W, BARMATAT IR B R R AR, AR ERBRF @ et 38 & 545w R B AR T 58 = J7 AR AU R
H R o

Pk BV AT LV RN SR T P2 Sl AT BETH A o R0 BLR AT 9 E R 80 5T (1) BRI IR A& I T 7= (2) W)
BOAEFEMRAE N« (3) FORIE B L FH itk S AR AR A DA SAT AT Mt 22 4 L e fREABEE SR . TR BHRINE AR, AR ST @ A . T 3
P BEVR KR B BR T R BRI KT 7= i ARG R o BRI AR AN ST R R R il 208, AN BRI e TUBUAT A 35 =0 IR S = B AL
VER o QR A Tk R P AR AR RN . WA AR, PR A, TIXULMEA 65T, JF HABZUREE th kX T1 S AR IE s 4135

TI AL S 32T 48 443K (http://iwww.ti.com.cn/zh-cn/legal/termsofsale.html) DA ti.com.con_t B BT 12 A 10 oA 7T 38 FH & 2k 20
Ho THRALF IR B IR AN B LA A 7 20 5 T SR T 757 5T A 16 AT P A HEL 3 Bl B R S 35 A5

Mp2rdthl: LW HX 40 KiE 1568 5 i KJE 32 £%, MEE4mi%: 200122
Copyright © 2018 fEJH{ES 1 FAEA (EilF) HRAF


http://www.ti.com.cn/zh-cn/legal/termsofsale.html
http://www.ti.com.cn

Y A5 5175

TI S LR AR SRR M S AT SRR (OFEEE R « Wit EE (ORESHE R o MBI, WA TR A fE BRI AL T
?E%%$1%1EEEPK%\E@IF§W, BARMATAT IR B R R AR, AR ERBRF @ et 38 & 545w R B AR T 58 = J7 AR AU R
H R o

Pk BV AT LV RN SR T P2 Sl AT BETH A o R0 BLR AT 9 E R 80 5T (1) BRI IR A& I T 7= (2) W)
BOAEFEMRAE N« (3) FORIE B L FH itk S AR AR A DA SAT AT Mt 22 4 L e fREABEE SR . TR BHRINE AR, AR ST @ A . T 3
P BEVR KR B BR T R BRI KT 7= i ARG R o BRI AR AN ST R R R il 208, AN BRI e TUBUAT A 35 =0 IR S = B AL
VER o QR A Tk R P AR AR RN . WA AR, PR A, TIXULMEA 65T, JF HABZUREE th kX T1 S AR IE s 4135

TI AL S 32T 48 443K (http://iwww.ti.com.cn/zh-cn/legal/termsofsale.html) DA ti.com.con_t B BT 12 A 10 oA 7T 38 FH & 2k 20
Ho THRALF IR B IR AN B LA A 7 20 5 T SR T 757 5T A 16 AT P A HEL 3 Bl B R S 35 A5

Mp2rdtihl: LW H X 40 KiE 1568 5 i KJE 32 £%, MEE4mi%: 200122
Copyright © 2018 &M AZE - PR CEilE) HRRAF


http://www.ti.com.cn/zh-cn/legal/termsofsale.html
http://www.ti.com.cn

	适用于无人机 ESC 的高速无传感器 FOC 参考设计
	1 系统概述
	1.1 系统 说明
	1.1.1 无人机的 ESC 功能要求
	1.1.2 最佳系统性能
	1.1.2.1 正弦控制型 ESC 模块

	1.1.3 电子调速器 (ESC)

	1.2 主要系统规格
	1.2.1 功率级
	1.2.2 电压和电流检测
	1.2.3 ESC 控制器

	1.3 方框图
	1.4 主要产品
	1.4.1 TMS320F2806xF
	1.4.2 DRV8305
	1.4.3 LMR16006
	1.4.4 CSD18540Q5B


	2 硬件和软件入门
	2.1 硬件
	2.1.1 电源管理
	2.1.2 三相功率级
	2.1.3 电压和电流检测
	2.1.3.1 电压检测
	2.1.3.2 电流检测

	2.1.4 ESC 主机控制器
	2.1.5 飞行控制器接口
	2.1.5.1 信号 说明
	2.1.5.2 飞行控制器接口的测试
	2.1.5.3 温度和尺寸估算

	2.1.6 推荐的设计升级

	2.2 软件
	2.2.1 为已更改的 BoosterPack 更改 MotorWare 驱动程序
	2.2.1.1 电压滤波器
	2.2.1.2 速度滤波器

	2.2.2 识别电机
	2.2.3 生成阶跃响应
	2.2.4 生成轨迹曲线


	3 入门指南
	3.1 PCB 概述
	3.2 连接器和跳线设置
	3.2.1 LaunchPad 配置
	3.2.2 BoosterPack 配置

	3.3 设计评估
	3.3.1 必要条件
	3.3.2 硬件设置
	3.3.3 软件设置
	3.3.4 用户界面


	4 测试结果
	4.1 ESC 主机控制器
	4.1.1 电机识别
	4.1.2 使用的 PWM 频率

	4.2 系统性能调优
	4.2.1 空载阶跃响应
	4.2.2 带有负载的阶跃响应

	4.3 系统性能测试
	4.3.1 转速到电气频率
	4.3.2 速度性能加速和减速

	4.4 电机定子电阻用作温度保护机制
	4.4.1 在线调整电机的 Rs 变化

	4.5 测试总结

	5 设计文件
	5.1 电路原理图
	5.2 物料清单
	5.3 PCB 布局图
	5.4 Altium 项目
	5.5 光绘文件
	5.6 装配图

	6 软件文件
	7 参考文献
	8 关于作者
	8.1 鸣谢


	Important Notice



