
Apply the start step sequence of motor drive with duty 
controlled for current limiting Each step should use magnetic 

~ 
braking (like All MOSFET "L", not 
3st.) at off duty as stepping motor 

sweep up the sequence interval time 
drive to get sync. 

Free spin by all MOSFET off as 3st. mode 
\ I--

" ~--
Wait 1 ous to avoid the inductive kick 

\ 
You may need loop count 111111111111 111111111111 

with on-duty increase 

Correct rotate direction? 
N You can check the Need the comparator data re-check 

reversing by BEMF to get correct data in small signal 
sensing sequence 

y 
Start sequence for BL-

I To BEMF control I ESC flow chart by 
Takao 



Motor free run by no 3 drive wires (U ,V ,W) 

Off duty 
timer end? 

n After drive MOSFET off, the inductive kick will 
/ be on the opened wire immediately. So, it is 

100uS to &OuS impossible to set the off-duty timer zero to 
y 

• ,.. ...... ....... ... ................. ! .. n STICK control time i 1 . ~.. .. . . .. . .. . . .. .. . ................. . 

n 
U>W>V? 

y 

Drive State 1 
U:+, W: Open, V: - y 

get BEMF information. It means can not get 
100% power control by inductive kick time in 

BEMF mode. 

u 

V>U>W? 

Driv~ilatJ~L-~ 
U:+, V: Open, W:-

y 

On duty >'-nL....J Drive State3 
timer end? V:+, U: Open, W:-

y 60uSto20uS 
y 

BEMF Control Flow Chart 
by Takao 

W>V>U? 

V:+, W: Open, U:-
y 

Drive State5 
W:+, V: Open, U:-

W>U>V 

Drive State6 
W:+, U: Open, V:-



Rx signal 
THROTTLE_ OFF' _CHK2 less than 

n 940uS? 
Throttle off? 

y 

Trigger (320mS) Timer Clear (320mS) Timer 

Over n 

320mS? 

y -r-----'------..., 
THROTTLE_OFF2 :L ~~~F-d_u~ _:':_n~o~ _l~ 

Motor off 

Clear 320mS timer 

Clear spin direction check flag 

Clear reverse running counter 

M 
Throttle-on Check 

Re-start needs take a 
Re-start time to start run 

--------
PPM receivel hiccups atthe dead 

point in air. It makes motor off 
signal unexpected. 

320mS: 16bit internal timer one loop time 
and usual one Rx signal frame timing is 

<50mS 

otor off control routine 
in BEMF mode 

by Takao 



Rx output 
sig I 
de 

Control 
pulse 
Width 

r-------1 
900- 2100us 

proportional stick 
control 

940uS : Motor Off 

2000us: Full on 

na 
tails I 

I 
I 
I 

I• ,' .------R_x_p_u_ls_e--,frame ·. 50mS 

I 
I 
I 
I 
I 

I 
I 
I 

CPU work share for 
measuring Rx pulse 
width is at both edge 

only by PCA: 
Programmable Counter 

Array and interrupt 

Rx pulse width = 

PCAOCN 
c cc c 
F C C 

FFFFF 
4 3 , 0 

·I 

3- 5V +pulse 

Read the input pulse front 
edae time and the rear 
edae time by interrupt 

PCAilCPln PCAOCPHn 

f~~~o~l-~~~~~~ 
\_ 1---<Y' 00.,.---J 

Rear edae t ime - Front edae time 
r- -----, 

PQft uo ®-----l CrOSSbar ;.:' c=~ 
P.0.7 !_ _____ I 

Rx interface details 24.5MHz, 1112 eLK PCAOH 

by Takao Figure . PCA Capture Mode Diagram 16bit free run 32mS loop counter 



Stick Control 

Control Data > On-Duty? 

Control Data = Rx pulse width x k 
(24 .5/12MHz clock resolution) 

n 

y Decrement motor On-Duty value 

(Increment Off-duty value) 

Time Over? 

y 

Clear Timer and Restart 

Increment motor On-duty value 

(Decrement Off-duty value) 

n 

This timer setting may 
be called "Soft Start" 

Power On/Off duty setting routine 

Motor Speed 
Setting Control 

by Takao 



Consider the jitter of each state timing. It is never constant while spinning. Also. mechanical settings as coil turn tolerance. 
prop balance and magnet force are not precisely constant. Then, you may set ON DUTY value constant roughly. 

Ripples 
are also 
staying 

j I 
2. 41 2. 39 2. 4 2. 46 2. 34 2. 56 2. 24 2. 34 2. 46 2. 28 2. 56 
11111 r r r r rr 1 

Some 
considerations 
for spin control 

by Takao 
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R05on 
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05kl 

...... . . 

R4 

~~ 
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t15kl 
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02 

" 
H:JSF'ET-N 

GND 

VH 

l 
IS 

l 
12 

VL 

ROSon 

Rl 

<47k) 

v;;---1 n 

Rl 
<47k) 

R2 
(4. 7k) 

.~ 
GND 

? 

3 

• If-SAT 
.,..T 

• If-.,..T 
BAT 

• II' ""T .,..T 

-

ll:<VH-Vx)/R1 
12: <Vx-VL )/RI 

n:Vx/R2 

D:rz•n 
<VH-Vx)/RI :(r:.fx-Vl)/F\1 )+WxfR2) 

<VH-Vx):((Vx-VL))+Mc• F\1/R2) 

VH+Vl=2<Vx+ Vx· f\1/R2) 

Zero Cross Po;.,: NH•Vl)/2 • VxO•RI/2· R2) 

•t R1 /R2 ' Hk/4. 7k 
Zero Cross Po;nt = Vx0•·10/0.2) = 6 ·Vx <=Atmo$1 1/2Vdd) 
Hen,. R3:1U : 5:1 

ZERO CROSS O.teet 

Precise Zero Cross 
Point Detection 

by Takao 



Misfire Check for Zero-Cross Power Control 

The inductive kick is always exist 
after MOSF ET off 

. ..... StepS: Switch to next state 

•• Step4: Monitor the timing between Step2 and Step3 to 
/ check control margin. If the timing is too short as <50uS . 

• / reduce on-duty before misfire occur at this time 
• 

• .. • .... Step3: Stop MC u timer at zero cross point and restart with 
power control timing ........... 

· ••• Step2: Check the rear edge of inductive kick ...... : 
... i 

••• . . . 
: . ". 
; ... . . 
: Step 1: Start MC u timer here . . 
. . . 

•• 

Zero-Cross 
power duty 

control 
timing area 

Programming 
details for zero 

cross control to get 
stable max power 

by Takao 



System Reset 

Program --------- ...... ,.._ 
.-------~---------, .... _ --·----------... . 

____ __ . ... Watch dog timer 
Watch dog timer can not protect 
devices, just for program over run 

happening system reset 

Watch and 
Monitor power 
voltage dip to 

find bug 

Debugger 

--~L---------~~----~ .... "'.. ... ., -- -...... .. 
------

Configure 
Monitor port 

Use current limit power 
supply for MOSFET 

protection in testing and 
debugging 

• • • 
Motor control software never halt 
and most of brake point info. is 

garbage for dynamic control. So, 
the monitor programming for 
scope trigger by output port is 

quite useful for debugging. 

Basic programming 
tools for BL-ESC 
development by 

Takao 



Timing Advance in Zero-Cross Power Control 

The inductive kick is always exist 
after MOSFET off 

T 1 1 bit right shift = T 1' 25% advance 

--' ' 
T 1 2bit right shift = T 1' 12.5% advance 

' ' ' 

t i" .... · · zero cross point 

' ' ' 

------' •.. ; 
.. i· .. 1. 

: : ...... 
: : ..... 

Start MC u timer here . . . . . . . . . . 
T1 ~n· ~ . . 

~ .. ~= . . 
: ... 
. . ....... . 

Timing Advance 
control area 

Timing Advance helps 
unsymmetrical motor generate 

sine wave forme g magnet field 
/coil winding tolerance for stable 

controL 

Programming 
details for Timing 

Advance control to 
get stable max 

power 



I 

The battery's internal resistance is very low enough, but the bypass cap 
on the power line works so great Why? 

The body avalanche diode as integral reverse p-n diode in MOSFET not 
only protects MOS device, but also charge-up the capacitor on the 

power line by inductive power from motor coil. 
.---------, 

Q 

HJSFET-P 

,.., 
' J,: 

~--------~--~--~-- - -- - -~ 
' ' ' ' 

~ : D : 
: Soc:tw....Oic::>de : 
' ' ' ' ' ' -------· 

Need big cap 
to get motor 

power 

I v 
.,,. BAT 

BAT 

I 

'I if' BAT 
BAT 

Batteries can 
not be charged 
up in so quickly 

Gl 

MOSFET-N 

77 

Gl-c> 

' ' !o 

M 
3PHSMTRY 

: Boct.l-Oioda 
' 

' ' ' ' ' ' ' ' ' 
~---- - -----------------------------! 

'IPBAT 
BAT Flywheel 

diode in 
MOSFET 



You can 
measure the 
duty ratio by 

timer 

/ 
/ 

ON DUTY t, 

-·-·-· 
' ' ' ' ' -.-. -.-. 

/ 
/ 

/ 

Timer Off and Restart , L_ ________________ _ 

Drive Sate1 

On duty 
timer end? 

n 

' y 

~ 
OFF DUTY 

/ 
/ 

' 

' ' / 
/ 

/ 

Timer Off and Restart 

Spin Free 

BEMF 
signal 

U>V>W? 

' Sequence 
State2? ' ' ' 

y 

Timer Off and Restart 

Drive State2 

' ' • 

- • - • .... " 50% duty run or over 
drive in BEMF mode? 

• 
I • y 

GOTO Zero Cross run 

• 

' • 

I 
• 
I 
• 
I 
• 

Inductive Kick is 1 
here • 

I 
If state2 could not 
be caught as over 

drive, but it just run 
free one frame spin, 

no problem 

Single Sampling mode 
can drive safely from 

about 10% to near 50% 
on-duty 



T 
25% 50% 100% I r~ _Z_e_r~"'"'G-ro-s~-ce-· ~!-ro-1 T- o-d,e........;l I 
• r"'81t:91~"' ! 

- ,- , . 

\ I--s.~~ling, 
mode· " ~ --BEMF 

mode,; 

I 

-. . . ' . 
. ·'-"· - ·-,OffOOT'V ·.-........... ,.,·. ~ ... ;_._. ,· ~ .... . . 

. '"'· 

.. 

. 
. .... _., ··~ . ·-~ ..... .. ~; ... ~-..-.. -~-...... _ .. 

.. /.·.·JJ ····· 11 "···-~·, -· ... ...... 
. - . ... ..- / · .. 

,,." :1.J:J.JJ I. t U . .L L Ll. . . . ·.· . . 
• . •. 

• On Duty 

Thre e Control 
s are used 
y BL-ESC 

mode 
in m 

Wave form of Single Sampling mode 
by Takao 



FMS-FF9 

0 

Futaba 
FF9Tx 

1n4148 
Diode or 
similar 

r---.... ---- Pin 10 

1k8 

4v7 
Zener~ 
Diode 

BC327 or 
Any small 

signal PNP 
device 

---------.l.---...J------ Pin 18 



Ell3. 3v ll 
u6 4 +7V 

R16 3n+ 1 UH 10k 
11111 

+7V 2 __ 

UD LMH6644 

+1 .65V 6

·- 7 
R17 UL 5 + 11111 ov 10k 

IIIC :t GND LMH6644 

11 3· 3V II 

E ~ LMH6644 

R18 10 . 
+7V 

10k 
9 111

: 8 VH B 

VD 

+1 .65V 
LMH6644 

13 . ov 
R19 ~~~- 14VL B 

12 
10k 1 

&;IGND J, ' GND 

ll+asvll lli2 !Wil 

113- 3vll WSZ1 
E ~ 8 

R20 3 f1+ 
+7V 

10k 
2 111 1 

WH B 

:J]1.65V 
WD us 

MLH6643 

6 - ov - 7 WL B 
R21 ~5-+ 11 10k 

lii'JGND 
J, ' LMH6643 

GND 
• 



Starting rotar posit ion sensing (shown only one phase impulse drive 
sensing) 

leak aiJn&tio field ··-

Zero Cro;t Detector 

Coecina Position' 
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CH3 

:Get BEMF signal just after the inductive kick 
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Zero Cross Control 
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Zero Cross Point 

__ ; _______ __ ~ --------- ~~-~-~-~~-~-~-j; · 
: :- Under low rpm signal 

----.------- -- -. ---• • • • • • 
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• • • 

: Under high rpm signal 
• • 
: , Actua lly, It is sine wave 
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Zero Cross Point • • • • • ------- ----- ---. · • • • • • • • • • 
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Measure the time 

You can off-duty 
time power 

control In T1', T2', 
T3 · (It Is as timing 

advance) to the zc point by Then you can get the 
timer... state switch timing 
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Get the shaft position by measuring the each state inductive kick length. 
The minimum length of inductive kick is driving state. And next drive state is the start drive state. 

Current 
limiter 

Ton Totr= 1 1D-5 

~~ ~ 
., 

... , ... 
...... 

Drive duty 
control 

--• •• 

I 
~ 
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• • • • • • • • • • • • 
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I 0 
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' I sticky area 
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I 
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(450uS) 
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....................... 

',, D1d you get 

• ; ___ ' . • • • .. . 
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Power 
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f oo-1 PUbe/State ~ '',, one state -. • •; 
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' . 
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' ' ' ' • 
' 

- If not, Increase the QI')-0Uty first. 
' Change to decease the drive 
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second. 
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And you can decrease the number of state driving pulse to get spin 
speed up acceleration to shift to BEMF mode. ' • • 
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Auto adjust for starting parameters 
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There is a possibility of RF interference from Sw. BEC. 

The wiring point is making small as possible at switching area. 

as the smallest antenna in high current loop. 
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Points for Acceleration Control 
At least 

Use the acceleration check by timer to avoid out of sync. 50uSBEMF ............................................................................. 
off duty is Start CheckBEMF need~d Control 
While the 0% acceleration 100% 

I /'1. I Zero Cross control ~ starting 
acceleration ~ ! 

\ 0 

' -i BEMF control ~ \ May be more 50% 

1\ 
Sin~~ on-dut;. b~ advance 

Samplin lmtng 
Power Control \ 

ON Reverse spin check 
Sound " 

~ 

n Duty 

Check Off duty time can Check the Check the off-
the stick minimize by inductive kick on-off duty duty time is 
off signal rear edge sense by timer for zero 

Cross point 



The Single Sampling control for AUTO 50°k 
power spin to start zero-cross control 

The level 
sense of 
zero cross 

pint is 
already over 
in this Ia op. 
Therefore, 

the loop 
timing is very 

short. And 
the 50% 

power can 
preciously 

set 
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duty(500nS 
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N 
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the ZC 
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y 
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zero-cross 

power Still 
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step) BEMF) 

y 

N 
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Parameters 

Output High Voltage 

Output Low Voltage 

Input High Voltage 
Input Low Voltage 

Table 14.1. Port 110 DC Electrica l Characterist ics 
V10 = 2.7 to 5.25 V, -40 to +125 ·c unless otherwise spedfied 

Conditions Min Typ 
loH = - 3 mA. Port 110 push-pull TBD -
loH = - 10 IJA, Port 1/0 push-pull TBD -
loH = - 1 0 mA, Port 1/0 push-pull - TBD 

V : 2.7 V: 
loL = 10 tJA - -
loL = TBD - -
loL = TBD - TBD 

V : 5.25 V: 
loL = 10 tJA - -
loL = 8.5 mA - -
loL = 25 mA - TBD 

TBD -
- -

Weak Pullup Off - -
Input Leakage Current Weak Pullup On, V1N = 0 V; V = 2.0 V - < 0.11 

Weak Pullup On, V1N = 0 V; V = 2.4 V - < 0.14 

Max Units 

-
- v 
-

TBD 
TBD 
- v 

TBD 
TBD 
-
- v 

TBD v 
±TBD 
TBD tJA 
TBD 



Typical Transfer Characteristics 

100 
V0 s= 10V 
Pulse Test ........ ::s. 80 

0 - 60 ... 
c: 
~ 
;:I 40 (.) 

c: 

lin 

I f- 25°C 

Tc = 75°C 
·a; .... 

20 0 
II/I_ 

-25°C w 

Nl 
/A 

0 1 2 3 4 5 

Gate to Source Voltage VGs (V) 
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Stil keep center volta&• ol BEMF ~I'* 
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CH3 

BW Limit 
B · 

1 00t·.'1Hz 

Volts/DiY 
I I I I I I I I I I 

Invert 

• 



CH3 

BW Limit 
B · 

1 00t·.'1Hz 

Volts/DiY 
I I I I I I I 

Invert 

• 



CH3 

BW Limit 

• 100MHz 

Volts/Div 

Probe 

Invert 

• 
3.20V 

21 -Jiin-07 1 S:1 e 340.224Hz 
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Fig : 1/ 2 VDD sensing 

vee 
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Off/ On 
PWM -;E Ql 

r-tOSF£1'-H 

v 
Ml 
3PHst.fTRY 

< 

•• • 
7f7 GNO 

PWM 
On 

Off 

Get the zero cross over at just a little bit before "Of(' 
as ''ON" rear edge. You can set "full on" mode as well . 

Off/ On 
PWM -; Ql 

.---"u__.., ,. >····~· _w_.. __ -+~:'-1+--.... '"'''-----'1 ._I_ 
t10SF£T-tf Simplest and works perfect! 

7f7 
GriD 

Note: 
*Use same MOSFET both H/ L site. 
*"Of(' first. And "On". Get the zero cross detect result at the of" ON" fall egde for sampling. 

Date Rev. Designed by Title 

'07 / 01127 0.2 T akao Shimizu Zero Cross sensing while PWM switching 
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2.S042BkHz 



• f ' f . ' 
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Coupling 
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II 

Invert 
llii 

2.76V 
2.38B70kHz 



Trig'd M Pos: -200.0ns 
.,....,...,. ..,...,..,. ,..,.......,.,......, "T 

CH3 --
. Coupling 

. . . • • • MOSFET Gate · l!ll 
IV\otor drive 

-------
111111111111111111111111+11 Ill ---• 

MPU 3st. output -
-- .. 

CH2 M SOOns 
CH4 SOOmV 1 B-F eb-0715:49 

BW limit 
Ill 
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of 
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20k 100 

90 

80 

70 

60 

10k 50 

40 

30 

20 

10 

0 
(rpm) (A,W) 1000 

Torque 

RS-540 Soorts t uned motor 

( T amiya Brand ) 

• rpm 

• Current A 

• Output W 

Power Suppy: 
7.2V Const. 

2000(g- cm) 



8.7.5.3 If the motor is sensored: 
It must use a six position JST ZH connector model number ZHR-6 or equivalent 

connector with 6 JST part number SZH-002T-P0.5 26-28 awg contacts or equivalent. 
Wire sequence must be as follows: 
Pin #1- Black wire-ground potential 
Pin #2- Orange wire-phase =:1-- c .

1 
? 

Pin #3- White wire-phase B What the meaning of AB:C? ___. 
01 

temp 

Pin #4- Green wire-phase A ~ 
Pin #5- Blue wire-temp control, 10 k Thermistor referenced to ground potential 
Pin #6- Red wire-+ 5.0 volts=/- 10% Mine is 3.3V operartion CPU. This is over Vdd. 
For clarification pin #1 is on the left hand side of the above connector with the wires 

exiting the top of the connector and the plastic tangs that hold the contacts in the 
housing are facing forward. See drawing below. 

PIN 1 
2~ 

456 

Compatible speed control must use the six position JST header part number X-6B-ZR-
SMX-TK (where the X denotes the style of the header), or equivalent. 

The power connector has to be clearly marked A, B, C. on both speed control and motor. 
A for phase A 
B for phase B 
C for phase C 

The comparator may be 
installed in the motor? 
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ATmega48 -IE 
Q 

MOSFET·P 

ADCO ~------------~------~~--~ 
R4 
IOk 

-IE 
Q 

MOSFET·P 

ADC6~------------~~----~~---t------4 
RS 
IOk 

-IE 
Q 

MOSFET·P 

ADC?~------------~~--~~~---t-------r------4 
R7 33k R6 

IOk 

R8 33k AINO 1-------~~;-...:::.~----+ 
R9 33k 

GND Virtual Center Tap 
Point 

Rl R2 R3 
3.3k 3.3k 3.3k 

Clean GND Dirty GND 

... -
v 
BATTERY4 



Minimum capacity 
battery 

+ 
-..:-

Disc ha rgi ng 

Finally, this battery is reverse 
chargedl 

+ 

Load 

All Same circuit 

Load 

L___--j+ 1111111-___ ___.J 



Brake 
Control 
On/Off 

The drive sequence can not be 
determined after starting (m ay 
be un-sync. and the sensing 

voltage is quite low). This is w hy 
using BEMF mode. 

PWM Power Control 100% 

Acceleration I J t-+0......,.-+•1-1 -----------+~•1 On Duty 

10 - 30% 0% 

Watchdog 
re-starts 

De
acceleration 

Free 
Spinning 

/ 
., 

s 
T 
A 
R 
T 

• • • • • • 

BEMF 
Mode 

~ 
• • • • • 

Zero Cross Mode 

• • 

~~ :··2 ·~· ;;: ······ ··· · · ······· · ···· · ···· · · ··· · · ··· · ·······~ 
.. 

R 
E 
s 
T Zero Cross Mode 
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R 
T 

Control modes in BL-ESC 

On Duty 
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../ 

De-
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Free 
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) 

Brake 
Control 
On/Off 

The drive sequence can not be 
determined after starting (may 
be un-sync. and the sensing 

voltage is quite low). This is why 
using BEMF mode. 
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Power Decrease Timing Control ( for PPM Rx) 

Zero Cross Mode 
( +Timing Advance ) 

Control modes in BL-ESC 



For folding 
prop. 

· -----1~. _A_c_c_e_le_r_at_io_n__, 
Q) : 
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Watchdog 
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Brake 
Control 
On/Off 
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• 

The drive sequence can not be 
detennined after starting (may 
be un-sync. and the sensing 

voltage is quite low). This is why 
using BEMF mode. 

10- 300~ 
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PWMP ower &F rea. Cntl 0 ro 

Power Increase Timing Control 

BEMF Zero Cross Mode 
Mode ( +Timing Advance ) 

1l Inverse lo arithm ro ortlonal control ower . 9 p p p . 
:' + Over current protection 

100% power 
setting control 

~I On Duty 

~ 
Stick travel 

adjust at 
100% 
Power 
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'----- -·'-----------------' ' 
L~ ...................................................... .1 ... r- 2- 5% 1 
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Figure 89. Analog Comparator Block Diagram(2) 
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CH3 S.OOV CH4 SO.OV 11-Mal- 10 11:20 1.30460kHz 



Tek e Stop M Pos: O.OOOs IHIUUlH 

• 
sumnHnc JUnct 10n 
level 

lY!M' 
m 

Source 
1!11 

WiD -~ 
Coupling 

1111 
0<:. 'floo Ul ./ 1.60\1 

CH! s.nov CH4 SO.OV 1.64022kHz 



BEMF 
440Hz(" A":La) 
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BEMF Sound" 
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- You may have to add many FETs for the racing. G"O 

3 
u 

R1 3 
ARDUJNO_NANO 2.2k USE Pull-Up mode 

J~-~M06S.SRSS-TB 
http:/ /www.rcgroups.com/forumsjattachment.php ?attachmentid= 1244043 
But, the blue line is connected to +SV at Hobby king BLS4GST. 
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