Apply the start step sequence of motor drive with duty
contralled for current limiting

l

Sweep up the sequence interval time

l

Free spin by all MOSFET off as 3st. mode

|

Wait 10u5 to avoid the inductive kKick

You may need loop count
with on-duty increase

N You can checkthe
resversing by BEME
SENSING sequUence

‘ Correct rotate direction”

To BEMF cantrol

Each step should use magnetic
braking (like Al MOSFET "L, not
3st.) at off duty 25 stepping motor

drive to get syne.

Meed the comparator data re-check
to get correct data in small signal

Start sequence for BL-
ESC flow chart by
Takao




|

Motar free run by no 3 drive wires (LY WY)

CIff duty

i 7
tirer end: 100uS to 60uS

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Drive Statel w
U+, W: Open, V: -

Orive_Stated
U+, V: Open, W:-

Cn duty Cirive Stated

After drive MOSFET off, the inductive kick will

/ be on the opened wire immediately. So, it is

impossible to set the off-duty timer zero to
get BEMF information. It means can not get
100% power control by inductive kick time in
BEMF mode.

timer end?

e+, U Open, W:-

60uS to 20usS

BEMF Control Flow Chart
by Takao

¥ WP
¥ W17 W= L=y
Drive Stated &
V:+, W: Open, U:-
Y
Drive Stateb » Drive Stateh »

W+, V: Open, U:-

W+, U: Open, V:-




Fx signal

THROTTLE_OFF_CHEKZ less than
- 04 0US? FFM recerer hiccups at the dead
Throtile off ? n ' paint in air. It makes motor off
) signal unexpected.
Trigger (320m=) Timer Clear (320m3) Timer 220m: 16bit internal timer one loop time
and usual one Rx signal frame timing is
<40mS
n
B
_____ | A

THROTTLE_OFF2

MWotor off
Clear 320msS timer

Clear spin direction check flag

Clear reverse running counter

I

Throttle-on Check

l

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

Motor off control routine
iIn BEMF mode

by Takao



R output
signal
details

Control

pulse
width 900 — 210005

" proportional stick
control

S40u5 © Maotor Off
2000u5: Full on

3 — 5% +pulse

FEx pulse frame = 50mS

CPLU work share for
measuring Bx pulse
width is at both edge
onky by PCA
Frogrammable Counter
Array and interrupt

Rx pulse width =

Fear edge time - Front edge time

Port /O
P07

Head the input pulse front

adge time and the rear
edge time by interrupt

Rx Interface detalls

by Takao

1

245MHz, 1/12 CLK

Figure. PCA Capture Mode Diagram

16hbit free run 32mS loop counter




Stick Control

Control Data = Ry pulse width « k
(24 9/12MHZ clock resolution)

Control Data = On-Duty?

Can not drive ~ Slaw down
immediately for

big prop? safe

Decrement motor On-0Outy value

(Increment Off-duty value)

Acceleration should Time Over?
be slowly to avaid f

out of phase as
motar stall This timer setting may

be called "Soft Start”

Clear Timer and Festart

:

Increment motor On-duty value

(Decrement Off-duty value) Motor S[J'EECI
- Setting Control

¥
Fower On/Off duby setting routine

by Takao

¥




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

!

/

241239 24 246234 2.562.242.34 2 46228 2 56

] | o

b

Ripples

| \ -
are also
stavying : ‘ r. '

The BEME Sampling time must be less than 1/6 one spin frame time to get drive sync.

| use min. 1436 by sampling count routine in one frame

L
{as min. B sample countssstate) and adjust sampling s ? S
freguency automatically by sofbware - /

Some
considerations
for spin control

by Takao




Comoarator

B=0H=-) R
==LV R
H=ve/R2

B=12+N1

WH- O R = (W= VLY R D R2)
OH- W= (e L+ O R /R2)

WHHVL=2 (s W RT/R2)

Zero Cross Poin: (WHSWVLL2 = Wl +R1/72- R2)

at R1/R2 : 47k/4.7k
Zerg Cross Point = Wl +10/0.2) = 6+ Vi (=8lmost 1/2Vdd)
Hense R3:R4 = 5:1

W oand P-channel MOSFEET's REds oniCh
Heslstance drain-source) should be
considered to get precise Zero cross point
far maximum power control

>_L ZERD CROSS Detect

Precise Zero Cross
Point Detection

by Takao

]




Misfire Check for Zero-Cross Power Control

The inductive kick is always exist
after MOSFET off

otepd: Switch fo next state

atepd: Monitor the timing between Stepl and Steps to
check control margin. If the timing is too short as <alus,
reduce on-duty before misfire accur at this time

Stepd: Stop MCU timer at zero cross point and restart with
power control timing

. Step2: Check the rear edge of inductive kick

" Step1: Start MCU timer here

Programming
details for zero

cross control to get
ZEM-Cr0ss
power duty stable max power

control

timing area by Takao




Systemn Reset

Prograrm

Watch and
honitar power
wvioltage dip to

find bug

Debugger

Watch dog timer can not protect

Watch oo tirmer dewvices, just for program over run

happening systerm reset

LIse current limit power
suUpply for MOSFET
protection in testing and
debugging

Ext. Trig

I;ISI:i”I;ISCIE hWotor control software never halt

Input and most of brake paint info. is

. garbage for dynamic contral. 5o,
® @ the monitor prograrmming for
scope trigger by output port is

guite useful for debugging.

Basic programming

Configure
Wonitar port

tools for BL-ESC
development by
Takao




Timing Advance In Zero-Cross Power Control

The inductive Kick is ahways exist
after MOSFET off

\
T1 1bit right shift = T1": 25% advance ™~ —
T1 2bit right shift = T1" 12.5% advance o

Timing Advance helps
unsymmetrical motor generate
sine wave form e.q. magnet field
fcoll winding tolerance for stable
control.

Zero cross point

Programming
detalls for Timing
| Advance control to
" iming Advance get stable max

ronolares power

"t Start MCU timer here




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

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
poweer line by inductive power from motor coil,

Meed big cap
to get motor
powEr

/

Batteries can
not be charged
LI in 50 guickly

Flywheel
diode in
MOSFET




Y'ou can — . - s o s .
measure the g mm s e a e s ome s owe 50% duby run or over

cuty ratio by Timer Off and Restart drive in BEMF mode?
timer l' 4

Crive Sate

On duty

ON_DbUTY timer end

Timer Off and Restart

'

apin Free

Inductive Kick is I
here

|
BEMF If statel could not
signal be caught as over
drive, but it just run
OFF DUTY free one frame spin,

SEfUENCE
State 27 g nho problem

S| Timer Off and Restart S|r‘|g|e Samp“ﬂg mode

Drwjmateg can drive safely from

about 10% to near 50%

on-duty




25% a0%

100%
ZEro Cross control mode

p—
airgle I

Sampling
e

BEMF
node

—

Jl ® Stop

OFF DUTY
H-ch ON
OFF SATE
P=ch OM

!}“’.’1 Il

% R Pl
RN H

|

|

¥

On Duty

Three Control
modes are Lsed
in rmy BL-ESC

M Pos: ~10.00ps  TRIGGER

Type

Source

upe

I=Ire

)

¥ Mode

rorrnal

Coupling

EHY Sy M 250 us Ay

L) VeErtcal position ~200 divs -0 HYS
Wave form of Single Sampling mode
by Takao




FMS-FF9

Futaba
FFO Tx

1n4148
Diode or
similar

BC327 or

Any small

signal PNP
device

Pin 10

Pin 18
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Starting rotar position sensing (shown only one phase impulse drive
sensing)




E [ C
T
r g
CC
==
| 0y
——
| =
R1Z
ATEEL CceasiFIEe - 15k 1%
D) 5D ~ M N = 15k 1% F14
TR
épa.a FA. & % - -
" =| =hD F@. 7" = HaLFU
» LIDD Fl1.@® » »
E 1= HALFY
= /RST/C2CK Fl. 1 T RACEL
FZ. @ -C20D F1.2 »
.—
[- 10 I o 1) 1.2
R R11 4. Tha 1%
;'SD Do G They 1% o
—|edrlet i [ ] &, Thoy 1%
Fi1.4 UD " "
Fi.5 LD
AGHD
iz Fl.& LD -
cCk—3F e 1
Froeramming Part : I
., Fire position detector bias
' F L '
. 1@k P .
! AIGHD !
: EEL :
=] = O




or FOSHETS Fairchild P~ MOSFET

+1F 8Y max

=

L

CrHL
CH=4F

Programmimg Post

Fire pozition detector bias

Cr e Wl Form

R28
FTHr LN

'OhA0EAG

Tabay Shimzu

Brisshiess Sensor-kess Electric Speed Confroller Schematic
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M iz Swinal Procesior
ax. GE0E1 FIE0

DA

Cuwrrent mods DAC

Curreni Onsr

Current Limiter funstian

Stick dewn control senze 18=V

1k

10 A MOSFET
108 < 104 = 001ohm = 1'%

The sensing woltage i same a8 singls MOSFET drivel

rl
L
-

Current Cregr &

20A capacity

Senze 16mY

Sence 16mY

: .

FppmrrmmeEsrssmmesmnemnnend

Wlosd S wnal Procsssor
ax GEOS1 FI30

Di A

Gurrent mode DAC

Current Civer

Eeep the kowest operation voage

2

-----l";:---- e

Stick down contral

Senge BEmY
L
ik

8

T0ABMOSFET
104 = 104 x 0.0 chm = 1W EACH

Designed by

Takas Shimizu

BL-ESC Protection dagram in MPLI
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Li-Faos

+3.30, 2%

£

% R
3284
17 my 2 -
PO s|, >
R
% 17 -
Low—0Of set & Low drft comparator
- =W - hMay not use in CEOSTFIE3x +—0m\ offset comparator
’_Q.«/Q g g GMD
SW1-2 . . .
7483 4383 % 2ca3
------------ Ower 86Y% or lesslAuto 2 or 3 Li-Po selection)
% 5 % 5 % 5 Li—Fo must be full charged before fly.
17 17 17
T T T
GMD GMD GMD
------------ a2 Shut-0Off
------------ TAN Shut-0Off
12 8% peak
_I
. B
MOSFET-P
R
. R 2
MCSFET-M | Current Qwver
=tart inductive Kick length

Ci )

LEEd

10mehmiRDSon = 1048 = 100mY




Current limiter

i
124, 10w

COCY Power Supply ex Car room lamp

J

Alligator clip

i
Current Limit = 1A = Digial DoNHETER I

=14 Calculate " Cail R™
Alligatar clip

If you have one multi meter, vou could shert here by the lamp [ constant characteristic after [ ~ has been measured

Alligatar <lip

Drigital D\ METER
14 Caloulate " Cail R™
Y Alligator clip

Date d Desigred by

0650110 , Takao Shimizu hMeaswring mathod of motor coill resstance
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Zero Cross Control

Z N

Zero Cross Point

-------------------------------

v+ |Jnder low rpm signal
-'l-':'— Under high rpm signal
Actually, Itis sine wave

-

. /
--------- x\‘QE

You can off-duty

Measure the time
to the ZC point by

timer...

12 T2 T3 T3 time power
\ controlin T1', T2',

1‘ T3 (It is as timing

Then you can get the advance)
state switch timing




Static Drain to Source on State Resistance

Rpsion) (M)

Static Drain to Source on State Resistance
vs. Temperature

| Pu Isle Teslt |

_v{35=4.5'f7./ T~
__.,...-r'""'

—— 10V

-25 0 25 50 75 100 125 150
Case Temperature Tc (°C)



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 ” “ “ “ II “ \ ‘ J |
i ‘__\,'L{_,.P" i |
limiter é I RN few times
- ¢ N X 1) togetout

=
a,

Ton: Toff=1:10~5

. . ' .
NI A Drive duty ) o
N7 ~~ control (U O T
'-;_...‘.. 'Lu" "\TEI ] i
Tframe It v '

(450uS) ~o

Dicl you get
one state

|r\ - /{ spin’?

Power
limiter

~~ Ifnot, Increase the 5n—Duty first.

~ Change to decease the drive

state timing for resonance of spin, | /|
second. |«

Once the spin starts, then check the next one more state spin as well. I Y :
And you can decrease the number of state driving pulse to get spin f :
speed up acceleration to shift to BEMF mode.

Vibrates a |

the

cogging
sticky area

Auto adjust for starting parameters




There is a possihility of BEF interference from Sw. BEC.
The wiring point 1= making small as possihle at switching area.

as the smallest antenna in high current loop.

+14 44 L-CORE
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Two pole as Hacker motor 1 spin timing

LEK motor: 1/7 spin timing

+
v 1 state drive timing
+34
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Points for Acceleration Control

5UTSIEBEES;HF Use the acceleration check by timer to avoid out of sync.

off duty is

while the acceleration 100%

starting Zero Cross control |+
acceleration >[ On Duty

BEMF control May be more 50%

singl nn-duty;i;'g;rnadvance
l \ Samplin g

: Control
Reverse spin check \
L 'h

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




he Single Sampling control for AUTO 50%
power spin to start zero-cross control

Decease
the ZC
power duty

State] Yiby
BEMEF)

StatezY(by

BEMF)
The level Y

sense of

ZEr0 Cross
pint is Zero-Cross control

r

| already over
in this loop. lncrease ZerD—Cmgﬁ contro

Therefore, the zero-
| t_hE |_EIE'FI' Cross power =till Increase the
| trming 1s very | duty(500nS State1Y(by TBIO-CFOSS

short. And step) BEMF) Sitill

power
the 0% duty(500nS Statel Viby
power can

_ step) BEMF)
preciously

set W




PO.6/ADCOP

‘F300

PO.O/CEXD
PO.1/CEX1
P0.2/CEX2

with Dead-time

Gate Drive
with Dead-time

= 1
Gate Drive

(Gate Drive
with Dead-time

P

A
¥

Figure 7. AC Induction Motor Drive
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-

Type
10k rom 9teeth, 12 magnets CO-ROM motor Driving
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Table 14.1. Port /O DC Electrical Characteristics
Vio=2.710 525V, 40 to +125 °C unless otherwise specified

Parameters Conditions
loyg = =3 mA, Port I/O push-pull

Qutput High Voltage |loy =—10 pA, Port /O push-pull
loy = =10 mA, Port /O push-pull

V=27V
lgp = 10 pA
g = TBD
lop = TBD
V=525V:
g = 10 pA
g = 8.5 mA
lgp =25 mA

Qutput Low Voltage

Input High Voltage

Input Low Voltage

Weak Pullup Off
Input Leakage Current| Weak Pullup On, Vi, =0V, V=20V
Weak Pullup On, V=0V, V=24V




b (A)

Drain Current

100

40

20

Typical Transfer Characteristics

Vpg =10V
Pulse Test

— 25°C

75°C —

=1 -25°C

1

2

3

4

5

Gate to Source Voltage Vgg (V)
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Still keep center valtage of BEMF signal while swatching. and in inductive kick

e
i

v

Ha
PHEFTRY

Hi—site switch keeps “On” while PWM off to
gz avoad floting while sensing the zera oross.

II-—,::"‘_

Warks while switching and in inductive kick,

Does not work well while free spin (Use BEMF control instead).

Fig.1: Two wira center tap sansing

Drive Wawve Form

Wirtual Neutral

G

Mote:

Less sensitivity while switching and in inductive kick
Works in free spin without inductive kick,

Fog 2: Virtual Neutral sensing

# Each generative voltage wave is 120 degree difference while PWM off as free spin.
But. the activiated lines are 130 degree difference in switching drive mode.

* Thaere is the diffrence of Rds=0ON between C1 and Q2
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20k

10k

(rpm)

7100 Load APC x5

90
30
70
60 ~ rpm

T 90 —u— Current A
40 Output W

Power Suppy:

30 7.9V Const,
20
10

- 0
(AW) 1000 2000(g~cm)

Torue

RS-540 Sports tuned motor

( Tamiva Brand )



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-P0O.5 26-28 awg contacts or equivalent.

Wire sequence must be as follows:

Pin #1- Black wire-ground potential

Pin #2- Orange wire-phase C . ]
Pin #3- White wire-phase B ﬂ— What the meaning of ABC? ol 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% tine iz 3.3V cperartion CPLU. This is owver Ydd,

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.

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 The comparator may be
installed in the motor?

C for phase C



B for fare-cross
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bR mum
battery

Finally, this battery 1= reverse

charged!

% Load

+
capacity — +
Discharging

All Same circuit




The drive sequence can not be
determined after starting (may

Brake be un-sync. and the sensing
Control voltage is quite low). This is why
On/Off using BEMF mode.
0% 10 = 30% PWM Power Control

Acceleration

Watchdog
re-starts

100%

|_@_>|—>| On Duty

S
T
BEMF
*'; . Zero Cross Mode
-
C:)CZ’:_J
s 4

De-

acceleration | }‘ 5 _ B

.| On Duty

o

Free
Spinning

g

Zero Cross Mode
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Control modes in BL-ESC




The drive sequence can not be
determined after starting (may
Brake be un-sync. and the s_en.sing
voltage is quite low). This is why

Control :
On/Off using BEMF mode.
% 10 — 30%

Propo. Rx Interface

Acceleration

Watchdog
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100%

Power Increase Timing Control

S
T
BEMF
A . Zero Cross Mode
.I? ( +Timing Advance )
CD‘:%_;

i w s
i

De-
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I }‘ 2 - 5% ’l

o

Free
Spinning

Power Decrease Timing Control { for PPM Rx )

g

—0O>r—H0nm|

Zero Cross Mode
( +Timing Advance )

PWM Power & Freq. Control

Stick travel

adjust at
100%
Power

/

Control modes in BL-ESC

On Duty
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For folding
prop.

Brake
Control
Onl/Off

Acceleration

Watchdog
re-starts

De-
acceleration

Free

Spinning

0%

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.

100% power
setting control

10 = 30% 100%

PWM Power & Freq. Control
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o B o - R B )

BEMF Zero Cross Mode
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adjust at
100%
Power

s

Y

+—— |nverse logarithm power proportional control ———

+ Over current protection

Il‘.ﬂ 5%
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Power Decrease Timing Control ( for PPM Rx )

Zero Cross Mode
( +#Timing Advance )

Control modes in BL-ESC
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The drive sequence can not be
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Figure 93. ADC Timing Diagram, Single Conversion

One Conversion . < Mext Conversion
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Figure 89. Analog Comparator Block Diagram'®
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- > Inductive Kick Path (Charge up C1&V1)

The indutive kick heats up D1&D6
: (the foward voltage drop loss is about 0.6¥
; each = 1.2¥) just after SW2&5SW5 PWM turn-off.
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Reduce the timing by software for the
timing advance

e

i
Zero Cross The sine wave signal of the opened MHH
Point(1/2Vcc) | /<& motor lead wire

The end timing point of the previous drive
/e |state( or BEMF mode control)

N

o (2)Then, You can get the timing for
5 B _>| next drivestate changing point

> (1)Measure the timing to the zero-cross
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To suck-in the red part of magnet, ex.
apply U-coil(+) as statel, and state?
does same as U-coil(+]).

And next phase as stated, 4 V-coil(+)]
And next phase as stateb,B W-coil(+).
The probabi 1ty of svnc. 15 %/ better.
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otick Position

Full On

Stop

% Reverse



LW (




M 2 31 41 51 6 /L 201 2 121 .-- 2=1251 B 27123 231 3@ 311 31 3

5 B B W W e e W




fFov req.

1]

W)
WREGIN
WL
WOEA,
SO

GO,

PO OAREF

0B 3

i
et e i
i

o 0w

o I B ey T
-

O I [

i E A S WL o |
1 I ST
r‘:l |.' [ B T

B0 TRA05

ol W B e LA Ty LU

.
T

P2

(I I I s B n B B

1
-

1 T
i L.

o

-

R I L T L

.,..v....ﬂ
£ e I

1

T
-

LR I L T L

Pl P

-l O LN

[

ol

[}
1|

Ll [

1
o Pl
LAY § 5]

Ll [ [ a0

el AN [N

210

P 6
P 5

i
P47

“a

D3

En]
ot

1
O
[

T

M,
]
‘L
o

!

i

=T =T s

4
3 .:",a_‘__i
A
-

—
-
—

) o oy

¥
1
>,
+
*x,
1]
LA
+]
"
e
",
1]

(Rl Ll Nl [

[l RSl E Wl LA |

L

.

b e e e e el i S



fFov req.

1]

W)
WREGIN
WL
WOEA,
SO

GO,

PO OAREF

0B 3

i
et e i
i

o 0w

o I B ey T
-

O I [

i E A S WL o |
1 I ST
r‘:l |.' [ B T

B0 TRA05

ol W B e LA Ty LU

.
T

P2

(I I I s B n B B

1
-

1 T
i L.

o

-

R I L T L

.,..v....ﬂ
£ e I

1

T
-

LR I L T L

Pl P

-l O LN

[

ol

[}
1|

Ll [

1
o Pl
LAY § 5]

Ll [ [ a0

el AN [N

210

P 6
P 5

i
P47

“a

D3

En]
ot

1
O
[

T

M,
]
‘L
o

!

i

=T =T s

4
3 .:",a_‘__i
A
-

—
-
—

) o oy

¥
1
>,
+
*x,
1]
LA
+]
"
e
",
1]

(Rl Ll Nl [

[l RSl E Wl LA |

L

.

b e e e e el i S



Tek

CH1 200
CH3 5.00%

Al & Stop
+

M Pios: 00005

sUmming junction

level

CHZ S00WEy M 250us

CHA S0.0%

11-kar-10 171:20

Eut 7 160
1.30460kHz

TRIGGER

Type

SOurce
Ext

Slope
Rising

hode
Marmal

Coupling

u



Tek Al & Ztop M Pos: 0,000s TRIGGER
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BEMF
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