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PowerDesigns controllers are experimental systems designed to develop and test electrical systems
incorporating electric motors or actuators. Electrical systems can cause danger to humans, property and nature;
therefore precautions shall be taken to avoid any risk. Under no circumstances shall the hardware be used where
humans or property are put to risk without thoroughly validating and testing the whole system. Software and
hardware interact in various ways, and software developers cannot foresee all possible combinations of hardware
used together with their software, nor problems that can occur in these different combinations. 
Things that can happen, even when using the correct settings, are
electrical failure
fire
electric shock
hazardous smoke
overheating motors and actuators
overstrained power sources, causing fire or explosions (e.g. Lithium Ion Batteries)
motors or actuators stopping from spinning/moving
motors or actuators locking in, acting like a brake (full stop)
motors or actuators losing control over torque production (uncontrolled acceleration or braking)
interferences with other systems
other non-intended or unforeseeable behavior of the system

VESC Tool and the VESC firmware are developer tools that for safety reasons may only be used
by experts and experienced users, knowing exactly what they do.
following safety standards applicable in the area of usage.
under safe conditions where software or hardware malfunction will not lead to death, injuries or severe property
damage.
keeping in mind that software and hardware failures can happen. Although we design our products to minimize
such issues, you should always operate with the understanding that a failure can occur at any point of time and
without warning. As such, you shall take the appropriate precautions to minimize danger in case of failure. 

panel mount conn:
RCP-5SPFFH-TCU7001

https://www.newark.com/lem/htfs-800-p/current-transducer-open-loop-800a/dp/97K1714?CMP=AFC-OP

Housing to build the current sensor cables:
https://www.digikey.com/product-detail/en/jst-sales-america-inc/PHR-5/455-1163-ND/608605 (x3)
wires housing https://www.digikey.com/product-detail/en/jst-sales-america-inc/ASPHSPH24K152/455-3082-ND/6009458 (x15)

Standoffs to mount the control board on the EconoDual modules
https://www.digikey.com/products/en?keywords=732-10421-ND (x6)

CAN connectors are the regular UAVCAN:
Housing: https://www.digikey.com/product-detail/en/jst-sales-america-inc/GHR-04V-S/455-1594-ND/807816 (x1)
12" cable: https://www.digikey.com/product-detail/en/jst-sales-america-inc/AGHGH28K305/455-3074-ND/6009450 (x4)
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Gate drivers external
to control board

External to PCB

70kOhm
for 90 sec discharge

External to PCB

M8 CANbus cable assembly (not B though)
https://www.digikey.com/products/en?mpart=1453452&v=277

see https://uavcan.org/Specification/8._Hardware_design_recommendations/
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x3 shielded twisted pair cable

Shielded CAT5 cable. Connect shield to chassis

ISOLATION

Fast discharge when
MCU supply is lost

For KiCad ERC

PD-Axiom
Control Board

Lowest cost from infineon: 650V 300A (FF300R07ME4_B11) $115
650V 600A (FF600R07ME4B11BOSA1) $160
1200V 600A FF600R12ME4A_B11 $290
1200V 800A CM800DX-24T1
1700V 600A FF600R17ME4_B11 $300

Gate driver supply
voltage sensing
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Overvoltage protection

Place close to ADC pin

2nd order filter
(fc=240khz)

Open drain output,relies
on R242 pullup to 3.3v

600mV offset when sensor is
disconnected

Place close to AC pin

Trip at 550Vdc

Consider TVS
at the NTC inputs

Open drain output,relies
on R241 pullup to 3.3v

final TF with ISB sensor=300A/V

Place close to AC pin

Overtemp protection

Set to 100°C

<- same resistance as
NTC@trip temperature
(495 Ohm @100°C)

positive current
comparator

Open drain output,relies
on R274 pullup to 3.3v

NTC signal conditioning

Differential to single ended

negative current
comparator

Overcurrent protection
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protectionEMI Filter

https://webench.ti.com/appinfo/webench/scripts/SDP.cgi?ID=603E52BB32755C33

zener/tvs to sink
overvoltagesBURN power in case of overvoltages,

mostly due to excess voltage applied
on a schottky-protected input.

3.3v LDO regulator9v-30v to 5.0v 3A SMPS

9v-30v to 15v 1A SMPS

for KiCad ERC

original part:
BSC340N08NS3GATMA1

Delay 3.3v rail for FPGA
power sequencing
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Overvoltage protection

Place close to ADC pin

2nd order filter
(fc=240khz)

Open drain output,relies
on R242 pullup to 3.3v

600mV offset when sensor is
disconnected

Place close to AC pin

Trip at 550Vdc

Consider TVS
at the NTC inputs

Open drain output,relies
on R241 pullup to 3.3v

final TF with ISB sensor=300A/V

Place close to AC pin

Overtemp protection

Set to 100°C

<- same resistance as
NTC@trip temperature
(495 Ohm @100°C)

positive current
comparator

Open drain output,relies
on R274 pullup to 3.3v

NTC signal conditioning

Differential to single ended

negative current
comparator

Overcurrent protection
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Place close to AC pin

5v to 3.3v with overvoltage protection and filtering
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OUT Open drain output, needs a
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Trip at 550Vdc

Overvoltage ProtectionDifferential to single ended1st order filter

fc = 170khz

see simulation projects in /simulation/ folder

positive current
comparator

3.0v
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These circuits can be reconfigured
to work as a 12V open drain output for fans,
relays or pumps.
Remember TPSMF4L5.0A is a 5v zener

Protected, 1A Open drain outputs
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some gate drivers need a reset
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GATE DRIVER INTERFACE

Switch NTC temperatute
sensor connecor

Clamp signals to 3.3v
Diodes + LED make
possible to identify

which switch faulted
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High Voltage

Divider in case of
weak Vref

Expecting 120dB CMRR
based on TIDUBJ1 test results

to I sense board (opamp+diffamp)
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Special layout requirements
for isolation

HIGH VOLTAGE

0-650V phase voltage measurement
using isolation amplifier
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Transformer selection:
2500Vrms isolation 3 -> 5v (LDO) 760390015
5000Vrms isolation 3 -> 5v (LDO) 750313626 (higher CMRR?)

Special layout requirements
for isolation

ISOLATED POWER SUPPLY

TP2TP1

TP1: rectified node
TP2: LDO output
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ripple: 23mv
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some gate drivers need a reset
signal to recover from a fault

GATE DRIVER INTERFACE

Switch NTC temperatute
sensor connecor

Clamp signals to 3.3v
Diodes + LED make
possible to identify

which switch faulted
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Clamp signals to 3.3v
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which switch faulted
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5000Vrms isolation 3 -> 5v (LDO) 750313626 (higher CMRR?)

Special layout requirements
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Special layout requirements
for isolation
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Overvoltage protection

Place close to ADC pin

2nd order filter
(fc=240khz)

Open drain output,relies
on R242 pullup to 3.3v

600mV offset when sensor is
disconnected

Place close to AC pin

Trip at 550Vdc

Consider TVS
at the NTC inputs

Open drain output,relies
on R241 pullup to 3.3v

final TF with ISB sensor=300A/V

Place close to AC pin

Overtemp protection

Set to 100°C

<- same resistance as
NTC@trip temperature
(495 Ohm @100°C)

positive current
comparator

Open drain output,relies
on R274 pullup to 3.3v

NTC signal conditioning

Differential to single ended

negative current
comparator

Overcurrent protection
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Special layout requirements
for isolation

Defult high output

In case of MCU failure, pullup
ensures the bus is kept in

recessive state
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tune divider for signal to be below 4Vpp

IC Part# points to 22 arc-minute version.
There is a more expensive 11 arc-minute

resolution version available

Pullup

Resolver interface Buffer

This is an alternative buffer suggested here:
http://www.analog.com/en/analog-dialogue/articles/precision-rtdc-measures-angular-position-and-velocity.html

Its more expensive, but much simpler and smaller

RESET line requires
a voltage monitor

Set to 20KHz

DegradationOfSignal and LossOfTracking reported
on every SPI transfer
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NTC signal conditioning

Place close to ADC pin

Unused OpAmp

clamped HALL input
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opamp and comparators scattered
throughout the schematic without
their supply pins in order to be shared
across different sheets


