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VOLGA BURNISHER CONTROL MODULE
Changelog:
     REV A.  SEND OUT FOR QUOTES.
     REV B.  SEPARATE 74HC423 SECTIONS TO MAKE H-BRIDGE AND LSD DRIVER BLOCKS INDEPENDENT.
     REV C:
     REV D:  RENUMBER REFERENCE DESIGNATORS. THIS IS P1 AS BUILT.
     REV E:  CHANGE U31 FROM LMV321 TO LM321.
             CHANGE C43 FRROM .1uF TO .001uF.
             CHANGE R114 FROM PULLDOWN TO PULLUP ON ACTUATOR_ENABLE\.
             ADD R149 PULLDOWN ON ACTUATOR_MOTOR_DIRECTION.
             FIX Q2 PINOUT.
             FIX U17 GROUND.
             CHANGE C96,C109,C115 FROM ELECTROLYTIC TO CERAMIC.
             FIX POWER CONNECTION ON U12.
             ADD 100K PULLDOWN TO J11-11.
     REV F:  CHANGE PROCESSOR TO M4 CORTEX.
             POPULATE CAN TERMINATION.
             ADD Q2 PULLDOWNS.
             CHANGE CONTACTOR TO BE POWERED FROM KEYSWITCH INSTEAD OF CIRCUIT BREAKER POWER.
             ADD REVERSE BATTERY PROTECTION ON KEYSWITCH POWER INPUT.
             ADD TRANSZORB ON CAN.
             MOVE I-DRIVE PEDAL IN TO J12-3.
             MOVE E-STOP READ SIGNAL TO PA7
             ADD POWER GOOD SIGNAL.
     REV G:  FIX P2 BOM
     REV H:  UP REV FOR PREPRODUCTION.
     REV I:  FIX J11-9, J11-11 NAMES.

BOM ITEMS:

THIS SCHEMATIC APPLIES TO ASSEMBLIES 1205770 AND
1208467.  COMPONENTS DESIGNATED "1208467 DNI"
ARE DEPOPULATED ON THAT ASSEMBLY.
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AMP MINI UNIVERSAL
MATE-N-LOK
VERTICAL  TIN

100A
HALF BRIDGE
INTERFACE

NOMINAL LOAD CURRENT 450mA MAX PER DRIVER
UNCLAMPED SINGLE PULSE INDUCTIVE ENERGY 800mJ
CURRENT LIMIT 1.5A +/-0.5A
THERMAL OVERLOAD PROTECTION
BREAKDOWN VOLTAGE 60V MIN
INPUT LEAKAGE CURRENT 100uA MAX.

TTL LEVEL INPUTS

MOLEX MINI-
FIT JR VERTICAL
TIN

2nd Order Low Pass
Filter w/ 1kHz cutoff

This is a second-order Low Pass Filter, with a nominal cutoff frequency of fc=1kHz.

The transfer function of this circuit is:
H=(2*pi*f_0)^2/((2*pi*i*x)^2+(2*pi*f_0/q)*(2*pi*i*f)+(2*pi*f_0)^2

where:
f_0 = 1/(2*pi*sqrt(Ra*Rb*Ca*Cb)) = 1000
q = sqrt(Ra*Rb*Ca*Cb)/(Cb*(Ra+Rb)) = 1/sqrt(2) (for a Butterworth Filter)

See page 2 of Andy Doucette's notebook D4 for the circuit analysis and derrivation.

Inputs: vIn - the input voltage.  0-vPower range acceptable.  Should be a source of impedance << 11.3k.

vPower - a 3-15.5V input voltage to power the opamp.

Outputs:
vOut - the output filtered voltage, with an absolute current maximum of +-30mA.  Can go up to 85% of vPower  under a
heavier load (1.2k to GND) and up to 96% of 
vPower under a ligher load (4k to GND).  Min voltage is 40mV or so.

Reference: http://en.wikipedia.org/wiki/Sallen%E2%80%93Key_topology

Ra

JTAG

Rb

Ca

Cb (both in parallel)

Pinout as
seen from
the top

27 Ohm resistors are from the evaluation board design
http://www.luminarymicro.com/products/dk-lm3s9b96.html

JTAG_RTCK
NO CONNECT

.1"X.1" SQUARE PIN
SHROUDED TOP-
ENTRY HEADER.

A JST PH SERIES SMT CONNECTOR
2MM PITCH STRAIGHT UP HEADER

BULK CAPACITOR PRECHARGE
PRIOR TO TURNING ON 
MAIN CONTACTOR.
240MA WHEN VBULK = 0V
40MA WHEN VBULK = 30V
IF C = 10000UF, RC = 1.5 SECONDS
1W RESISTORS ARE $0.08 EACH.

N.C.

N.C.

NOT POPULATED

THIS WILL BE OUR BOARD TYPE ID INPUT

HOUR METER DRAWS
 50uA AT 5V.
1K RESISTOR IS
FOR ESD AND SHORT
CIRCUIT PROTECTION.

Tranceiver is an endpoint. 62 Ohm 
resistors are populated.
47nF cap reduces noise.

Note:

CAN OpenRS-232 SERIAL PORT

AMP MINI UNIVERSAL
MATE-N-LOK  VERTICAL  TIN
EXTRA CAN CONNECTOR
FOR DEBUG.
DNI

SAVE FOR SPI

20V SCHOTTKY

H BRIDGE BOARD
BATTERY VOLTAGE MONITOR
3.3V OUT = FULL SCALE
OCCURS AT 75.9V IN.

 DNI FOR PRODUCTION

ELECTROSTATIC DISCHARGE PROTECTION
over operating free-air temperature range 
PARAMETER TEST CONDITIONS VALUE
IEC Contact Discharge IEC 61000-4-2 Bus terminals vs GND ±6 kV
Human Body Model JEDEC Standard 22,Test Method A114-C.01  Bus terminals vs GND ±8 kV 
                                                          All pins ±4 kV
Field-Induced-Charged Device Model JEDEC Standard 22,Test Method C101 All pins ±1.5 kV 
Machine Model ANSI/ESDS5.2-1996 ±200 V

DNI

DNI

DNI

DNI

DNI

DNI

DNI

DNI

DNI

RIBBON CABLE CONNECTOR

DNI

DNI

DNI
DNI

DNIDNIDNI

TO PREVENT BACKWARDS
BATTERY DAMAGE, CONTACTOR
DRIVE MUST COME FROM KEY
SWITCHED POWER THRU THE
DIODE.
NOT CB POWER.
AND CB POWER IS SOURCED
AFTER THE CONTACTOR.

CONTACTOR COILS:
CURTIS ALBRIGHT SW80: 120 OHMS
CURTIS ALBRIGHT SW180: 102 OHMS
WHITE ROGERS 120-3 (386810) :  160 OHMS

MAXIM DS1816-10 3.3v RESET, OPEN DRAIN $.54
         INTERNAL 5.5K PULLUP, SOT23 PACKAGE
         produces a 150msec pulse.

please
place near
micro

VDDA FILTERING ONLY NEEDED IF WE
USE AN A/D CHANNEL.

CORE VOLTAGE
=1.2V+-10%

YELLOW
CAN

GREEN LED
HEARTBEAT

POWER GOOD COMPARATOR
THRESHOLD IS 10.8V.
INDICATES WHEN KEYSWITCH
IS TURNED OFF.
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FLASH_CS/

TEMPERATURE 480mV+16mV/C

PWM

HOUR_METER_HIGH

ENABLE

CAN_TX

FLASH_RX

FLASH_CLK

UART_RX

UART_TX

RS232_TX

RS232_RX

CAN+

ENABLE
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I_SET

5vPrecisionRefB

FLASH_TX

CAN-

FLASH_WP/

B+_GOOD

2.0V

I_PEAK_MEASURE
OVERCURRENT_OR_TIMEOUT

+5V

+5V

+3.3V

+3.3V +3.3V +3.3V

+3.3V
+3.3V
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+3.3V

+5V

+5V
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KEY_SWITCHED_POWER 2,4

LSD_SPARE 2

LSD_ENBL2 LSD_FAULT/ 2

LSD_SPARE2
MAIN_CONTACTOR_ENBL2

LSD_FAULT/ 2

SPARE_INPUT_1
SPARE_INPUT_2
SPARE_INPUT_3
SPARE_INPUT_4

HB_CURRENT_REFERENCE2

VAC_ACT_CB_READ3

IDRIVE_CB_READ 3
IDRIVE_STATUS_IN 3

LSD_ENBL 2

MAIN_CONTACTOR_ENBL 2RESET/ 2,3

JTAG_TMS 2
JTAG_TCK 2

JTAG_TDI 2
JTAG_TDO 2

HB_MOTOR_OVERTEMP 2

JTAG_TDO2

JTAG_TCK2
JTAG_TMS2
JTAG_TDI2

100A_HB_STATUS 2

I_DRIVE_ENBL 3

KEY_SWITCHED_POWER2,4

HOUR_METER_ENBL2

ACTUATOR_STATUS 5
100A_HB_STATUS 2

ACT_CURRENT_REFERENCE 5
HB_CURRENT_REFERENCE 2

ACTUATOR_ENABLE\ 5
100A_HB_ENBL 2

ACTUATOR_MOTOR_SPEED5
100A_HB_PWM2

ACTUATOR_CURRENT_FEEDBACK5

VAC_FAN_CURRENT_FBK3

VAC_FAN_SPEED3

VAC_FAN_STATUS 3
RESET/2,3

IDRIVE_PEDAL_IN 3
IDRIVE_AUX2_IN 3
IDRIVE_AUX3_IN 3

100A_HB_CURRENT_FBK2

HOUR_METER_ENBL 2

100A_HB_CURRENT_FBK2

HB_MOTOR_OVERTEMP2

ACTUATOR_MOTOR_DIRECTION 5

100A_HB_BATVOLT_MONITOR 2

100A_HB_BATVOLT_MONITOR2

100A_HB_ENBL2

100A_HB_PWM2

BMOT_DRIVER_TEMP 2

BMOT_DRIVER_TEMP2

RESET/ 2,3

ESTOP_READ3

KEY_SWITCH_IN 2

KEY_SWITCH_IN2
B+_GOOD 2

B+_GOOD2
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MOLEX MINI-
FIT JR VERTICAL
TIN

ACTUATOR/ VAC FAN/CONTACTOR
CONNECTOR

ESR = 24 mOhm
RIPPLE = 2.8 A
25mm HIGH X 18mm DIAM
$.51 EACH ONLINE @1K PC

RC=0.37mS

HSIN BLOCK
FOR 36V SIGNAL

DIODE 70V 215mA
LEAKAGE 80nA MAX @ 70V
80nA X 100K = 0.008V

RC=0.37mS

HSIN BLOCK
FOR 36V SIGNAL

RC=0.37mS

HSIN BLOCK
FOR 36V SIGNAL

MOLEX MINI-
FIT JR VERTICAL
 TIN

I-DRIVE
INTERFACE

A/ IS FALLING EDGE TRIGGER.
B IS RISING EDGE TRIGGER.

PINOUT FIXED
RATINGS
80V, 500mA
min Hfe = 100
SOT23

2816-SIZE
2 WATT

20 mV
OFFSET

NON-INVERTING
GAIN = 9.65

or ON SEMI MBRB8H100T4G

IRLR3636PBF  logic level
60V 50A 6.8mOHM max  DPAK
0.38W dissipated at 7.5A continuous
at 50C/Watt, temp rise is 19C
$0.75 at Digikey

uP valid low input is up to 1.3V
uP valid high input is 2.4V and over

TIMEOUT IS 650uS

1 2

3

1

2

3

SOT23
PINOUT

DRIVERS

E_STOP_36V

2.0V

I-DRIVE ENBL PIN 5

I-DRIVE AUX2 PIN 3
I-DRIVE AUX3 PIN 11

I-DRIVE STATUS PIN 10
SPARE

SPARE
SPARE

I-DRIVE STATUS RTN

CURRENT LIMIT EXCEEDED/

I-D
R

IV
E 

PE
D

AL
 IN

E_STOP_OUT

I-DRIVE SUPPLY VOLTAGE DETECT

V_BATT

+5V

+5V

+5V

+3.3V

+3.3V

+3.3V

+3.3V

+3.3V

+5V

+5V

+3.3V

+5V

+3.3V

+5V

+5V
+5V

+5V

+5V

+5V

+5V

LOADA5
LOADB5

IDRIVE_AUX3_IN 2

IDRIVE_STATUS_IN 2

IDRIVE_PEDAL_IN 2

I_DRIVE_ENBL2

ESTOP_READ 2

IDRIVE_CB_READ 2

IDRIVE_AUX2_IN 2

VAC_FAN_SPEED2

VAC_ACT_CB_READ 2

RESET/2

VAC_FAN_CURRENT_FBK 2

VAC_FAN_STATUS 2
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Put near
power
supplies
please.

0805 capacitor is the size
with the best availability
in this value.1206 capacitor is the size

with the best availability
in this value.

7

11

11

6

BYPASSING

Power Supplies

+3.3V Supply

RECOMMENDED CRAMP = L x .00001

disable

+12V Supply

1 AMP CAPABILITY

CALCULATED VALUE FOR 
Rfb1 IS ACTUALLY 8.8K
OHMS FOR EXACTLY 12V 
OUTPUT.

RT1 GIVES 494KHz
SWITCHING FREQUENCY

SPECIFICATIONS:
--INPUT VOLTAGE RANGE 20-55V
--MAXIMUM OUTPUT CURRENT 1.0A
--SWITCHING FREQUENCY 500KHz

+5V Supply

0.25 AMP CAPABILITY

0.25 AMP CAPABILITY

D14 PACKAGE
SIZE INCREASED.

GND

+12V
+3.3V

+3.3V

+3.3V

+12V

+12V

+5V+12V

+5V +5V

+3.3V

KEY_SWITCHED_POWER2
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CRAMP1
470pF

D15

.790V
1 2

RT1
10.7k

C71

C77

RFB2
1k 1%

C59

C155

.1uF

C91

C62

C105

.1uF

U18

LM5575MH/NOPB

VCC
1

SD
2

Vin
3

SYNC
4

C
O

M
P

5

FB
6

R
T

7

RAMP
8

A
G

N
D

9

SS
10

OUT
11

P
G

N
D

12

IS
13

SW
14

PRE
15

BST
16

P
A

D
17

C96
10ufd
16V
C0805

C99

.1uF

C115
10ufd
16V
C0805

C16
.1uF

C69

C73
6.8nF

C1005X7R1H682K

C89

TP12

C100

.1uF

C75

C57

U19 LM2937ESX-5.0/NOPB

INPUT
1

G
N

D
2

G
N

D
4

OUTPUT
3

C54
220uF
50V

CIN1
1uF
100V

C84
1uF

TP14

C60

C106

.1uF

C79
1uF
25VC101

.1uF

C102

.1uF

C63

C82
1uF

C158
.1uF

C108
1uF

+ C52

47uf
63V

1
2

C15
.1uF

C86

C156

.1uF

C80
1uF

C72

U20 LM2937ESX-3.3/NOPB

INPUT
1

G
N

D
2

G
N

D
4

OUTPUT
3

C55
1uF

GRM188R61E105KA12D

TP13

CCOMP1 1.2nF

RFB1
8.87k 1%

C78

C58

L1

47uH

C92

C103

.1uF

C64

CBOOT1
22nF

C95

C107

.1uF

C70

C90

C76

C56

C109
10ufd
16V
C0805

C104

.1uF

C65

C85
2.2nF

C1005X7R1H222K

C68C66
22nF

C1005X7R1E223K

C117

.1uF

C98

.1uF

C111

.1uF

C97
1uF

C94

C17
.1uF

C88C83
1uF

C112

.1uF

C74

C157

.1uF

D14
SMCJ48A

CSS1
10nF

C116

1uF

C87C81
1uF

C118

.1uF

C61

TP15

C53
0.1UF
100V

C113

.1uF

C93

RCOMP1 24.3k C67

C110

.1uF

CBYP1
1uF

C114
470ufd

16V
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2nd Order Low Pass
Filter w/ G=2 and 1kHz cutoff
(to be used w/ 33kHz PWM)

Behavior:
FILT_ACTUATOR_CUR_REF=10V*dutyCycle

with dutyCycle between 0 and 1

This is a second-order Low Pass Filter, with a nominal cutoff frequency of fc=1kHz.

The transfer function of this circuit is:
H(f)=(2*pi*f_0)^2/((2*pi*i*f)^2+(2*pi*f_0/q)*(2*pi*i*f)+(2*pi*f_0)^2

where:
f_0 = 1/(2*pi*sqrt(Ra*Rb*Ca*Cb)) = 1000
q = sqrt(Ra*Rb*Ca*Cb)/(Cb*(Ra+Rb)) = 1/sqrt(2) (for a Butterworth Filter)

See page 2 of Andy Doucette's notebook D4 for the circuit analysis and derrivation.

Inputs: vIn - the input voltage.  0-vPower range acceptable.  Should be a source of impedance << 11.3k.

vPower - a 3-15.5V input voltage to power the opamp.

Outputs:
vOut - the output filtered voltage, with an absolute current maximum of +-30mA.  Can go up to 85% of vPower  under a
heavier load (1.2k to GND) and up to 96% of 
vPower under a ligher load (4k to GND).  Min voltage is 40mV or so.

Reference: http://en.wikipedia.org/wiki/Sallen%E2%80%93Key_topology

Ra
Rb

Ca

Cb (both in parallel)

Bias circuitry lifts the 0A
condition up to 2.85V+-150mV
(assuming a 12+-1.7% supply) , to
allow us to read 0Amp conditions,
and to keep the levels within the
comparator's input range.    

Changelog
(visible in digital form):

Rev B:
- Added Ground Test Point
- Powered Opamp w/ 12V instead of 5V to increase common mode input range.

- Added 200Ohm resistor and diode protection to output of peak detect circuits, to protect the micro from a possible 12V
signal.
- Added 100k pull down to desiredPWMActive to default to off.
- Changed MOSFET driving structure to a simple R-C one.
- Renamed currentMeasure250mVPerAmpA to currentMeasure250mVPerAmp.
- Reversed Pin Numbers on Diodes used in the peak detect circuit and the voltage clamp on that circuit's output.
- Changed sharedEnable_ to enable5vLogic_ (to reflect that it's not shared with external things like in the half bridge)
- Changed QPL Number (And MPN, Manufacturer, and Value) on all Q19024-005 parts to Q19024-002, to match the incorrect
footprint that ended up being used.

Rev C: N/A.
- We chose to skip Rev C of the H Bridge, so we can keep the board Rev's and Module Rev's matched up for now.

Rev D:
- Added bias circuitry to the current sense circuit to add a signal offset that allows us to read currents near 0 and set
lower overcurrent thresholds, if desired.
- Removed unused extra pads for an R-C filter after the current measure block.
- Changed net names to reflect the offsets.  One example: currentMeasure2.8VOffsetAnd50mVPerAmp.
- Changed pullup on HI pin of HIP4082 from 100k to 10k to comply with an application note TB406.  See "Design Choices"
folder for the full text.
- Removed pull down on DIS pin of HIP4082, in favor of a pull down (external to the block) on the input to the gate that
drives it.
- Replaced .1uF bypass cap on the HIP4082 with a 1uF cap, as we are supplying 470nF with it.  10uF might make sense, but
to some degree we're relying on the bulk cap of the supply too.
- Replaced all 10uF caps with 25V versions.  The previous ones were only rated to 10V, which was ok when the opamps were
supplied with 5V, but not so good when supplied with 12V.
- Switched to a Homogeneous HIP4082 symbol to fix unintended pin number changing behavior during an annotation (note:
don't copy and paste these symbols. Place the desird half (A or B) from the library for correct behavior).
- Added "Partial Offset Subtraction" circuitry to remove the extra offset that the comparitor needs to bring the range
back into the micro's A/D range.
- Made the value property of the 74HC423D oneshot chip visible (it should have been before).
- Added filter RC to comparitor threshold input.  Paracitic capacitance from the input of the driving opamp lets up to
50mV of some of the highest frequencies through the 2nd order filter that drives this.  2:  To short-ciruit any additional
noise picked up from the board and provide a smooth threshold. - Updated schematic database for use with an allegro layout
- Removed illegal characters ‘/’ and ‘.’ From footprints names
- Added pin numbers to schematic capacitor and resistor symbols when missing
- Added series 121 ohm resistors for improved test coverage
- Change one-shot timing resistors from 14k to 27.4K (QPL#: Q10015-331)
- Mark Shoemaker's Monte Carlo simulation found that we had on the order of 5A of slop in our overcurrent threshold on the
Half Bridge.  This is more than we'd like, so good catch Mark!  Moved the bias circuitry in the Current Sense block so it
uses the same supply as the threshold voltage is set with (12V) so we have one less source of variance (they can both go
up and down together now).  Required a change to Ra, Rb, and Rd (in Current Sense block) as well.  Changed the H bridge to
stay in sync with the Half Bridge.
- Changed current monitor output circuit from a peak detector to a buffer amplifier with a small RC filter.

Using an approximate pspice
model made myself.  Gives
about the right voltage
difference, and has some
change in voltage with
current, but not necessarily
the correct amount.

Subtracts 2.5V +-30mV of
the offset, leaving just
.35V +-180mV.  The rest is
auto-zeroed out by the
micro.

Partial Offset
 Subtraction

Amplifier

Note:  Two Driver
Blocks must be the
two halves of one
chip, otherwise
this second block
won't have a delay
set for it.

This filter takes out any remaining
high-frequency noise passed through any
previous opamp circuitry (through
paracitic capacitances) as well as much of
the board noise injected to the line. 
Keep Loop area from this cap to the
comparator minimized to keep the injected
noise down.

Current Sense 250mV/Amp

This circuit has about 25mV of hysteresis (+-12.5mV) in it.

The LM319 was chosen because of it's
extremely-low response time.  Powering it
off of 12V also cuts the response time in
half, from about 100ns to about 50ns.

Overcurrent Comparator

Mosfet Driver And Half Bridge

On time is 630us, nominal, >500us worst case.

Retriggerable One Shot w/ Reset

One Shot is powered by 5V instead of 3.3V to get a quicker response to the reset pin
- 54ns instead of 270ns.  This translates to improved short circuit protection.
This one-shot doesn't have a pspice model, so I use the block below for pspice to
simulate the same behavior.

For a 50kOhm Rdel
{minDeadtime, typDeadtime, maxDeadtime} = 
{1us , 2.5us, 4.25us} 
at Tj=25C.

Mosfet Driver And Half Bridge

Any pull up on the
inputs  must be <25k,
according to HIP4082
TB406.  See "Design
Choices" folder for the
full text.

Any pull up on the
inputs  must be <25k,
according to HIP4082
TB406.  See "Design
Choices" folder for the
full text.

Rb

Ra

Rc

Rd

How to change the offset circuitry, if necessary:

Re is defined as: Rb+Ra.

Now, Rd, Rc, and Rb must all be calculated
simultaneously for a given gain and offset amount. 
Ra is set so that Ra/Rb is small, so that the
capacitor in between doesn't significantly change the
frequency response of the circuit.

All of this is documented in Andy Doucette's design
notebook D7, on page 10.  I am also using a wxMaxima
script called addingOffsetToCurrentMEasue.wxm in the
"design choices" folder.

The resulting equations are::
Re=-(Rc*Voffset-Rc*Vd)/Voffset
Rd=-(Rc*Voffset-Rc*Vd)/(Vd*G)

G is the desired gain of the system (49.9
originally).

Rd is
different to
compensate
for loading
effects of
bias
circuitry.

Ra

TIMEOUT IS 650uS

TIMEOUT IS 650uS

1208467 DNI --
ALL COMPONENTS ON THIS PAGE.

enable5vLogic_

Rdelayset

currentMeasure.35VOffset+250mV/A

directionBNotA5V

directionANotB5V

Rdelayset

overcurrentThresholdSet2.85VOffsetAnd250mVPerAmp

0V

isOvercurrentOnA_

vThresh

desiredPWMActive5V

toCurrentSenseThenGround

pwmActual

loadStateInB_

loadStateInA_

currentMeasure2.85VOffset+250mV/A

5vPrecisionRefA

+12V

+12V

+12V

+12V

+12V
+12V

+5V

+5V

+5V

+5V

+5V
+5V

+5V

+5V

+5V

+5V

+5V

+3.3V
+5V

+5V

V_BATT V_BATT

+5V

+12V

+5V

+5V

+12V

+12V

+3.3V

ACTUATOR_MOTOR_SPEED2

ACTUATOR_MOTOR_DIRECTION2

ACTUATOR_ENABLE\2

ACTUATOR_STATUS 2

ACTUATOR_CURRENT_FEEDBACK 2

ACT_CURRENT_REFERENCE2

LOADB 3LOADA 3
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