MOOS Power System

Data Acq Subsystem

Design Notes

1.
General Comments, Goals


Monitor:




10-20 current channels




Solar Array 
5A max

0-10A




Batts

6A max

+/- 10A




Turbine

15A max
0-20A




Load Dump
18A max
0-20A




Converter Input
4A max

0-10A



5-10 power voltage channels



2 aux voltage (strain gauge) channels



5 aux voltage channels (ground fault, water, humidity, temp, etc)


Accuracy:



Current: 0.1% offset, 1% gain



Voltage: 0.5% overall



Strain gauge: 0.5% overall; .025% resolution (12 bit)


Sigma-delta converters seem an obvious choice due to accuracy (low offset), resolution, anti-aliasing, low power.

2.
Error Budget


In percent; "Raw Part Drift" is per degree C; "System Drift" is over 0-40 degrees C






Raw Part

      

System


            






Offset 

Gain 
      

Offset %
Gain %




Item



Initial
Drift
Initial
Drift 

Initial
Drift
Initial
Drift


A/D LTC2433-MS

1LSB
20nV
3LSB
.04ppm

.0015
.0008
.0046
.0002


A/D Source R, 1kohm



6LSB




.01


Ref LTC1798C


--
--
0.15%
40ppm

0
0
0.15
0.16



Raw Error Budget  (





.0015
.0008
0.16
0.16

Voltage Divider


--
--
0.2%
50ppm

0
0
0.2%
0.2%

Voltage Sense Error Budget  (

 


.0015
.0008
0.36%
0.36%

4-20mA Shunt


--
--
0.1%
25ppm

.025
.025
0.1
0.1


Current Loop Error Budget  (




.027
.026
0.26%
0.26%

10A Shunt


--
--
1%
50ppm

0
0
1%
0.2



Ref Divider Panasonic ERA-6Y
--
--
0.1%
25ppm

0
0
0.2
0.2

Ref Amp OP196G

300uV
120uV
--
--



0.3
0.12
Current Sense Error Budget  (




.0015
.0008
1.7%
0.68%

3.
Current Shunt


Vishay/Dale WSL3637, 4-terminal, 3W (max), 1% tol, 50 ppm tempco; stock at Mouser


For 10A ranges



Using LTC2433 w/ 0.1V ref, FS = 50mV, shunt = .005 ohms




dissipation I2R = 10**2 x .005 = 0.5 W



1 LSB = 10A/(2**15) = 305.2 uA

4.
Micropower 60V Converter Design Notes

4.1
Current Budget for prelim data acq board using Vdd = 3.3V, acquiring each channel at 1 Hz


Item



Idd

Note





Isolator ADuM1401

1000 
uA


HC’595



10



A/D LTC2433 x 8

75

@ 1/7 duty cycle each


Ref LTC1790


60


Amplifier x 8


480


LDO LTC3010


35     
1660
uA 
x 3.3V = 5.5 mW



or from 60V:  x 60V = 100 mW… 5% efficiency!

Seek a switching supply >50% efficient with full load = 3 mA

4.2
Power 4-5-6 Simulation with 


f = 20 kHz

L = 250 mH, 160 ohms (MCE ECHL41A)

C = 22uF, 3 ohm

Q = 20 ohm Rds,on

At 3 mA output, 42V input, 4.0V output… Duty D = 0.118

Current ripple in inductor about 0.8 mA p-p

Voltage ripple 2.5 mV p-p, linear sawtooth (all ESR)

Discontinuous region starts at about 15% output or 0.45 mA output

Same components but 25% output (0.75mA, discontinuous boundary), 60V input, Vout adjusted to give D=0.118

Vout = 6.5V

5.  Analog Supply on P2 Board

5.1
Strain gauges rated 7.5 – 28 VDC… Limit input range to those values (actually use 10V as lower end to allow a few volts for shunt resistor and protection resistors).

Allowable minimum input for strain gauge operation Vin,min:

Resistance in loop:

Current Limit R

49.9 ohm

Cable R

15 ohm/km x 2 km x 2 way round trip = 60 ohm

Shunt R

49.9 ohm

Total


160 ohm




X 20 mA = 3.2V

7.5V + 3.2V =  10.7 V minimum  (Vin,min)  (mooring spec is 10.5 V)

5.2
Power Switch for Analog Supplies

Use PS7160 photorelay, two outputs in parallel


50 ohms each, 25 ohms in parallel



rated 200 mA
Probably can’t run strain gauges since 2 ea x 20mA x 25 ohms = 1 volt additional drop.  This would push Vin,min up to 11.7 V, too high.

If needed, can get lower voltage higher current photorelays e.g. PS7122, 250V and 4.5 ohms.

6. Drive for Optos

NEC says 2-10 mA.  Should work at 2 mA, all curves are at 10 mA.  Choose 5 mA as a compromise (we do not need low on resistance for GF relays, or for most applications of Analog Power Switch relay).

Supply voltage 3.3 V

Less 0.3 V in HC595 output

Less 1.2V for LED


= 1.8V


1.8 / 5mA = 360 ohms, use 390 ohms to be stingy.

7. Programming Notes for SPI I/O System

Each board in the MOOS Power System contains acquisition and/or control functions that are interfaced via the backplane SPI bus.    Each SPI_CSn_N select signal on the backplane selects one board.  Generally each board will contain a 74HC595 shift register that functions as a control register, with outputs that sub-select one or more I/O devices on the board.  In special cases (e.g. Ground Fault measurement circuit) there is a second level control register that can be written as one of the selectable I/O devices.

Electrical isolation is provided between the backplane SPI bus signals and the analog I/O section of each board.   This allows the analog circuits to operate referenced to power system ground, without ground loops in the backplane.

The P2 Processor Board (the Power Acquisition Subsystem controller board) contains an analog section that is very similar to those on the other power system boards, including electrical isolation.  It is selected by an SPI_CSn_N signal local to the board.

To Select and Read/Write an I/O device:

6.1 De-assert (high) all backplane SPI_CSn_N signals.

6.2 Write an 8-bit value to the backplane SPI bus using SPI_MOSI and SPI_SCK.  The value will be clocked into the ‘595 register on each board in the system.  All bits should be ‘1’ except the device select bit for the desired device on the desired board, which should be ‘0’.

6.3 Take SPI_CSn_N low for the desired board.  This will transfer the 8-bit value to the ‘595 output register (RCLK) on that board, enable the ’595 outputs (G), select one device on the board, and enable the board’s SPI_MISO output to drive the backplane SPI_MISO bus.  You have now selected a device on the board and are ready to read or write.

6.4 Read or write data from or to the selected device, using SPI_SCK and SPI_MISO (for reads) or SPI_MOSI (for writes).  (For the LTC2433 A/D converter, 19 bits are read, and a new conversion will start automatically after the 19th bit is read.)

6.5 To deselect the device, take SPI_CSn_N high for the selected board.  This disables the ‘595 outputs and disables the board’s SPI_MISO driver output.  Optionally, write 0xFF to the ‘595 and then cycle SPI_CS* low and then high again; this will prevent runt select pulses out of the ‘595 when the board is next selected.

To Operate Second-Level Devices (e.g. Ground Fault circuit):

6.6 Proceed as for an I/O device, above, however at step 6.2, write 16 data bits instead of  8.  The first 8 bits should be the desired contents of the second-level control register (e.g., as needed to enable the Ground Fault test switches).  The second 8 bits are for the first-level control register and should be 0x7F.  This bit 

6.7 pattern will assert 2ND_REG_SEL_N which will clock the second-level latch clock in the next step.

6.8 Cycle SPI_CSn_N for the board low and then high.  This will clock the first-level ‘595 and enable its outputs, which in turn will cycle 2ND_REG_SEL_N and clock the second-level ‘595 to produce the desired output bits for control of the Ground Fault circuit.

To Operate Ground Fault test circuit:
6.9 De-assert (low) all second-level control register output bits per procedure above.

6.10 Assert GF_ENABLE output to power up the isolation amplifier.  Wait 10 to 100 milliseconds (exact delay not critical.)  Leave GF_ENABLE asserted thru remainder of procedure.

6.11 Read GF A/D and discard reading.  Wait 200 milliseconds or until conversion completes.  Read A/D again and save reading as GF_Zero_Value.

6.12 Assert GF_TEST_LOW_SIDE to enable low-side PhotoMOS relay.  Wait GF_SETTLE_TIME (0.2 to 10 seconds, exact delay not critical), read GF A/D and discard reading.  Wait 200 milliseconds or until conversion completes; read A/D again and save reading as GF_Lowside_Value.  De-assert GF_TEST_LOW_SIDE.  Wait 10 milliseconds.

6.13 Assert GF_TEST_HIGH_SIDE to enable high-side PhotoMOS relay.   Wait 1 to 2 seconds (exact delay not critical), read GF A/D and discard reading.  Wait 200 milliseconds or until conversion completes; read A/D again and save reading as GF_Highside_Value.  De-assert GF_TEST_HIGH_SIDE.

6.14 Assert GF_TEST_SELFTEST to enable self-test function. Wait 1 to 2 seconds (exact delay not critical), read GF A/D and discard reading.  Wait 200 milliseconds or until conversion completes; read A/D again and save reading as GF_Selftest_Value.  De-assert GF_TEST_SELFTEST.

6.15 De-assert all second-level control register outputs, including GF_ENABLE which has been on since beginning of procedure (step 6.9).

6.16 Summary (with nominal timing):

De-assert all control bits

Assert GF_ENABLE

Wait 10 msec

Read GF A/D and discard

Wait 200 msec

Read GF A/D, save reading as GF_Zero_Value

Assert GF_TEST_LOW_SIDE

Wait GF_SETTLE_TIME (1 second nom)

Read GF A/D and discard

Wait 200 msec

Read GF A/D, save reading as GF_LOWSIDE_VALUE

De-assert GF_TEST_LOW_SIDE

Wait 10 msec

Assert GF_TEST_HIGH_SIDE

Wait GF_SETTLE_TIME (1 second nom)

Read GF A/D and discard

Wait 200 msec

Read GF A/D, save reading as GF_HIGHSIDE_VALUE

De-assert GF_TEST_HIGH_SIDE

Wait 10 msec

Assert GF_TEST_SELFTEST

Wait GF_SETTLE_TIME (1 second nom)

Read GF A/D and discard

Wait 200 msec

Read GF A/D, save reading as GF_SELFTEST_VALUE

De-assert GF_TEST_SELFTEST

De-assert all control bits.

7. SPI Clock Speed ratings

LTC2433


2 MHz
Adum1401A

1 MHz
HC595


4.8 MHz (at 2.0 V)
AT25040, AT25256

2.1 MHz


9.  GF Measurement Notes

Measure 0 to +/- 1 mA with sub-uA resolution.

Assume 1k sense resistor, 1mA ( 1V; 1uA ( 1mV

A/D resolution w/ Vref = 2.5V is 2.5/64k = 38uV/count ( 38nA/count

Errors around zero (i.e. offset) are most critical… full scale error is unimportant.

Ideal approach is 2433 A/D and 1798 Vref on the sensed side of an AduM1401, directly measuring voltage across the 1k sense resistor.  This requires an isolated 3.3V @ 1.5mA supply which I don’t have (in small form).

Instead use AD202 Iso Amp.  K grade has +/- 5mV offset ( 5uA zero error.  However drift is only 20uV/degC, or 800uV over 40 deg.  Should be able to zero the offset error by measuring with both GF switches open.  Input noise is only 4uV over 0.1 to 100 Hz ( equates to 4 nA and is well under one A/D count.  

Still need to offset A/D output to Ref Halfscale in order to measure bipolar GF current.

