The first picture shows the entire solar panel including the solar panel charge controller on the right, the inverter and associated equipment in the center, and my front-end controller on the left.

The next picture is a close-up of the controller showing the AUTO mode screen.  Look closely and you will see that 4 of the 5 load groups are currently being powered by solar.

The third picture shows my modified breaker panel.  The large panel near the center is the original main panel.  The five smaller panels are the individual breaker panels for the five load groups.  The blank panels house boxes containing the power transfer relays that would otherwise not fit in the smaller breaker panel boxes.  Finally, in the bottom right corner is the tan colored Grid/Generator transfer switch.

Controller Hardware Design
The design of the controller hardware is best summarized by the attached daigrams.  The basic components include the processor, the proto board mounted atop the processor, the signal conditioning board, the relay card, and the front panel components.  The latter consists of a 4-line, 40-character LCD display, a potentiometer to control the brightness of the display, three pushbutton switches, an on/off switch, and an LED showing the on/off status of the controller.

The controller is fundamentally powered by the solar battery to assure operation even during a Grid power failure.  Two DC/DC converters are used: a 48 to 12 VDC converter to provide power for the processor, and a 48 to +/- 5 VDC converter to provide power for the signal conditioning circuitry.  The 8-channel relay card is used as an interface to provide sufficient drive for the much larger 40-amp relays that actually control the power flow to the various household circuits.  Because 48 VDC relays were not readily available, 24VDC relays were used with series resistors in the drive circuits.  The response time for these tiny relays are small compared to the 30 ms delay when toggling the larger relays.

There are two controller connectors.  The Input Connector provides battery and most of the signal inputs (Battery voltage, Battery current, and pyranometer output.)  The Output Connector provides a small DC voltage which reflects the presence or absence of AC Grid power, and also carries control signals to the eight 40-amp relays housed in various sections of the breaker panel.

The essence of the controller hardware design is depicted in the following figures.































[bookmark: _GoBack]
oleObject3.bin

image4.wmf
+5

+5

74LS14

A0

A15

LCD Cable

Gnd

+3.3

12

11

10

+5

+5

+48V

2

3

4

5

6

7

Gnd

to top panel

to top panel

Female

Female

22

23

30

31

Relay 

Header

RS

E1

E2

D4

D5

D6

D7

Gnd

Megashield Wiring Diagram

Female

Reset

Gnd

gnd

gnd

to Relay Card

Test Points

Analog Cable

from Sig Cond Bd

18

A2

Mode

8

A1

A3

+12 v

Increment

Select

+48V

Gnd

1

7

8

14

1

2

3

23

9

11

14

16

From Input Connector

Power to

Sig. Cond.

via power switch

DC/DC Converter

male

male

Female

Female

screw

posts

Version 2

Pyra header from

Input Connector

+12v

Gnd

DC/DC Converter Pinout

1   R.C.

2,3   -Vin

9   N.C.

11   N.C.

14   +Vout

16   -Vout

22,23   +Vin

22

Mean Well SCW12C-12

R1

R2

R3

R4

R5

R5

R5

C1

C2

C3

C4

R1 = 1.5K

R2,R3,R4 = 10K

R5,R6,R7 = 100

C1,C2,C3 = 10uf

C4 = 10uf

Female

Female

and pyra output

LCD Headers


oleObject4.bin

image5.wmf
Sch

Sch

Sch

Gnd

R1

C

R1 = 10K

C = 10uf

Schmitt Triggers: SN74LS14

(pulled HIGH)

R2

R1

R2

R1

R2

C

C

R2 = 100

+5 V

Select Button

Increment Button

Interrupts

Mode

Select

Mode Button

Increment

to Digital Input D2

to Digital Input D3

to Digital Input SCL21

Input

Connector

Batt Voltage

Batt Voltage Return (gnd)

:Switched Batt Volt

12v DC/DC

Converter

to Front Panel

Header to

Sig Cond

Bd

12 v

3.3v

Megashield Schematic

48V

To front panel LED

1.5K

to Front Panel

+48

Gnd

+12

8

5


oleObject5.bin

image6.wmf
Batt Current

Batt Voltage

Grid Voltage

+5

0 to 60 VDC

0 to 5 VDC

(From Shunt)

-5 to +5 mV

0 to 120VAC

-50 to + 50 Amp

56K

R1

R2

C1

Signal Conditioning Schematic

AC/DC

Converter

+

-

0 to 5 VDC

Pyranometer

Voltage

5.1K

0 to 5 VDC

5.6K

2.2K

6.6 v

0 to +5 v equals

R3

R4

C2

10uf

10uf

4

A

1

2

3

4

5

6

7

8

-In

+In

-Rg

Out

+Rg

Ref

AD623

+Vs

-Vs

0.1 uf

C3

Rg

R5

R6

R7

2.2K

2.2K

500

100

-25 to +25 amps

R8

R9

To Relay Card


oleObject6.bin

image7.wmf
Header

Gnd

Vb

Vg

Ib

+48 V

Power

Signal Condition Protoboard

from processor

Inputs to

Processor

Analog

Battery Current Input

from Input Connector

Power Header

to Relay Card

1

R1

R2

C1

R4

C2

R6

-

+

R5

R7

Rg

R3

Gnd

+5v

From AC/DC Converter

Screw Terminals

R9

R8

+

-

Mean Well DCW12C-05

DC/DC Converter Pinout

1   R.C.

9,16 Com

22,23   +Vin

23

22

16

14

9

11

1

2

3

Wiring Diagram, V5

Top View

C

11

 11   -5v

14  +5v

2,3   -Vin (Gnd)


oleObject7.bin

image8.wmf
Input Connector

Output Connector

1.125

1.125

1.125

1.0

Top View

Side View

Relay Board

2.1"

0.5"

Top Chassis Component Layout

0

1

Increment

Mode

Select

On/Off


oleObject8.bin

image9.wmf
Upper Control Panel Wiring Diagram

+48 VDC

Switched +48 VDC

Pin 2   DB6

Pin 3   DB5

Pin 4   DB4

Pin 9   E1

Pin 10 R/W

Pin 11   RS

Pin 12   Vo

Pin 13   Vss (ground)

Pin 14   Vdd (+5 V)

Pin 15   E2

Pin 17   Backlight Anode (+3.5 V)

Pin 18   Backlight Cathode (Ground)

Pwr LED

ON/OFF Switch

Mode

Increment

Select

Gnd

Sel

Inc

Mode

LED

Anode

Cathode

Cable routes to MegaShield

LCD Pin Pattern

(Bottom View)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

1

6

1

7

DB7

DB5

E1

RS

Gnd

E2

DB6

DB4

R/W (gnd)

Vdd (+5 v)

+3.3 v

Gnd

To DO 6

To DO 4

To DO 11

To DO 12

To DO 10

To DO 5

To DO 7

Cable routes to MegaShield

Cable routes to MegaShield

To Lower Chassis

LCD Pin Assignment

Pin 1 DB7

10k

+5V


oleObject9.bin

image1.wmf
Relay Card

Input Connector

Output Connector

USB Connector

1.125

1.125

Top View

Side View

Signal Conditioning Protoboard

2.1"

0.4"

0.5"

0.5"

Bottom Chassis Component Layout

Processor Board

0.5

1/4"

1.625

1.625

1.125

1.0

3.71

1.0


oleObject1.bin

image2.wmf
Relay Card

Input Connector

Output Connector

USB Connector

Signal Conditioning Protoboard

Processor Board

Pushbutton Header

Resistors

2

2

2

7

2

3

LCD Header 1

LCD Header 2

7

6

4

5

4

1

3

2

2

12

1

Chassis Wiring Routes


oleObject2.bin

image3.wmf
Input Connector

1

2

3

4

5

6

7

8

9

10

13

14

15

16

Output Connector

1

2

4

5

6

7

R1

R2

R3

R4

R5

G1

G2

IV

+48

8

Relay Card

1

2

5

6

7

8

3

4

+5

G

Controller Wiring Diagram

Signal Conditioning

1

1

1

2

2

2

3

1

2

1

2

1

2

1

2

4

3

switched 48v

1

2

3

1

2

1

2

D4

D5

D6

D7

D10

D11

D12

A0

A1

A2

D22

D23

D24

D25

D26

D27

D28

D29

+5

+5

1

1

2

4

5

DVD Odd Cable

3

9

11

13

15

17

3

Pushbutton Cable

2

4

LCD Even Cable

10

12

14

18

D30

On/Off

Upper

Lower

LED

Inc

Mode

6

Gnd

Power Header

to Relay Card

Power Header

from Processor

48v

Gnd

Analog Inputs

to Processor

Vb  A3

Vg  A2

Ib  A1

Battery Current 

from Input Connector

+

-

Sel

5

6

+5

A3

4

5

from AC/DC Converter

Grid Voltage Input

1

2

needs to be updated

1

2

3

2

3

18

+3.3V

Gnd

+12v

+5v

1

2

3

4

+48v

Gnd

Gnd

+5v

+

+12v

Gnd

Gnd

Gnd

Gnd

+3.3v

Gnd

10K

Proto Board

Gnd

+5


