Summary
To facilitate the evaluation of inverters, charge controllers, PCUs and other power handling devices a test-rig was built with two AC and two DC meters. This document lists the specifications and details of this test-rig.

Specification
The test-rig has the following limits and capabilities:

Metering
There are two DC meters and two AC meters, purchased from ElMeasure, the range of measurement for each is outlined below

DC meters
•    Model : ElMeasure EDC1100

•    Voltage : 0 – 150V
•    Current : 0 – 50A
•    Accuracy : Class I

•    Display : 1 line 6 figure LCD

•    Input: two push buttons to scroll through display, and for setup

•    Parameters measured: Voltage, Current, Power, Watt Hours

AC meters
•    Model : ElMeasure LG+5310

•    Voltage : 0 – 415V
•    Current : 0 – 20A
•    Accuracy : Class I

•    Display : 3 x 1 line 6 figure LCD

•    Input: two push buttons to scroll through display, and for setup

• 
Parameters measured: Voltage, Current, Frequency, Real Power, Reactive Power, Volt Amps, Power Factor, Watt Hours, Load Hours.

Connections
There are four lug terminals to connect the inputs and outputs. These are rated at 50A.

Power
The meters require an auxiliary power supply, provided via a three pin AC PC type socket. Burden is nominally around 4VA for each meter.

Communication
The diagram below shows the flow of information for the test-rig.
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Drawing 1: System communication flow
•    Slave network: 4 meters communicating over RS485*
•    Conversion network: RS485 to USB

◦ RS485 to RS232* – Hexin 2108B, requiring a 9V DC supply

◦ RS232 to USB* – Prolific Technology PL2303, power from USB, requires installation of a driver

•    Master network: logging control and storage

◦ The Raspberry Pi (RPi) reads and logs data

◦ The setup of the log is done on a PC, communicating over SSH* with the RPi

◦ Storage is on the RPi and there is an option of uploading data to dropbox, for easier access and monitoring.

- For an explanation of the communication protocols used please refer to the appendix

Physical Design
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Drawing 2: Physical layout
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Drawing 3: Top panel connection layout
Electrical connection
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Drawing 4: Electrical connection diagram for meter box
Operation
The test-rig can be used to measure any AC or DC devices within the limits listed above. For example, a connection diagram and sketch of the physical connections for testing a Solar-PCU are shown below. Please refer to the software guide for setting up the data logging and communication.
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Drawing 5: Connection diagram for Solar-PCU testing
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Drawing 6: Physical connection sketch for Solar-PCU testing
Appendix
Communication protocols and transmission specifications used
RS485
This refers to TIA-485-A transmission specification. In particular the ElMeasure meters use half- duplex transmission on a twisted pair. The advantage of RS485 over RS232 is that it uses a differential pair to communicate. As noise often affects the common mode of a signal a differential pair has a better noise rejection. Hence RS485 is suitable for use over long distances (around

1.2km), so is commonly used for industrial metering and control equipment.

RS232
A common specification. This is used as an intermediary between RS485 and USB, simply because an RS485 to USB converter could not be found

USB
A common specification.

Modbus RTU
The Modbus RTU protocol is us is used by the ElMeasure meters for communication. A Modbus guide is included with the communication which was found a help in understanding how to use modbus.

SSH
Secure SHell (SSH) is used to remotely log into the RPi and control the data logging/ download data.
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