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1. [bookmark: _Toc402528160]Overview
For most applications, the electronic gages on an LCD is a smarter replacement for plain Jane gages, but sometime you want to go “Old School” and have some gages in addition to the LCD display. One reason could be that you want gages in a remote location like the engine bay. Another reason is that the LCD display is occupied with map navigation or another special application so you need gages to keep you informed. This document fabricates an application which needs PVA Gages and develops a configuration which uses these gages. 
[bookmark: _Toc402528161]The Application
We have a boat with a in board motor in the Engine Bay. At the Captain’s Control Station we want an  LCD display plus a Speedometer and a Tachometer. The LCD display will be used for monitoring the Engine Control Unit (ECU) parameters, handling position navigation, and in a pinch the LCD display could provide access for all the gages. For maintenance reasons, we also want to have a tachometer in the engine bay with an Engine Coolant and Oil Pressure gage. Let’s get Old School and build this application.
[bookmark: _Toc402528162]The Hardware
We are going to use the PV780 display which has the Murphy Standard Configuration that we will modify. We are going to get a Speedometer and Tachometer for the Captain’s Control Station. We will also need a “Remote” Tachometer, an Engine Cooltant Gage and an Engine Oil Pressure Gage. For this arrangement we need the following items.

	Part Number
	Gage Description
	PVA Gage Address
	CAN
PGN
	CAN
SPN

	78-70-
	PV780 MSTD
	Master
	
	

	78-70-0163
	Speedometer
	19
	65262
	84

	78-70-0081
	Local Tachometer
	1
	61444
	190

	78-70-0199
	Remote Tachometer
	61
	61444
	190

	78-35-0025
	Engine Coolant Temperature
	2
	65262
	110

	78-35-0024
	Engine Oil Pressure
	3
	65263
	100



The Engine Control Unit (ECU) should be the highest priority on the CAN Bus and they claim that position by getting a Source Address of  zero. The lower the Source Address the higher the priority. The Source Address is part of the Header in the message so as any message is transmitted, the highest priority electrically grabs the bus first. The LCD Display has a low priority (Source Address = 242) since missing a message is not critical to a display or a PVA Gage.  The LCD Display needs to process all of the CAN messages for the ECU so that the PVA Gages get updated properly.

The CAN data is converted to PVA Gage position information and transmitted on a RS-485 PVA Gage bus. The PVA Gage bus is a Modbus type of bus based mostly on the communication. (A Modbus is suppose to support Coil Registers, Holding Registers, etc. which the PVA Gage Bus does not. While the PVA Gage Bus does not support registers, its communication can be monitored by Modbus software  such as the MdBus program.)

The “Local” gages on the PVA Gage Bus have a low PVA Gage Address (with a higher message priority) and are the primary displays. The “Remote” gages have a higher PVA Gage Address and duplicate the data of the primary displays. 

The first Rule of PVA Gages is that PVA Gage Addresses can not be the same so duplicate gages are not supported. It makes sense that there should only be one device responding to a message. When duplicated devices are on the PVA Gage Bus, the gages will act dead or hang at a particular value. So while we want two Tachometers, they needs to have different PVA Addresses.

Here are the PVA Gages in the Engine Bay.
[image: ]

Here are the PVA Gages in the Captain’s Control Station.
[image: ]
The Speedometer is on the left and the Engine Speed (RPMs) is on the right.
[bookmark: _Toc402528163]The Electrical Connections
Getting good electrical connections is a major part of the setup. Most of the wiring is done using a twisted pair of wires using Deutsch Connectors.
[bookmark: _Toc402528164]The PV780 Electrical Connections
[image: ]
The PV780 pin out connection, “View Pinout” can be found on the Connections Tab in PowerVision and it shows the above information. To power the PV780 you need to attach Connector1-7 to the positive side of the battery and Connector1-8 to ground. To communicate with the Engine’s ECU connect the CAN bus High line to Connector1-6 and the CAN bus Low line to Connector1-5. All of the PVA gages are connected to the RS485 bus where Connector2-4 is connected to the High side while Connector2-5 is connected to the Low Side.

The Murphy Standard with PVA Gage Modifications is running on a PV780 is shown below.
[image: ]
[bookmark: _Toc402528165]The PVA Gage Electrical Connections
The PVA Gages are designed to be daisy chained with four wires using a six pin Deutsch connector as shown below. (Also check the Installation Instructions, PV-02126N and part number 00-02-0532.)
[image: PVA Gage Pinout]
The gage position in the daisy chain does not matter. For our fabrication we will connect the PV780 to the “A” Port of the Engine Coolant Temperature along with the battery and ground connections. Next the “B” Port will be connected to the “A” Port of the Remote Tachometer. This connection procedure is repeated for the Engine Oil Pressure gage, then the Speedometer and then the Remote Tachometer. The first three gages are in the Engine Bay while the Speedometer and Remote Tachometer are in the Captain’s Control Station.  The last gage in the Daisy Chain has a 120 Ohm terminator in the B connector to eliminate a electronic signal reflection.
[bookmark: _Toc402528166]The PV780 Configuration
Normally, these gages are connected to a PV101 Display. On the PV101 Display, one clears all of the gages, then the PV101 searches for the available gages and everything starts working with the CAN messages. The User can verify that all gages are connected by pressing the [Menu] button and selecting the UTILITIES option then selecting the GAGE DATA option so that you can scroll through all of the active gages. You can also sent CAN data to sweep the gages.
We are going to use the PV780 Display because it is bigger, better and in color.  We are going to start with the Murphy Standard Configuration from PowerVision (Version 2.7.10462) and modify it to work with the PVA Gages. We are only interested in getting the PVA Gages to work and so other neat configurations are left to another document.
[bookmark: _Toc402528167]PowerVision Configuration Tab
Let us own the configuration by renaming it and saving it. Go to the Configuration Tab and make the Title “Boat_With_PVA_Gages” and save the configuration as “Boat_With_PVA_Gages.murphyConfig”. After you are done it should look like the following image.
[image: ]
[bookmark: _Toc402528168]PowerVision Connections Tab
Go to the Connections Tab to setup the I/O and communications. For now there is no I/O setup necessary.
[bookmark: _Toc402528169]PVA Gage Guidelines for CAN Devices
In general, if you want the PV780 to process a message from a “device” on the CAN bus you need to create a “device” receiver which first looks for the device’s Source Address. Next you need to define the PGN / SPN message which needs to be processed from that CAN Bus device. With this type of CAN Bus device setup, the display will only process the messages of which you are interested and ignore the rest which overall helps the Display performance.

When you attach PVA Gages you can talk to two set of PVA Gage Addresses; zero and one. The “zero” set of PVA Gage Addresses are for the primary, local or Port gages with PVA Gage Addresses below sixty. The “one” set of PVA Gage Addresses are for the secondary, remote or Starboard gages with PVA Gage Addresses sixty and above.  

You can only create two CAN devices which talk to the PVA Gages, one device which uses PVA Gage Address zero and one which uses PVA Gage Address one. The embedded software is not setup up to blend two CAN devices together so that there are no duplicates and the message transmission order is correct. This rule applies to CANPort 2 too. You can not have a CAN device on CANPort1 talking to PVA Gage Address zero and another CAN device on CANPort2 also talking to PVA Gage Address Zero. You can have have a CAN device on CANPort1 talking to PVA Gage Address zero and another CAN device on CANPort2 talking to PVA Gage Address one, but no more than two CAN devices which talk to the PVA Gages. The software is not setup to handle more than two devices for the PVA Gages.
[bookmark: _Toc402528170]Setup Serial Port 1
Select the “Serial Port 1” pane to setup the RS485 communication. Make sure the Protocol is setup to do “PVA Gauge” from the pull down menu as shown in the following image. The default Baud Rate, Parity and Stop Bits are correctly set for the PVA Gage Bus. Note these values if you want to use Modbus software (Mdbus) to monitor the communication. 
[image: ]

[bookmark: _Toc402528171]CANPort1: Transmit Device
Select the Transmit Device under the CANPort1 Communication Port and do nothing here! Consider this a check list of items to inspect when you are doing your configuration development. The CAN ports can transmit as well as receive CAN messages. For most displays, they can have only ONE CAN TRANSMITTER on a CAN port. The Source Address is set in the Programming Tab using the variable CANPort1.Address which has a Default Value of 242. So this PV780 uses a Source Address of 242 and there are no messages that this configuration will transmit which is okay for this application. 
[bookmark: _Toc402528172]CANPort1: ECU Device
The developer can add CAN receivers for other devices on the CAN Bus at a particular Source Address. Select the Engine Device under the CANPort1 communication device. Mr. Murphy has been busy here. He has identified our Engine ECU device as being at Source Address zero and he has added a bunch of messages that the display will process using the J1939 standard. (What a GUY!) For the Local and Remote Tachometers we need the Engine Speed to get the RPM data. Mr. Murphy has also added message support for getting Engine Coolant Temperature, Engine Oil Pressure and other parameters for the electronic gages in the LCD display. We can use these messages to update the Engine Coolant Temperature Gage and the Engine Oil Pressure Gage. With the Murphy Standard, you should be able to verify that the PVA Gage values matches the electronic gage values. 

The only gage value missing is the “Wheel Based Vehicle Speed”. It is actually located in the Transmission Device with a Source Address of three. We can use this parameter to get the Speedometer value, but to reduce the number of CAN transmitters, let us add the “Wheel Based Vehicle Speed” to the Port Engine ECU device. To do this click on the plus sign (+) in the J1939 Mapped Variables and select the J1939.Engine.Wheel Based Vehicle Speed from the list. The Speedometer value has now been added. Any other parameters can be added this way and they will be transmitted to the PVA Gages using the  PVA Gage Address zero.  

[image: ]

It is also very important to be sure to check the “Route Data to PVA Gauges” checkbox for Address 0. Address 0 supports the local gages (or gauges if you are French) while Address 1 supports the remote gages.

You can change the Variable Name from a non-descriptive “Engine” to “ECU” and all of the Selected Variables will change. Do not delete these variables or some of the MSTD electronic gages will be broken. In any case make it your own. You should see the above image.

You should do incremental builds to be sure that your changes have not broken any thing. Optionally you can turn on the Data Simulation by setting the “SettingSimData” Default Value to 1 or just leave it at 0. Do a compile and load the target PV780. You should see the LCD Display gages sweep from low to high and back if you enable the Data Simulation. All gages should sweep except the Remote Tachometer since we have not added the CAN device to support the Remote Gages.
[bookmark: _Toc402528173]CANPort1: RemoteTach Device
There should be an “Engine 2 Device” and if not, create a new device by pressing the (+) button in the Module Setup pane. We need to get Engine Speed data for the remote Tachometer Gage using the ECU device on CAN Bus at a Source Address of 0. If you select it, you will see that nothing has been configured. First, change the Variable Name to “RemoteTach” to better describe our device. Make sure the Source Address is correctly set to 0. Check the “Route Data to PVA Gauges” checkbox and set the Address to 1 for the Remote gages.

In the J1939/NMEA Parameter Mapping pane, add ((+)) the Engine Speed message for the remote Tachometer. You should get the following image when all of these updates are done.
[image: ]

Compile and load the image. All of the gages should work and in fact the previous gage pictures were taken with the CAN Simulation running. The CAN Simulation can be from the ECOM CAN Capture device which transmits the PGNs and SPNs defined by the gages. It is actually easier to get another display (PV780 or PV450) and make it transmit the desired messages, but that is another Development Example. 

I feel bad about moving the “Wheel Based Vehicle Speed” (PGN=65265) parameter from the Transmission Device to the ECU Device, because you can not always do that in the real life. Now you might be tempted to checkbox the “Route Data to PVA Gauges” checkbox, but do not do it. Again the software can not blend the PVA Gage list from two different CAN Devices. The way I can get over “it” is by getting data from the Transmission Device then processing that parameter and updating the “Wheel Based Vehicle Speed” in the ECU Device. It is a clean enough work around.
This document contains proprietary and confidential information that shall not be disclosed without the prior consent of Enovation Controls.
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