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Introduction
This manual is to describe the connections and some of the set up required to acquire data from the Keithley 2700 DMM into Excel.  It will not describe much of data manipulation in Excel and how to present data.  It will also describe the process for the CityCel 2FO oxygen sensors to monitor the oxygen levels.  
Overview
Oxygen Sensors and Capillary
CityCel 2FO oxygen sensors are designed to run at 100 Ohm resistance and within 3 minutes give a voltage output for a particular oxygen level in the test atmosphere.  The percentage of oxygen is supposed to be very low in LAPD (Liquid Argon Purity Demonstration), so the resistor chosen was 3k Ohm to increase the voltage output of the sensors.  The sensors are in two separate “columns” or cell towers consisting of 7 1/16” stainless steel capillary tubes about 15 feet long.  The tubes are connected to a jar and the pressure is let out a relief capillary that is vented to atmosphere.  The jars also have a sealed 2 wire connection that transfers the cells voltage out of the jar.  The 2 wire connections are soldered to a 20 pin connector on a circuit board.  The 3K ohm resistor is soldered parallel on the circuit board or if that failed the replacement was soldered directly to the jar outputs.  2 more resistors failed so the replacement 3k Ohm resistor are in parallel on the back of the 20 pin connector at the DMM.  
The 7 capillary tubes are bundled so the lengths inside the LAPD will be from 2 inches from the mounting flange, then ending every 32 inches until the total length of approximately 17 feet.  All 7 tubes are of the same length but the excess tubing for each length is coiled above the mounting flange.  All connections are sealed with epoxy or with compression fittings.  The mounting flange is a con flat flange with a copper gasket.
The flow of the Argon gas will be up the capillary tubes that rout out of the chamber into the jar, surrounds the sensors, then will escape out the vent capillary.  As the Argon is filling the chamber the oxygen will be replaced from the bottom up and the different lengths of capillary will yield the level of Argon and an approximate purity level.
DAQ
The output of the cells is collected on a circuit board with a 20 pin connector so a ribbon cable can be routed from the top of the LAPD and down to a Keithley 2700 DMM with 2702 expansion cards installed.  The 2 cards have the 20 pin connectors also which allow the connections to be made inside the DMM but also allow the ribbon cable to be disconnected.  Some of the connections at the back of the DMM were inverted to make all the outputs from the cells read positive voltage. The Keithley 2700 can scan channels sequentially and input the data into an Excel spreadsheet. The DMM sends a pulse of voltage out when turned on to calibrate the DMM, it also will calibrate when switching between types of readings as the scan is happening if programmed that way.  The DMM can be controlled through Excel with Keithley’s  free add-on for Excel called ExceLINX which is free for download at their website.  This add on will input channel info, time stamp, and data when programmed to do so.  The format is not that adjustable.  It will put data followed by a time stamp for every sample.  Data can then be graphed with normal Excel tools and analyzed accordingly.  

QUICK SET UP GUIDE
Step 1	Remove cables from back of DMM by spreading cable clamp tabs outward.  Make sure cables are still attatched to cell towers and that the channels match.
Step 2 	Turn on Computer and Keithley DMM  without the cables connected in order to not charge the Oxygen sensors with the calibration voltage pulse.
Step 3	Connect the cables to the correct connectors.  eg 101-107 cable to 101-107 connector.
Step 4	Start up Excel.
Step 5	On the main toolbar click on the add-in tab.  ExceLINX  Menu Commands and Custom toolbar should display below the main toolbar.
Step 6	On the ExceLINX  Menu Command pull down arrow to create a DMM Configure sheet, wait for the add-in to load
Step 7	On the ExceLINX Menu Command pull down arrow to create a DMM Scan sheet.
Step 8	 On the DMM Config sheet configure the following
1 Line 6 Enter a Description if you want
2 Line 12 Pull down menu to MODEL 2700 on GPIB0 16 
3 Line 36 Turn on the Enb column, enter “101-107” in the list column, leave DCV for the function.
4 Line 37 Enter “204-210”, turn on, pull down DCV for the function and use the defaults.
5 Line 11 Status/Command pull down menu and select “Detect Device”
6 You must enter or click off the cell for the command to execute.  Wait for the computer to see the device,  it should take a few seconds then show “tasked stopped successfully”.
7 Line 15 and 16 should have M2702 placed in them automatically.
Step 9	On the DMM Scan sheet in the workbook configure the following
1 Line 16 select an appropriate delay.  ExceLINX seems to wait this delay between each scan.
2 Line 17 select an appropriate length of scan.  Excel 2007 has a million rows but with a short scan delay the amount of data might get cumbersome.  Select “INF” if the scan will be terminated manually.
3 Line 20 Pull down menu for which sheet to enter data.  Select sheet 1 or template that has been designed.
4 Line 21 Select Col B if you want to have space to insert a time column or other integers.
5 Line 22 Select Row 2 if you want to add scan information to the top of the sheet.
6 Line 29 Select yes to add Channel numbers.
Step 10	Select Sheet 1 or the template sheet chosen to recorde data.
Step 11	If needed reselect the add-in tab on Excel and in the Custom Toolbar box pull down menu to the DMM Scan and select it.
Step 12	If the DMM Scan is selected on the Custom Toolbar box the green triangle should be visible as well as the blue box.  
Step 13	Click on the green triangle to begin the scan.
Step 14	Click on the blue box to end the test.
Step 15	Click on the Sheet 1 or template tab and copy and rename appropriate to scan completed.
Step 16	If things do not work contact Hans Jostlein, Stephen Pordes, or Karl Dahlman kdahlman@westminsterchristian.org
Pictures can be found on LArTPC under Oxygen Sensor
