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1.0		GENERAL INFORMATION

1.1			Introduction:

This Standard Operating Procedure (SOP) describes the procedures used to operate the Sabio 2010D Gas Dilution Calibrator for the calibration of gas analyzers and station calibrators in the California Air Resource Board’s Air Quality Surveillance Branch’s (AQSB) ambient air monitoring stations. This procedure is designed to supplement the Sabio 2010D Operator’s Manual by describing modifications in hardware or operating procedures which may have been implemented by AQSB.  The intent of this document is not to duplicate the operator's manual, and where applicable, this SOP refers to the Sabio 2010D Operations Manual (1998).

Prior to operating or working with Sabio 2010D units, operators should be familiar with the instrument’s operations manual.

1.2			Description of Sabio 2010D:

The Sabio 2010D Gas Dilution Calibrator (2010D) is a single unit module, with an advanced microprocessor, which manages the operation of mass flow controllers, ozone generation and a UV photometer.   See Figure 2-1.

The 2010D is equipped with two mass flow controllers (MFC). Sabio refers to its air MFC as the DILUENT FLOW and the gas MFC as the SOURCE FLOW.   The Diluent MFC has a range of 0 – 10 standard liters per minute (SLPM) and the Source MFC has a range of 0 – 100 standard cubic centimeters per minute (SCCM).  When combined with a zero air source and a certified gas cylinder, the 2010D is capable of providing various gas concentrations.  The mass flow controllers are referenced to 760 millimeters mercury (mm Hg) and 25 degrees centigrade.  Therefore, standard temperature and pressure corrections are automatically performed by the calibrator to maintain accurate flows in any operating environment.

The 2010D is equipped with an ozone generator.  The ozone generator uses an ultraviolet (UV) lamp, which is accurately controlled by an optical feedback system that maintains constant lamp intensity at computer commanded levels.  Pressure, temperature and flow rate in the ozone generator are also controlled and sensed by the microprocessor resulting in stable, precise and repeatable concentrations of ozone at various levels upon command.

The 2010D UV Ozone Photometer is a compact, single-tube, single-detector photometric device that measures ozone by monitoring 254nm ultraviolet light passing through a sample tube with an ultraviolet lamp at one end and a photo-detector at the other. Since this wavelength of light is attenuated by ozone, the ozone concentration can be determined by alternately observing the detector output when clean, ozone-free air is in the sample tube and when sample air is in 
the tube. An internal pump draws sample air into the photometer, where solenoid valves direct it either through or around a catalytic ozone scrubber before entering the sample tube. 

The ratio of the detector output when ozone-free air is directed through the sample tube to the output when the sample air is in the tube determines the ozone concentration according to the following equation: 



Where: 

	α =
	Absorption Coefficient of ozone at 254nm and with the sample gas at 0°C and 760 mmHg = 308

	L =
	Optical Path Length = 31.6 cm 

	I =
	Sample Count (Conditioned detector output for sample gas)

	Io =
	Reference Count (Conditioned detector output for clean air) 

	T =
	Sample Temperature (0°C)

	P =
	Sample Pressure (mmHg)
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	Figure 1-1 Sabio 2010D  Flow Diagram


1.3		Safety Precautions:

1.3.1	General

· OPERATING THE 2010D AT AN INCORRECT LINE VOLTAGE WILL DAMAGE THE INSTRUMENT.  CHECK THE LINE VOLTAGE BEFORE PLUGGING THE INSTRUMENT INTO ANY POWER SOURCE.  

· Before connecting or disconnecting any cables, wiring harnesses or other sources of potential electrical impulse, be sure the unit is powered off.

· Always use static discharge equipment when handling circuit boards.

· The ultraviolet (UV) lamp utilizes high voltage, use normal voltage precautions when working on this calibration system.  Wear UV safety glasses if working with the UV lamp.

· The Purge Port and Vent Port should be connected to the station exhaust manifold or properly vented when using the 2010D.

· Unused Span Output Ports should be capped.

· Exercise caution when using pressurized zero air tubing.

1.3.2	Superblend Gas 
Commonly referred to as a Superblend (or multi-blend) gas cylinder is a highly precise mixture of gases. This multi-component protocol gas is packaged in aluminum cylinders, and mixed in accordance with EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (EPA-600/R97/121) and traceable to National Institute of Standards and Technology (NIST). Gas cylinders are used as the source of the target pollutant in the calibration checks of gaseous analyzers.

Pressurized cylinders are extremely dangerous if improperly handled. Proper regulators, use of safety caps and proper restraints are mandatory. Avoid cross contamination when attaching regulators or making manifold connections. Always consult your gas supplier for proper safety procedures. Failure to observe these precautions may result in serious injury or death.
 
Rules and regulations regarding the transportation of gas cylinders are governed by the Department of Transportation. Personnel should familiarize themselves with these regulations and follow them when involved in transporting gas cylinders. Failure to follow these precautions may result in serious injury or death.

1.4		Interferences/Limitations:

· Moisture or particles from the zero air supply can potentially affect the ozone generator accuracy.  To ensure accurate and repeatable ozone concentrations the user must verify that the dew point of the zero air source be less than minus 10 degrees C, and a 10-micron filter be installed on the output of the zero air supply. 

· Do not use flows less than 5% of the range of the mass flow controllers.

· Do not install the 2010D near devices which produce large magnetic or electric fields. The 2010D and zero air source (ZAG pump) should not be installed immediately next to each other.

· Diluent source (air) pressure should be regulated to 25-40psi. Do not exceed 60psi. The air source must be capable of supplying a constant pressure of at least 15psi.

· Gas cylinder pressure should be regulated to 15-30psi. Cap all unused Source Input Ports.

1.5		Calibration Overview:

The 2010D utilizes pre-programmed sequences in which the total flow and the desired gas concentrations are indicated by the user. The 2010D refers to (1) the Source Gas table for the cylinder concentrations and (2) the indicated diluent flow then it calculates the gas MFC flow for each concentration level indicated by the user. During calibrations, the user refers to the Dilution Calibration Status screen’s Monitor column to determine the indicated flow.
Alternatively, the user may input desired flow rates into the Status Screen to achieve desired concentrations.
Either way, these “Monitor” flow values are input into the ARB Excel worksheets for each point in the calibration.  The worksheet displays the true flow (and true concentrations) as calculated by the correction equation in the spreadsheet.

1.6	Other Considerations:

· “Monitored Flow” values indicated in the Status Screens are not the true flow to be used to calculate true concentrations.  Monitored Flow represents the flow based on the factory MFC calibration and is only used to estimate a target concentration.  Monitored flows must be entered into the Excel spreadsheets for the respective analyzers to determine the true flow based on the most recent Standards Lab MFC calibration.
· A null modem is required when connecting the 2010D to a personal computer. See Section 4 of the Sabio 2010D manual for more information.

1.7	Personnel Qualifications
ARB personnel authorized to operate this equipment is limited to Air Resources Engineers and Air Pollution Specialists who routinely perform gaseous analyzer calibrations.





2.0		INSTALLATION PROCEDURE

Prior to use, new instruments must be properly acceptance tested by the Operations and Data Support Section.

2.1		Physical Inspection:

Unpack the instrument and verify that all required parts have been received in good condition.  Open the instrument cabinet to determine if there are any loose PC boards, tubing, filters, and/or electrical connections.  Mount the instrument in the station instrument rack.  Connect electrical power to the instrument and allow the 2010D warm up for approximately 30 minutes.

2.2	Navigation:

This section presents general information about the operation of the Model 2010D Calibration System. Figure 2-1 illustrates the menu tree structure.

2.2.1	Front Panel Guide

The Model 2010D front panel consists of a twenty- five line by eighty character electroluminescent display, an optional power switch and forty two buttons for system operation. A drawing of the 2010D's front panel is shown in Figure 2-2.

The front panel buttons are used for entering commands and information into the Model 2010D. Provision is also made to support a standard IBM PC compatible PS2 style keyboard (which plugs into the rear panel). If an external keyboard is used, each of the front panel buttons has equivalent keys. In addition, there are several shortcuts available on an external keyboard that are impractical or unavailable from the front panel.

See Appendix B for 2010D front panel button functions and remote keyboard equivalents.




	

	Figure 2.1 Sabio 2010 Menu Tree (yellow indicates frequently used functions)
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	Figure 2-2 Sabio 2010D Front Panel



	Figure 2-3 Sabio 2010D Rear Panel
	[image: ]




2.2.2	Main Screen Layout

The Model 2010D's main screen, which is displayed after the power up routine has been completed, allows operator interaction using a familiar windows-style interface. Figure 2-4 is an example of the Main Screen as it would appear when setting the system time and date.


	[image: ]

	Figure 2-4 The Main Screen



The main screen consists of four parts: the menu bar at the top, a status line near the bottom, a function key line at the bottom and a large central area for displaying windows and screens.

The menu bar at the top supports drop-down menus and sub-menus. To select an item, move the selection highlight with the arrow keys to the item of choice and then press the enter button. The end sequence (escape) button is used to exit or abort the current operation or to back up through the menus.

If an external keyboard is being used with the 2010D, or if the 2010D is being operated remotely using terminal mode, a quicker way of selecting menu items is available. Each menu or sub-menu item has a "shortcut" letter associated with it. By entering the shortcut letter when a menu is displayed, the associated menu item will be selected. There is no need to press Enter after a shortcut letter, so entering a string of shortcut 1etters is a quick way to navigate a menu path.

Since the display does not support gray-scales, the shortcut letters are not evident from the front panel, but they are usually the first letter of the menu item. For example, by entering "SE" on an external keyboard, the Sequence Edit screen will be selected. 
When operating the 2010D via a serial port in terminal mode, the shortcut keys are indicated as a different color, as shown in the figure below.
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	Figure 2-5 External Keyboard
Shortcuts in Terminal Mode



Near the bottom of the screen, a status line displays information about the current state of the 2010D. The following information may be found on the status line:

	
Time and date
	The current time and date is always displayed at the left side of the status line. The format in which the date is displayed may be changed from the Set Time and Date screen under the System menu. 


	Status Message
	To the right of the status line, a short status message may be displayed. This message might indicate that a certain mode of operation has been selected or, if a sequence is active, will indicate the active sequence name and point.


	COM1, COM2
	To the right of the3 status message area a COM1 and/ or COM2 indicator will appear when the associated communication port is active.


	ALT
	If the ALT key is pressed on the front panel, an "ALT" indicator will be shown on the status line. Pressing buttons on the front panel while in ALT mode causes the alternate key definitions (indicated to the upper left of the key) to be selected.


	OVR/INS
	To the far right of the status line the “OVR” indicator is usually shown, indicating that the unit is in overwrite mode.  Pressing the INS button will change this indicator to “INS” indicating that insert mode has been selected.



The bottom line of the screen displays the functions associated with the seven function keys, F1 through F7.

The remaining portion of the screen is used to display menus, set-up screens, and system status information.

A screen saver program will blank the screen if there is no user input from the keypad/keyboard or serial communications ports.  To re-illuminate the screen, press the sun button.

2.2.3	Main Menu Topics

The current Menu is broken up into seven main topics: Sequences, Gases, System, Devices, Comm, Status and Diag. A brief description of each main menu item follows. Note the underlined letter in each menu name, which represents the short-cut key that is available when using an external keyboard. 

	Sequences
	The Sequences menu item invokes screens for defining, editing, viewing, deleting, running and aborting calibration sequences.

	Gases
	The Gases menu item invokes screens to define gas table items, gas standards and assign gas standards to ports. Screens are provided for defining, editing, viewing, these items.

	System
	The System menu is used to set-up system parameters, set the clock, re-start the program and exit to the DOS operating system.
 

	Devices
	The dilution unit, ozone generator, and photometer are covered under the Devices topic. Options, parameters, and calibration routines are provided for these devices.


	Comm
	The Communications topic is used to configure the serial communications ports for remote terminal communications or command mode operation. 


	Status
	The Status option is used to display status information for the system when it is idle or while calibration routines are running.


	Diag
	System diagnostic routines are made available by the Diag menu option.



2.2.4	Using the 2010D Screens

	Error Popup
	If an error occurs while operating e 2010D, an Error Popup containing the error message will be displayed. The Error Popup will prevent any other actions until it is acknowledged by pressing the Enter button.


	Confirmation Popup
	Sometimes, When a critical operation is performed, the 2010D may pop up a box with a message asking if the user really wants to perform a change. For example, when the End Sequence button is pressed after an item has been changed in an Edit Screen, the following box will be popped up: 
[image: ]
Figure 2.3 Confirmation Pop-up
Confirmation Pop-ups remain active, preventing any other action(s), until the user responds by positioning the highlight over the appropriate response and pressing Enter. If an external keyboard is being used, the user can respond simply by pressing "Y" or "N". Pressing End Sequence causes the Confirmation Pop-up to disappear, returning the user to the original screen without changing anything. 


	View Screen
	Some screens are displayed for informational purposes only. View Screens generally allow configuration information to be viewed but don‘t allow the contents to be altered. View may 
be removed by pressing the End Sequence key.


	Status Screen
	Status Screens contain information about the current operation of the 2010D. Information presented in these screens is updated each second. Status Screens are removed by pressing the End Sequence key.


	Edit Screen
	Edit screens allow the user to enter or change information. Pressing Escape after making a change to an Edit Screen will cause a Confirmation Popup to appear, asking if the screen should be saved.


2.2.5	Edit Screens

Edit screens are the main mechanism by which a user configures the 2010D. These screens are usually called up by selecting menu items associated with setup functions and contain one or more "fields" for entering or changing data.

Using Edit screens is very simple. Usually, the F (Shift-TAB) and F3 (TAB) keys are used to move the cursor to the field that contains the data to be entered or changed. Alternatively, the Enter button may be used to move to the next field. After entering the appropriate information, the Enter button can be pressed or the cursor moved to another field in order to confirm the change. If inappropriate information is entered into the field, an Error Popup will be presented when an attempt is made to confirm the change.

Pressing the End Sequence button will exit the Edit Screen. The contents of the screen will be validated at this time and an Error Popup will be presented if something is wrong. If there is a validation error, the Error Popup must be acknowledged and the error corrected before continuing. If there are no errors, a Confirmation Dialog will be presented asking if the changes should be saved or discarded. Selecting "Yes" will exit the screen and save the changes.

There are a number of different types of data entry fields, each intended for entering or changing a different type of data. The first page of the Edit Sequence screen, shown in Figure 2-6, contains most of the data entry field types. 
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	Figure 2-6 Data Edit Screen




Following are descriptions of the various data entry fields that may be encountered in an Edit Screen/ along with examples taken from the Edit Sequence screen.
 
A. Text Edit Field

	[image: ]

	Figure 2-7 Text Edit Field



The Text Edit Field allows alpha-numeric information such as sequence names, gas names, etc. to be entered. The cursor may be moved around within a field by using the left and right arrow buttons. The Del and BS buttons may be used to delete characters while the Ins button will toggle the overwrite/insert state, determining whether the entered text will overwrite or be inserted into existing text.

B. Integer Edit Field
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	Figure 2-8 Integer Edit Field



The Integer Edit Field allows whole numbers to be entered.

C. Number Edit Field
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	Figure 2-9 Number Edit Field



The Number Edit Field allows floating-point decimal points to be entered. Some Number Edit Fields have engineering units associated with them.  If so, the units   can often be changed by pressing the F7 key to toggle through the available unit options. Changing the units automatically causes the contents of the field to be recalculated and presented in terms of the new units. This allows numeric information to be entered or viewed in alternate units of measurement. If a number is too large to fit in the Number Edit Field, the field will be filled with “#” characters. 

D. Digital I/O Field

Not used by ARB.

E. Radio Buttons
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	Figure 2-10 Radio Buttons



Radio Buttons allow an item to be selected from a list of options. Radio buttons are presented in groups of two or more; each group being considered as a single field. The arrow keys may be used to move between the radio buttons and the Enter or Space button used to select it. The selected item is indicated by an “*” inside the parenthesis. Selecting a radio button de-selects all other buttons in the same group. Some radio buttons are intended or answering yes/no questions. These Radio Buttons may be selected by entering "Y" or "N".

F. Check Boxes
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	Figure 2-11 Radio Buttons



Check Boxes are similar to Radio Buttons in that they allow options to be selected, however any number of Check Boxes in a group may be selected. Check Boxes are selected by entering "1", "+", "Y" or "X", de-selected by entering "0", "-" or "N" or toggled by entering "." or Space. Though they may be presented in groups on the screen, each Check Box is considered to be a separate field.

G. Drop-down List Boxes
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	Figure 2-12 Drop Down List #1



Drop-down list boxes appear similar to Text Edit Fields, however a down-arrow (↓) to the left of the field indicates that a selection list may be dropped by pressing the down arrow or Enter button. When dropped, the Drop-down List Box presents a list of options, as shown below: 
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	Figure 2-13 Drop Down List #2



The Desired item may be selected from the list by using the up and down arrows to position the cursor and then pressing Enter. Arrows to the right of the list indicate when there are more items below or above the visible area of the box.
3.0		CONFIGURATION

The normal operation of the 2010D in AQSB ambient air monitoring operations will be to perform calibrations of the ambient gaseous instruments in ambient air monitoring stations. Pre-programmed calibration sequences (set up by the user) in the Sequences menu are performed with the 2010D using 6.0 SLPM of zero/dilution air and various levels of high concentration gas. (NOTE: Teledyne Advanced Pollution Instrumentation (TAPI) recommends the total flow be at least 150% of total instrument sample flow rates.) Calibration gases are delivered to the instruments either via the station manifold or directly to the sample port on the analyzers. If calibrating through the station manifold, the station by-pass pump, if used, must be tuned off to ensure the TAPI 150% recommendation is met. If calibrating directly to the sample port of an analyzer be sure to use a “T” to avoid pressurizing the analyzer.

Before the Model 2010D can perform calibrations, it must be configured for the intended application. The following list of tasks must be initiated prior to placing the unit in service:
· Set the Model 2010D' s time and date as described in the Subsection 3.1of this SOP “Setting the Time and Date".
· Select the source gas and diluent gas. This is covered in the "Installation" section of the 2010D Operations Manual which begins on page 4-1.
· Determine source and diluent port usage on the rear panel of the Model 2010D. This is covered in the "Installation" section of the 2010D Operations Manual which begins on page 4-1.
· Set-up the 2010D for your specific calibrations. This is covered in the "Model 2010D Calibration Set-up” section of the 2010D Operations Manual which begins on page 6-1. 
· Verify and/or calibrate the flow controllers and the ozone generator. This topic, covered in "Calibrating Model 2010D Components" section of the 2010D Operations Manual which begins on page 8-1. NOTE: THIS STEP IS PERFORMED BY THE MLD STANDARDS LAB AND SHOULD NOT BE ATTEMPTED IN THE FIELD.

The Operation & Data Support Section’s Instrument Laboratory typically sets these parameters, however it is recommended that these values be confirmed prior using the 2010D for station operations.
Care should be taken to leave factory set parameters unchanged. Altering factory parameters can result in improper operation or even damage to the unit. Improper use of the diagnostic routines can also result in damage to the Model 2010D.

3.1		Setting the Time and Date:

	[image: ]

	Figure 3-1 Time-Date Menu



1. From the Main Menu select System and press Enter.  A pop-up will appear.
2. Select Set Clock and press Enter.
3. The pre-selected date format should be mm/dd/yy. If the format needs to be changed, use either a “/” or “-“as a separator character.
4. Set the date and time by entering the current date and time. It is not necessary to use the “/” or “-“separator characters. Be sure to always set the time to Pacific Standard Time (PST).
5. Upon completion, press the End Sequence button. You will be prompted to save the information or not. The cursor will be on the “Y” for saving.  Press the Enter button to save the updated information. If you do not wish to save the information, arrow to the “N” and press the Enter button.

3.2	Calibration Set-up

Before the Model 2010D can perform gas dilutions or calibrations, certain application-specific information must be entered. The following steps describe the basic set-up operations that must be performed before using the 2010D for calibrations: 
1. Verify that all source and diluent gases that will be used for calibrations are present in the Gas Table supplied from the factory. If not, add gases as described Section 3.3. 
2. Set-up a "Gas Standard" for each gas cylinder that will be attached to the source inlet ports, following the procedure described in Section 3.4. 
3. Assign diluent gases and Gas Standards to the appropriate diluent and source inlet ports as described in Section 3.5. 
4. Set-up calibration "Sequences" as described in Section 3.6. Sequences define the flow rates, concentrations, timing and other parameters for specific programmed calibration sessions that are to be subsequently performed. 
5. If necessary, set the time and date to local time as described in Section 3.1.


3.3	Set-up Gases

The Model 2010D is delivered from the factory with a Gas Table that contains the names, chemical symbols, flow correction factors and molar constants for commonly used gases. Ordinarily, it is not necessary to modify this table, however if a gas that will be used for calibrations is not included in the table, it will be necessary to add it. Gases may be added to the Gas Table as follows: 
1. Select Gases from the main menu and press the Enter button. A pop-up menu will appear. 
2. Select Gas Table and press the Enter button. Another pop-up menu will appear. This menu lists the following options: View to view the Gas Table, New to add a gas, Edit to modify a gas and Delete to remove a gas from the table. 
3. To add a gas, select New and press the Enter button. The New Gas Table Entry screen shown in Figure 3-2 will appear.

	New Gas Table Entry

	Gas Name …………………………………..: NITROGEN
Chemical Symbol ………………………..: N2
Flow Correction factor …………………: 1.000
Molar Constant……………………………:                     <Required for permeation devices>

	              Figure 3-2 New Gas Screen


4. Enter the name of the gas, its chemical symbol and a flow correction factor. No value for Molar Constant needs to be entered since the 2010D configurations utilized by CARB do not include a permeation device.
5. To save the gas, press the End Sequence button and answer yes to the confirming dialog box.
6. If additional gases are needed, repeat steps 4 and 5.
7. To return to the main menu, press the End Sequence button until only the main menu appears on the screen.
It may be desirable to delete unnecessary gases from the Gas Table in order to reduce the size of the selection list. The following steps will delete a gas from the Gas Table:
1. From the main menu select Gases and press the Enter button. A pop-up menu will appear.
2. Select Gas Table and press the Enter button. Select Delete and press the Enter button. The pop-up screen Delete Gas Table Entry will appear. By pressing Enter, a drop-down list of the gases in the Gas Table will appear. 
3. Select the gas you want to delete and press the Enter button. A screen with the prompt to delete or ignore will appear. If you wish to delete gas, select Yes and press the Enter button. To ignore, select the No and press the Enter button. This step may be repeated as necessary to delete additional gases.

3.4	Set-up Gas Standards
Each compressed gas cylinder attached to a source inlet port must be set-up as a "Gas Standard". Gas Standards may be set-up as follows: 
1. Select Gases from the main menu and press the Enter button.  A pop-up menu will appear. 
2. Select Gas Standards and press the Enter button. Another pop-up menu will appear. This menu lists the following options: View to view the Gas Standards, New to add a Gas Standard, Edit to modify a Gas Standard and Delete to remove a Gas Standard. 
3. To add a Gas Standard select New and press the Enter button. The New Gas Standard screen shown in Figure 3-3 will appear. 
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	Figure 3-3 New Gas Standard Screen



4. Enter a unique name for the Gas Standard, its serial number, its expiration date and the carrier gas.

5. Select a gas for the first component by positioning the cursor over a Component Gas field and pressing Enter. Select a gas name and symbol from the drop-down list and press Enter to proceed to the concentration field. If a gas is not present in the list, it may be added by following the procedure in Section 3.3. 
6. Enter the concentration of the gas in the cylinder. Be sure to observe the units of measure listed to the right. If you want to enter the gas in different units, move to the next field by pressing F3, change the units as described in step 7 and move back to the concentration field by pressing F2. 
7. By pressing Enter over the units for a gas, alternate units of measure for that gas component can be selected from a drop-down list. The concentration previously entered in the field will automatically be adjusted to the selected units. 
8. Repeat steps 5 and 6 until all components in the Gas Standard have been entered. 
9. To save the Gas Standard, press the End Sequence button and answer yes to the confirming dialog box. To create another Gas Standard, repeat steps 4 through 9. 
10. To return to the main menu, press the End Sequence button until only the main menu appears on the screen.

3.5	Diluent and Source Port Assignments 
A diluent gas must be assigned to one or more diluent ports and a Gas Standard must be assigned to one or more source ports before dilution calibration sequences can be set-up. To assign diluent gases and Gas Standards to inlet ports, use the following steps: 
1. Select Gases from the main menu and press the Enter button. A pop-up menu will appear. 
2. Select Port Assignments and press the Enter button. Another pop-up menu will appear. This menu lists the following options: View to view Port Assignments and Edit to modify the Port Assignments. 

3. Select Edit and press the Enter button. The Edit Port Assignments screen shown in Figure 3-4 will appear. This screen lists all the diluent ports and source ports installed in the unit (the standard 2010D has one diluent and three source ports). For each port, a drop-down selection box is available for selecting a gas or Gas Standard that is to be associated with that port.
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	Figure 3-4 Edit Port Assignments Screen



4. For each diluent port that will be used, select a diluent gas by positioning the cursor over the port's selection box and pressing Enter. A drop-down list will appear with your choices for the diluent gas. The diluent is usually air if a zero air generator is used for providing the diluent. Nitrogen or other cylinder gas may also be used, however if ozone or GPT calibrations are to be performed, the diluent must be air with the normal percentage of oxygen.
If the needed diluent gas is not listed, it may be added by performing the steps described in Section 3.3 "Set-up Gases".
5. For each Source Port that will be used, select a Gas Standard by positioning the cursor over the Source Port’s selection box and pressing Enter. A drop-down list will appear with a list of Gas Standards. If the Gas Standard is not present in the drop-down list, it may be added by performing the steps described in Section 3.4 "Set-up Gas Standards".
6. To save the Port Assignments, press the End Sequence button and answer Yes to the confirming dialog box.
7. To return to the main menu, press the End Sequence button until only the main menu appears on the screen. 

3.6	Introduction to Initializing Calibration Sequences

Calibration sequences are templates that are used for defining calibrations. Each sequence is composed of up to 20 calibration points, each point representing a concentration of a calibration gas. Sequences may be controlled externally, internally or may be used when performing manual calibrations. The calibration 
sequences are stored in non-volatile memory for usage at a later 
time.


The Model 2010D supports four types of calibration sequences. These sequences are:

	Gas Dilution 
	A metered quantity of source gas is diluted with a metered quantity of diluent. Note: The source gas could be from a multiple blend cylinder. 

	Ozone
	A metered quantity of diluent is irradiated by a precisely controlled ultraviolet lamp in order to produce ozone. 

	Gas Phase Titration 
	A metered quantity of source gas is diluted with a metered quantity of ozonated diluent. 


	Multi-Gas Sequence 
	Each point of a Multi-Gas Sequence may be of a different type and use a different source gas


Table 2.1 Types of Calibration Sequences

The first three sequence types may be used when all points in the sequence represent the same type and the same source gas. The Multi-Gas Sequence, though more difficult to set-up than the other types, provides the most flexibility, allowing the Gas Standard, gas component, source MFC and Instrument Solenoids to be independently selected for each point. This allows multiple types of calibrations to be performed from within the same sequence. 
A number of things should be considered when defining calibration sequences:

· Ozone concentrations used in ozone and GPT calibrations are most precise when the diluent flow is set the same as that used for calibration of the ozone generator. ARB Standards Lab calibrations of the ozone generator are performed at 5,900 cc/min of diluent and 100 cc/min of ozone flow for a total flow of 6,000 cc/rnin. 
· High instrument flows limit the range of the diluting process and result in higher source gas usage. 
· Up to 20 calibration sequences may be predefined with up to 20 calibration points allowed per sequence. 

3.7	Defining Calibration Sequences

Calibration sequences are defined in a multi-page dialog box that is 3 pages long for most sequence types and 5 pages for Multi-gas sequences. The page down and page up keys (F5 and F4, respectively) may be used to switch from page to page. The first page contains information common to all calibration points. Pages 2 through 3 (or 5) contain the information for the individual calibration points. 
To set-up page 1 of a calibration sequence, perform the following steps: 
1. From the main menu, select Sequences, and press the Enter button. A pop-up menu will appear. 
2. Select New and press the Enter button. The pop-up screen, New Sequence (Page 1 of 3) will appear. See Figure 3-5.
3. Enter a unique name for the sequence (i.e., GPT-Field, Ozone-Field, etc.). Up to 20 characters may be used. Press the Enter button when the full name has been entered.
ARB does not use the Sequence Number field.  Skip this field and move to the area called Sequence Type. 
4. Select the appropriate sequence type. Choices are Gas Dilution, Ozone, Gas Phase Titration and Multi-gas Sequence. Select your choice and press the Enter button. This moves you to the area called Running Order. Note that data entry fields that are irrelevant for the selected sequence type will disappear. 
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	Figure 3-5 New Sequence Screen



5. Select the order in which the calibration points are to run. The choices are Ascending and Descending. The points will be activated in ascending or descending order of the point number; not necessarily in the order of the concentrations. If for example points 1 through 5 were entered as 400, 300, 200, 100, 50, respectively, and you selected Ascending they would run in this order. If you selected Descending, the 50 point would be activated first, then 100, etc. Press the Enter button when your choice is made. You will be moved to the area for selecting the diluent gas. 
6. By pressing the Enter button while in the diluent gas field, the gas choices will appear in a drop-down list. Choose the correct diluent and press the Enter button. If the diluent that you need is not in the list, it can be added as described in Section 3.3. The field that you are moved to will depend upon the sequence type selected earlier. For Dilution, and GPT types, the next field will be the Source Gas. For Ozone and Multi-gas types, you will be moved directly to the Minimum Instrument Flow field. 
7. If you are moved to the Source Gas field, press Enter to drop down a list of Gas Standards that are currently associated with the source inlet ports. If the Gas Standard that you need is not in the list, it can be added as described in Section 3.4 and/or assigned to a source port as described in Section 3.5. Select the appropriate Gas Standard with the arrow keys and press Enter to move to the next field. 
8. Once you have selected the Gas Standard, you will be moved to a field that allows you to select one of the gas components for that standard. Press Enter to drop down the list, select a gas with the arrow keys and press Enter again to move to the next field. If the needed component is not present, it can be added to the Gas Standard as described in Section 3.4.
9. For Dilution and GPT sequence types, you will be moved to a field that allows you to select the source mass flow controller. The standard 2010D has only one source MFC and therefore only one choice.
10. When you are moved to the area of the screen that asks for the Minimum Instrument Flow, enter the minimum total flow necessary not only to supply calibration gas to all attached instruments, but also to provide an excess flow from the outlet manifold’s vent. This will typically be 6 SLPM. (To repeat from earlier: API recommends total flow be at least 150% of total instrument sample flow rates.) Pressing the Enter button confirms your entry and moves you to an area of the screen called Conditioning Period. 

11. Enter the conditioning time needed, in minutes. This is typically set to 0. This is the amount of time you want the calibrator to begin blending and/ or producing span gas or zero air before activating the Instrument Solenoid controlling the device you are calibrating. Press the Enter button when you have entered the duration. This takes you to an area called Sequence Status 
Output.
12. ARB does not use the Status outputs.
13. ARB does not use the Instrument Solenoids. Press the Page Down button (F5) to proceed to page 2. 
You have completed Page 1 of the New Sequence programming.
14. After pressing the F5 key to move to Page 2 of the Sequence setup, the screen shown in Figure 3-6 will appear.
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	Figure 3-6 New Sequence Screen (Single Gas, Page of 3)


The cursor will initially be in the units field for the primary gas concentration. By pressing Enter or the down arrow while the cursor is in the units field, the preferred engineering units for concentrations in this sequence may be selected from a drop-down list (select PPB). All primary gas and ozone concentrations in this sequence will be expressed in the selected units. Pressing the Enter key or F3 will proceed to the next field. 
15. After exiting the units selection field, the cursor will be moved to a field for entering either the Primary or Ozone concentration for point 1, depending upon the Sequence Type that was selected on Page 1. If Gas Dilution or Gas Phase Titration was selected, you will be in the column for entering the Primary concentration. If Ozone was selected, the column of fields for entering primary gas concentrations will be disabled and you will be moved directly to the column for entering the Ozone concentration. 

Enter the primary gas (or ozone) concentration for this point. Remember which units you selected for concentration so that your input is correct. If the number is not in the proper units, you will probably be prompted with a pop-up box showing what the range of concentrations must be for your entry. Enter the number and press the Enter button. You will now be moved either to the Duration column of this screen or to the ozone column if this is a GPT sequence type. 
If this is a GPT sequence, enter an ozone concentration. The ozone concentration should be set to the amount of N02 desired in the output gas for this point and should be less than the primary gas (NO) concentration. NOTE: EPA recommends that at least 80ppb of excess NO exist during titrations. After entering the ozone, press Enter to move to the Duration field. 
Note that, regardless of the allowable range for primary gas and ozone concentrations, zero (0) may be entered. If zero is entered for the primary gas concentration, the 2010D will automatically turn off all source inlet valves to assure that this is truly a "Zero" point. Likewise, for Ozone and GPT sequences, if the ozone concentration is set to zero, the ozone generator will be turned off. 
16. Enter the number of minutes that you wish this calibration point to remain active when the sequence is timer stepped. Press the Enter button and you will be moved to the next point.
17. ARB does not use the Point Status Outputs settings.
18. Repeat steps 15 through 17 until each calibration point for this sequence has been entered. If there more than 10 points in this sequence, press F5 after you have entered the first 10 points. This takes you to page 3, which allows you to program an additional 10 calibration points. Note: ARB multipoint calibrations are typically less than 10 steps.
19. When all points have been defined, the sequence information can be reviewed by pressing F4 and F5 to page up and page down. Information can be edited by positioning the cursor using the F2 and F3 key to move backward or forward between fields and then entering the new information in the highlighted field. 
When finished, press End Sequence from any page. A message will pop up asking if you want to save the sequence. Responding "yes " will save the sequence information you have entered into non-volatile memory. Answering "no" will exit, discarding any information that has been entered. Pressing End Sequence again will return you to the New Sequence screen without saving or discarding information






4.0		OPERATION

4.1	General Information:

This section introduces the user to the day-to-day operation of the 2010D. The operations described here assume that the 2010D has already been configured for a specific application as described in Section 3.

The 2010D mass flow controllers (MFC’s), ozone generator and photometer shall be tested upon initial receipt by the Operation & Data Support Section. Once per year the 2010D MFC’s are calibrated by flow comparisons with a National Institute of Standards and Technology (NIST) traceable flow transfer standard which is certified by the MLD’s Standards Laboratory on an annual schedule. The ozone photometer is calibrated by comparing the 2010D’s ozone response to the MLD Standards lab SRP every six months. The 2010D must also be re-calibrated after major repairs or after significant instrument drift. 

4.2		Calibration Overview:
The 2010D utilizes pre-programmed sequences in which the total flow is set and the desired gas concentrations are indicated by the user. The 2010D refers to (1) the Source Gas table for the cylinder concentrations and (2) to the indicated diluent flow then it calculates the gas MFC flow for each concentration level indicated by the user. During calibrations, the user refers to the Dilution Calibration Status screen’s Monitor column to determine the indicated flow.
Alternatively, the user may input desired flow rates into the Status Screen (in Debug mode) to achieve desired concentrations.
Either way, these “Monitor” flow values are input into the ARB Excel worksheets (available at the ARB Air Monitoring Web Manual -  www.arb.ca.gov/airwebmanual/ ) for each point in the calibration.  The worksheet displays the true flow (and true concentrations) as calculated by the correction equation in the spreadsheet.
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	Figure 4-1 Monitor Flow Value
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	Figure 4-2 Sample of Excel Spreadsheet Flow Data



Prior to starting the calibration procedure, mark down the channels being calibrated on the station data logger.

4.3	Calibration Apparatus: 

The following items should be available prior to conducting analyzer calibrations:

· Sabio 2010D with current certification documents for the MFCs and O3 photometer
· Zero air source capable of delivering 6LPM at 30psi
· Certified gas cylinder with current certification tag
· Teflon tubing, fittings and connectors
· Laptop computer with current calibration spreadsheets 

4.4	Calibrating Multiple Analyzers in One Calibration Session

When using gas blends for auto calibration of multiple analyzers, the Model 2010 has the capability to calculate span concentrations for each gas in the blend. For example, three instruments may be calibrated simultaneously with gas blend containing SO2, NO, and CO. One of these gases must be assigned as the "primary gas" when the sequence is set-up; the other two will be considered secondary gases. The 2010 will automatically calculate the concentrations of all gases in a multi-blend gas standard and present them in the status screen. The concentrations assigned to the primary gas for each sequence point will determine the concentrations of the secondary gases, which are calculated from the dilution ratio needed to produce the primary gas and the relative concentrations of the secondary gases in the gas standard. 

4.5	Performing Semi-Automatic Calibrations

The Model 2010 may be used to perform instrument calibrations either semi-automatically by accessing the programmed calibration sequences or manually, by accessing the Status screen using Debug Mode (Section 4.9). The programmed sequences are found under the main menu area identified as Sequences. The Run item in the sequences menu allows calibrations to be invoked by three methods: Operator Stepped, Timer Stepped (not typcally used by ARB staff), and the Status screen using Debug mode. 

Calibration sequences, Diluent, and Source Gases must be defined before performing manual calibrations. Refer to Section 3.2, "Calibration Set-up", for more information.

Each method of performing manual calibrations is described in the subsections that follow.

4.6	Pre-defined Operator Stepped Manual Calibration

To perform a manual calibration using predefined or programmed sequences, perform the following steps:

1. From the Main Menu screen, select Sequences and press the Enter button. A pop-up menu will appear.

2. Select Run, and press the Enter button. Another pop-up menu will appear that allows the choice of which type of manual calibration you wish to use.

3. Select Operator Stepped from the menu and. press the Enter button. A list of sequences that have been predefined or programmed will appear (see Figure 4-3).
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	Figure 4-3 Manual Sequences Selection Menu



4. Select the sequence containing the point you want to run. The "Select a Point to Run" screen shown in Figure 4-4 will appear, displaying the Sequence Name and Type”, the Primary Gas Name and concentrations for each point in the sequence and a box entitled "Run Point Number", which will allow the user to select a calibration point to run.
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	Figure 4-4 “Select a Point to Run” Screen 



5. Select a calibration point to run by entering a number corresponding to the desired calibration point and then press the Enter button. The selected sequence point will be started and a status screen will appear (see example in Figure 4-5). The type of the status screen that appears will depend upon which type of sequence is started. Near the bottom of the screen, on the status line, the name of the sequence and the active point number will be displayed. 
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	Figure 4-5 Sequences Status Screen



6. Allow an appropriate amount of time for the analyzer to stabilize before recording concentrations. When ready for the next point, press the End Sequence button to exit the status screen and return to the "Select a Point to Run” screen. Select another calibration point by entering the point number and pressing the Enter button. Repeat this process for each calibration point.

7. To end the calibration session, press the End Sequence button until a box appears with Yes or No to abort the active sequence. Select Yes and press the Enter button to abort the sequence. Select No and press the Enter button if you wish to keep the sequence active.
4.7	Timer Stepped Manual Calibration (not typically used by ARB staff)

Starting a Timer Stepped manual calibration is very similar to starting an Operator Stepped manual calibration, except that a calibration point is not selected and the 2010 automatically steps the sequence through each point based on the point's duration. To perform a Timer Stepped manual calibration, the following steps are performed:

1. From the Main Menu screen, select Sequences and press the Enter button. A pop-up menu will appear.

2. Select Run, and press the Enter button. Select Timer Stepped from the menu and press the Enter button. A list of the defined sequences will appear.

3. Select the sequence you wish to run and press the Enter button. The first point of the selected sequence point will be started and a status screen relevant for the selected sequence type will, appear as shown in Figure 4-3. The status line near the bottom of the screen will indicate which sequence and point is active.

4. At this time the 2010’s timer will be in control of the calibration process and will step through each calibration point in the sequence. The 2010 will hold each point for the duration that was entered when the sequence was set-up.

5. To end the calibration session, press the End Sequence button until d box appears with Yes or No to abort the active sequence. Select Yes and press the Enter button to abort the sequence. Select No and press the Enter button if you wish to keep the sequence active.

4.8	Viewing Calibration Status

Pressing the Status button (or the F8 key on an external keyboard) or selecting "Status" from the main menu will cause a status screen to be displayed. The status screen is also displayed automatically when a manual calibration sequence is started. The status screen presents information about the calibration in progress, such as the control and monitor values of the flow controllers, temperature controllers and ozone generator, the states of the solenoid valves and calculated values such as total flow and diluted gas concentrations.

There are five main status screens: 
· Idle (see Figure 4-6)
· Dilution (see Figure 4-7)
· Ozone (see Figure 4-8)
· GPT (see Figure 5-9)
· Photometer (see Figure 4-13)

The type of status screen that is displayed depends upon the type of sequence that is currently active.

At the top of each status screen are selection buttons which allow the status information to be presented in either engineering units or voltage units. To select a different display mode, press one of the arrow buttons and then press Enter to select. An easier method is to simply press the F6 key to toggle between engineering and voltage units.

Following are examples of the main types of status screens:
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	Figure 4-6 The Idle Sequence Screen
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	Figure 4-7 The Dilution Status Screen
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	Figure 4-8 The Ozone Status Screen
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	Figure 4-9 The GPT Status Screen





4.9	Performing Manual Calibrations using the Status Screen (using Debug Mode)

This operation may be most familiar to ARB staff as the following describes a procedure similar to one used with previously employed calibrators.

Normally, when a status screen is displayed, the only item that can be changed is the engineering or voltage units selector button, however by entering debug mode, any of the control values or solenoid valves may be changed. This is a very useful feature, allowing devices to be tested individually or manual calibrations to be performed. Debug mode is toggled on or off by pressing the "Diag." Button on the front panel or F11 on an external keyboard while the status screen is displayed.

Before performing calibrations using Debug mode, it is important that the user has a good understanding of the pneumatic operation of the 2010 and the purposes of its various flow controllers and solenoid valves. In this mode, it is entirely up to the user to manually activate the appropriate solenoid valves, flows rates, ozone generator, etc. for the desired result. It is also up to the user to calculate the flow rates needed for the desired gas concentrations.

See subsection Performing Manual Calibrations using the Status Screen in Section 5 of the 2010D Operations Manual for a detailed discussion on Status screens and Debug Mode.

4.10	Calibrating a Station Ozone Generator
Plumb the Sabio Dilution 1 Port to an independent station zero air system capable of delivering 16LPM at 35psi.  NOTE: the Sabio Dilution 1 Port and the Station Calibrator MUST be connected to the same zero air source.
1. Disable manifold by-pass pump.

2. Cap unused source and out ports.
3. Connect tubing from Vent and Photometer Exhaust to station exhaust.
4. Disconnect the Teflon® tubing connected to the Sabio O3 Photometer Module Sample In port. See Figure 4-10.


Photometer Sample In port
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	Figure 4-10 Photometer Plumbing



5. Plumb the Sabio O3 Photometer Module Sample In Port to a port near the bottom of the station sample manifold.

6. Plumb the station calibrator to the top port of station sample manifold.

7. Station Calibrator: start a zero point and record any pertinent data on the Ozone Generator tab of the Station Calibrator worksheet.

8. At the Sabio2010D: Devices / Ozone Photometer / Photometer Parameters

9. Change the Continuous Monitor from NO to YES, and save setting.
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	Figure 4-11 Photometer Parameters Screen #1
Continuous Monitor - No
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	Figure 4-12 Photometer Parameters Screen  #2
Continuous Monitor - Yes



10. Status / Photometer Status: read Measured Ozone (in the Monitor column) for all generated concentrations.
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	Figure 4- 13 Photometer Status Screen



11. After a successful O3 generator calibration:
a. Devices / Ozone Photometer / Photometer Parameters
b. Change the Continuous Monitor from YES to NO, then save setting.

12. Re-plumb Teflon® tube to the Sample In port on the Sabio O3 Photometer.
13. Restore all tubing and connections back to normal for the station manifold and Sabio.


5.0	ROUTINE SERVICE CHECKS

5.1	General Information:

The 2010D should be monitored for producing consistent values in the Status screens.  Abnormal values or performance will require further investigation.

5.1	Daily Checks:

Monitor the Status Screen values for consistency.

Confirm the fan is operational.

5.2	Semi-annual Checks:

The 2010D photometer requires semi-annual re-certification at the MLD Standards Lab.

5.3	Annual Checks:

The 2010D mass flow controllers require annual re-certification at the MLD Standards Lab.

6.0	MAINTENANCE PROCEDURES

6.1		General Information:

Since the 2010D is a transfer standard, maintenance or modifications in the field are discouraged as any adjustments would likely require a re-certification of the component being worked on.

6.2	Gas Cylinder Maintenance

· Superblend cylinders can NOT be used with a cylinder pressure less than 300psi.
 
· Superblend Cylinders must NOT be used past the expiration date regardless of remaining pressure.

· Superblend output pressure should be set at 30psi from the regulator.

6.3		Photometer Maintenance

The photometer leak check procedure is in Section 7.2.

If the photometer flow or pressure requires adjustment, this procedure should be performed by the ARB OS&DS’ Instrument Laboratory as it will require a calibration by the MLD Standards Lab after such an adjustment.

7.0		TROUBLESHOOTING

7.1	Viewing Diagnostic Information

Occasionally, it is necessary to directly view the 2010D analog inputs or outputs to troubleshoot issues. The "Diag" (Diagnostics) menu is provided for this purpose. There are four entries under the Diag menu: Analog Inputs, Analog Outputs, Control Output and Monitor I/O Bits. These diagnostic screens, which present the data in real time, updated each second, are described in more detail in Section 5 of the 2010D Operations Manual.

7.2	Leak Test

Leaks are the most likely failure mode of gas calibration equipment. The following procedure is specific for the 2010D.

1. At the rear panel of the unit:
a. Connect a zero air source to the Diluent 1 port and set the pressure to 30 PSI.
b. Connect a 0-60 pressure gauge to the Vent port.
c. Cap/plug all other Output ports (1-5). Make sure the caps are tight.

2. Turn on the Sabio 2010D and navigate to “Status” on the Menu Bar using the arrow keys on the keyboard or keypad. At the “Status” option, press enter to display the Idle Sequence Status Screen.

3. At the Idle Sequence Status Screen:
a. Press Alt-D using the keyboard or press the Diag. button on the front panel to enter Debug Mode. Note, the Debug Mode message on the bottom of the screen will appear (briefly) and then press enter to proceed with editing in the Idle Sequence Status screen.  Refer to Figure 7.1 for details.
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Figure 7.1 Leak Check Screen 1 – Debug Mode

4. Diluent Gas Pneumatic Check

a. [TAB]/ [ENTER] using a keyboard, [ENTER] using the keypad down to Diluent MFC and enter 6 SLPM.  Then press [ENTER]. This will open the Diluent Solenoid Valve allowing air to flow from the Diluent 1 port through the Diluent MFC and to the Output ports, which are capped.  Pressure will start increasing on the gauge.  Allow the pressure to reach 30 PSI.  

Note: the Diluent and Output Solenoid Valves are actuated as indicated by an [X] within the brackets as shown in Figure 7.1
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Figure 7.2 Leak Check Screen 2 – Diluent Check

b.  Once your pressure gauge has reached 30 PSI, deactivate the Diluent Solenoid Valve by navigating to the Diluent [X] and pressing the Space Bar using a keyboard or the Back Space (BS) button on the keypad.  The Diluent Solenoid will go from [X] to [  ] which will deactivate the Dilution Solenoid Valve.  Deactivating the Solenoid Valve will keep the pneumatic system pressurized from the output of the Dilution Solenoid valve to the pressure gauge connected to the Vent port.
c. Note the current pressure displayed on the gauge, tap the gauge to re-affirm reading.  Allow the unit to sit idle for five minutes before checking the pressure reading again.  The unit should not drop more than 1 PSI within five minutes to pass the leak check.  
d. Proceed to the next step if the pneumatic system is holding pressure to within 1 PSI for five minutes.  Otherwise, contact the manufacturer for support.

5. Source Gas Pneumatic Check

a. The previous steps tested the dilution portion of the system including the ozone generator all the way up to the Source 1 MFC.  The next steps will include the Source portion of the pneumatic system all the way up to the input of the Source Solenoid Valves to the output of the Purge Solenoid Valve.
b. Remain in the Idle Sequence Status window with the Dilution MFC set to 6 SLPM and the Dilution and Output Solenoid Valve(s) activated [X].
c. Cap/plug Source Ports 1-4 and the Purge.
d. [TAB]/ [ENTER] using a keyboard, [ENTER] using the keypad down to Source MFC, enter 50 SCCM as shown in Figure 7.2, and press [ENTER].
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Figure 7.3 Leak Check Screen 3 – Source Gas Check
e. Activate Source 1-4 and the Purge Solenoid Valve (s) to [X] as shown in Figure 7.3 by pressing the Space Bar using a keyboard or the Back Space (BS) button on the keypad.  
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Figure 7.4 Leak Check Screen 4 – Gas Check
f. Once your pressure gauge has reached 30 PSI, deactivate the Diluent Solenoid Valve by navigating to the Diluent [X] and pressing the Space Bar using a keyboard or the Back Space (BS) button on the keypad.  The Diluent Solenoid Valve will go from [X] to [  ] which will deactivate the Dilution Solenoid.  
g. Note, the current pressure displayed on the gauge, tap the gauge to re-affirm reading.  Allow the unit to sit idle for five minutes before checking the pressure reading again.  The unit should not drop more than 1 PSI within five minutes to pass the leak check.  
h. Proceed to the next step if the pneumatic system is holding pressure to within 1 PSI for five minutes.  Otherwise, contact the manufacturer for support.
i. [ ESC ] on the keyboard or (Esc) on the keypad to abort the active sequence and continue with your operation.  You will need to select “Yes” to abort by pressing [ ENTER ] on the keyboard or (Enter) on the keypad.

6. Photometer Leak Check
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	Figure 7.5 Photometer Leak Check Set-up



Leaks can develop due to the deformation of seals or by loosening of connections due to vibration. A leak within the Photometer assembly or in the pneumatic path before the Photometer can result in erratic or low span readings. A leak between the Photometer and pump can result in low flow or erroneous pressure indications.

The following procedure may be followed to test the Photometer sample path for leaks: 

1. With the Model 2010D powered off and disconnected from power, remove the cover from the unit. 
2. Using a 9/16" wrench, disconnect the hose connected to the fitting labeled Vacuum Source as shown on Figure 7-5. 
3. Using a 9/16” wrench, remove the 3-Way valve connection from the sample tee and plug the horizontal port with a suitable cap. Refer to Figure 7-5 for details.
4. Apply the vacuum source and monitor for any loss. The vacuum source should read approximately 15 inHg and system should maintain the initial value for 5 minutes to insure system integrity.
5. If there appears to be a leak, make sure that the sample column bushing and fittings are pressing the O-rings sufficiently to maintain a proper seal. The compression on the O-rings can be changed by screwing the fitting side of the sample column out. Do not adjust the placement of the bushing or fitting by loosening the set screws unless it is absolutely necessary for proper O- ring compression.
6. Replace all connections and place the cover back on the calibrator.

7.3	Troubleshooting Guide for Calibrations:

O3/NO2 OK; All other parameters (CO, SO2, THC, CH4) greater than 5 percent.
· Check certified calibration cylinder, regulator output, gas tubing. 
· Check 2010D air/gas flows. 

Only one (O3, NO2, CO, SO2, THC, CH4) not OK.
· Check individual instruments and related, supply lines, pumps. 
· Check manifold connections and individual tubing. 

O3/NO2 not OK, other parameters (CO, SO2, THC, CH4) OK.
· Check 2010 ozone generator. 
· Check for proper zero total air flow supply dew point levels of zero air supply
· Check for proper zero air-flow in O3 generator 
· Check individual tubing for O3/NO2 analyzers. 
· Check for probe/manifold problems or contamination 

If gaseous analyzers vary more than 10 percent or 7 percent for ozone on auto-cals(Precision/Span Checks), and the following conditions are met, then perform a calibration:
· proper zero air supply - ok
· Station calibrator programming and operation - ok
· Station calibrator output tubing to probe and manifold - ok
· Station bypass pump, if applicable - ok

Response to Precision/Span checks on analyzers less than 5 percent. 
· No actions necessary
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Appendix A
Sabio 2010 Quick Start Guide


SABIO 2010 QUICK START GUIDE
1. Set-up Ports: Gases/Port Assignments/View or Edit as desired <ESC>, Save
· Note: Diluent Port = Air | Source Port = MULTI-BLEND
2. Set-up gas cylinder information: 
· Gases/Gas Standards/New/Complete screen <ESC>, Save or,
· Gases/Gas Standards/Edit/change parameters <ESC>, Save
3. Set-up Sequences: Sequences/New/ Complete screens 1 and 2
	Sequence Type
	Used for 

	Gas Dilution
	CO, SO2, CH4

	Ozone
	Ozone only

	Gas Phase Titration
	NO/NO2/NOx, can be used for other gases during non-titration steps



· See Sequence Set-up Guide Table below for further guidance:
· Complete rest of New Sequence Screen (1 of 3) screen. 
· When screen 1 of 3 is completed, <F5> (Page Down) to next page. 
· After completing Screen 2 of 3, <ESC>, Save

SEQUENCE SET-UP GUIDE TABLE
	Page of 1 of 3
	
	
	

	Sequence Name
	Ozone – Field
	TCO - Field
	GPT - Field

	Sequence #
	Leave blank
	Leave blank
	Leave blank

	Sequence Type
	Ozone
	Gas Dilution
	Gas-Phase Titration

	Running order
	Ascending
	Ascending
	Ascending

	Diluent Gas
	AIR
	AIR
	AIR

	Source Gas
	<Ozone>
	MULTI-BLEND
	MULTI-BLEND

	Primary Gas
	Leave blank
	CO
	NO

	Source MFC
	Source 1
	Source 1
	Source 1

	Minimum Instrument Flow
	6.0 SLPM
	6.0 SLPM
	6.0 SLPM

	Conditioning period
	0
	0
	0

	Sequence Status Output
	Do not edit
	Do not edit
	Do not edit

	Page of 2 of 3
	
	
	

	Concentration (ppm, ppb)
	PPM
	PPM
	PPM

	Point 1: Primary / Ozone / Duration
	Blank / 0.000 / 20
	0.000 / Blank / 15
	0.000 / 0.000/ 15

	Point 2:  Primary / Ozone / Duration
	Blank / 0.400 / 30
	4.200 / Blank /  20
	0.410 / 0.000 / 30

	Point 3:  Primary / Ozone / Duration
	Blank / 0.250 / 20
	3.300 / Blank /  20
	0.410 / 0.320 / 20

	Point 4:  Primary / Ozone / Duration
	Blank / 0.125 / 20
	2.200 / Blank / 20
	0.325 / 0.000 / 20

	Point 5:  Primary / Ozone / Duration
	Blank / 0.050 / 20
	1.550 / Blank / 20
	0.250 / 0.000 / 20

	Point 6:  Primary / Ozone / Duration
	Blank / 0.000 / 10
	0.000 / Blank / 10
	0.250 / 0.160 / 20

	Point 7:  Primary / Ozone / Duration
	Leave blank
	Leave blank
	0.160 / 0.000 / 20

	Point 8:  Primary / Ozone / Duration
	Leave blank
	Leave blank
	0.160 / 0.070 / 20

	Point 9:  Primary / Ozone / Duration
	Leave blank
	Leave blank
	0.000 / 0.000 / 10

	Point 10:  Primary / Ozone / Duration
	Leave blank
	Leave blank
	Leave blank


5. 
Running a Sequence: Sequences/ Run/Operator Stepped/Select a Sequence/ Select a Point number <ENTER>
1. <F1> will advance the sequence from the current calibration Point to the next Point
2. Ozone Sequences:
· When running an Ozone Sequence, the Photometer parameters will appear at the bottom of the screen after initiating a point.  The TOCF from the Standards Lab must be applied to the “Measured Ozone” to calculate the true ozone value.
· If you want to run a point that is not in the sequence, <F11> or Diag.  <TAB> to the Ozone Conc. Control value and change the value to the desired value <ENTER>
3. Gas Dilution and Gas Phase Titration Sequences:
· The correction factors from the Standards Lab must be applied to the “Diluent MFC Monitor” and “Source 1 MFC Monitor” values to calculate the true concentration.
· If you want to run a point that is not in the sequence, <F11> or Diag.  <TAB> to the Source MFC Control value and change the value to the desired value <ENTER>

6. Using the Status screen:
· The Status screen may be used to generate concentrations by entering the Debug mode <F11> (Diag), and editing the MFC Control values

7. Calibrating a Station Ozone Generator:
1. Plumb Sabio Dilution 1 Port to the station zero air system.  NOTE: the Sabio Dilution 1 Port and the Station Calibrator MUST be connected to the same zero air source.
2. Plumb Sabio O3 Photometer Module Sample In Port to a port near the bottom of the sample manifold
3. Plumb Station Calibrator to top of sample manifold
4. Station Calibrator: start a zero point and record any pertinent data on the Ozone Generator worksheet 
5. At the Sabio: Devices / Ozone Photometer / Photometer Parameters
c. Change the Continuous Monitor from NO to YES
d. Status / Photometer Status: read Measured Ozone for all generated concentrations
6. After a successful O3 generator calibration
e. Devices / Ozone Photometer / Photometer Parameters
f. Change the Continuous Monitor from YES to NO
7. Re-plumb Teflon tube to the Sample In port on the Sabio O3 Photometer Module
8. 
Communications:
a. See the SabioRemote program instructions that come with the SabioRemote zip file.
	Comm/Port set-up/Com1 settings:
	Comm/Remote Terminal

	· Remote Terminal Enabled: <*> YES
	Set remote session time out to > 15 minutes 

	· Baud/ Parity/ Stop Bits: 9600,N,1
	

	· Command Mode Enabled: No
	

	· Photometer Log Enabled: No
	

	· Handshaking: None
	




















Appendix B

Sabio 2010 Front Panel Button Functions and
Remote Keyboard Equivalents


The following the front panel tables list the 2010D front panel buttons and their functions. If the equivalent external key is not obvious from the button name, it is indicated in parentheses.


	Button 
	Description

	Function Buttons
	

	F1 – F7
	Function key or button usage varies somewhat throughout the Model 2010D software application. The most common usage follows. Their active usage is given 0 the bottom status line of the application. Generally speaking, buttons F1 - F5 are used consistently throughout the application.


	
F1
	F1 is reserved for future use and currently has no function.


	
F2 (Shift-Tab)
	F2 functions as a Back Tab button moving backward from field to field.


	
F3 (TAB)
	F3 functions as a Tab but to_ for moving forward from field to field.
 

	
F4 (Page Up)
	F4 functions as a Page Up button to move to the previous page or screen.
 

	
F5 (Page Down)
	F5 functions as a Page Down to move forward to the next page or screen.


	
F6
	The F6 button often operates as a toggle button when machine status is displayed. It allows the user to select whether system 
monitor and control signals a e viewed in engineering or voltage units. 


	
F7
	The F7 button often operates as a toggle button when machine status is 'splayed. It allows the user to change the engineering units in which numeric values re displayed and entered.
 





	Button 
	Description

	Special Function Buttons
	

	Standby (Home)
	In most instances the standby by is used to bring the user back to the main menu and place the Model 2010D in standby mode to await further commands.


	Sun Button
	The sun button is used to illuminate the display screen or blank the display screen. In normal mode, the button is pressed to illuminate the display screen and in alternate mode, pressing the button invokes the screen saver to blank the screen.


	Status (F8)
	The status button is used to obtain updated status information about the operation of the calibrator. 


	Set-up (F10)
	This button is used to initiate the setup of calibration sequences.


	Diag (F11)
	Normally used to activate the diagnostics selection menu. If a status screen is active when the Diag button is pressed, it activates the "Debug Mode" allowing control values in the status screen to be changed.


	Print (F12)
	Used to output the current screen contents to a printer attached to the parallel printer port. <not used in ARB operations>


	End Sequence (Esc)
	Serves as an "Escape" key, is used to back out of edit screens and menus. When in the "standby mode", this button terminates calibration sequences that are active.





	
Button 
	Description

	Cursor Control Buttons
	

	Left Arrow
	Moves the cursor to the left.


	Right Arrow
	Moves the cursor to the right.


	Down Arrow
	Moves the cursor down or to scroll down. 


	Up Arrow
	Moves the cursor up or used to scroll the display up. In certain applications it may be used to move to the previous menu item. 


	Edit Buttons
	

	DEL
	This is the character delete button.


	INS
	This is the character insert button. It toggles the edit functions mode and overtype mode.

When the edit function is insert mode, the INS message is displayed on the status bar in the lower right hand portion of the screen. Overtype mode is active when the OVR message is displayed on the status bar.


	<-BS
	This is the back space button. 


	Space
	This is the space character butt n.


	Enter
	This button is used to register field edits, select a menu item and move to the next or previous menu level. The large Enter registers actuation by pressing the left or right side of the button. 






	
Button 
	Description

	Keypad Shift Button
	

	Alt
	The Alt button toggles the alpha/numeric buttons between alpha characters (those displayed above the primary button) and the numeric or special function. 

An ALT message is displayed on the status bar in the lower right hand portion of the screen when the alternate keys are active. 


	Other Alpha/Numeric
Buttons
	The remaining buttons are used for normal alpha/numeric data entry. 


	Special External Keyboard Keys
	

	Alt-D
	This key toggles debug mode on or0 off. When 
in Debug mode, control values in the status screen may be changed.


	Alt-X
	Exit to DOS. 


	Alt-M
	Check memory. The available memory is displayed on the status line.


	Alt-U
	Change the engineering units for the selected field. 


	Alt-V
	Toggle the screen between engineering units. 






Sequences


Run


Remote Activation


Gases


Port Assignments


Gas Standards


System


System Parameters


System Info


Devices


Dilution 
Unit


Ozone Generator


Comm


Port Setup…


Remote Terminal…


Status


Current Status…


Photometer Status…


Diag


Analog I/O


Analog I/O Cal


Schedule…


View


New…


Edit…


Abort…


Delete…


Gas Table


Command mode…


Clear Screen…


Disconnect…


Set Clock


Restart Program


Exit to System


Ozone Photometer


Photometer I/O


Import Setups


Export Setups


Digital I/O


View Photometer
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