EQUIPMENT SPECIFICATIONS

Automatic Gas Calibration System

These specifications describe the minimum acceptable quality and/or performance level of the equipment to be purchased.  Superior alternatives will be considered as compliant to the specifications.  Unless otherwise defined in these specifications, technical terms and testing procedures shall be interpreted as defined in Title 40 of the Code of Federal Regulations (CFR), Part 53.23.

A.

GENERAL SPECIFICATIONS
A.1.0
Equipment Description ‑ these specifications describe and list the physical and operational requirements for programmable, microprocessor based, gas calibration systems which will be used to automatically calibrate continuous ambient air quality measurement systems.

Each calibration system shall automatically provide for the zeroing and multipoint calibration of ambient air quality analyzers that continuously monitor ambient air to determine the concentration of ozone (O3), nitric oxide (NO), nitrogen dioxide (NO2), carbon monoxide (CO), sulfur dioxide (SO2) and Methane (CH4).

The oxides of nitrogen calibration shall incorporate the gas phase titration of NO and O3 for the generation of NO2.  O3 calibration shall be by known concentrations of O3 produced by a stable ozone generator.  

One mass flow controller (MFC) shall control the flowrate of the high concentration gas and one MFC shall control the flowrate of the diluent (zero air).  The effluent from each MFC shall be mixed to generate the desired final concentration of calibration gas.

The system shall have two operating options: manual and program.  The program option shall be capable of actuation from the front panel, from a USB port, from an Ethernet port, from the serial RS‑232 interfaces, from the sensing of a contact closure at the status inputs or from a timer control.  The manual option shall be capable of controlling the operation of the calibrator in real time from the front panel, a USB port, an Ethernet port, or using an RS‑232 interface. 

A.2.0 
Operating and Service Manuals ‑ Two (2) copies of the operating and service manual shall be provided for each unit ordered.  Each manual shall contain theory of operation, installation, operation and maintenance procedures, detailed flow schematics, and complete electrical drawings.  The terminology in the manual shall be consistent with the usage in these specifications.  Each manual shall also contain a complete list of spare parts and recommended spare parts storage levels.  The manuals shall give detailed instructions for the use of the delivered calibrators with all options.  The manuals shall be of the same quality as required by EPA for reference and equivalent analyzers.  The manuals shall include any manuals and schematics for sub‑assemblies purchased from another manufacturer.

 A.3.0
Shipment ‑ the vendor shall ship the equipment no later than 120 days after receipt of a purchase order. 

A.4.0 
Acceptance Test ‑ the acceptance test shall consist of checking the equipment for compliance with the specifications listed herein.  The acceptance test shall be completed within 60 days after receipt.

A.4.1
If the equipment does not meet the specifications listed, the vendor will have one opportunity to repair or replace the equipment to remove all defects.  The equipment will be returned to the vendor freight collect.  The vendor will have 30 days after the original receiving date or 30 days after being informed of any defect (whichever is later) to deliver acceptable units.  The vendor will be responsible for repair of all defects whether or not the defects were initially declared by the purchaser.  After correction of the defects by the vendor the acceptance test duration shall be 60 days after receipt of the repaired equipment.

A.4.2
After the vendor has repaired or replaced the equipment to eliminate the cause for failure, acceptance testing will again be initiated.  Should the equipment again fail to comply with specifications, the equipment will be rejected and the Purchaser may proceed under the General Provisions of the Bid and Contract Rights and Remedies of State for Default.

A.5.0 
Payment ‑ upon presentation of the invoice and after passing the acceptance test, the equipment will be paid for.  Any credit for prompt payment will be based on the date of acceptance or the date the invoice is received, whichever is later.  Payment shall be made for partial shipments of five units.

A.6.0 
Guaranty ‑ the vendor shall provide a written warranty covering the equipment, including components and parts, and field service.  The warranty period shall be for two years.  The warranty period shall begin on the date of acceptance by purchaser.  In the warranty, the vendor shall agree to the following conditions:

A.6.1 
The equipment shall comply with all the specifications listed herein.

A.6.2 
If failure of the equipment occurs during the warranty period, and application of routine troubleshooting procedures described in the operation and service manual identifies the malfunctioning component or part, the vendor shall ship the replacement component to the purchaser at no cost within 72 hours of notification.  The ARB shall ship the bad part back within 72 hours.

A.6.3 
In the event equipment develops a malfunction during the warranty period which cannot be resolved by the application of routine troubleshooting procedures described in the vendor's operation and service manual, the purchaser shall have the option of returning the equipment, at vendor's expense, to the vendor's repair facility.  The vendor shall return the equipment to the purchaser within 45 days after vendor's receipt of defective equipment.

A.6.4 
The vendor shall agree to supply spare parts for the equipment for at least 7 years following the date of acceptance by the purchaser. The vendor shall agree to ship replacement parts to the purchaser within 30 days after receiving a parts order.

A.6.5 
The vendor shall guarantee all replacement parts to be of equal or superior quality to the parts in the original unit.

A.6.6 
The vendor shall pay for shipment of replacement or defective components, parts, or equipment to and from the vendor's repair station during the applicable warranty period.

A.7.0
Pre‑Purchase Inspection ‑ Prior to issue of the purchase order the proposed vendor shall, at the option of the purchaser, deliver to the purchaser a working unit for inspection and test.  The vendor shall have 30 days to deliver the unit after a written request.  The unit delivered for inspection shall be the same as the bid unit(s) with all of the specified options.  The pre‑purchase inspection shall not exceed 30 days.

B.

PHYSICAL SPECIFICATIONS 

B.1

SERVICEABILITY

B.1.1
Each calibration system shall be of a modular design utilizing a mother board concept to allow easy access for servicing.  All electrical connections to and from the printed circuit boards (PCBs) shall be through the motherboard except for

Keyboard/display,

MFCs,

Solenoid valves,

Heater assemblies,

Ultra‑violet (UV) lamp,

Cooling fan,

Power supply,

RS232 I/O,

Status inputs,

Status Outputs,

All test points and adjustments shall be easily accessible without removing any assembly or part.  Each unit shall be fully enclosed in a metal cabinet.  

B.1.2
There shall be a microprocessor controlled leak check procedure available to the user to test the system for leaks.  The microprocessor shall display the flowrate of the leak.  The leak check shall be sensitive to leaks of 1.0 sccm or larger at 10 PSIG.  If user interaction is required, the microprocessor shall prompt the user.  The procedure shall not require more than 20 minutes.  A detailed description of the leak check procedure shall be included in the system operator's manual.

B.1.3
The ozone generator optical feedback detector shall be fixed and not require adjustment when the UV lamp is changed.  The UV lamp installation procedure shall not require readjustment of the lamp orientation.  Within 30 minutes after replacement of the UV lamp, the system shall be ready for calibrating the ozone generator.

B.1.4
All adjustments shall be easily accessible without part removal when rack or table mounted.

B.1.5
The output of the optical detector must be connected to its associated PCB via a cable and connector, making possible the replacement of the PCB without disturbing the ozone generator.  If the detector circuitry is sensitive to external inductance or capacitance, the connecting cable shall be coaxial.

B.1.6
Each calibration system, except calibration systems meant for portable use, shall be equipped with slide rails and all the associated hardware for mounting each system in a standard 19" equipment cabinet.

B.1.7
When the calibrator is rack mounted, the rack slide mounts shall allow the calibrator to be pulled out clear of the rack.  The top cover shall be readily removable and all circuit boards, test points, and adjustments shall be accessible from the top of the calibrator.

B.2

RELIABILITY 

B.2.1
All external electrical connectors, except power cords, shall be Amphenol, Canon or equivalent, with retainers.  Wire wrap connections of any kind or terminal strips attached to PCBs are not acceptable.  Circuit cards shall have secure locking mechanisms to prevent card loosening and/or damage while being transported.  All ICs shall be in sockets.

B.2.2
Each calibration system shall not require major preventive maintenance, including MFC and O3 calibration more than once every 6 months.  

B.3

ENVIRONMENTAL CONSIDERATIONS

B.3.1.
Each calibration system shall meet all performance specifications when the temperature varies + 10oC from 25oC and the voltage varies + 10 VDC from 115 VDC. Exposure to temperatures from 5o to 40oC shall not cause component failure nor make recalibration necessary.

C.

PERFORMANCE SPECIFICATIONS 

C.1 
SYSTEM CONTROL, PROGRAMMING, AND INFORMATION DISPLAY

C.1.1 
The system shall be programmed and manually controlled from the front panel keyboard or from two RS‑232 serial ports, a USB port, or an Ethernet port.  The front panel keyboard/display shall be in parallel to the RS‑232 ports, USB port, or the Ethernet port, that is, what is entered through the serial port, USB port, or Ethernet port shall be displayed on the front panel and vice versa.  Access through the serial ports, USB port, or Ethernet port shall be password protected.  The serial ports shall have an adjustable timeout feature (may be the same as system timeout para. C.1.5).  If special IBM PC compatible software (other than common communications software such as Bitcom) is required for access through the serial port, USB port, or Ethernet port, one copy with documentation per calibration system ordered shall be supplied.  The serial port shall have selectable baud rates of 300, 1200, 2400, 4800, and 9600.

C.1.2 
The calibrator shall have 8 status inputs on the rear panel for remote control starting of any 7 of the 20 programmed sequences.  The eighth contact closure shall be used to abort a programmed sequence or manual operation and return the system to standby.  .

C.1.3
The calibrator shall have 4 status contact closure outputs on the rear panel which shall be closed to indicate the operation of the air inlet solenoid valve, gas inlet port #1 solenoid valve, gas inlet port #2 solenoid valve, and ozone generator.  The contact closures must have the capability to switch 60 VDC at 125 milliamperes and have a maximum closed resistance of 24 ohms.  The status inputs (para C.1.2) and the contact closure outputs shall be connected through the same multi-pin connector which shall be secured to the chassis.

C.1.4 
In addition to the contact closures in C.1.3, there shall be +24 VDC + 4 VDC at 0.30 Amps provided through a rear panel multi-pin connector (3 pins 24 VDC, 3 pins ground) when the air inlet solenoid valve is actuated.  The connector shall be secured to the chassis.  The output shall be protected with an appropriately sized fuse.  This output will be used to operate three 24 VDC relays for external devices.  Unregulated DC is acceptable.

C.1.5
The microprocessor shall continuously monitor the front panel, status inputs, serial ports, USB port, Ethernet port, and timer control for initiation or aborting of any operation.  Once a manual operation has started only an abort/stop command from the status inputs, front panel, serial ports, USB port, Ethernet port, or system timeout will halt the operation and return the system to standby.  Once a programmed sequence has started only an abort/stop command from the status inputs, front panel, USB port, Ethernet port, or serial ports will halt the operation and return the system to standby.  The system timeout will be user adjustable from 1 to 9 hours or disabled.  The adjustment increment shall be in hours.

C.1.6
The front display panel shall be a minimum of 80 characters wide by 25 characters high.  All operations of the calibrator shall be through user friendly menus.  No more than 4 menu selections shall be required to perform any operation or display any information.

C.1.7
When the system is operating, the following parameters will be displayed upon demand if applicable: sequence number in use, sequence name, sequence step number, mode (conc, flow, or volts), gas port, air flow, gas flow, total flow, (in volts mode, air and gas control voltage should be displayed), and the calculated output concentrations of the gases shall be displayed on one screen.  Total flowrate and flowrate through each individual MFC shall be displayed in engineering units (SCCM, SLPM) to the nearest two decimal places for the air MFC and total flow, and one decimal place for the gas MFC.  If a sequence is running, the user shall have the option of advancing the sequence to the next step manually.

C.1.8
Controls to set the air flow through the 20 LPM air MFC and gas flow through the 100 cc/min MFC shall have minimum resolution of 2 decimal places for air and 1 decimal place for gas (20.00 LPM, 100.0 ccm).

C.1.9
The system shall have a timer control with the capability to initiate any preprogrammed sequence on any day at any time over a repeating seven (7) day calendar of events.  

While in the standby mode, the microprocessor shall have the capability to activate any timer sequence at the appropriate time.

C.1.10
Upon demand, the full 7 day schedule of timer actuated sequences shall be displayed in tabular form including the day of the week, sequence number, start time, stop time, and sequence duration.
C.1.11
In the standby mode or upon demand, the day, date, and time shall be displayed to the nearest minute.

C.1.12
The system shall accept and store a minimum of 20 programmed sequences of 20 steps each.  The user shall have the option for each sequence of specifying command voltage for each MFC (volts mode), flowrate through each MFC corrected by linear regression calibration factors (flow mode), or total output flow corrected by linear regression calibration factors and concentration of one gas (concentration mode).  The ozone generator command voltage shall be selectable in the volts mode while the ozone concentration shall be selected in the concentration and flow modes.  If the gas cylinder concentrations have been entered the microprocessor shall calculate the output concentration of up to 8 gases at each step (six gases from the compressed gas cylinders plus O3 and NO2) in either the concentration or flow modes.  Step duration shall be selected independently for each step.

a.
If the flow mode entry has been selected, the user shall enter the desired flow for each MFC, ozone concentration, gas port 1 or 2, and step duration (1 to 60 minutes) for each step of the sequence.

b.
If the concentration mode has been selected, the user shall enter the desired total output flow and concentration of the gas desired (including O3), gas port 1 or 2, and the step duration for each step in the sequence.  Within the same sequence, the gas port used may be changed from one step to the next.  The concentration of up to 6 gases in each cylinder connected to gas ports 1 and 2 shall be entered separately with their 3 character alphanumeric code and used in common by all sequences and operating modes.  The three character alphanumeric code entered with the cylinder concentrations shall be used as headings when displaying the concentrations of the diluted gases (see 'e' below).

c.
If the volts mode is selected, the user shall enter the command voltages for the MFCs and O3 generator.

d.
The user shall be able to edit and change any sequence step using full screen editing without reentering the entire sequence.

e.
The entire program for any sequence shall be displayed in tabular form upon demand.  The information displayed for the concentration and flow modes shall include: step number, step time, mode, gas port selected, corrected flow through each MFC, corrected total flow, and calculated concentrations of up to 8 gases to

three (3) significant figures.  If NO and O3 are present, NO2 shall be calculated and NO/O3 concentrations reduced based upon the stoichiometric reaction of NO with O3.  The information displayed for the volts mode shall include: step number, step time, mode, gas port selected, command voltages for the MFC’s and O3 generator.

C.1.13
The calibrator shall accept instructions for manual operation from the front panel, serial port, USB port, or Ethernet port in any of the three modes.  The manual instructions shall be the same as the sequence programming instructions except there will be no step time, step number, timer control, or remote control information required.

C.1.14
The user shall have the option of entering the calibration information for the MFCs to 4 significant figures by three methods. These methods shall not require that the MFCs, solenoid valves, or ozone generator be activated.  The system shall have the capability to review and correct the last entered calibration data after it has been saved.  The three methods are:

a. First method: the user shall enter the slope and intercept where y = true flow and
x = command voltage;

b.
Second method: the user shall enter the command voltage and the corresponding true flow for up to ten calibration points.  The microprocessor shall calculate and display the slope, intercept, and correlation coefficient.  The microprocessor shall request confirmation by the user before storing the new calibration slope and intercept in memory;

c.
Third method: the user shall enter a corrected flow (based upon the existing calibration slope and intercept), the microprocessor shall display the corresponding command voltage for the MFC, and the user shall then enter the corresponding true flow for up to 10 calibration points.  The microprocessor shall then calculate and display the new slope, intercept, and correlation coefficient.  The microprocessor shall request confirmation by the user before storing the new calibration slope and intercept in memory.

C.1.15
The calibration data for the ozone generator shall be entered by the following process:

1) 
The user shall enter the O3 concentration set-point (based upon the existing O3 calibration), the requested total flowrate, and ozone generator pressure;

2)
The microprocessor shall then display the corresponding command voltage; and 

3) 
The user shall then enter the corresponding true O3 concentration and true total flowrate. 

The microprocessor shall relate command voltage versus O3 concentration times the total flowrate divided by the ozone generator pressure (PPM*LPM/ATM) so that the ozone generator can be operated at flow rates and back pressures other than those used during its calibration.

C.1.16
The calibrator shall have a diagnostic display which will not interfere with other operations of the calibrator.  The following parameters will be digitally displayed:

Air flowrate through the ozone generator (accuracy +3 %)

Ozone oven temperature (if applicable), 

Ozone generator driver voltage,

Ozone generator pressure,

A/D and D/A voltage corrections (see paragraph C.3.1).

C.2 
PNEUMATICS

C.2.1
All wetted surfaces of the system must be non‑reactive to CH4, CO, H2S, NO, NO2, SO2, and O3.  An exception to this specification would be valve seals and seats that may be other non-reactive materials.

C.2.2
There shall be solenoid valves on the air inlet, gas inlets (2), and calibration gas outlet in order to seal the calibration system when in standby or power off.

C.2.3
There shall be a reaction chamber to provide gas phase titration of O3 and NO.  The chamber must meet the reaction chamber sizing requirements as outlined in the Code of Federal regulations Ch. 1, Part 50, App. F when the gas flow (concentration 120 ppm NO) varies from 20 to 100 sccm, the total flowrate varies from 5 to 20 SLPM, and the equivalent output ozone concentration at 10 SLPM varies from .05 to 0.75 ppm.

C.2.4
There shall be a mixing chamber to efficiently mix the output of the reaction chamber with the diluent air.

C.2.5
All inlet and outlet connections shall be Swagelok, Parker Hannifin, or equivalent stainless steel fittings located on the rear panel.  The gas ports shall be 1/8" tube fittings.  The air inlet and calibration gas outlet shall be 1/4" tube fittings.  The tubing within the unit shall be 1/4" for the air and 1/8" for the gas.

C.2.6
The airflow (sccm) through the ozone generator shall be kept constant (within + 5%) when the diluent flow is varied from 5 to 20 SLPM.  The repeatability shall be better than + 3% at any total flowrate from 5 to 20 SLPM.

C.3 
MASS FLOW CONTROLLERS

C.3.1 
Each calibration system shall utilize Porter or equivalent MFCs for the control of the gas and zero air dilution flow rates.  

The user shall be able to install pre‑calibrated MFCs, rendering the system functional to the accuracy of the calibration upon keyboard entry of calibration data. (See paragraph C.1.14).  The accuracy of the A/D and/or D/A converters shall be ensured through implementation of an automatic calibration sequence where the A/D and D/A are referenced to an internal 5-volt precision voltage source.  The accuracy and repeatability of the voltage source shall be better than + 0.002 VDC.

C.3.2
The response of the MFCs shall not vary by more than 0.3% F.S. when the MFCs are rotated 45o through any of the three principal axes. 

C.3.3
Linearity shall be at least +0.5% of full scale as defined by ISA terminal based linearity method.  The linearity shall be checked by comparing command voltage versus flow.

C.3.4
Repeatability shall be at least +0.15% of full scale.

C.3.5
Accuracy shall be at least +1% of full scale calibrated for air at 25oC and 760 mm Hg.

C.3.6
Response time shall be less than 30 seconds to within 2% of final reading. 

C.3.7
Long term drift (six months) shall be less than +2% of full scale.

C.3.8
Short-term drift (24 hours) shall be less than +0.5% of full scale.

C.3.9
Temperature coefficient for the MFCs shall be less than 0.1% full scale per degree Celsius over the range of 15oC to 35oC.

C.3.10
The pressure coefficient for the MFCs shall be less than 0.01% full scale per psi over the range from 15 psig to 40 psig.

C.3.11
Flow range for control of cylinder gases shall be 5‑100 SCCM.

C.3.12
Flow range for control of dilution air shall be 1 to 20 SLPM.

C.4

OZONE GENERATOR

C.4.1
Each calibration system shall be equipped with an adjustable stable ozone (O3) generator with a nominal flow of 100 SCCM + 1 SCCM.  The ozone generator shall be able to generate, at the output of the calibrator, stable concentrations of 0.05 ppm to 1.5 ppm at a total flowrate of 5 SLPM. The system shall have the capability of generating ozone concentrations at flowrates and back pressures other than used during calibration by correcting the concentrations for total flow and ozone generator back pressure.

C.4.2
The ultraviolet (UV) lamp power supply voltage and drive current shall be regulated to maintain a constant O3 generation from the O3 generator.  In addition the system shall incorporate a UV Photometer, a UV optical sensor, or both, and a feedback circuit to control the UV lamp intensity to generate a constant, stable and repeatable O3 concentration. The optical feedback circuit shall control the concentration of O3 generated to within +2% of the concentration set-point value or +.003 PPM when operated at 5 SLPM and the ozone generator is calibrated at 5 equally spaced calibration points covering the operating range.  The system shall provide the stable O3 concentration at any flowrate within 5 minutes. 

C.4.3
The ozone generator circuitry shall include pressure correction to compensate for changes in downstream restrictions to airflow.  The pressure transducer specifications shall meet or exceed the following: 




1.
Accuracy + 0.01 Atmosphere or better.




2.
Linearity + 0.01 Atmosphere or better.




3.
Temperature Range:  0 – 50 deg. C.

C.4.4
The repeatability of the daily O3 concentration generated shall meet the following requirements:

With the control switches on the front panel or the instructions from the microprocessor set at a constant level within the range of the O3 generator, the coefficient of variation (relative standard deviation) shall not exceed 2% or the standard deviation shall not exceed 0.003 ppm, whichever is greater, in a 30-day period when the O3 generator is activated daily.

Coefficient of Variation = STANDARD DEVIATION  X 100% 

MEAN

C.5 
AC POWER, AND MEMORY AND CLOCK BACKUP

C.5.1
The input AC power cord shall be three conductors, detachable, six feet in length, with a standard 3‑prong grounded plug.  The power input to the system shall be located at the rear of the cabinet.  The connector shall be wired so that the "hot" terminal (black wire) is connected to the brass terminal where applicable.  The system shall operate as specified with a supply voltage and frequency of 115 VAC + 10V, 60 Hz + 3 Hz, single phase.

C.5.2
Each calibration system shall be ready for operation within 30 minutes after the system is connected to a source of power and turned on.

C.5.3
After a power failure, each calibrator shall reset itself to the standby mode.  Each calibrator shall not require readjustment or recalibration upon resumption of power.

C.5.4
The clock and program memory shall have a battery backup system which allows the time clock to continue operating and the program memory to be retained for one year if the input power is interrupted or if the equipment is stored.
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