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IMPORTANT SAFETY INFORMATION

Important safety messages are provided throughout this manual for the purpose of avoiding personal injury or
instrument damage. Please read these messages carefully. Each safety message is associated with a safety
alert symbol placed throughout this manual and inside the instrument. The symbols with messages are defined
as follows:

AN
AN
7N

AN

WARNING: Electrical Shock Hazard

HAZARD: Strong oxidizer

GENERAL WARNING/CAUTION: Read the accompanying message for
specific information.

CAUTION: Hot Surface Warning

Do Not Touch: Touching some parts of the instrument without
protection or proper tools could result in damage to the part(s) and/or the
instrument.

Technician Symbol: All operations marked with this symbol are to be
performed by qualified maintenance personnel only.

Electrical Ground: This symbol inside the instrument marks the central
safety grounding point for the instrument.

> oph

CAUTION

This instrument should only be used for the purpose and in the
manner described in this manual. If you use this instrument in a
manner other than that for which it was intended, unpredictable
behavior could ensue with possible hazardous consequences.

NEVER use any gas analyzer to sample combustible gas(es)!

Note

For Technical Assistance regarding the use and maintenance of this
instrument or any other Teledyne API product, please contact Teledyne

API’s Technical Support Department:

Telephone: 800-324-5190 Email: sda_techsupport@teledyne.com

or by accessing various service options on our website:

http://www.teledyne-api.com/.
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CONSIGNES DE SECURITE

Des consignes de sécurité importantes sont fournies tout au long du présent manuel dans le but d’éviter des
blessures corporelles ou d’endommager les instruments. Veuillez lire attentivement ces consignes. Chaque
consigne de sécurité est représentée par un pictogramme d’alerte de sécurité; ces pictogrammes se retrouvent
dans ce manuel et a l'intérieur des instruments. Les symboles correspondent aux consignes suivantes:

A
A
4\

\

AVERTISSEMENT : Risque de choc électrique

DANGER : Oxydant puissant

AVERTISSEMENT GENERAL / MISE EN GARDE: Lire la consigne
complémentaire pour des renseignements spécifiques

MISE EN GARDE : Surface chaude

Ne pas toucher : Toucher a certaines parties de I'instrument sans protection ou
sans les outils appropriés pourrait entrainer des dommages aux piéces ou a
linstrument.

Pictogramme « technicien » : Toutes les opérations portant ce symbole doivent
étre effectuées uniquement par du personnel de maintenance qualifié.

Mise a la terre : Ce symbole a l'intérieur de I'instrument détermine le point central
de la mise a la terre sécuritaire de l'instrument.

®
AN

MISE EN GARDE
Cet instrument doit étre utilisé aux fins décrites et de la maniere décrite dans
ce manuel. Si vous utilisez cet instrument d’'une autre maniére que celle pour
laquelle il a été prévu, I'instrument pourrait se comporter de fagon imprévisible
et entrainer des conséquences dangereuses.
NE JAMAIS utiliser un analyseur de gaz pour échantillonner des gaz
combustibles!
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WARRANTY

WARRANTY POLICY (02024G)

COVERAGE

Teledyne Advanced Pollution Instrumentation (TAPI), a business unit of Teledyne
Instruments, Inc., provides that:

Prior to shipment, TAPI equipment is thoroughly inspected and tested. Should equipment
failure occur, TAPI assures its customers that prompt service and support will be available.

After the warranty period and throughout the equipment lifetime, TAPI stands ready to
provide on-site or in-plant service at reasonable rates similar to those of other manufacturers
in the industry. All maintenance and the first level of field troubleshooting are to be
performed by the customer.

NON-TAPI MANUFACTURED EQUIPMENT

PRODUCT RETURN

Equipment provided but not manufactured by TAPI is warranted and will be repaired to the
extent and according to the current terms and conditions of the respective equipment
manufacturer’s warranty.

All units or components returned to Teledyne API should be properly packed for
handling and returned freight prepaid to the nearest designated Service Center. After the
repair, the equipment will be returned, freight prepaid.

The complete Terms and Conditions of Sale can be reviewed at http://www.teledyne-
api.com/terms_and_conditions.asp

CAUTION - Avoid Warranty Invalidation

Failure to comply with proper anti-Electro-Static Discharge (ESD) handling and packing instructions

calibration may void your warranty. For anti-ESD handling and packing instructions please refer to

& and Return Merchandise Authorization (RMA) procedures when returning parts for repair or

the manual, Fundamentals of ESD, PN 04786, in its “Packing Components for Return to Teledyne
APPI's Customer Service” section. The manual can be downloaded from our website at
http://www.teledyne-api.com under Help Center>Product Manuals in the Special Manuals section;

RMA procedures are under Help Center>Return Authorization.
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REVISION HISTORY

This section provides information regarding the initial release and subsequent changes to this manual.

T750 Manual, PN 08070

Date Rev | DCN Change Summary
11 Feb 2015 A 6841 | Initial Release
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1. INTRODUCTION

This section provides an overview of the Model T750 portable calibrator, its features,
and its options.

1.1. T750 CALIBRATOR OVERVIEW

Teledyne API’s Model T750 (typically referred to as T750) is a portable,
microprocessor-controlled calibrator for precision gas calibrators. Using a combination
of highly accurate mass flow controllers and compressed sources of standard gases,
calibration standards are provided for multipoint span and zero checks.

The T750 can be equipped with an optional, built-in, programmable ozone generator for
accurate, dependable ozone calibrations. The T750 also produces NO, when blended
with NO gas in the internal GPT chamber. A multi-point linearization curve is used to
control the generator to assure repeatable ozone concentrations. An optional photometer
allows precise control of the ozone generator, both during calibrations and during Gas
Phase Titrations (GPT). To ensure accurate NO, output, the calibrator with photometer
option measures the ozone concentration prior to doing a GPT.

As many as 50 independent calibration sequences may be programmed into the T750,
covering time periods of up to one year. Sequence setup is simple and intuitive, and they
may be actuated manually, automatically, or by a remote signal. The sequences may be
uploaded remotely, including remote editing. All programs are maintained in non-
volatile memory.

The T750 provides fast response, repeatability, overall accuracy and ease of operation,
and may be combined with a Teledyne API Zero Air Generator to provide the ultimate
in easy to use, precise calibration for your gas calibrators.

1.2. FEATURES

Some of the exceptional features of your T750 Portable Calibrator are:
e Advanced T-Series electronics

e LCD color graphics display with touchscreen interface

e Microprocessor control for versatility

e Bi-directional USB (optional), RS-232, optional RS-485, and 10/100Base-T Ethernet
for remote operation

e Precise calibration gas generation for Ozone, NO, NO,, CO, HC, H,S, SO,
¢ 12 independent timers for sequences

o Nested sequences (up to 5 levels)

08070A DCN6841
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e Software linearization of Mass Flow Controllers (MFC)

e Calibration gas port configurable for single or multi-blend gases
e Optional 3" MFC for wide dynamic range

e Optional gas phase titration chamber

e Optional ozone generator and photometer to allow use as primary or transfer
standard

e Inlets for external ozone reference sources

CAUTION - GENERAL SAFETY HAZARD

& THE T750 PORTABLE CALIBRATOR WEIGHS 21.14KG (46.6POUNDS) WITH ALL OPTIONS. TO
AVOID PERSONAL INJURY WE RECOMMEND THAT TWO PERSONS LIFT AND CARRY IT BY FIRST
DISCONNECTING ALL CABLES AND TUBING FROM THE CALIBRATOR BEFORE MOVING IT.

18 08070A DCN6841




2. SPECIFICATIONS AND APPROVALS

2.1. SPECIFICATIONS

Table 2-1: T750 Dilution System Specifications

Parameter

Specification

Flow Measurement Accuracy

+ 1.0% of Full Scale

Repeatability of Flow Control

+ 0.2% of Full Scale

Linearity of Flow Measurement

+ 0.5% of Full Scale

Flow Range of Diluent Air

0 to 10 SLPM — Optional Ranges: 0to 5 SLPM; 0 to 20 SLPM

Flow Range of Cylinder Gases

0 to 100 cc/min — Optional Ranges: 0 to 50 cc/min; 0 to 200 cc/min

Zero Air Required

10 SLPM @ 30 PSIG Optional: 20 SLPM @ 30 PSIG

CAL Gas Input Ports

1 (configurable)

Diluent Gas Input Ports

1

Response Time

60 Seconds (98%)

Table 2-2: T750 Electrical and Physical Specifications

Parameter

Specification

AC Power

Rating Typical Power Consumption

100-240 V~ 50/60 Hz, 1.5 A 115V: 76 W 230 V: 80 W

Analog Outputs

1 user configurable output

Analog Output Ranges (Test
Channel)

10V, 5V, 1V, 0.1V (selectable)
Range with 5% under/over-range

Analog Output Resolution

1 part in 4096 of selected full-scale voltage (12 bit)

Standard 1/0O

1 Ethernet: 10/100Base-T
2 RS-232 (300 — 115,200 baud)
2 USB device ports
8 digital control outputs
12 digital control inputs
8 digital status outputs

1 USB com port

Optional 1/0 1 RS485
Multidrop RS232
Operating Temperature Range 5-40°C

Humidity Range

0 - 95% RH, non-condensing

08070A DCN6841
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Parameter Specification
Installation Category (Over Voltage Category ) Il
Environmental Conditions Pollution Degree 2

Intended for Indoor Use Only at Altitudes < 2000m

Cal Gas Output Wetted Surfaces: PTFE.
Cal Gas Output Manifold: Glass-coated Steel

Dimensions (H x W x D) 9" x 17" x21” (229 mm x 432 mm x 533 mm)

37 Ibs (16.78 kg);
46.6 Ibs (21.14 kg) with optional photometer, GPT, and O3 generator

Materials

Weight

Table 2-3: T750 Specifications for Optional Ozone Generator

Parameter Specification
Maximum Output 6 ppm LPM
Minimum Output 100 ppb LPM
Response Time: 180 seconds to 98%
Optical Feedback Standard

1% with photometer option

Stability (7 days) 3% without photometer option

1% with photometer option

Linearity 3% without photometer option

Table 2-4: T750 Specifications for Optional O; Photometer

Parameter Specification
Full Scale Range 100 ppb to 10 ppm ; User Selectable
Precision 1.0 ppb
Linearity 1.0% of reading
Rise/Fall Time <20 sec (photometer response)
Response Time (95%) 180 sec. (system response)
Zero Drift <1.0 ppb / 24 hours
Span Drift <1% / 24 hours
Minimum Gas Flow Required 800 cc/min

2.2. APPROVALS AND CERTIFICATIONS

The Teledyne APl Model T750 calibrator was tested and certified for Safety and
Electromagnet Compatibility (EMC). This section presents the compliance statements
for those requirements and directives.

2.2.1. SAFETY

IEC/EN 61010-1:2010 (3rd Edition), Safety requirements for electrical equipment for
measurement, control, and laboratory use.

CE: 2006/95/EC, Low-Voltage Directive
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2.2.2. EMC

IEC/EN 61326-1, Class A Emissions/Industrial Immunity
EN55011 (CISPR 11), Group 1, Class A Emissions
FCC 47 CFR Part 15B, Class A Emissions

CE: 2004/108/EC, Electromagnetic Compatibility Directive

2.2.3. OTHER TYPE CERTIFICATIONS

For additional certifications, please contact Technical Support.

08070A DCN6841
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3. GETTING STARTED

This section addresses the procedures for unpacking the instrument and inspecting for
damage, introduces the instrument layout, and presents the procedures for getting
started: making communications and pneumatic connections, and conducting an initial
calibration check.

3.1. UNPACKING AND INITIAL SETUP

AN

CAUTION - RISK of Personal Injury

THE T750 WEIGHS 21.14 KG (46.6 POUNDS) WITH ALL OPTIONS. TO AVOID
PERSONAL INJURY, USE TWO PERSONS TO LIFT AND CARRY THE
CALIBRATOR.

ATTENTION

COULD DAMAGE INSTRUMENT AND VOID WARRANTY

Printed Circuit Assemblies (PCAs) are sensitive to electro-static
discharges (ESD) too small to be felt by the human nervous system.
Failure to use ESD protection when working with electronic assemblies
will void the instrument warranty. For information on preventing ESD
damage, see Fundamentals of ESD manual, PN 04786, available on our
website at http://www.teledyne-api.com under Help Center>Product
Manuals in the Special Manuals section.

CAUTION - Avoid Damage to the Instrument
BEFORE operating instrument, remove dust plugs from pneumatic ports.

NEVER allow instrument to run with the case closed — keep lid open to vent while
operating.

NEVER attempt to lift the T750 by the interior handles attached to the
control/display and input panel.

Note Although this product is portable, it must be properly packaged any time
it ships for any reason,; it is recommended that you store shipping
containers/materials for such use. See Warranty page in this manual and
shipping procedures on our Website at http://www.teledyne-api.com
under Customer Support>Return Authorization.

08070A DCN6841 23
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WARNING!
& NEVER DISCONNECT ELECTRONIC CIRCUIT BOARDS, WIRING HARNESSES
OR ELECTRONIC SUBASSEMBLIES WHILE THE UNIT IS UNDER POWER.

1. Verify that there is no shipping damage. If there are signs of damage, immediately
advise the shipper, then Teledyne API.

2. Remove the T750 from its shipping carton.
3. Open the lid and check for damage inside.

4. Check the line voltage and frequency label on the instrument to ensure that it
matches the local power source.

3.2. INSTALLATION

The T750 is a portable, self-contained instrument; there are no installation instructions
other than to ensure that the cooling fan/vents are not blocked; the vents are provided by
a grill around the sides, visible when the case is open. Also, ensure that there is adequate
support for the calibrator’s weight.

3.3. CALIBRATOR LAYOUT

Figure 3-1 shows the calibrator’s control panel layout, followed by a close-up of the
display/touchscreen in Figure 3-2 and description in Table 3-1. The two USB ports on
the control panel are provided for the connection of peripheral devices:

¢ plug-in mouse (not included) to be used as an alternative to the touchscreen
interface

o flash drive (not included) to download updates to instruction software (contact TAPI
Technical Support for information).
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3.3.1. CONTROL AND INPUT PANEL

Inlet Ports Display Screen USB Ports
\ \\ :
—~ f \\%;TE[LE@WE \ N
B ADVANCED POLLUTION INSTRUMENTATION n
N\
\

s DILUENT CYLIN
N

( DILUTION CALIBRATOR - MODEL 7750 )

\ = % J

Figure 3-1: T750 Control/Display and Input Panel

CAL 0.0000 0.0000 LPM
DIL 0.000 0.000 LPM

Figure 3-2: LCD Display and Touchscreen Control

The control panel liquid crystal display (LCD) screen includes touch control. Upon
calibrator start-up, the LCD display shows a splash screen and other initialization
indicators before the main display appears, similar to Figure 3-2 above.

CAUTION - Avoid Damaging Touchscreen
Do not use hard-surfaced instruments such as pens to operate the touch

screen buttons.
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Table 3-1: Display Screen and Touch Control Description

Field Description/Function

LEDs indicating the states of the calibrator:

Name Color State Definition
Unit is operating in STANDBY mode.
Active Green off This LED is lit when the instrument is actively producing

calibration gas (GENERATE mode).

This LED is lit only when the calibrator is performing an automatic

Auto Timer | Yellow off ; .
calibration sequence.

The calibrator is warming up and therefore many of its subsystems
Fault Red blinking | are not yet operating within their optimum ranges. Various warning
messages may appear in the Param field.

Target/ Actual Gas concentrations, Cal gas MFC and Diluent MFC values with unit of measure

Mode Displays the name of the calibrator’s current operating mode (default is STANDBY at initial startup).

Displays a variety of informational messages, such as warnings, operational data, test function values

Param S -
and responses during interactive tasks.

Touchscreen control: row of eight buttons with dynamic, context sensitive labels; buttons are blank when inactive/inapplicable.

Figure 3-3 shows how the control panel display is mapped to the menu charts that are
illustrated throughout this manual. The Mode, Param (parameters), and Target/Actual
(gas concentration) fields in the display screen are represented across the top row of
each menu chart. The eight touch control buttons along the bottom of the display screen
are represented in the bottom row of each menu chart.
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Menu Chart Layout Ié
@—b [Mode] |Param| [Conc] <—®

[ assassvsenssssinie JODSRCONMOIBUIONR  .veceisviisisasvasusonsons] Q—I

\&/

Display Example:

GAS 0

03

CAL 0.0000 0.0000 LPM
DIL 2.000 1.950 LPM

- 99

0

Menu Chart Representing Display Example: J

@* GENERATE A-CAL=0.0000LPM  GAS OFF OFF 4—@

I’" <TST TST> GEN STBY SEQ SETUP "I
7N

&

Figure 3-3: Display/Touch Control Screen Mapped to Menu Charts
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3.3.2. INTERNAL LAYOUT

Ethernet | »
Board

GPT Valves k

Measure-
Reference (|||
Valve

Photometer
(option)
Loop Assy

Optional
Cal Gas
MFC

Cal Gas

MFC‘H '

Diluent _|
MFC (]l

Gas Input

Manifold

Input Gas
Pressure

@
T

i

Sensor Assy |

oooooo

Motherboard

O, Generator

& Photometer
(option)
Pressure Sensor
and O, Flow
Sensor PCA

Photometer
(option) Bench

O, Generator
~ (option) Assy

' Photometer
(option) Pump

Relay PCA &

Figure 3-4: T750 Internal Layout

_Power Supply
Assy

Display

— Panel
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3.4. CONNECTIONS AND SETUP

This section presents the electrical (Section 3.4.1) and pneumatic (Section 3.4.2)
connections for setup and preparing for instrument operation.

3.4.1. COMMUNICATIONS AND POWER CONNECTIONS

Figure 3-5 shows the communications and output panel.

Transmit/
Exhaust CalGas Cooling Ethernet ControlIn Status DTE/DCE RS-232 Receive
Port Out\Port Fan Port] Con{nectors Connectors  Switch Connector Indic/ators
X
o
53~
= | =
[o]
Photo In Photo Zero In  USB Analog Out Control Out RS232/RS485 Power AC Power
(through-holes) Port Connectors Connectors (COM2) On/Off Receptacle

Connector Switch

Figure 3-5: Communications and Output Panel

Note To maintain compliance with EMC standards, it is required that the power
cord length be no greater than 3 meters.
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3.4.1.1. Connecting Power

Adhere to the following cautionary messages, and connect the power cord from the AC
input connection (AC Power Receptacle in Figure 3-5) to the proper power source.

WARNING - ELECTRICAL SHOCK HAZARD
o HIGH VOLTAGES ARE PRESENT INSIDE THE CALIBRATOR’S CASE.
j « POWER CONNECTION MUST HAVE FUNCTIONING GROUND CONNECTION.

« ENSURE THAT THE POWER CORD IS PROPERLY GROUNDED AND
ADEQUATELY RATED FOR THE POWER RATING OF THIS INSTRUMENT (SEE
SPECIFICATIONS TABLE).

« TURN OFF CALIBRATOR POWER BEFORE DISCONNECTING OR
CONNECTING ELECTRICAL SUBASSEMBLIES.

CAUTION - AVOID PERSONAL INJURY

ijt DO NOT LOOK AT THE PHOTOMETER UV LAMP; UV LIGHT CAN CAUSE EYE
DAMAGE.

ALWAYS WEAR GLASSES MADE FROM SAFETY UV FILTERING GLASS
(PLASTIC GLASSES ARE INADEQUATE).

3.4.1.2. Connecting Analog Outputs

The T750 is equipped with an analog output channel accessible through ANALOG OUT
connector on the communications and output panel of the instrument. The standard
configuration for this output is 0-5 VDC. The user can set this feature to output one of a
variety of diagnostic test functions (see Section 4.10.1.2).

To access these signals attach a strip chart recorder and/or data-logger to the appropriate
analog output connections on the communications and output panel of the calibrator.

Pin-outs for the analog output connector are:

ANALOG OUT
+ -

Figure 3-6: T750 Analog Output Connector

3.4.1.3. Connecting the Status Outputs

The status outputs report calibrator conditions via optically isolated NPN transistors,
which sink up to 50 mA of DC current. These outputs can be used to interface with
devices that accept logic-level digital inputs, such as Programmable Logic Controllers
(PLCs). Each Status bit is an open collector output that can withstand up to 40 VDC.
All of the emitters of these transistors are tied together and available at D.
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ATTENTION

COULD DAMAGE INSTRUMENT AND VOID WARRANTY
Most PLC’s have internal provisions for limiting the current that the input
will draw from an external device. When connecting to a unit that does
not have this feature, an external dropping resistor must be used to limit
the current through the transistor output to less than 50 mA. At 50 mA, the
transistor will drop approximately 1.2V from its collector to emitter.

The status outputs are accessed via a 12-pin connector on the calibrator’s
communications and output panel labeled STATUS. Table 3-2 presents a description of
each pin’s function.

STATUS

H
N
w
N
o1
o
~
o
O
+

<+

N X w ol © 0 @)
sl 8 5| 2| 2| 2| g g 2 al oo
sl | Rl 21 <1 <1 o 2 2 > ol z
] 0 O — — 7] 7 [Te} ';: 8
= = < < < & @ 14 + xS
ol ol 2| | gl gl 5| 5| & o &
ol = S 2 w = = I
1]
|_
Z
v v v v v v v v v v v
Figure 3-7: Status Output Connector
Table 3-2: Status Output Pin Assignments
OUTPUT STATUS
# DEFINITION CONDITION
1 SYSTEM OK On if no faults are present.
2 POWER OK On if no faults are present.
3 CAL ACTIVE On if the calibrator is in GENERATE mode.
4 DIAG On if the calibrator is in DIAGNOSTIC mode.
5 TEMP ALARM On while a temperature alarm is active.
6 PRESS ALARM On while gas pressure alarm is active.
7&8 Unassigned
D Emitter BUS The emitters of the transistors on pins 1 to 8 are bussed together.
(blank) (blank) Not Used
+ DC POWER +5VDC
* Digital Ground The ground level from the calibrator’s internal DC power supplies.
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3.4.1.4. Connecting the Control Inputs

The calibrator is equipped with 12 digital control inputs that can be used to initiate
various user programmable calibration sequences (see Section 4.3.1.5 for instructions on
assigning the control inputs to specific calibration sequences).

Access to these inputs is via two separate 10-pin connectors, labeled CONTROL IN
(Figure 3-8), that are located on the calibrator’s communications and output panel.

Table 3-3: T750 Control Input Pin Assignments

CONNECTOR INPUT DESCRIPTION
To 110 6 Can be used as either 6, separate on/off switches or as bits 1 through
P 6 of a 12-bit wide binary activation code.
Can be used as either 6, separate on/off switches or as bits 7 through
Bottom 7to12 12 of a 12-bit wide binary activation code.
BOTH ﬁ Chassis ground.
To U Input pin for +5 VDC required to activate pins 1 — 6. This can be from
P an external source or from the “+” pin of the connector.
Bottom U Input pin for +5 VDC required to activate pins 7 — 12. This can be
from an external source or from the “+” pin of the connector.
BOTH + Internal source of +5V used to actuate control inputs when connected

to the U pin.

32
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Getting Started

There are two methods for energizing the control inputs. The internal +5V available
from the pin labeled “+” is the most convenient method. However, if full isolation is
required, an external 5 VDC power supply should be used.

Example of Local Power Connections

AAAN N
el 2] 21 21 2@ 2
o| o] o] o] o] ®
1 41 41 41 421 4
ol O 9 o] o) ©
| x| x| ] ¢ x
el | E|] El £l E
zl z| z| z] z| =z
O] O O 9] 9]} ©
o] o o ol ol o

Example of External Power Connections

CONTROL Bit-01 _~
CONTROL Bit-02_~
CONTROL Bit-03_~
CONTROL Bit-04_~~
CONTROL Bit-05_~~
CONTROL Bit-06_~"

123456¢U+

~
[o0]

9 10 1112¢U+

CONTROL Bit-09
CONTROL Bit-10
CONTROL Bit-12

~~_CONTROL Bit-07
~~_CONTROL Bit-08
“~_CONTROL Bit-11

——
——
—

~
©
©
-
o

1112¢U+
N

~~_CONTROL Bit-07
~~_CONTROL Bit-08

CONTROL Bit-09

| ~~_CONTROL Bit-10

“~_CONTROL Bit-11
“~~_CONTROL Bit-1

- 5 VDC Power +

Supply

Figure 3-8: T750 Digital Control Input Connectors
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3.4.1.5. Connecting the Control Outputs

The calibrator is equipped with 12 opto-isolated, digital control outputs. These outputs
are activated by the T750’s user-programmable calibration sequences (see Sections
4.3.1.6 and 4.3.2.4 for instructions on assigning the control inputs to specific calibration
sequences).

These outputs may be used to interface with devices that accept logic-level digital
inputs, such as Programmable Logic Controllers (PLCs), data loggers, or digital
relays/valve drivers.

They are accessed via a 14-pin connector (Figure 3-9) on the calibrator’s
communications and output panel (see Figure 3-5).

CONTROL OUTPUTS

101112E¢

Figure 3-9: T750 Digital Control Output Connector

ATTENTION COULD DAMAGE INSTRUMENT AND VOID WARRANTY

Most PLCs have internal provisions for limiting the current the input will
draw. When connecting to a unit that does not have this feature, external
resistors must be used to limit the current through the individual
transistor outputs to <50mA (120 Q for 5V supply).

The pin assignments for the control outputs are:

Table 3-4: T750 Control Output Pin Assighments
PIN # STATUS DEFINITION CONDITION
1-12 Outputs 1 through 12 respectively | Closed if the sequence or sequence step activating output is operating
E Emitter BUS The emitters of the transistors on pins 1 to 12 are bussed together.
* Digital Ground The ground level from the calibrator’s internal DC power supplies.
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3.4.1.6. Connecting the Communications Interfaces

The T-Series instruments are equipped with connectors for remote communications
interfaces: Ethernet, USB, RS-232, RS-232 Multidrop and RS-485 (each described
below). In addition to using the appropriate cables, each type of communication method
must be configured using the SETUP>COMM menu (see Sections 4.7 and 5).

ETHERNET CONNECTION

For network or Internet communication with the calibrator, connect an Ethernet cable
from the Ethernet interface connector on the calibrator’s communications and output
panel to an Ethernet port. Although the calibrator is shipped with DHCP enabled by
default (Section 5.4), it should be manually assigned a static IP address.

Configuration: (manual, i.e., static) Section 5.4.1.1

USB (OPTION) CONNECTION

The USB option can be used for direct communication between the calibrator and a PC;
connect a USB cable between the calibrator and computer USB ports. A USB driver is
required for complete configuration.

Note If this option is installed, the COM2 port cannot be used for anything
other than Multidrop communication.
Configuration: Section 5.4.3.
RS-232 CONNECTION
For RS-232 communications with data terminal equipment (DTE) or with data
communication equipment (DCE) connect either a DB9-female-to-DB9-female cable
(Teledyne API part number WR000077) or a DB9-female-to-DB25-male cable (Option
60A), as applicable, from the communications and output panel RS-232 port to the
device. Adjust the DCE-DTE switch (Figure 3-5) to select DTE or DCE as appropriate
(Section 5.1).
Configuration: Section 4.7.3

IMPORTANT IMPACT ON READINGS OR DATA
Cables that appear to be compatible because of matching connectors
may incorporate internal wiring that makes the link inoperable. Check
cables acquired from sources other than Teledyne API for pin
assignments (Figure 3-10) before using.
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RS-232 COM PORT CONNECTOR PIN-OUTS

Electronically, the difference between the DCE and DTE is the pin assignment of the
Data Receive and Data Transmit functions.

e DTE devices receive data on pin 2 and transmit data on pin 3.

e DCE devices receive data on pin 3 and transmit data on pin 2.

Male DB-9 (RS-232)

(As seen from outside analyzer)

TXD

GND

(4) °
oK X : X0
RTS J CTS

(DTE mode)

RXD
GND
’
\ 0 @ QL

cTS RTS

(DCE mode)

Figure 3-10: Connector Pin-Outs for RS-232 Mode

The signals from these two connectors are routed from the motherboard via a wiring
harness to two 10-pin connectors on the CPU card, J11 and J12 (Figure 3-11).
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Note

B R
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00000

R\I RTS GFD T)’(D D(IJD

oYoloyelle!
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[ 1 1 )
NC CTS DSR DTR RXD

Figure 3-11: Default Pin Assignments for CPU COMM Port Connector (RS-232).

Teledyne API offers two mating cables, one of which should be applicable for your use.

e P/N WRO000077, a DB-9 female to DB-9 female cable, 6 feet long. Allows connection
of the serial ports of most personal computers.

¢ P/N WR000024, a DB-9 female to DB-25 male cable. Allows connection to the most
common styles of modems (e.g. Hayes-compatible) and code activated switches.

Both cables are configured with straight-through wiring and should require no additional
adapters.

Cables that appear to be compatible because of matching connectors
may incorporate internal wiring that makes the link inoperable. Check
cables acquired from sources other than Teledyne API for pin
assignments before using.

To assist in properly connecting the serial ports to either a computer or a modem, there
are activity indicators just above the RS-232 port. Once a cable is connected between
the calibrator and a computer or modem, both the red and green LEDs should be on.

o |f the LEDs are not lit, locate the small switch on the communications and output
panel to switch it between DTE and DCE modes.

o If both LEDs are still not illuminated, ensure that the cable properly constructed.

08070A DCN6841
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Note

ATTENTION

RS-232 COM PORT DEFAULT SETTINGS

Received from the factory, the calibrator is set up to emulate a DCE or modem, with Pin
3 of the DB-9 connector designated for receiving data and Pin 2 designated for sending
data.

e RS-232 (COM1): RS-232 (fixed) DB-9 male connector.

e Baud rate: 115200 bits per second (baud)
o Data Bits: 8 data bits with 1 stop bit
e Parity: None
e COM2: RS-232 (configurable to RS-485), DB-9 female connector.
e Baud rate: 115200 bits per second (baud)
e Data Bits: 8 data bits with 1 stop bit
e Parity: None
RS-232 MULTI-DROP (OPTION 62) CONNECTION

When the RS-232 Multidrop option is installed, connection adjustments and
configuration through the menu system are required. This section provides instructions
for the internal connection adjustments, then for external connections, and ends with
instructions for menu-driven configuration.

Because the RS-232 Multidrop option uses both the RS232 and COM2
DB9 connectors on the calibrator’s communications and output panel to
connect the chain of instruments, COM2 port is no longer available for
separate RS-232 or RS-485 operation.

COULD DAMAGE INSTRUMENT AND VOID WARRANTY

Printed Circuit Assemblies (PCAs) are sensitive to electro-static
discharges too small to be felt by the human nervous system. Failure to
use ESD protection when working with electronic assemblies will void
the instrument warranty. For information on preventing ESD damage,
see Fundamentals of ESD manual, PN 04786, available on our website at
http://www.teledyne-api.com under Help Center>Product Manuals in the
Special Manuals section.

In each instrument with the Multidrop option there is a shunt jumpering two pins on the
serial Multidrop and LVDS printed circuit assembly (PCA), as shown in Figure 3-12.
This shunt must be removed from all instruments except that designated as last in the
multidrop chain, which must remain terminated. This requires powering off and opening
each instrument and making the following adjustments:

1. With NO power to the instrument, lay the communications and output panel open for
access to the Multidrop/LVDS PCA, which is seated on the CPU.
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2. On the Multidrop/LVDS PCA’s JP2 connector, remove the shunt that jumpers Pins

21 < 22 as indicated in. (Do this for all but the last instrument in the chain where the
shunt should remain at Pins 21 < 22).

Check that the following cable connections are made in all instruments (again refer
to Figure 3-12):

e J3 on the Multidrop/LVDS PCA to the CPU’'s COM1 connector
¢ (Note that the CPU’s COM2 connector is not used in Multidrop)
e J4 on the Multidrop/LVDS PCA to J12 on the motherboard

e J1 on the Multidrop/LVDS PCS to the LCD display and touchscreen panel

JP2 has a shunt on Pins 21-22. Remove this shunt
from all analyzers except the last analyzer in the
chain; leave the shunt installed on Pins 21-22 on the

Disk on Module last analyzer.
Adjust accordingly if new mstrument(s) added later.

Serial multi-drop
— and LVDS board
(seated on CPU)
po
po
po
p o
p o
b o S_ah‘l'o :'N ?_40;1_
e i o Jatodt2on
motherboard

C
-
;.I....-.-“.l.-.;
ey
ool

v

l Pz
h . % . ,video cable to

o front panel LCD
Ji

!
CPU COM2 i
ot SRR

Figure 3-12: Jumper and Cables for Multidrop Mode

(Note: If you are adding an instrument to the end of a previously configured chain,
remove the shunt between Pins 21 <> 22 of JP2 on the Multidrop/LVDS PCA in the
instrument that was previously the last instrument in the chain.)

Close the instrument.

Referring to Figure 3-13 use straight-through DB9 male > DB9 female cables to
interconnect the host RS232 port to the first calibrator's RS232 port; then from the
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first calibrator's COM2 port to the second calibrator's RS232 port; from the second
calibrator's COM2 port to the third calibrator's RS232 port, etc., connecting in this
fashion up to eight calibrators, subject to the distance limitations of the RS-232
standard.

On the communications and output panel of each calibrator, adjust the DCE DTE
switch (see Figure 3-5 and Section 5.1) so that the green and the red LEDs (RX and
TX) of the COM1 connector (labeled RS232) are both lit. (Ensure you are using the
correct RS-232 cables internally wired specifically for RS-232 communication; see
Section 3.4.1.6: Connecting the Communications Interfaces, “RS-232 Connection”).

m Female DB9

Host
RS-232 port Male DB9
Calibrator Calibrator Calibrator Last Calibrator
COoM2 CoM2 CcoM2 COoM2
RS-232 RS-232 RS-232 RS-232
O] T §

f

Ensure jumper is
installed between
JP2 pins 21 > 22in
last instrument of
multidrop chain.

Figure 3-13: RS-232-Multidrop PCA Host/Calibrator Interconnect Diagram

BEFORE communicating from the host, power on the instruments and check that
the Machine ID code is unique for each (Section 4.7.1).

a. Inthe SETUP Mode menu go to SETUP>MORE>COMM=>ID. The default ID is
typically the model number or “0”.

b. to change the identification number, press the button below the digit to be
changed.

c. Press/select ENTER to accept the new ID for that instrument.

Next, in the SETUP>MORE>COMM>COM1 menu (do not use the COM2 menu for
multidrop), edit the COM1 MODE parameter as follows: press/select EDIT and set
only QUIET MODE, COMPUTER MODE, and MULTIDROP MODE to ON. Do not
change any other settings.
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Note

Note

9. Press/select ENTER to accept the changed settings, and ensure that COM1 MODE
now shows 35.

10. Press/select SET> to go to the COM1 BAUD RATE menu and ensure it reads the
same for all instruments (edit as needed so that all instruments are set at the same
baud rate).

The (communication) Host instrument can address only one instrument at a
time, each by its unique ID (see step 12 above).

Teledyne APl recommends setting up the first link, between the Host and the
first calibrator, and testing it before setting up the rest of the chain.

RS-485 CONNECTION

As delivered from the factory, COM2 is configured for RS-232 communications. This
port can be reconfigured for operation as a non-isolated, half-duplex RS-485 port. Using
COM2 for RS-485 communication disables the USB port. To reconfigure this port for
RS-485 communication, please contact the factory.

3.4.2. PNEUMATIC CONNECTIONS

Note that each time the pneumatic configuration is changed for any purpose, a
backpressure compensation calibration must be performed (Section 7.3.7).

3.4.2.1. About Diluent Gas (Zero Air)

Zero Air is similar in chemical composition to the Earth’s atmosphere but scrubbed of
all components that might affect the calibrator’s readings.

e Diluent Air should be dry (approximately -20°C of Dew Point).

e Diluent Air should be supplied at a gas pressure of between 25 PSI and 35 PSI with
a flow greater than the flow rate for the calibrator. For the standard unit this means
greater than 10 SLPM.

e For calibrators with the 20 LPM diluent flow option (OPT) the diluent air should
be supplied at a gas pressure of between 30 PSI and 35 PSI.

e T750 calibrators with optional O3 generators installed require that the zero air
source supply gas flowing at a continuous rate of at least 100 cm®/min.

o |f the calibrator is also equipped with an internal photometer, the zero air source
supply gas must be capable of a continuous rate of flow of at least 1.1 LPM.

Zero Air can be purchased in pressurized canisters or created using a Teledyne API’s
Model 701 Zero Air Generator.

08070A DCN6841
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3.4.2.2. About Calibration Gas

Calibration gas is a gas specifically mixed to match the chemical composition of the
type of gas being measured at near full scale of the desired measurement range. Usually
it is a single gas type mixed with N, although bottles containing multiple mixtures of
compatible gases are also available (e.g. H,S, O, and CO mixed with N,).

e Calibration gas should be supplied at a pressure of between 25 PSI and 35 PSI with
a flow greater than the flow rate for the calibrator.

NIST TRACEABLE CALIBRATION GAS STANDARDS

All calibration gases should be verified against standards of the National Institute for
Standards and Technology (NIST). To ensure NIST traceability, we recommend
acquiring cylinders of working gas that are certified traceable to NIST Standard
Reference Materials (SRM). These are available from a variety of commercial sources.

The following tables lists some of the most common NIST Primary gas standards

Table 3-5: NIST Standards for CO,

SRM Description Nomisnuatlsﬁt\;r:]oclént of
1676 Carbon Dioxide in Air 365 ppm
1674b Carbon Dioxide in Nitrogen 7%
1675b Carbon Dioxide in Nitrogen 14 %
2619a Carbon Dioxide in Nitrogen 0.5%
2620a Carbon Dioxide in Nitrogen 1.0 %
2621a Carbon Dioxide in Nitrogen 1.5 %
2622a Carbon Dioxide in Nitrogen 2.0%
2623a Carbon Dioxide in Nitrogen 2.5 %
2624a Carbon Dioxide in Nitrogen 3.0%
2625a Carbon Dioxide in Nitrogen 3.5%
2626a Carbon Dioxide in Nitrogen 4.0 %
2745 Carbon Dioxide in Nitrogen 16 %
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Table 3-6: NIST Standards for CO

Nominal Amount of

SRM Description Substance
2612a Carbon Monoxide in Air 10 ppm
2613a Carbon Monoxide in Air 20 ppm
2614a Carbon Monoxide in Air 42 ppm
1677c Carbon Monoxide in Nitrogen 10 ppm
1678c Carbon Monoxide in Nitrogen 50 ppm
1679¢c Carbon Monoxide in Nitrogen 100 ppm
1680b Carbon Monoxide in Nitrogen 500 ppm
1681b Carbon Monoxide in Nitrogen 1000 ppm
2635a Carbon Monoxide in Nitrogen 25 ppm
2636a Carbon Monoxide in Nitrogen 250 ppm
2637a Carbon Monoxide in Nitrogen 2500 ppm
2638a Carbon Monoxide in Nitrogen 5000 ppm
2639a Carbon Monoxide in Nitrogen 1%
2640a Carbon Monoxide in Nitrogen 2%
2641a Carbon Monoxide in Nitrogen 4%
2642a Carbon Monoxide in Nitrogen 8 %
2740a Carbon Monoxide in Nitrogen 10 %
2741a Carbon Monoxide in Nitrogen 13 %

Table 3-7: NIST Standards for H,S

SRM

Description

Nominal Amount of

Substance
2730 Hydrogen Sulfide in Nitrogen 5 ppm
2731 Hydrogen Sulfide in Nitrogen 20 ppm

Table 3-8: NIST Standards for CH,

Nominal Amount of

SRM Description Substance
1658a Methane in Air 1 ppm
1659a Methane in Air 10 ppm
2750 Methane in Air 50 ppm
2751 Methane in Air 100 ppm
1660a Methane-Propane in Air 4:1

Table 3-9: NIST Standards for O,

SRM

Description

Nominal Amount of

Substance
2657a Oxygen in Nitrogen 2%
2658a Oxygen in Nitrogen 10 %
2659a Oxygen in Nitrogen 21 %

08070A DCN6841
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Table 3-10: NIST Standards for SO,
SRM Description Nominal Amount of
substance
1661a Sulfur Dioxide in Nitrogen 500
1662a Sulfur Dioxide in Nitrogen 1000 ppm
1663a Sulfur Dioxide in Nitrogen 1500 ppm
1664a Sulfur Dioxide in Nitrogen 2500 ppm
1693a Sulfur Dioxide in Nitrogen 50 ppm
1694a Sulfur Dioxide in Nitrogen 100 ppm
1696a Sulfur Dioxide in Nitrogen 3500 ppm
Table 3-11: NIST Standards for NO
. Nominal Amount of

SRM Description Substance
1683b Nitric Oxide in Nitrogen 50 ppm
1684b Nitric Oxide in Nitrogen 100 ppm
1685b Nitric Oxide in Nitrogen 250 ppm
1686b Nitric Oxide in Nitrogen 500 ppm
1687b Nitric Oxide in Nitrogen 1000 ppm
2627a Nitric Oxide in Nitrogen 5 ppm
2628a Nitric Oxide in Nitrogen 10 ppm
2629a Nitric Oxide in Nitrogen 20 ppm
2630 Nitric Oxide in Nitrogen 1500 ppm
2631a Nitric Oxide in Nitrogen 3000 ppm
2735 Nitric Oxide in Nitrogen 800 ppm
2736a Nitric Oxide in Nitrogen 2000 ppm
2737 Nitric Oxide in Nitrogen 500 ppm
2738 Nitric Oxide in Nitrogen 1000 ppm

Table 3-12: NIST Standards for Propane (C3Hg)

SRM Description Nominal Amount of
Substance

1665b Propane in Air 3 ppm

1666b Propane in Air 10 ppm

1667b Propane in Air 50 ppm

1668b Propane in Air 100 ppm

1669b Propane in Air 500 ppm

2764 Propane in Air 0.25 ppm

2644a Propane in Nitrogen 250 ppm

2646a Propane in Nitrogen 1000 ppm
2647a Propane in Nitrogen 2500 ppm
2648a Propane in Nitrogen 5000 ppm
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MINIMUM CALIBRATION GAS SOURCE CONCENTRATION

Determining minimum Cal Gas Concentration to determine the minimum concentration
of a calibration gas required by your system:

1. Determine the Total Flow required by your system by adding the gas flow
requirement of each of the analyzers in the system.

2. Multiply this by 1.5.
3. Decide on a Calibration Gas flow rate.

4. Determine the Calibration Gas ratio by divide the Total Flow by the Calibration Gas
Flow Rate.

5. Multiply the desired target calibration gas concentration by the result from step 4.

EXAMPLE: Your system has two analyzers each requiring 2SLPM of cal gas
flow.

2SLPM + 2SLPM = 4SLPM

4SLPM x 1.5 = 6SLPM = Total Gas Flow Rate

If the T750 calibrator is configured so that the cal gas flow rate is 2SLPM
(therefore the Diluent Flow Rate would need to be set at 4 SLPM) the Calibration
Gas ratio would be:

6SLPMm + 2SLPM = 3:1

Therefore if your Target Calibration Gas Concentration is intended to be 200 ppm,
the minimum required source gas concentration for this system operating at these

flow rates would be:

3 x 200ppm = 600 ppm

3.4.2.3. Connecting Diluent Gas to the Calibrator

1 Attach the zero air source line to the port labeled Diluent In.

2 Use the fittings provided with the calibrator to connect the zero air source line.
o First, finger tighten.

e Then using the properly sized wrench, make an additional 1 and V4 turn.

3.4.2.4. Connecting Calibration Source Gas to the T750 Calibrator

Connect the source gas line to the CYL IN port (see Figure 3-1).
e Source gas delivery pressure should be regulated between 25 PSI to 30 PSI.

e Use stainless steel tubing with a 1/8 inch outer diameter.
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3.4.2.5. Connecting Gas Outputs from the Calibrator

SET UP FOR DIRECT CONNECTIONS TO OTHER INSTRUMENTS

Use this setup if you are connecting the T750 calibrator directly to other instruments
without the use of any shared manifolds.

Operator must vent T750 CALGAS OUT line to
outside of room, with at least 3 ft of 1/4 inch
tubing. If the gas flow on this line is = 5 SLPM the
minimum O.D. must be 3/8 inch.

CAL sl CYL IN EXHAUST] —
SOURCE a-{| DILUENT IN
GAS CALGAS OUT Sample Inlet

Teledyne API

Gas Analyzer —

T750 :;o

o

Teledyne API 2

MODEL 701 3

Zero Gas Generator i

Figure 3-14: Set up for T750 — Connecting the Basic T750 to a Sample Manifold

To determine if the gas flow on the vent line is > 5 SLPM, subtract the gas flow for each

instrument connected to the outlets of the T750 from the TOTAL FLOW setting for the
calibrator (see Section 3.5.9).

If the T750 has the optional O3 photometer installed, remember that this option requires
800 cc3/min (0.8 LPM) of additional flow (see Section 3.5.9 or Figure 3-20).

EXAMPLE: Your system has two analyzers each requiring 2SLPM of cal gas flow and

the T750 includes the O; photometer. If the TOTAL FLOW rate for the
calibrator is set at 10 SLPM:

10LPM - 2LPM - 2LPM - 0.8 LPM = 5.2LPM

Therefore, the vent would require a gas line with an O.D. 3/8 inch.
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CONNECTING THE CALIBRATOR TO A SAMPLE GAS MANIFOLD

Use this setup when connecting the T750 calibrator to an analyzer network using a
sample manifold. In this case, the sampling cane and the manifold itself act as the vent

for the T750.
\ SAMPLING CANE
f FILTER SCREEN
BLOWER / PUMP
SAMPLE
MANIFOLD
ROOF _ ( VENT TO OUTSIDE OF ROOM
LIl I
M) O
TEE | | \ )
JLILILI N
H,O TRAP A
T750 output flow rate = | =>>{| sample Inlet
must be greater than the _[ Exhaust

Total Flow requirements
of the entire system, Teledyne API
whichever is higher. Gas Analyzer

Minimum O.D. of this gas line

must be 3/8 inch Sample Inlet

Exhaust

CALGAS OUT CYLIN
Teledyne API
T750 EXHAUST outlet Gas Analyzer

MUST be vented to [{exHAusT
outside of room.

L

CAL

DILUENT IN SOURCE

Teledyne API MODEL
701
Zero Gas Generator

Figure 3-15: Set up for T750 — Connecting the T750 to a Sample Manifold

Note e This is the recommended method for connecting the T750 calibrator to a
system with analyzers that DO NOT have internal zero/span valves.

* The manifolds as shown in the above drawing are oriented to simplify the
drawing. Their actual orientation in your set-up is with the ports facing
upward. All unused ports must be capped.

* When initiating calibration, wait a minimum of 15 minutes for the calibrator to
flood the entire sampling system with calibration gas.
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CONNECTING THE CALIBRATOR TO A CALIBRATION MANIFOLD

Using a calibration manifold provides a pneumatic interface between the calibration
system and other devices (or systems) which use the calibrator’s gas output. Calibration
manifolds usually have one or more ports for connections to other external devices (such
as an analyzer).

\ SAMPLING CANE
' FILTER SCREEN
BLOWER / PUMP
SAMPLE
MANIFOLD
ROOF B VENT TO OUTSIDE OF ROOM)
i
® oY
TEE t
JLrrrin T T
—[
H,O TRAP d
:-:-:::-:-:-:::D[ Sample Inlet
>[ Span Gas Inlet
>[ Zero Air Inlet
T750 EXHAUST outlet MUST b Teledyne API
CAL vented to outside of room. Gas Analyzer
SOURCE :/
GAS e[| CYLIN EXHAUST P[] sample Inet
Span Gas Inlet
CALGAS ouT Zero Air Inlet
Teledyne API
Gas Analyzer
DILUENT IN T750 yZ!
— FT1FLELFL L
Teledyne API \ 2
MODEL 701 I
Zero Gas Generator CALIBRATION
MANIFOLD If Gas flow on this line is > 5 SLPM
T750 output flow rate must be greater than 5 SLPM. the minimurn ©.D. must be 3/8 inch

Minimum O.D. must be 3/8 inch

Figure 3-16: Set up for T750 — Connecting the T750 to a Calibration Manifold

Note * This method requires the analyzers connected to the calibration system have
internal zero/span valves.

* The manifold should be kept as clean as possible to avoid loss of sample gas
flow from blockages or constrictions.

* The manifolds as shown in the above drawing are oriented to simplify the
drawing. Their actual orientation in your set-up is with the ports facing
upward. All unused ports must be capped.

* When initiating calibration, wait a minimum of 15 minutes for the calibrator to
flood the entire calibration manifold with calibration gas.
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CALIBRATION MANIFOLD EXHAUST/VENT LINE

The manifold’s excess gas should be vented outside of the room. This vent should be of
large enough internal diameter to avoid any appreciable pressure drop, and it must be
located sufficiently downstream of the output ports to assure that no ambient air enters
the manifold due to eddy currents or back diffusion.

CONNECTING THE CALIBRATOR TO A DUAL SPAN GAS / ZERO AIR
CALIBRATION MANIFOLD

Another type of calibration setup utilizes separate span gas and the zero air manifolds
(see Figure 3-17).

SAMPLING CANE
FILTER SCREEN
BLOWER / PUMP
\ SAMPLE
ROOF = MANIFOLD VEN'Ij_TlO OUTSIDE OF ROOM
Van\

| nnr—
f\ A 4
TEE
Il
H,O TRAP
......... r .:>[ Sample Inlet
{ Exhaust
»[ Span Gas Inlet
—>| Zero Air Inlet
Teledyne API
Gas Analyzer
T750 EXHAUST outlet MUST be
vented to outside ofroom. |} QA | . :>[ Sample Inlet
CAL —pf] cin EXHAUST ]/ I_[ Exhaust
SOURCE »[ Span Gas Inlet
GAS CALGAS OUT [ | Zero Air Inlet ey
Gas Analyzer
|—>[ DILUENT IN T750 P
SPAN CAL MANIFOLD G/
Teledyne API 1]
MODEL 701 >G ZERO CAL MANIFOLD
Zero Gas Generator [
5 SLPM

If Gas flow on this line is > 5 SLPM the
minimum O.D. must be 3/8 inch

Figure 3-17: Set up for T750 — Connecting the T750 to a Dual Span Gas / Zero Air Manifold

Note This set up is subject to the same notes and conditions as the single calibration
manifold described previously with the following two exceptions:
* The T750 total gas flow rate (Cal Gas Flow Rate + Diluent Flow Rate) out should
be greater than the Total Flow requirements of the entire system.
* The manifolds as shown in the above drawing are oriented to simplify the
drawing. Their actual orientation in your set-up is with the ports facing upward.
All unused ports must be capped.
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SPAN GAS/ZERO AIR CALIBRATION MANIFOLD EXHAUST/VENT LINES

The span and zero air manifolds’ excess gas should be vented to a suitable vent outside
of the room. This vent should be of large enough internal diameter to avoid any
appreciable pressure drop, and it must be located sufficiently downstream of the output
ports to assure that no ambient air enters the manifold due to eddy currents or back

Instrument Chassis

DILUENT
INLET

‘»@_._ brn 4'—‘ L

diffusion.

CAL GAS
INLET

Diluent
DILUENT £ Mass Flow Controller
Valve Qo
x DILUENT
(@) PRESSURE
%]
wZ SENSOR
< W
o0 <
WO
>Xa
33
£
i}
o CAL GAS -_————— — — ]
o PRESSURE I On Output Panel
SENSOR |
orn | EXHAUST
*@_‘ o 0 I
|

GAS INPUT MANIFOLD Cal Gas

yel >i¢

yel

CAL GAS
OUTPUT

yel |

Mass Flow Controller I_ ________

Figure 3-18: T750 Pneumatic Diagram — Base Unit

The standard T750 Portable Calibrator is equipped with one calibration gas mass flow
controller (flow rate 0 — 100 cm*/min) and one diluent gas mass flow controller (flow
rate 0-10 LPM).

3.4.2.6. Other Pneumatic Connections

Some of the T750 Portable Calibrator’s optional equipment requires additional
pneumatic connections.

O3; GENERATOR OPTION

Because ozone (O3) quickly breaks down into molecular oxygen (O,), this calibration
gas cannot be supplied in precisely calibrated bottles like other gases such as SO,, CO,
CO, NO, H,S, etc. The optional O3 generator extends the capabilities of the T750
Portable Calibrator to dynamically generate calibration gas mixtures containing Os.

Additionally a glass mixture volume, designed to meet US EPA guidelines for Gas
Phase Titration (GPT), is included with this option. This chamber, in combination with

50

08070A DCN6841



Teledyne APl — Model T750 Portable Calibrator Getting Started

the Oz generator, allows the T750 to use the GPT technique to more precisely create
NO, calibration mixtures.

Instrument Chassis
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|
|

| 4
! @

|
' o)
| . o | 05 GAS INPUT
N 32 7 o 9l PRESSURE SENSOR
= 2 o)
Pressure [ S &l 0s GEN/ PHOTOMETER
Regulator . = = 3l PRESSURE / FLOW SENSOR PCA
o B
DILUEE_ g I e gl
INLET g [ >|
32 g1
DILUENT 83 8
Valve I3 o gl
3.8 <
I15e |
; | |
+ ' | |
DILUENT | blk
OF‘RESSURE |
SENSOR - 0z Genl
Diluent | Valve |

Mass Flow Controller

INPUT GAS
PRESSURE SENSOR
PCA

| On Output Panel
|

|
Blk | EXHAUST

CAL GAS
PRESSURE
SENSOR
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CAL GAS 1
INLET F orn
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GAS INPUT MANIFOLD

Cal Gas
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|
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blu |
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Figure 3-19: T750 Pneumatics with Optional O; Generator and GPT Chamber
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Note

Table 3-13: Valve States for T750 Calibrator with Optional O; Generator.

VALVES
(X = Closed; O =Open) MFCs
MODE D = Degenerized; E = Energized
%'— DILIUNENT GPT G%N CALL | cAL2! | DILUENT
Generate Source Gas 0? @] D D ON® | ON® ON
Generate Os X O D E | OFF | OFF | OFF
Leak Check 0-17% X 0 D| D|ON | ON | ON
Leak Check 17%-100% X X D D ON ON ON
GPT 0? 0 E E | ON° | ON®* | ON
GPTZ O O E E ON ON ON
GPTPS X o) D | E | OFF | OFF | ON
STANDBY X o) D | D | OFF | OFF | OFF
! Only present if multiple cal gas MFC option is installed.
2 The valve associated with the cylinder containing the chosen source gas is open.
% In instruments with multiple MFCs, the CPU chooses which MFC to use depending on the target
gas flow requested.

The output of the O generator can be controlled in either of two ways:

o CONSTANT mode: By selecting a specific, constant drive voltage (corresponding to
a specific O3 concentration) for the generator, or;

e BENCH mode: The user selects a desired O3 concentration, and the calibrator’'s
CPU sets the intensity of the O3 generator's UV lamp to a drive voltage
corresponding to that concentration.

See Section 10.6 for more details on the operation of the O; generator.

In addition to the diluent gas, calibration source gas, and gas output connections
discussed in the preceding sections, this option also requires an O; exhaust line be
connected to the EXHAUST outlet on the output panel of the T750 (see Figure 3-5).

The EXHAUST line must be vented to atmospheric pressure using maximum of
10 meters of ¥4” PTFE tubing.

Venting must be outside the shelter or immediate area surrounding the
instrument.

O; GENERATOR WITH PHOTOMETER OPTION

The photometer option increases the accuracy of the T750 calibrator’s optional Oj
generator (OPT 1A) by directly measuring O3 content of the gas output by the generator.

The photometer’s operation is based on the principle that ozone molecules absorb UV
light of a certain wavelength. A mercury lamp internal to the photometer emits UV light
at that wavelength. This light shines down a hollow glass tube that is alternately filled
with sample gas (the measure phase), and zero gas (the reference phase). A detector,
located at the other end of the glass tube measures the brightness of the UV light after it
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passes though the gas in the tube. The O3 content of the gas is calculated based on the
ratio the UV light intensity during the measure phase (O3 present) and the reference
phase (no O3 present).

When the photometer option is installed, a third more precise and stabile option, called
the BENCH feedback mode, exists for controlling the output of the Oz generator. In
BENCH mode the intensity of the O; generator’s UV lamp is controlled (and therefore
the concentration of the O; created) by the T750’s CPU based on the actual Os
concentration measurements made by the photometer.

See Section 10.7 for more details on the operation of the O; photometer.
This option requires that the O; generator (OPT 1A) be installed.

Instrument Chassis
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Figure 3-20: Internal Pneumatics for T750 Calibrator with Optional O3 Generator and Photometer
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Note

Table 3-14: Valve States for T750 with Optional O; Generator and Photometer

VALVES PHOT
X = Closed; O = Open
( ’ p ). MFCs PUMP
GAS TYPE (D = Deenergized; E = Energized)
CYL DILUENT 0 "
GPT PHOT M/R CAL CAL2 DILUENT
IN IN GEN
Generate O O D Reference Phase ON? ON? ON OFF
Source Gas
Generate O3 X (@] D E Switching OFF | OFF OFF ON?
Leak Check
017% X| o | D|D ON | ON | ON
Leak Check
171006 | X | X | D| D ON | ON | ON
GPT O O E E Reference Phase ON? ON? ON OFF
GPTZ O O E E Reference Phase ON ON ON OFF
GPTPS X O D E Switching OFF OFF ON ON?
STANDBY X (0] D D Reference Phase | OFF | OFF OFF OFF
! Only present if multiple cal gas MFC option is installed.
2 In an instrument with multiple MFCs the CPU chooses which MFC to use depending on the target gas flow requested.
3 When generating O3 or in GPT Pre-Set mode, the photometer pump is the primary creator of gas flow through the T750.
Flow rates are controlled by critical flow orifice(s) located in the gas stream

In addition to the connections discussed in the previous sections, this option also
requires the following:

e Loop back lines must be connected between:
» PHOTOMETER OUTLET fixture and the PHOTOMETER INLET fixture.
» PHOTOMETER ZERO OUT fixture and the PHOTOMETER ZERO IN fixture.

e An O; exhaust line must be connected to the EXHAUST outlet.

See Figure 3-4 for the location of these fixtures.

The EXHAUST line must be vented to atmospheric pressure
using maximum of 10 meters of %.” PTFE tubing. This venting must be outside
the shelter or immediate area surrounding the instrument.

MULTIPLE CALIBRATION SOURCE GAS MFC’S

An optional third mass flow controller can be added on the calibration gas stream.
When this option is installed, the T750 has both calibration gas MFCs on the same gas
stream, installed in parallel (see Figure 3-21 and Figure 3-22). The calibrator turns on
the MFC with the lowest flow rate that can accommodate the requested flow and can
therefore supply the most accurate flow control. When a flow rate is requested that is
higher than the highest rated MFC (but lower than their combined maximum flow
rating), both controllers are activated.

EXAMPLE:

e Calibrator with one calibration gas MFC configured for 0-5 LPM:
Maximum gas flow = 5 LPM
Minimum gas flow = 500 cm*min

e Calibrator with two calibration gas MFCs configured for 0-1 LPM and 0-5 LPM:

Calibration gas flow rates:
5.001 to 6.000 LPM; both MFCs active
1.001 LPM - 5.000 LPM; High MFC active;
0.100 LPM — 1.000 LPM; Low MFC active
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When this option is installed the test measurements that show the MFC actual and target
flows (e.g., ACT CAL; TARG CAL) show the sum of the flows of all the active MFCs.
On the other hand, the pressure test measurements show the pressure for only one MFC,
not the sum as it is assumed that gas pressure is the same for all MFCs.

Instrument Chassis
e
DILUENT JL\_ﬂ
INLET brn brn —’—‘
brn Diluent
Dl\l;laJIEng Mass Flow Controller
x DILUENT
o] PRESSURE Cal Gas
%) 2 SENSOR Mass Flow Controller 1
L
&0
= 5
oxa
332
£
E CAL GAS = —
o QPRESSURE Nl
SENSOR QL\_ﬂ |
—P e
A yel Y
orn
CAL GAS orn
INLET Cal Gas
Mass Flow Controller 2
vel yel
GAS INPUT MANIFOLD l (
S——
—>4ﬁLH
yel Ve

Figure 3-21: Basic T750 with Multiple Calibration Gas MFCs

08070A DCN6841 55



Getting Started

Teledyne APl — Model T750 Portable Calibrator
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Figure 3-22: T750 with Multiple Calibration Gas MFCs and O; Generator and Photometer Options

3.5. STARTUP, FUNCTIONAL CHECKS, AND INITIAL
CALIBRATION

3.5.1. START UP

If you are unfamiliar with the T750 principles of operation, we recommend that you read
Section 10.

For information on navigating the calibrator’s software menus, see the menu trees
described in Appendix A.

After the communications and pneumatic connections are made, an initial functional
check is in order. Turn on the instrument. The exhaust fan (and pump if photometer
option installed) should start immediately. The LCD touchscreen will show a splash
screen and other information during the initialization process while the CPU loads the
operating system, the firmware and the configuration data.

The calibrator should automatically switch to STANDBY mode after completing the
brief boot-up sequence. However, it the T750 Portable Calibrator requires a minimum of
30 minutes for all of its internal components to reach a stable operating temperature.
During the warm-up period, the LCD touchscreen may show messages in the Parameters
field.
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3.5.2. WARNING MESSAGES

Because internal temperatures and other conditions may be outside be specified limits
during the calibrator’s warm-up period, the software will suppress most warning
conditions for 30 minutes after power up.
minutes warm up period is over, investigate their cause using the troubleshooting
guidelines in Section 9 of this manual.

To view and clear warning messages, press:

Suppresses the

STANDBY

warning messages.

Once the last warning has
been cleared, the ACT CAL
function returns wil be

=

TEST

SYSTEM RESET

GEN STBY SEQ MSG CLR SETUP

R

If warning messages persist after the 30

MSG returns the active
warnings to the message
field.

STANDBY SYSTEM RESET

TEST GEN STBY SEQ MSG CLR SETUP

1

STANDBY SYSTEM RESET

TEST GEN STBY SEQ MSG CLR SETUP

I
1

SYSTEM ANALOG CAL WARNING

TEST

CITR SETUP

Press CLR to clear the current
message.
If more than one warning is
active, the next message will take
its place.

‘—l

displayed in the calibrator’s STANDBY
main MESSAGE FIELD

- TEST

A-CAL=0.000 LPM
GEN STBY SEQ MSG CLR SETUP

NOTE:

If a warning message persists after
several attempts to clear it, the message
may indicate a real problem and not an
artifact of the warm-up period.

L=

Table 3-15 lists brief descriptions of the warning messages that may occur during start up.
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Table 3-15: Possible Warning Messages at Start-Up

MESSAGE

MEANING

ANALOG CAL WARNING

The calibrator's A/D converter or at least one analog input channel has not been
calibrated.

CONFIG INITIALIZED

Stored Configuration information has been reset to the factory settings or has
been erased.

DATA INITIALIZED

The calibrator’s data storage was erased.

LAMP DRIVER WARN"?

The firmware is unable to communicate with either the O3 generator or
photometer lamp I°C driver chips.1’ 2

MFC CALIBRATION WARNING

The flow setting for one of the calibrator's mass flow controllers is less than 10%
or greater than 100% of the flow rating for that controller.

MFC COMMUNICATION
WARNING

Firmware is unable to communicate with any MFC.

MFC FLOW WARNING®

One of the calibrator’'s mass flow controllers is being driven at less than 10% of
full scale or greater than full scale.

MFC PRESSURE WARNING

One of the calibrator’'s mass flow controllers internal gas pressure is outside of
allowable limits.

03 GEN LAMP TEMP WARNING"

The O3 generator lamp temperature is outside of allowable limits."

03 PUMP WARNING

The pump associated with the O3 photometer has failed to turn on.!

PHOTO LAMP TEMP WARNING?

The photometer lamp temperature is outside of allowable limits.?

PHOTO LAMP STABILITY
WARNING

Photometer lamp reference step changes occur more than 25% of the time.

PHOTO REFERENCE WARNING®

The photometer reference reading is outside of allowable limits.?

REAR BOARD NOT DET

The calibrator's motherboard was not detected during power up.

- THIS WARNING only appears on Serial /O COMM Port(s).
- The LCD touchscreen will be frozen, blank or will not respond.

REGULATOR PRESSURE
WARNING

The gas pressure regulator associated with the internal O3 generator option is
reporting a pressure outside of allowable limits.

RELAY BOARD WARN

The firmware is unable to communicate with the calibrator’s relay PCA.

SYSTEM RESET

The calibrator has been turned off and on or the CPU was reset.

VALVE BOARD WARN

The firmware is unable to communicate with the valve controller board.

' Only applicable for calibrators with the optional the O generator installed.

2 Only applicable for calibrators with the optional photometer installed.

® On instruments with multiple Cal Gas MFCs installed, the MFC FLOW WARNING occurs when the flow rate requested
is <10% of the range of the lowest rated MFC (i.e. all of the cal gas MFC are turned off).
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3.5.3. FUNCTIONAL CHECKS

1. After the calibrator's components have warmed up for at least 30 minutes, verify that the
software properly supports any hardware options that are installed.

2. Check to ensure that the calibrator is functioning within allowable operating parameters.
Appendix C includes a list of test functions viewable from the calibrator's LCD
touchscreen as well as their expected values. These functions are also useful tools for
diagnosing problems with your calibrator (Section 9.1.2). The enclosed Final Test and
Validation Data sheet (P/N 05731) lists these values before the instrument left the
factory.

To view the current values of these parameters press the following button sequence on
the calibrator’s LCD touchscreen. Remember that until the unit has completed its warm-
up, these parameters may not have stabilized.

STANDBY A-CAL=0.000 LPM

[ J
<TlST TSlT> GEN STBY| SEQ*> MSG CLR' SETUP

Toggle <TST TST> * A-CAL=/Value/LPM
buttons to scroll through - T-CAL=/Value] LPM
list of functions - A-DIL=/Value]LPM

* T-DIL=/Value]LPM

- O3LAMPTMP*=/Value]°C

- CAL PRES=/Value/PSIG

- DIL PRES=/Value/PSIG

- REG PRES=/Value]PSIG

- A-GAS=/Mode/Value/Gas Type]
- T-GAS=/Mode/Value+Gas Type]

- A-O3*=XXXX
ol T-03%=XXXX
- T-FLW=XXXX
. BOX TMP=/Value]°C
- PWRSPLY TMP=/Va/ue]°C
' Only appears when warning messages "~ PH MEA434=[V6/U9]MV
are active. - PH REF '=/Value] MV
2 Only appears when an one or more " PH F'-W4=/4 Value] LPM
calibration sequences are programmed | = PHLTEMP'=/Value/°C
into the calibrator's memory. - PHPRES =4[ Value] IN-HG-A
* Only appears if optional O; generatoris | = PH STEMP =/Value/°C
installed. - PH SLOPE =/Value]
* Only appears if optional O photometer * PH OFFST'=/Value]
bench is installed. * TIME=/HH:MM:SS]

3. If your calibrator is operating via Ethernet and your network is running a dynamic host
configuration protocol (DHCP) software package, the Ethernet will automatically
configure its interface with your LAN. However, it is a good idea to check these settings
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to ensure that the DHCP has successfully downloaded the appropriate network settings
from your network server (see Section 5.4.1).

If your network is not running DHCP or if you wish to establish a more permanent
Ethernet connection, you will have to configure the calibrator’s Ethernet interface
manually (see Section 5.4.1.1).

3.5.4. SETTING UP THE CALIBRATION GAS INLET PORT

The T750 Portable Calibrator generates calibration gases of various concentrations by
precisely mixing component gases of known concentrations with diluent (zero air).
When the instrument is equipped with the optional O; generator and photometer, it can
also use the gas phase titration method (Section 4.2.3) for generating very precise
concentrations of NO,.

In either case, it is necessary to program the concentrations of the component gases
being used into the T750°s memory.

3.5.5. DEFAULT GAS TYPES

The T750 calibrator is programmed with the following default gas types corresponding
to the most commonly used component gases:

Table 3-16: T750 Default Gas Types

NAME GAS TYPE

NONE | Used for gas inlet ports where no gas bottle is attached

SO sulfur dioxide

H>S hydrogen sulfide

N.O nitrous oxide

NO nitric oxide

NO; nitrogen dioxide

NH3 Ammonia’

CO carbon monoxide, and;
CO2 carbon dioxide
HC General abbreviation for hydrocarbon

"It is not recommended that ammonia be used in the T750.
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3.5.6. USER DEFINED GAS TYPES

3.5.6.1. User Defined Gas Types — General

The T750 calibrator can accept up to four different user defined gases. This allows the
use of:

e Less common component gases not included in the T750’s default list;

e More than one bottle of the same gas but at different concentrations. In this case,
different user-defined names are created for the different bottles of gas.

EXAMPLE: Two bottles of CO, are being used, allow the calibrator to create two
different CO, calibration gases at the same flow rate.

Since identical names must not be assigned to two different bottles, one
bottle can be programmed using the default name “CO2” and the other
bottle programmed by assigning a user defined name such as “CO2A”.

Alternatively, both bottles can be assigned user defined names; e.g.
CO2A and CO2B

User defined gas names are added to the T750’s gas library and will appear as choices
during the various calibrator operations along with the default gas names listed in
Section 3.5.5.

In its default state, the T750’s four user defined gases are named usrl, usr2, usr3 and
usr4, each with a default MOLAR mass of 28.890 (the MOLAR mass of ambient air).
All four are enabled.

To define a user gas you must first define the GAS NAME and then set the MOLAR
MASS.
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3.5.6.2. User Defined Gas Types — Defining the Gas Name

In this example, we will be using PROPANE (C;Hg). Press:

Make sure that the T750
is in standby mode.

GEN STBY SEQ SE'II'UP

v

PRIMARY éETUP MENU

Y

SOURCE G'AS CONFIG

CYL USI%R

—

0) GAS:NdNE MASS:28.890 GM

NE)I(T

C

Continue pressing next until ... )

v

15) GAS:USR1 MASS:28.890 GM

NEXT ED!T

-

+_I

28.890 is the Molar Mass of
ambient air.

This number is used as a

default value for all user

gases until reset by the
operator

GAS:USR1 MASS:28.890 GM

NAIME MASS

—

Toggle these buttons to
change the GAS NAME

Available characters are
A-Z; 0-9 and “-“

GAS NAME: USR1

R o P ENITR EXIT

L

L

GAS:PROP MASS:28.890 GM
NAME MASS

EXIT discards the new
GAS NAME

ENTR accepts the new
GAS NAME

Alternatively, one could use the chemical formula for this gas, c,hg or any other 4-letter
name (e.g., PRPN, MY-1, etc.)

Note

If you have the same type of gas, but two different concentrations (for example,

two concentrations of CO,), assigh the second concentration to one of the user
defined gases (e.g. CO2 {default name} and CO2B {user defined}).
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3.5.6.3. User Defined Gas Types — Setting the MOLAR MASS

The molar mass of a substance is the mass, expressed in grams, of 1 mole of that specific
substance. Conversely, one mole is the amount of the substance needed for the molar
mass to be the same number in grams as the atomic mass of that substance.

EXAMPLE: The atomic weight of Carbon is 12.011 therefore the molar mass of Carbon

is 12.011 grams, conversely, one mole of carbon equals the amount of
carbon atoms that weighs 12.011 grams.

Atomic weights can be found on any Periodic Table of Elements.

To determine the Molar mass of a gas, add together the atomic weights of the elements
that make up the gas.

EXAMPLE: The chemical formula for Propane is C,Hg. Therefore the molecular mass
of propane is:

(12.011 x 2) + (1.008 x 8) = 24.022 + 8.064 = 32.086
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To set the molar mass of a user defined gas, press:

Make sure that the T750 is
in standby mode.

GEN STBY SEQ

SE'II'UP

v

PRIMARY SETUP MENU

y

SOURCE GAS CONFIG

CYL USI%R

—

0) GAS:NONE MASS:28.890 GM

N E)I(T

Continue pressing next until ...

v

(

)

15) GAS:USRi MASS:28.890 GM

NEXT ED!T

+_|

28.890 is the Molar Mass of
ambient air.

This number is used as a

default value for all user

gasses until reset by the
operator

2 0 8 6

Toggle these
buttons to change

ENTR EXIT 1

GAS:USR1 MASS:28.890 GM -
NAME MASS
Y
MOLAR MASS: 32.086 GRAMS

the MOLAR

b

>

MASS >

GAS:USR1 MA'SS:32.086 GM
ENAB NAME MASS

EXIT

EXIT discards the new
MOLAR MASS

ENTR accepts the new
MOLAR MASS

Note
(

28.01).

If the contents of the bottle are predominantly N,, use the molar mass of N,
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3.5.6.4. Enabling and Disabling Gas Types

By default, all of the gases listed in Section 3.5.5 and the four undefined USER gases
are ENABLED. Any of these can be disabled. Disabling a gas type means that it does
not appear in certain prompts during portions of the T750’s operation (e.g. setting up
sequences) and is not figured into the calibrators calculating when determining
calibration mixtures.

To disable a gas type, press:

Make sure that the T750 is
in standby mode.

GEN STBY SEQ SE'IFUP

Y

PRIMARY S'ETUP MENU

Y

CYL USI?R

SOURCE GAS CONFIG

—

0) GAS:NONE MASS:28.890 GM

NE)I(T

C

Continue pressing next until ... )

!

15) GAS:U'SRl MASS:28.890 GM

NEXT ED!T

+_|

ENAB

GAS:USRl' MASS:28.890 GM
NAME I\/I/IASS

Y

Press the ON
button to change
ENABLE GAS to |
OFF; press ENTR

ON

i

ENABLE GAS:ON
ENTR EXIT -

| &

Y

then EXIT to see

the change. z7

ENAB

GAS:USR1 MASS:28.890 GM

NAME MASS EIXIT

EXIT discards the
changed enable/disable
setting

ENTR accepts.

Y

15) DISABLED

NEXT EDIT
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3.5.7. DEFINING THE CALIBRATION SOURCE GAS

To set the T750 calibrator’s source gas on the input port, press:

Make sure that the T750 is
in standby mode. GEN STBY SEQ SETUP
]

|

PRIMARY SETUP MENU
GAS
| l
SOURCE GAS CONFIG
CYL USER
| :
CYLINDER GAS CONFIG
EDIT

[gas type]

NOI:IE

The label for this button i
will change dynamically | Continue pressing this button until the
as the available gas list desired gas type is reached

is cycled. e *
0.0 PPM CO2
Togg|e these !5 5 0 0 ! PCT ENTR EXIT
buttons to *
change the L______»| EXIT discards the new

target
concentration>” Toggle this button to change GAS NAME.
the units of measure

L | ENTR accepts the new
GAS NAME.

Table 3-17: T750 Units of Measure List

SYMBOL UNITS RESOLUTION
PPM parts per million 000.0
PPB parts per billion 000.0
MGM milligrams per cubic meter 000.0
UGM micrograms per cubic meter 000.0
PCT percent 0.000
PPT parts per thousand 00.00
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3.5.8. SELECTING AN OPERATING MODE FOR THE O3 GENERATOR

The Os generator can be set to operate in either of two modes: Constant or Bench.

3.5.8.1. CNST (CONSTANT)

In this mode, the Os output of the generator is based on a single, constant, drive voltage.
There is no Feedback loop control by the T750’s CPU in this mode.

3.5.8.2. BNCH (BENCH)

The O3 concentration control loop will use the photometer’s O3 measurement as input.

To select a default O3 generator mode, press:

Make sure that the T750 is
in standby mode.

E)'(IT

GEN STBY SEQ SE'.I'UP
* ]
PRIMARY SETUP MENU
G/.\S
| !
SOURCE GAS CONFIG
CYL 01'3 USER

03 GAS CONFIG

MODE —

| | These buttons initiate
; procedures for calibrating and
verifying the operation of the O
Generator and Photometer
l (see Chapter 12)
SETUP X.X 03 GEN MODE:CNST
|CNST BNCH | ENTR EXIT
Use these buttons [ ] EXIT discards the new
to select a control ] settin
mode for the O3 - 9
Generator: = + ENTR accepts the

03 GAS CONFIG new setting

MODE
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3.5.9. SETTING THE T750’S TOTAL GAS FLOW RATE

The default total gas flow rate for the T750 Portable Calibrator is 2 LPM. The calibrator
uses this flow rate, along with the concentrations programmed into the calibrator for the
component gas cylinders during set up, to compute individual flow rates for both diluent
gas and calibration source gases in order to produce calibration mixtures that match the
desired output concentrations.

This Total Flow rate may be changed to fit the user’s application. Once the flow is
changed, then the new flow value becomes the total flow for all the gas concentration
generated and computes again the individual flow rates of the component gases and
diluent accordingly.

Note

* The minimum total flow should equal 150% of the flow requirements of all of the
instruments to which the T750 will be supplying calibration gas.

* Example: If the T750 is will be expected to supply calibration gas mixtures
simultaneously to a system in composed of three analyzers each requiring 2
LPM, the proper Total Flow output should be set at: (2 +2 +2) x 1.5 =9.000 LPM

To set the TOTAL FLOW of the T750 Portable Calibrator, press:

EXIT discards the new
GAS NAME.

ENTR accepts the new
GAS NAME.

Make sure that the T750 is
in standby mode. GEN STBY SEQ SE'II'UP
* |
PRIMARY SETUP MENU
GAS MORE
SECONDARY SETUP MENU
COMM FLOW
FLOW MENU
TARG STAT
TARGET FLOW: 2.000 Lpm
Toggle these 0 2I 0 0 0 EINTR EXIT
buttons to 4 L—»
change the
target TOTAL ¢ -
FLOW rate.
FLOW MENU
TARG STAT

Note

It is not recommended that you set the TOTAL FLOW rate to be <10% or >100%
of the full scale rating of the diluent MFC.
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The TOTAL FLOW is also affected by the following:
e The GENERATE = AUTO menu (see Section 4.2.1) or;

o As part of a GENERATE step when programming a sequence (see Section
4.3.2.1).

The operator can individually set both the diluent flow rate and flow rates for the
component gas cylinders as part of the following:

e The GENERATE > MANUAL menu (see Section 4.2.2) or;

e As part of a MANUAL step when programming a sequence (see Section
4.3.2.5).

Note When calculating total required flow for T750’s with O; photometers installed
ensure to account for the 800 cc/min flow it requires.
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4. OVERVIEW OF OPERATING MODES AND BASIC
OPERATION

Note

Note

The T750 calibrator is a micro-computer-controlled calibrator with a dynamic menu
interface for easy and yet powerful and flexible operation. All major operations are
controlled from the LCD touchscreen.

To assist in navigating the system’s software, a series of menu trees can be found in
Appendix A of this manual.

The flowcharts in this section depict the manner in which the LCD touchscreen
is used to operate the T750 Portable Calibrator. They depict typical
representations of the display during the various operations being described.
They are not intended to be exact and may differ slightly from the actual display
of your system.

The ENTR button may disappear if you select a setting that is invalid or out of
the allowable range for that parameter, such as trying to set the 24-hour clock to
25:00:00. Once you adjust the setting to an allowable value, the ENTR button will
reappear.

The T750 calibrator software has a variety of operating modes, which are controlled
from the LCD touchscreen. (Remote operation is described in Section 6). The most
common mode that the calibrator will be operating in is the STANDBY mode. In this
mode, the calibrator and all of its subsystems are inactive (no LED lit on LCD
touchscreen), although TEST functions and WARNING messages are still updated and
can be examined via the LCD touchscreen.

The second most important operating mode is SETUP mode. This mode is used for
performing certain configuration operations, such as programming the concentration of
source gases, setting up automatic calibration sequences and configuring the
analog/digital inputs and outputs. The SETUP mode is also used for accessing various
diagnostic tests and functions during troubleshooting.
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CAL 0.0000 0.0000 LPM

DIL 0.000 0.000 LPM

Figure 4-1: LCD Display and Touchscreen

The mode field of the display indicates to the user which operating mode the unit is
currently running.

Besides STANDBY and SETUP, other operation modes are listed in Table 4-1:

Table 4-1: Calibrator Operating Modes

MODE DESCRIPTION
STANDBY The calibrator and all of its subsystems are inactive.
GENERATE In this mode, the instrument is engaged in producing calibration gas
mixtures.

MANUAL | In this mode, the instrument is engaged in producing calibration
gas mixtures.

GPTZ (Gas Phase Titration Zero) The calibrator is generating a
baseline NO reading with the ozone subsystem flowing gas
without generating ozone. Use this mode in conjunction with the
GPTS and GPT modes when performing NO; converter efficiency
tests on NOy analyzers.

GPTPS? (Gas Phase Titration Preset) In this mode the T750 determines
the precise performance characteristics of the O3z generator at
the target values for an upcoming GPT calibration.

GPT' The calibrator is using the O3 generator and source gas inputs to
mix and generate calibration gas using the gas phase titration
method.
SETUP? SETUP mode is being used to configure the calibrator.
DIAG One of the calibrator’s diagnostic modes is being utilized. When

the diagnostic functions that have the greatest potential to
conflict with generating concentrations are active, the instrument
is automatically placed into standby mode.

' This mode is not available in units without O3 generators installed.
2 This mode is not available in units without internal photometers installed.
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4.1. STANDBY MODE

When the T750 Portable Calibrator is in standby mode, it is at rest. All internal valves
are closed except the diluent inlet valve. The mass flow controllers are turned off. On
units with O3 generator and photometer options installed, these subsystems are inactive.

e The SETUP = GAS submenu is only available when the instrument is in STANDBY
mode.

e Some functions under the SETUP - MORE - DIAG submenu, those that conflict
with accurate creation of calibration gas mixtures (e.g. ANALOG OUTPUT STEP
TEST) automatically place the calibrator into STANDBY mode when activated.

e The MFC pressures are not monitored in standby mode since the MFCs are turned
OFF. This prevents erroneous MASS FLOW WARNING messages from
appearing.

Note The T750 calibrator should always be placed in STANDBY mode when not
needed to produce calibration gas. The last step of any calibration sequences
should always be the STANDY instruction.

Table 4-2 shows the status of the T750’s various pneumatic components when the
calibrator is in STANDBY mode.

Table 4-2: Status of Internal Pneumatics During STANDBY Mode

VALVES
(X = Closed; O = Open) MFCs
(D = Deenergized; E = Energized PHOT
2
CYL IN DILUENT IN GPT GEON32’3 P'\zg;r CAL1 CAL2' DILUENT PUMP
X 9] D D ReFfﬁ;Z”e"e OFF OFF OFF OFF

' Only present if multiple cal gas MFC option is installed.
2 Present with photometer option.

% Present with O3 Generator option.

In instruments with optional Oz generators installed, airflow is maintained during
STANDBY mode so that the generator can continue to operate at its most efficient
temperature.
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Figure 4-2: Gas Flow through T750 with O; Generator and Photometer Options during STANDBY

4.1.1. TEST FUNCTIONS

A variety of TEST functions are available for viewing via the LCD display whenever
the calibrator is in STANDBY Mode. These functions provide information about the
present operating status of the calibrator and are useful during troubleshooting (see

Section 9). Table 4-3 lists the available TEST functions.
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To view these TEST functions, press:

STANDBY ACT CAL=0.000 LPM

| |
<TST TST> GEN STBY| SEQ®* MSG CLR'SETUP

e A-CAL=[Value] LPM
e T-CAL=[Value] LPM
Toggle <TST TST> to * A-DIL=[Value] LPM
scroll through list of o T'DlL:[Va|U(39] LPM
functions ¢ O3GENREF =[Value] MV

e O3FLOW’=[Value] LPM

e O3GENDRV’=[Value] MV

e O3LAMPTMP°=[Value] °C

e CAL PRES=[Value] PSIG

e DIL PRES=[Value] PSIG

e REG PRES=[Value] PSIG

e A-GAS=[Mode/Value/Gas Type]
e T-GAS=[Mode/Value+Gas Type]
e A-03%=[Value] PPM O3

e T-03°=[Value] PPM 03

e T-FLW =[Value] LPM

e BOX TMP=[Value] °C

" The CLR button only appears when e PERM1 TMP=[Value] °C
warning messages are active. * PERM FLW=[Value] CLP

? The SEQ button only appears * PHMEAS =[Value] MV
when an one or more calibration ® PH REF '=[Value] MV
sequences are programmed into ® PH I:'—\/\/4:[‘\1/<’:1|Ue] LPM
the calibrator’'s memory. ® PHLTEMP =[Value] °C

® Only appears if optional O3 * PH PRES =[Value] IN-HG-A
generator is installed. ® PH STEMP4:[Va|Ue] °C

* Only appears if optional O; * PH SLOPE =[Value]
photometer bench is installed. ® PH OFFST '=[Value] PPB

e TIME=[HH:MM:SS]

Figure 4-3: Viewing T750 Test Functions
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Table 4-3: Test Functions Defined

DISPLAY UNITS DESCRIPTION
A-CAL LPM The actual gas flow rate of source gas being output by the calibrator.
T-CAL LPM Target source gas flow rate for which the calibrator output is set.
A-DIL LPM Thg actual gas flow rate of diluent (zero) gas being output by the
calibrator.
T-DIL LPM 'SI'Qte target diluent (zero) gas flow rate for which the calibrator output is
O3FLOW! LPM The gas flow rate for which the O3 generator is set.
O3GENDRV! mV The drive voltage of the O3z generator UV lamp.
O3LAMPTMP! °C O3 generator UV lamp temperature.
CAL PRES PSIG The gas pressure of the source gas being supplied to the calibrator.
DIL PRES PSIG The gas pressure of the Diluent gas being supplied to the calibrator
Diluent pressure.
REG PRES? PSIG l'li'rl:ee gas pressure at the pressure regulator on the O3z generator supply
A-GAS Actual concentration, and in some modes the actual flow rate, of the
- n/a . o . ; o
source gas in the calibration mixture being generated is displayed.
T-GAS The target concentration of the source gas in the calibration mixture
- n/a . o
being generated is displayed.
T-FLW n/a The target flow.
BOX TMP °C Temperature of the internal chassis.
PWRSPLY TMP °C Temperature within the power supply cage.
PH MEAS? The average UV Detector output during the SAMPLE PORTION of the
mV ; ,
optional photometer’'s measurement cycle.
PH REE? The average UV Detector output during the REFERENCE portion of
mV . )
the optional photometer's measurement reference cycle.
PH FLW? LPM Thg gas flow rate as measured by the flow sensor located between the
optical bench and the internal pump.
PH LTEMP? °C The temperature of the UV lamp in the photometer bench.
The pressure of the gas inside the photometer’'s sample chamber as
PH PRES? In-hg-A measured by a solid-state pressure sensor located downstream of the
photometer.
PH STEMP? °c The temperature of the gas inside the sample chamber of the
photometer.
PH SLOPE? 1.000 Photometer slope computed when the photometer was calibrated at the
factory.
PH OFEST? ppb Photometer offset computed when the photometer was calibrated at
the factory.
TEST® mV Displays the analog signal level of the TEST analog output channel.
TIME HH:MM:SS | Current time as determined by the calibrator’s internal clock.
! Only appears when the optional O3 generator is installed.
2 Only appears when the optional O3 photometer is installed.
3 Only appears when the TEST channel has been activated.
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4.2. GENERATE MODE

The Generate Mode allows the user to generate the desired calibration gas mixtures.
The types of gas include NO, NO,, SO,, CO, HC or ZERO gas based on the source gas
concentration entered during initial setup (see Section 3.5.7). If the unit has an optional
O3 generator installed, various concentrations of O3 can be generated as well.

Instrument Chassis
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DILUENT
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Mass Flow Controller
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INPUT GAS
PRESSURE SENSOR
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CAL GAS
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SENSOR

EXHAUST

CAL GAS
OUTPUT

yel |

Cal Gas

Mass Flow Controller |

Figure 4-4: Gas Flow through Basic T750 in GENERATE Mode

Table 4-4 shows the status of the T750’s various pneumatic components when the
calibrator is in GENERATE mode:

Table 4-4: Status of Internal Pneumatics During GENERATE Mode

VALVES MFCs
(X = Closed; O = Open)
. . PHOT
GAS TYPE (D = Deenergized; E = Energized) PUMP®
b | PEENT | eer Ggf\IA F;/'l*/ng CALL | caL2 DILUENT
Generate Reference 2 2
coreaee. | o o) D | D | Refreme | on2 | ON ON | OFF
Generate O3 X (@] D E Switching OFF OFF OFF ON

' Only present if multiple cal gas MFC option is installed.
2 |In instruments with multiple MFCs, the CPU chooses which MFC to use depending on the target gas flow

requested.

® Present with photometer option.
* Present with O3 Generator option.
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Figure 4-6: Gas Flow through T750 with Oz Options when Generating O3
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4.2.1. GENERATE - AUTO: BASIC GENERATION OF CALIBRATION

Note

MIXTURES

This is the simplest procedure for generating calibration gas mixtures. In this mode, the
user makes three choices:

o The type of component gas to be used from the list of gases input during initial set
up (see Section 3.5.7);

e The target concentration, and;
e The TOTAL FLOW to be output by the T750.

Using this information, the T750 calibrator automatically calculates and sets the
individual flow rates for the Diluent and chosen component gases to create the desired
calibration mixture.

This menu, which shows the SEQ (sequence) button, differs from the
GENERATE>AUTO menu for cylinders of multiple gases (Section 4.2.7).
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To use the GENERATE = AUTO feature, press:

Toggle this button to
scroll through the
available gas types (as
programmed during
initial setup.

Make sure that the STANDBY A-CAL=0.0000 LPM
T750is in STANDBY <TST TST> GEN STBY SEQ SETUP
mode |_+
STANDBY SYSTE'I\/I RESET
AUITO MAN PURG
L
L
STANDBY GENERATE:ZERO
ZEBC)ENTR SETUP
GENERATE GENERAT'E:0.0 PPB SO2
0 0 0 .0 PPB SO2 ENTR EXIT
— g
Continue pressing this button until the
desired gas type appears
GENERATE  GENERATE:0.0 PPB CO2
0 0 0 .0 PPB CO2 ENTR EXIT
l ]
GENERATE GENERATEODPPB Cco2
| 0 0 0 .0 | PCT CO2 ENITR EXIIT
Toggle these : ) [ | >
buttons to set the * ‘
target
concentration = GENERATE  TOTAL FLOW = 2.000 LPM
| 0 2. 0 0| 0 ENTR E%W
]

Toggle these buttons to 1

set the target TOTAL
FLOW.
(Default =2.000 LPM

L 4

Y

) =

TEST

STANDBY

ACT CAL=2.000 LPM

GEN STBY SEQ MSG CLR SETUP

The T750 will stay in generate mode
until the STBY button is pressed.

L

Toggle this button

to to scroll through

the available units
of measure

EXIT discards the new gas type &
target concentration

ENTR accepts the new gas type &
target concentration 7

EXIT discards the new
flow rate

ENTR accepts the
new gas flow rat
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4.2.2. GENERATE - MAN: GENERATING CALIBRATION MIXTURES

MANUALLY

This mode provides complete the user with more complete control of the gas mixture
process. Unlike the AUTO mode, MAN mode requires the user set the both the
component gas flow rate and diluent airflow rate. This allows the user control over the
mixing ratio and total calibration gas flow rate.

In addition, if the T750 calibrator is equipped with the optional O3 generator, and Oz is
to be included in the calibration mixture (e.g. using the GPT or GPTPS features), the
user also needs to set the o0zone generator mode and set point.

The TOTAL FLOW is defined by the user depending on system requirements.

* The minimum total flow should equal 150% of the flow requirements of all of the
instruments to which the T750 will be supplying calibration gas.

e Example: If the T750 is will be expected to supply calibration gas mixtures
simultaneously to a system in composed of three analyzers each requiring 2
LPM , the proper Total Flow output should be set at:

(2+2+2)x1.5=9.000 LPM

4.2.2.1. Determining the Source Gas Flow Rate

To determine the required flow rate of the component source gas use the following
formula

Equation 4-1
Cs xTotalflow
GASfiow = C
i

WHERE:

C; = target concentration of diluted gas

C; = concentration of the source gas

GAS;, = source gas flow rate
EXAMPLE:

e Atarget concentration of 200 ppm of SO, is needed.
e The Concentration of the SO, Source is 600 ppm

e The requirement of the system are 9.000 LPM

e The required source gas flow rate would be:

GASfow = (200 ppm x 9.000 LPM) + 600 ppm
GASjow = 1800.000 ppm/LPM) + 600 ppm
GASjqw = 3.000 LPM
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4.2.2.2. Determining the Diluent Gas Flow Rate
To determine the required flow rate of the diluent gas use the following formula:
Equation 4-2
DI Lﬂ ow — Totalflow - GASfIOW
WHERE:
GAS;. = source gas flow rate (from Equation 6-1)
Totalflow = total gas flow requirements of the system
DILgow = required diluent gas flow
EXAMPLE:
e |f the requirement of the system is 9.000 LPM,
e The source gas flow rate is set at 3.00 LPM.

e The required source gas flow rate would be:

DILfow = 9.0 LPM - 3.0 LPM
DILgow = 6.0 LPM

4.2.2.3. Determining the Diluent Gas Flow Rate with the Optional O3 Generator
Installed

If the optional O3 generator is installed and in use, Equation 6.2 will be slightly
different, since the Oz, IS a constant value and is displayed as a TEST function on the
T750’s LCD displayTable 3-1. A typical value for Osgy is 105 cm®/min.

Equation 4-3

DI Lﬂ ow — Totalflow - O3f| ow

WHERE:
GAS; = source gas flow rate (from Equation 6-1)
Totalflow = total gas flow requirements of the system.

O3 50w = the flow rate set for the O; generator; a constant value (typically
about 0.105 LPM)

DILgow = required diluent gas flow
EXAMPLE:
o |If the requirement of the system are 9.000 LPM,
e The source gas flow rate is set at 3.00 LPM.
e The required source gas flow rate would be:

DILfow = 9.0 LPM —0.105 LPM
DILgow = 8.895LPM

Note It is not recommended to set any flow rate to <10% or >100% of the full scale
rating of that associated mass flow controller.

WITH MULTIPLE CALIBRATIONS MASS FLOW CONTROLLERS INSTALLED:

* The combined flow potential of both mass flow controllers is available with the
following limits: The limits are <10% of the lowest rated MFC or >100% of the
combined full-scale ratings for both mass flow controllers.

* The T750 will automatically select the MFC with the lowest flow rate that can
accommodate the requested flow, thereby affording the most precise flow
control.

¢ If no single MFC can accommodate the requested flow rate, multiple mass flow
controllers are used.
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4.2.2.4. Setting the Source Gas and Diluent Flow Rates Using the GENERATE
- MAN Menu

In the following demonstration we will be using the values from the examples given
with Equations 6-1 and 6-2 above and assume a T750 calibrator with at least one source
gas mass flow controller capable of 3.0 LPM output.

Using the example from Equations 6-1 and 6-2 above, press:

STANDBY A-CAL=0.0000 LPM

Ma_ke sure the T750 is -t <TST TST> GEN STBY SEQ SETUP

in standby mode
STANDBY SYSTEM RESET
AUTO MAN PURGE EXIT
STANDBY CAL GAS TYPE:ZERO
ZERO ENTR EXIT Toggle this button to
i scroll through the
| available gas types (as
* programmed during
initial setup.

Continue pressing this button until the
desired gas type appears

STANDBY CAL GAS TYPE:SO2

S02 ENTR EXIT

+—I

STANDBY CAL GAS FLOW: 0.000 LPM

3 0 0 o o, ENTR EXIT) EXIT discards the new
L | | flow rate
»
Toggle these buttons to f =
set the target gas flow. ENTR accepts the
= new gas flow rate
STANDBY  DILUENT FLOW: 0.000 LPM
1 0 6 .0 0 | 0 ENTR EXIT -
t t EXIT discards the new
Toggle these buttons + flow rate
to set the target »
concentration. A ] ENTR accepts the
STANDBY 03 GEN MODE: OFF new gas flow ratej
OFF CNST BNCH ENTR EXIT
This button turns +
the the O3 ¢
Generator OFF/
o i ¥ .
Y - BNCH: The concentration
This button sets a CONSTANT drive These buttons set a target control loop will use the
voltage for the O3 Generator concentration for the O3 Generator photometer bench.
' |
STANDBY O3 GEN SET POINT: 0.0 MV STANDBY 03 GEN SET POINT: 000.0 PPB
0 0 0 0 .0 ENTR EXIT 0 0 0 0 .0 ENTR EXIT
[l [l [l [l h
1 1 Toggle these buttons 1

1]
to set output f —]
CONCENTRATION

Toggle these -
buttons to set the of the Os ge"erat% EXIT discards the new
CONSTANT drive setting
voltage of the O3 >

generator ENTR accepts the
MANUAL ACT CAL=3.000 LPM new setting
The T750 will stay in <TST TST> GEN STIBY SETUP
MANUAL mode until | |
the STBY buttonis |
pressed.

I
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4.2.3. GENERATE - GPTZ, GPTPS, GPT: UNDERSTANDING GAS PHASE

Note

TITRATION (GPT)

Gas phase titration (GPT) provides an alternative method to UV photometry for ozone
analysis. This section first describes the principles of GPT, then provides the
information necessary for performing GPTZ, GPT Preset (GPTPS), and GPT.

It is strongly recommended that GPTZ and GPTPS be performed prior to
running GPT.

4.2.3.1. GPT Theory

The principle of GPT is based on the rapid gas phase reaction between NO and Og,
which produces guantities of NO, as shown by the following equation:

Equation 4-4
NO + OS —_—> N02 + 02 +h V (light)

It has been empirically determined that under controlled circumstances the NO-O;
reaction is very efficient (<1% residual O3), therefore the concentration of NO, resulting
from the mixing of NO and O3 can be precisely predicted and controlled as long as the
following conditions are met:

e The amount of O3 used in the mixture is known.

e The amount of NO used in the mixture is AT LEAST 10% greater than the amount
of O3 in the mixture.

e The volume of the mixing chamber is known.

e The NO and O; flow rates (from which the time the two gases are in the mixing
chamber) are low enough to give a residence time of the reactants in the mixing
chamber of >2.75 ppm min.

Given the above conditions, the amount of NO, being output by the T750 will be equal
to (at a 1:1 ratio) to the amount of O3 added.

Since the O; flow rate of the T750’s O3 generator is a set fixed value (typically about
0.105 LPM) and the GPT chamber’s volume is known, once the TOTAL GAS FLOW
requirements, the source concentration of NO, and the target concentration for the O,
generator are entered into the calibrator’s software. The T750 adjusts the NO flow rate
and diluent (zero air) flow rate to create the appropriate NO, concentration at the output.

4.2.3.2. Choosing an Input Concentration for the NO

It is important to ensure that there is enough NO in the GPT chamber to use up all of the
O;. Excess O; will react with the resulting NO, to produce NO;. Since NO; is
undetectable by most NO, analyzers, this will result in false low readings.

The EPA requires that the NO content of a GPT mixture be at least 10% higher than the
O; content. Since there is no negative effect to having too much NO in the GPT
chamber, Teledyne API recommends that the NO concentration be chosen to be some
value higher (as much as twice as high) as the highest intended target NO, value and
kept constant.
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As long as the flow rate remains constant, three of the four conditions listed in Section
4.2.3.1 above are therefore constant and the NO, output can be easily and reliably varied
by simply changing the O3 concentration.

EXAMPLE:

e Calibration values of NO, from 200 ppb to 450 ppb will be needed.
e The NO gas input concentration should be no lower than 495 ppb and can be
as high as 900 ppb.

4.2.3.3. Determining the TOTAL FLOW for GPT Calibration Mixtures

Note

The total flow rate is defined by the user depending on system requirements.

The minimum total flow should equal 150% of the flow requirements of all of the
instruments to which the T750 will be supplying calibration gas.

EXAMPLE:

o |f the T750 will be expected to supply calibration gas mixtures simultaneously to
a system composed of three analyzers, each requiring 2 LPM, the proper Total
Flow output should be set at:

(2+2+2)x 1.5 =9.000 LPM

It is not recommended to set any flow rate to <10% or >100% of the full scale
rating of that associated mass flow controller.

WITH MULTIPLE CALIBRATIONS MASS FLOW CONTROLLERS INSTALLED:

* The full combined flow potential of both mass flow controllers is available to
use with the following limits: 10% of the lowest rated MFC to 100% of the
combined full-scale ratings for both mass flow controllers.

e The T750 automatically selects the MFC with the lowest flow rate that can
accommodate the requested flow, thereby affording the most precise flow
control.

* If no single MFC can accommodate the requested flow rate, multiple mass flow
controllers are used.
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Given this information, the T750 calibrator determines the NO gas flow by the formula:
Equation 4-5
_ Cyo, xTotalflow

flow —
Cro

NO GAS

WHERE:
Cnoz = target concentration for the NO, output
Cno = concentration of the NO gas input
NO GAS;,w = NO source gas flow rate

And the diluent (zero air) gas flow by the formula:

Equation 4-6
DIL
WHERE:
GAS;. = source gas flow rate (from Equation 6-1)
Totalflow = total gas flow requirements of the system.

Os 50w = the flow rate set for the O; generator; a constant value
(typically about 0.105 LPM)

DILgow = required diluent gas flow

=Totalflow - NO GAS @)

flow flow ~ 3 flow

4.2.4. GENERATE - GPTZ: GENERATING GPT FLOW CONDITIONS (TO
BE RUN PRIOR TO PERFORMING GPTPS AND GPT)
To evaluate and calculate the catalytic converter efficiency (CE), GPTZ should be run

first for best accuracy of GPT. GPTZ simulates the flow condition of GPT without
generating ozone. This provides accuracy of the NO reading.

Note Note that the ozone lamp does not turn on during GPTZ.

4.2.4.1. T750 Calibrator GPTZ Operation

The following table and figure show the status of the T750’s internal pneumatic
components and internal gas flow when the instrument is in GPTZ generating mode.

Table 4-5: Status of Internal Pneumatics During GENERATE - GPTZ Mode

VALVES MFCs
(X = Closed; O = Open)

_ o E = - PHOT

MODE (D = Deenergized; E = Energized PUMP®
cyL | DILUENT (OF] PHOT 1

N N GPT | gen®? MIR: CAL1 CAL2 DILUENT
Reference 2 2
GPTZ (0] (0] E E Phase ON ON ON OFF

' Only present if multiple cal gas MFC option is installed.

2 In instruments with multiple MFCs, the CPU chooses which MFC to use depending on the target gas flow
requested.

® Present with photometer option.
* Present with O3 generator option.
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Figure 4-7: Gas Flow through T750 with O3 Options when in GPTZ Mode
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To initiate GPTZ gas generation you will need to know:

e NO source gas concentration

Then, press:

Target O3 concentration (equal to the target NO, concentration to be generated)

TOTAL GAS FLOW for the mixture output

the O3 target concentration
during GPT.

Should be equal to the expected
NO, concentration 7

Toggle these buttons to
set the target TOTAL

FLOW.
=

EXIT discards the new value for
target concentration.

ENTR accepts the new value for
target concentration. 7

Ensure that the rl_> STANDBY A-CAL=0.0000 LPM
calibrator is in <TST TST> GEN STBY SEQ SETUP
STANDBY mode— |_+
STANDBY GENERATE
AUTO MAN GPTZ GPT GPTPS EXIT
STANDBY GPTZ:0.0 PPM NO
Toggle these buttons | © 0 0 0 PPM ENTR EXIT
to set the NO target L ] 1 L
concentration. *
MUST be at least 10%
Higher than the Target
03 Concentration 7
STANDBY GPTZ:0.0 PPM O3 DURING GPT
| © 0 0 .0 PPM ENTR EXIT
Toggle these buttons to set 1 ] [ [
-

EXIT discards the new value for O3
target concentration during GPT.

ENTR accepts the new gas type &
target concentration 7

STANDBY

TOTAL FLOW = 0.000 LPM

0 0 | 0 ENTR EXIIT
T

— 1|

EXIT discards the new
flow rate.
ENTR accepts the new

flow rate. =

—

GPTZ

<TST TST>

A-CAL=0.0000 LPM
SETUP

GEN STBY

Allow 5 minutes minimum before generating GPT.
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4.2.5. GENERATE - GPTPS: PERFORMING A GAS PHASE TITRATION
PRE-SET (TO BE RUN AFTER GPTZ AND PRIOR TO GPT)

Note

Note

The GPT Pre-Set (GPTPS) feature simulates a GPT mixing operation in order to
determine the exact output of the calibrator’s O; generator. As described in Section
4.2.3.1, all other things being equal, the concentration of the NO, being generated by the
GPT feature will be equal to the amount of O3 used. Therefore, the more accurately the
05 generator performs, the more accurate the NO, output will be.

When operating in GPTPS mode, diluent gas (zero air) is substituted for the NO gas that
would be mixed with the O3 in normal GPT mode. The resulting unaffected O3 output
of the O3 generator is shunted through the T750’s internal photometer, which measures
the ACTUAL O3 concentration in the gas.

Once the exact Oz concentration being output by the generator is determined, the
calibrator’s software adjusts the O3 drive voltage up or down so that the output of the
generator matches as closely as possible, the target concentration requested. This
adjusted generator setting will be used during any subsequent real GPT operation.

The T750 has a learning algorithm during the O; generation (see Section 4.2) or
Gas Phase Titration Pre-Set Mode (GPTPS). It may take up to one hour for each
new concentration/flow (point) that is entered into the instrument. Once the
instrument has several points memorized in its cache, any new point that is
entered will automatically be estimated within 1% error (with photometer) and
+10% error (with O3 generator and GPTPS).

This adjustment is only valid for the O3 concentration used during the Pre-Set
operation. GPT Pre-Sets must be re-run for each different target NO, value.

In order to keep the resulting concentration of O consistent with the GPT mixture being
simulated, the instrument’s software adjusts the flow rate of the diluent gas to substitute
an amount of diluent gas equal to the amount of NO gas that would normally be used.

4.2.5.1. T750 Calibrator GPTPS Operation

The following table and figures show the status of the T750’s internal pneumatic
components and internal gas flow when the instrument is in GPTPS generating mode.

Table 4-6: Status of Internal Pneumatics During GENERATE - GPTPS Mode

VALVES MFCs
(X = Closed; O = Open)
MODE (D = Deenergized; E = Energized IIDDLTI\(/I);
CI:IL DILlIJNENT GPT GEOI\?Z‘ 3 F”vll-;gil' CAL1 CAL2! DILUENT
GPTPS X (@] E E Switching OFF OFF ON ON

! Only present if multiple cal gas MFC option is installed.
2 Present with O3 generator option.

® Present with photometer option.
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Figure 4-8: Gas Flow through T750 with O3 Options when in GPTPS Mode
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4.2.5.2. Initiating a GPTPS

To activate the GPTPS feature you will need to know:

[ )
simulated), and;

Then, press:

The TOTAL GAS FLOW for the mixture output;

The NO source gas concentration.

The Target O3 concentration (equal to the target NO, concentration being

EXIT discards the new gas type &
target concentration

ENTR accepts the new gas type &
target concentration 7

EXIT discards the new gas type &
target concentration

ENTR accepts the new gas type &
target concentration 7

EXIT discards the new
flow rate

ENTR accepts the
new gas flow rat

Make sure that STANDBY A-CAL=0.0000 LPM
the T750 is in <TST TST> GEN STBY SEQ SETUP
STANDBY
mode i
STANDBY ACT=STANDBY
<TST TST> GEN STBY SEQ SETUP
I_,_+
STANDBY SYSTEM RESET
AUTO MAN PURG GPT GPTPS
STANDBY GPTPS:0.0 PPB NO
Toggle these buttons | ° 0 0 0 PPB ENTR EXIT
to set the NO target L ] 1 1,
concentration. *
MUST be at least 10%
Higher than the Target
O3 Concentration7
STANDBY GPTPS:0.0 PPB 03
0 0 0 .0, PPB ENTR EXIT
Toggle these buttons | | 1 1
to set the NO target | | >
concentration. *
Should be equal to the
expected NO,
concentration 7
STANDBY TOTAL FLOW = 2.000 LPM
| O 2 0 01 0 ENTR EXIT
Toggle these buttons to 1 ] | |
set the target TOTAL | ! -
FLOW.
Default =2.000 LPM
( )7-
GPTPS ACT=198.3 PPB NO, 94.5 PPB O3
TEST GEN STBY SEQ MSG CLR SETUP

N

Keep the T750 in
GPTPS mode until the
ACT value for O3
is within 1 PPB of the
target value entered
above.
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4.2.6. GENERATE - GPT: PERFORMING A GAS PHASE TITRATION
CALIBRATION

4.2.6.1. T750 Calibrator GPT Operation

The following table and figure show the status of the T750’s internal pneumatic
components and internal gas flow when the instrument is in GPT generating mode.

Table 4-7: Status of Internal Pneumatics During GENERATE > GPT Mode

VALVES MFCs
(X = Closed; O = Open)
= ized: E = i PHOT
MODE (D = Deenergized; E = Energized) PUMP®
CcyL | DILUENT o) PHOT
N N GPT GEN33.4 MR CAL1 CAL2' DILUENT
Reference 2 2
GPT (@) (@] E E Phase ON ON ON OFF

! Only present if multiple cal gas MFC option is installed.

2 In instruments with multiple MFCs, the CPU chooses which MFC to use depending on the target gas flow
requested.

® Present with photometer option.
* Present with O3 generator option.

Flow Control PHOTOMETER BENCH
(1.0 LPM)

Pressure
Regulator 03 GAS INPUT
PRESSURE SENSOR  /

PHOTOMETER
PRESSURE SENSOR

03 GEN/ PHOTOMETER
' PRESSURE / FLOW SENSOR PCA

Flow (,‘,mmrﬂ+

(800 cm”) D G
03 Gen
Valve

Photometer Loop

D=

DILUENT
INLET o
DILUENT
Valve

brn

HOLVHd3INIO

n

Alquisssy Jojeauss) €0

DILUENT
PRESSURE
SENSOR

Diluent
Mass Flow Controller

CAL GAS
INLET

PCA : g
T
E
(;wo 00T)
1013u0D MO

INPUT GAS
PRESSURE SENSOR

CAL GAS INTERNAL
PRESSURE VENT
SENSOR blk
= _>|T:
OUTLET
@ W GPT
| ON Valve
orn =
a g A (= ST |
On Output Panel
yel
GAS INPUT MANIFOLD blk

Mass Flow Controller 1

Figure 4-9: Gas Flow through T750 with Oz Options when in GPT Mode
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4.2.6.2. Initiating a GPT Calibration Gas Generation

IMPORTANT IMPACT ON READINGS OR DATA
it is required that a GPT Pre-Set (GPTPS, Section 4.2.4) be performed
before initiating any GPT gas generation.

To initiate GPT gas generation you will need to know:
e The TOTAL GAS FLOW for the mixture output;

e The Target O; concentration (equal to the target NO, concentration to be
generated), and;

e The NO source gas concentration.

Then, press:
Make sure that the STANDBY A-CAL=0.0000 LPM
T750 is in STANDBY <TST TST> GEN STBY SEQ SETUP
mode |_+
STANDBY SYSTEM RESET

AUTO MAN PURG GIPT GPTPS

I‘

STANDBY GPT:0.0 PPB NO
EXIT discards the new gas type &
Toggle these buttons | © 0 0 0 PPB ENTR EXIT target concentration
to set the NO target L * J 1 L |
concentration. ENTR accepts the new gas type &
MUST be at least 10% i
Higher than the Target target concentration 7
Os Concentration =7  /
STANDBY GPT:0.0 PPB 03
|0 0 0 0, PPB ENTR EXIT EXIT discards the new gas type &
Toggle these buttons t 1 ! 4 target concentration
to set the NO target * | | >
S concentration. ENTR accepts the new gas type &
hoﬂfpt;itzﬂuﬁgf the target concentration /==

concentration =7

STANDBY TOTAL FLOW = 2.000 LPM
| © 2. 0 0) 0 ENTR EXIT EXIT discards the new
L L
Toggle these buttons to 1 ] | | flow rate
set the target TOTAL | } >
FLOW.
(Default = 2.000 LPM) ENTR accepts the
L= GPT ACT CAL=2.000 LPM new gas flow rate
TEST GEN STBY SEQ MSG CLR SETUP

The T750 will stay in generate mode
until the STBY button is pressed.
P
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4.2.7. GENERATE ->ACT: VIEWING CONCENTRATIONS GENERATED
FROM MULTI-GAS CYLINDERS

Note

When a concentration mixture is being generated, using a multiple-gas cylinder as a
source the software uses the Diluent and Cal gas flow rates to calculate the actual
concentration for each gas in the cylinder so that it is possible to see the concentrations
of all of the gases being output by the T750 calibrator.

EXAMPLE: For a cylinder containing a blend of CH,;, NO and NO, a common
contaminant is present in small quantities in bottles containing NO: This will display the
actual concentration being generated for each gas in the multiple-gas cylinder.

When generating a concentration of one of the two primary gases in the cylinder (e.g.
NO or CH4) using the GEN - AUTO, GEN - MANUAL buttons or a preprogrammed
calibration SEQUENCE, press:

The T750 is actively MANUAL ACT CAL=3.000 LPM
generating a <TST TST> GEN STBY ACT> SETUP
calibration mixture i i
using a multi-gas
bottle *
Conti ing <TST or TST> until th ) Do not get the ACT
ontinue pressing or unti e
( ACT test function appears and ACT CAL test
functions confused.
Y
MANUAL ACT=150.0 PPB NO
<TST TST> GEN STBY ACT> SETUP
The ACT> button
rl overrides the SEQ
Cycles through as , button until the
many gases as MANUAL ACT=785.0 PPB CH4 C?llbrator IS placed
were recorded for <TST TST> GEN STBY ACT> setup| | M Standby mode
this Cylinder during { (press STBY
initial setup of the button).
T750.
MANUAL ACT=1.2 PPB NO2
<TST TST> GEN STBY ACT> SETUP
|

The ACT button only appears if the T750 is generating gas from a multiple-gas
cylinder. To start any preprogrammed calibration SEQuences, first place the
calibrator in STANDBY mode (the SEQ button replaces the ACT button)

For NO cylinders, the instrument will only display the amount of NO, in the
calibration mixture if the concentration of NO, present in the bottle is known and
was programmed into the bottle’s definition (see Section 3.5.7).

4.2.7.1. Using the T750 Calibrator as an O3 Photometer

If the T750 calibrator is equipped with the optional O; photometer the ACT test function
allows it to be used as an Oz photometer to measure external sources of Os.

94
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4.3. AUTOMATIC CALIBRATION SEQUENCES

The T750 calibrator can be set up to perform automatic calibration sequences of
multiple steps. These sequences can perform all of the calibration mixture operations

available for manual operation and can be initiated by one of the following methods:

LCD touchscreen buttons
internal timer,

external digital control inputs
RS-232 interface

Ethernet interface

sub-processes in another sequence

4.3.1. SETUP - SEQ: PROGRAMMING CALIBRATION SEQUENCES

A sequence is a set of steps where each is an instruction that causes the instrument to

perform an operation.

NAME.

For each sequence, there are seven attributes to be programmed, which are listed in
Table 4-8.

Table 4-8: Automatic Calibration SEQUENCE Set-Up Attributes

ATTRIBUTE DESCRIPTION
NAME Allows the user to create a text string of up to 10 characters identifying the sequence.
REPEAT COUNT Number of times, between 0 and 100, tc_; exepqte the same sequence. A value of 0
(zero) causes the sequence to execute indefinitely.
CC INPUT Specifies which of the T750’s Digital Control Inputs will initiate the sequence.
CC OUTPUT Specifies what device the T750’s Digital Control Outputs will be sent to when the

sequence is active.

TIMER ENABLE

Enables or disables an internal automatic timer that can initiate sequences and set
the duration between repetitions, using the T750’s built in clock.

STEPS

A series of submenus for programming the activities and instructions that make up
the calibration sequence.

PROGRESS MODE

Allows the user to select the reporting style the calibrator uses to report the progress
of the sequences on the display screen, as it runs.

These steps are grouped under a user defined SEQUENCE

The more common instruction steps available for creating calibration sequences are
listed in Table 4-9.
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Table 4-9: Calibration SEQUENCE Step Instruction

INSTRUCTION NAME DESCRIPTION
GENERATE Puts the instrument into GENERATE mode. Similar in operation and effect to the
GENERATE - AUTO function used at the LCD touchscreen.
DURATION Adds a period of time between the previous instruction and the next
STANDBY Places the instrument in STANDBY mode, and should be followed by DURATION in

order to keep the sequence running rather than idling.

GPT Initiates a Gas Phase Titration operation (available with O3 Gen and Photometer option)

Nests an existing sequence to be executed at this point before advancing to the next
EXECSEQ step once the called sequence is completed. Up to 5 levels of nested sequences can
be programmed.

Allows the sequence to activate the T750’s digital control outputs. Similar to the CC
SETCCOUTPUT OUPUT attribute, but can be set and reset by individual steps.

MANUAL Puts the instrument into GENERATE mode. Similar in operation and effect to the
GENERATE - MAN function used at the LCD touchscreen.

To create a sequence, use the instructions in the following sections to name the
sequence, set its associated parameters and define the steps to be included.

4.3.1.1. Activating a Sequence from the T750 LCD Touchscreen

To activate an already programmed sequence from the LCD touchscreen, press:

Make sure that STANDBY A-CAL= 0.000LPM
the T750 is in STANDBY —® <TST TST> GEN STBY SEQ SETUP
mode Vo |
STANDBY EXECUTE SEQUENCE:A1
|PREV  NEXT | ENTR  EXIT

Use these buttons
to scroll though ;

the list of available

sequences =
<Instrument begins to execute sequence>
Progress of sequence [Progress Field] ACT' CAL=0.000LPM
reported here in the
format Chosen during <TST TST> GEN STBY SEQ SETUP
sequence entry. i

T750 returns to mode set by last sequence
instruction.
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4.3.1.2. Sequence Name

The first step of creating a calibration sequence is to assign it a name. The name can be
up to 10 characters and can be comprised of any alpha character (A to Z), and numeral
(0 to 9) or the underscore character (*_*).

Note All sequences should be assighed a unigue name.

To assign a name to a sequence, press:

Make sure that the T750 is
in standby mode. GEN STBY SEQ SETUP

- 1

Y

PRIMARY éETUP MENU

GAS SI%Q MORE

|—V

SEQUENCE CONFIGURATION

EDIT PRINT EXIT
his display only appears if there are no sequences currently’ |
programmed into the T750. '
OTHERWISE ... END OF SEQUENCES
INS
L
1) SEQ [NAME], [X] STEPS I
X INS  DEL EDIT A
| | SETUP X.X NAME:0
+ SET> EDIT EXIT
Deletes the sequence shown Edits the sequence shown
in the message field in the message field
Y
Gcrolls back and forth betweeD SETUP X.X NAME:[0]
existing sequences (| EXIT discards the
Moves the I <CH CH> I IN.S DE.L [0 EN'I.'ER EXIT new NAME
cursor one —
character left or ENTR accepts the
right. e + new NAME
Inserts a new a X
character at the Deletes a Toggle this button to
cursor location. character at the cycle through the range of
cursor location. numerals and available

characters:
(A=Z0-9"&" ]
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4.3.1.3. Sequence Repetition Counter

The sequence can be set to repeat a certain number of times, from 1 to 100. It can also
be set to repeat indefinitely by inputting a zero (0) into the REPEAT COUNTER.

To set the REPEAT COUNTER, press:

Make sure that the T750 is
in standby mode. GEN STBY SEQ SE'.I'UP
) ‘ |
PRIMARY S'ETUP MENU
GAS SI%Q MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently’ |
programmed into the T750. '
OTHERWISE ... END OF SEQUENCES
INS
1
1) SEQ [NAME], [X] STEPS I
A INS DEL EDIT A
| | SETUP X.X NAME:0
. SET> EDIT EXIT

Deletes the sequence shown Edits the sequence shown
in the message field in the message field ‘—'
Y
Gcrolls back and forth betweeD (Continue pressing SET> until )

existing sequences ‘

SETUP X.X REPEAT COl'.JNT:l

<SET SET> EDIT EXIT

|_+

SETUP X.X REPEAT COUNT:[0]

| 0 0 1 | ENTER EXIT
| ; EXIT discards the
new REPEAT
COUNT

ENTR accepts the
Toggle these buttons to set the repeat count from 1 to 100. new REPEAT

Enter “0” to cause the sequence to loop indefinitely
e COUNT

Y
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4.3.1.4. Sequence Trigger Date/Time and Repetition Delay

Sequences can be triggered by the instrument’s internal clock. Set the sequence to start
at a predetermined date and time and, if desired, to repeat after a predetermined delay
time.

So activate and sequence timer, press:

Make sure that the T750 is
in standby mode. GEN STBY SEQ SE'.I'UP
o ‘ |
PRIMARY éETUP MENU
GAS SI'EQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently |
programmed into the T750. '
OTHERWISE ... END OF SEQUENCES
INS
1
1) SEQ [NAME], [X] STEPS I
X INS DEL EDIT A

] ] SETUP X.X NAME:0

+ ‘ SET> EDIT EXIT
Deletes the sequence shown Edits the sequence shown
in the message field in the message field
\
Gcrolls pacang o betweeD (Continue pressing SET> until )
existing sequences

v

SETUP X.X TIMER ENABLE:DISABLED

<SET SET> EDIT EXIT

|_+

SETUP XX TIMER ENABLE:OFF p—
EXIT discards the
. OFF ENTER EXIT —I_> new setting
Toggle this 1 1
button turn the ' I I | ENTR accepts the
TIMER ENABLE v new setting
ONIOFF = [SETUP XX TIMER ENABLE:ENABLED

<SET SET> EDIT EXIT

After enabling the timer, set the start (trigger) date and time.
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To specify a starting date and

time for the sequence, press:

Make sure that the T750 is

GEN STBY SEQ

in standby mode.

SE'I.'UP

L=

v

PRIMARY SETUP MENU

GAS SI.EQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently |
programmed into the T750. v
OTHERWISE ... END OF SEQUENCES
INS
1
1) SEQ [NAME], [X] STEPS I
A INS DEL EDIT A
] | SETUP X.X NAME:0
‘ SET> EDIT EXIT
Deletes the sequence shown Edits the sequence shown
v in the message field in the message field ‘ﬁ
Gcmus pecandion] betweeD G?ontinue pressing SET> until )
existing sequences
SETUP X.X TIMER ENABLE:ENABLED
EDIT EXIT

Note

<SET SE'I.'>

—

TIMER S'I"ART: 01-JAN-06 00:00

SETUP X.X
<SET SET> ED.IT EXIT
SETUP X.X TIMER S'ILART: 01-JAN-06 00:00 -
EXIT discards the
0 1 JAN 0 6 ENTR EXH— | new setting
Toggle these E— > EN':']I: \:ZZ?tFi)rt]Z the
buttons to enter .
starting day, month > DAY MONTH YEAR
and year. = I
SYSTEM TIME: 12:00 EXIT discards he
1 2 :0 0 ENTR EXIT - new setting
Toggle th |—> ENTR accepts the
ogg e these new settin
buttons to enter the > HOUR MINUTE 9
start time — I

When the start time is set for a date/time that has passed, the sequence
will properly calculate the next run time based on that past date/time.
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To set the delta timer for duration of delay between repetitions (when TIMER is

ENABLED), press:

Make sure that the T750 is
in standby mode. GEN STBY SEQ SE'.I'UP
I ‘ |
PRIMARY éETUP MENU
GAS SI'EQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently |
programmed into the T750. v
OTHERWISE ... END OF SEQUENCES
INS
L
1) SEQ [NAME], [X] STEPS I
INS DEL EDIT A
] SETUP X.X NAME:0
‘ SET> EDIT EXIT
Deletes the sequence shown Edits the sequence shown
v in the message field in the message field
GC"’"S packandiion bet‘”eeD (Continue pressing SET> until )
existing sequences
SETUP X.X TIMER DELTA: 001:00:00
<SET SET> ED.IT EXIT
SETUP X.X TIMER DELTA: 0 Days EXIT discards the
[0 o 0] ENTR ex] new setting
Toggle these buttons to ] | ENTR accepts the
enter number of days to o new setting
wait between before
running sequence agaiy
SYSTEM TIMER DELTA 00:00 EXIT discards the
1 2 0 0 ENTR EXIT 4 new setting
Toggle these 4 4 4 4 4
buttons to enter the | — | ENTR accepts the
amount of time to new setting
wait before running HOUR MINUTE
the sequence agaj

101
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4.3.1.5. Sequence External Control Inputs (CC INPUT)

The T750 calibrator’s control inputs allow the entire sequence to be triggered from an
external source. This feature allows the calibrator to operate in a slave mode so that
external control sources, such as a data logger can initiate the calibration sequences.

Each of the T750 calibrator’s control outputs is located on the communications and
output panel (see Figure 3-5).

o 12 separate ON/OFF switches assigned to separate calibration sequences, or

e A 12-bit wide bus allowing the user to define activation codes for up to 4095
separate calibration sequences

To assign a CC INPUT pattern/code to a particular sequence, press:

Make sure toT750 is in
standby mode. GEN STBY SEQ SE'.I'UP
o ‘ |
PRIMARY éETUP MENU
GAS SI.EQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently |
programmed into the T750. '
OTHERWISE ... END OF SEQUENCES
INS
1
1) SEQ [NAME], [X] STEPS I
X INS DEL EDIT A
J ] SETUP X.X NAME:0
i SET> EDIT EXIT
Deletes the sequence shown Edits the sequence shown
v in the message field in the message field %
Gcmus b.a‘?k e ST betweeD Gontinue pressing SET> until )
existing sequences
SETUP X.X CC INPUT:DIéABLED

<SET SET> EDIT EXIT

|_+

SETUP X.X CC INPUT ENABLE:OFF EXIT discards th
iscards the
. OFF ENTER EXIT —I_> new setting
Toggle this 1 1
button turn the I I I | ENTR accepts the
CC input ON/ new setting
OFF \
SETUP X.X  CC INPUT:[0]00000000000
| <CH CH> | [0] ENTER EXIT | EXIT discards the
Moves the + + new setting
cursor one ] |—>
character left or ENTR accepts the
right. > Toggle this button to turn the selected bit ON/OFF (0 or 1). new setting
Each bit shown on the display represents one of the control
input pins located on the back of the T750 (see Figure 3-2),
The left most bit is Bit 1, the next bit to the right, bit 2,
progressing rightward to bit 12 (see Figure 3-9 for connector
pin assignments) 7
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4.3.1.6. Sequence Control Outputs to a Device (CC Output)

Control outputs allow the calibrator to control devices that accept logic-level digital
inputs, such as programmable logic controllers (PLCs), data loggers, or digital
relays/valve drivers.

They can be used as:
o 12 separate ON/OFF switches assigned to separate calibration sequences, or;

e A 12-bit wide bus allowing the user to define activation codes for up to 4095
separate calibration sequences.

They can be set to:
o Be active whenever a particular calibration sequence is operating, or;

o Activate/deactivate as individual steps within a calibration sequence are run (see
Section 4.3.2.4).

To assign a CC OUTPUT pattern/code to a particular sequence, press:
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C

Make sure that T750 is in
standby mode. GEN STBY SEQ SE'.I'UP
- ‘ |
PRIMARY éETUP MENU
GAS SI:ZQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently |
programmed into the T750. [
OTHERWISE ... END OF SEQUENCES
INS
1
1) SEQ [NAME], [X] STEPS I
X INS DEL EDIT A
] ] SETUP X.X NAME:0
SET> EDIT EXIT
Deletes the sequence shown dlts the sequence shown
in the message field in the message field
Y
Bl b.a(?k ]I bEtweeD (Continue pressing SET> until )
existing sequences
SETUP X.X CC OUTPUT:bISABLED
EXIT

Toggle this
button to turn the
CC output ON/

OFF

Moves the
cursor one
character left or

right. v

<SET SET> EDIT

|_+

SETUP X.X CC OUTPUT ENABLE:OFF

|

OFF
' i

ENTER EXIT _‘_>

A
SETUP X.X  CC OUTPUT:[0]00000000000

ENTER EXIT,

<CH CH> |

4:,~+_||_>

Toggle this button to turn the selected bit ON/OFF (0 or 1).
Each bit shown on the display represents one of the control

output pins located on the back of the T750 (see Figure 3-2),

The left most bit is Bit 1, the next bit to the right, bit 2,

progressing rightward to bit 12 (see Figure 3-10 for connector

L=

pin assignments)

EXIT discards the
new setting

ENTR accepts the
new setting

EXIT discards the
new setting

ENTR accepts the
new setting
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4.3.1.7. Sequence PROGRESS Reporting Mode

As sequences run, the T750 calibrator reports progress by displaying a message in the
MODE field of the display (See Figure 3-1). There are several types of report modes

available (see Table 4-10).

Table 4-10: Sequence Progress Reporting Mode

MODE DESCRIPTION
Shows the progress as the sequence name and step number. This is the traditional display.
STEP Example: Progress for a sequence named “SO2_Test” would appear as “SO2_Test-2",
indicating that it is currently executing step 2.
PCT Shows the progress as a percent (0—100%) of each duration step.
Example: “SEQ 48%”
ELAP Shows the progress as time elapsed in hours, minutes and seconds, counting upward from 0.
Example: “T+01:30:25” (i.e. 1 hour, 30 minutes, 25 seconds have elapsed)
Shows the progress as time remaining in hours, minutes, and seconds remaining, counting
REM downward to 0.
Example: “T-01:30:25” (i.e. 1 hour, 30 minutes, 25 seconds are remaining)

To select a PROGRESS report mode, press:

Make sure that the T750 is
in standby mode. GEN STBY SEQ SE'iI'UP
Y
PRIMARY SETUP MENU
GAS SEQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT
his display only appears if there are no sequences currently
programmed into the T750.
OTHERWISE ... END OF SEQUENCES
[ INS
* 1
1) SEQ /NAME], [X]STEPS L
INS  DEL ED!T 1
] SETUP X.X NAME:0
SET> EDIT EXIT

\i

Deletes the sequence shown Edits the sequence shown
in the message field in the message field

3

Scrolls back and forth between
existing sequences

Q:ontinue pressing SET> until )

STEPS Submenu

SETUP X.X PROGRESS MODE:REM

<SET EDlIT EXIT
SETUP X.X PROGRESS MODE:REM
ISTEP PCT ELAP REM | ENlTR EXIT

Use these buttons to [

choose a PROGRESS  |<——————]

MODE —

]

PROGRESS MODE:ELAP

SETUP X.X

<SET EDIT EXIT —‘
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4.3.2. ADDING SEQUENCE STEPS

To insert an instruction step into a sequence, navigate to the INSERT STEP submenu
by pressing:

Make sure that the T750 is
in standby mode.

GEN STBY SEQ SE"I'UP
o ‘ |

PRIMARY éETUP MENU

GAS SEQ MORE

|—'

SEQUENCE CONFIGURATION

EDIT PRINT EXIT
his display only appears if there are no sequences currently’ |
programmed into the T750. '
OTHERWISE ... END OF SEQUENCES

INS
1

1) SEQ [NAME], [X] STEPS |

INS DEL EDIT A
] T SETUP X.X NAME:0

+ ‘ SET> EDIT EXIT
Deletes the sequence shown Edits the sequence shown
in the message field in the message field
\
G‘:")"s pacandiot] betweeD G)ontinue pressing SET> until )
existing sequences

STEPS Submenu

SETUP X.X STEPS: 1
<SET SET> EDIT EXIT
| v
SETUP X.X 1) STANDBY
|[PREV NEXT | INS DEL EXIT Deletes the

Use these | o | instruction
buttons to scroll | showninthe
though existing message field

instructions v
Go add an isntruction, press next until )

END OF STEPS
PREV INS EXIT
INSERT STEP Submenu IT
SETUP X.X INSERT STEP: GENERATE
PREV NEXT ENTR EXIT
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4.3.2.1. The GENERATE Step

This step operates and is programmed similarly to the GENERATE -> AUTO menu.

At the end of the programming sequence, the T750 firmware will automatically insert a
DURATION step that needs to be defined.

To insert a GENERATE step into a sequence, press:

Starting at the INSERT STEPS
Submenu

[ INSERT STEP Submenu )
SETUP X.X INSERT STEP: GENERATE

PREV NEXT ENTR EXIT

‘—l

SETUP X.X GENE'RATE:ZERO

ZEBO ENTR EXIT

SETUP X.X GENERATE:0.0 PPB SO2

0 0 0 .0 PPB SO2 ENTR EXIT Toggle this button to
| scroll through the
available gas types (as
* programmed during

Continue pressing this button until the initial setup.)
desired gas type appears

!

SETUP X.X GENERATE:0.0 PPB CO2

Y

0 0 0 .0 PI?B CO2 ENTR EXIT Toggle this button

[ to to scroll through
the available units
of measure

SETUP X.X GENERATE:0.0 PPB CO2

[ 0 0 0 0 PCT CO2 ENTR EXIT EXIT discards the new gas type &
} } target concentration

Toggle these : + ) [ [ >
buttoqg:gestet the ¢ ENTR accepts the new gas type &
MP‘ SETUP X.X TOTAL FLOW = 2.000 LPM target concentration
0 20 0, 0 ENTR EXIT -
Toggle these buttons to ! ! EXIT discards the new
set the target TOTAL A flow rate
FLOW. >
(Default =2.000 LPM)7. ENTR accepts the
SETUP X.X DURATION: 1.0 MIN new gas flow rate,
| 0 0o 1 .0, ENTR EXIT
]

DURATION of this |
step e

Toggle these
buttons to set } ﬁ

Note If the user attempts to generate a source gas type that has not been entered into
the T750’s gas library, the sequence will freeze and after a certain time-out
period, stop running.
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4.3.2.2. The DURATION Step
The duration step causes the T750 to continue performing whatever action was called
for by the preceding step of the sequence.

o |f that step put the instrument into STANDBY mode, the calibrator stays in
STANDBY mode for the period specified by the DURATION step,

e If that step put the instrument into GENERATE mode, the will continue to
GENERATE whatever calibration mixture was programmed into that step for the
period specified by the DURATION step.

To insert a DURATION step into a sequence, press:

(Starting at the STEPS SubmenlD

{ INSERT STEP Submenu ] l

SETUP X.X INSERT SLI'EP: GENERATE

PREV NE>I<T ENTR EXIT

—

Use the PREV and NEXT buttons to scroll though
the list of available instructions

SETUP X.X INSERT STEP:DURATION
ENITR EXIT
SETUP X.X DURATION: 1.0 MIN
[ 0 0 1 .0 [ ENTR EXIT
I |
Toggle these buttons 9
to set DURATION of ﬁ
this step
£~ |SETUP x.X 3) DURATION : 10.0 MIN
PREV NEXT INS DEL EDIT EXIT

4.3.2.1. The STANDBY Step

The STANDBY step places the T750 into STANDBY mode. It is recommended, but
not required to follow this with a DURATION step.

To insert a STANDBY step into a sequence, press:

108
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(Starting at the STEPS SubmemD

{ INSERT STEP Submenu ] l

Y

PREV NE)I(T

SETUP X.X INSERT STEP: GENERATE

ENTR EXIT

(Use the PREV and NEXT buttons to scroll thoug

the list of available instruction

S

)

Y

SETUP X.X INSERT S'TEP: STAND

BY
ENTR

EXIT

4.3.2.2. The GPT Step

See Section 4.2.3 for information on choosing the correct input values for this step.

At the end of the programming sequence, the T750 firmware will automatically insert a

DURATION step that needs to be defined.

To insert a GPT step into a sequence, press:

08070A DCN6841
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Gtarting at the STEPS SubmenD

( INSERT STEP Submenu] l

SETUP X.X

PREV NE)I<T

Y

INSERT STEP: GENERATE
ENTR EXIT

—

Use the PREV and NEXT keys to scroll though the
list of available instructions

:

EXIT discards the new gas type &
target concentration

ENTR accepts the new gas type &
target concentration 7

EXIT discards the new gas type &
target concentration

ENTR accepts the new gas type &
target concentration 7

EXIT discards the new
flow rate

ENTR accepts the
new gas flow rat

SETUP X.X INSERT STEP: GPT
PREV NEXT ENTR EXIT
GPT GPT:0.0 PPB NO
Toggle these buttons | © 0 0 0 PPB ENTR BEXIT
to set the NO target : ) L L |
concentration. *
MUST be at least 10%
Higher than the Target
O3 Concentration 7
GPT GPT:0.0 PPB 03
0 0 0 .0, PPB ENTR EXIT
Toggle these buttons | | { i
to set the NO target | [ >
concentration. *
Should be equal to the
expected NO,
concentration 7
GPT TOTAL FLOW =2.000 LPM
| © 2. 0 01 © ENTR EXIT
Toggle these buttons to 1 ] | |
set the target TOTAL | } -
FLOW.
Default =2.000 LPM
( )7-
SETUP X.X DURATION: 10.0 MIN
| © 1 0 0] ENTR  EXIT
Toggle these ' : | |
buttons to set + -
DURATION of this
step ) SETUP X.X 3) DURATION : 10.0 MIN
PREV NEXT INS DEL EDIT EXIT

4.3.2.3. The EXECSEQ Step

EXIT discards the new
setting

ENTR accepts the
new setting

The EXECSEQ step allows the sequence to call another, already programmed sequence
to be nested between steps. This is a very powerful tool in that it allows the user to
create a “toolbox” of often-used operations that can then be mixed and matched by an
overhead sequence.

110
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Use these buttons
to scroll though
the list of available

sequences I

To insert an EXECSEQ step into a sequence, press:

(Starting at the STEPS SubmenD:

[ INSERT STEP Submenu )

SETUP X.X INSERT STEP: GENERATE

PREV NE>.<T ENTR EXIT

Use the PREV and NEXT buttons to scroll though
the list of available instructions

v

SETUP X.X INSERT STEP: EXECSEQ
ENTR EXIT

SETUP X.X EXECUTE SEQUENCE:A1 STANDBY EXECUTE SEQUENCE: Q

FREV NEXT | ENTR EXIT PREV NEXT EN.TR EXIT

1 ] |
SETUPXX  3) DURATION: 10.0 MIN This message appears if there

are no other sequences already
PREV NEXT INS DEL EDIT EXIT programmed into the T750
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4.3.2.4. The SET CC OUTPUT Step

This instruction causes the sequence to set or reset the T750’s digital control outputs. It
is very useful in situations where the control outputs are being used to trigger other
devices that need to be turned off and on in synch with the operation of the calibrator as
it progress through the sequence.

To insert a CC OUTPUT step into a sequence, press:

CStarting at the STEPS SubmenLD

( INSERT STEP Submenu ] l

¥

SETUP X.X INSERT STEP: GENERATE

PREV NE)I(T ENTR EXIT

the list of available instructions

!

SETUP X.X INSERT STEP: PURGE

(Use the PREV and NEXT buttons to scroll thougD

ENITR EXIT

*—I

SETUP X.X CC OUTPUT:bISABLED

<SET SET> EDIT EXIT

I_+

SETUP X.X CC OUTPUT ENABLE:OFF

EXIT discards the
OFF EN'II'ER EXIT —I_> new setting
Toggle this button
to turn the CC  |-——— P ENTR accepts the
output ON/OFF ¢ new setting
—7 SETUP X.X CC OUTPUT:[0]00000000000
<CH CH> [0] ENTER EXIT
Moves the 1
cursor one | ]
character left or
right. = Toggle this button to turn the
selected bit ON/OFF
(Oor1)
SETUP X.X 2) SET CC' OUTPUT 000100010110
PREV NEXT INS DEL EDIT EXIT
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4.3.2.5. The MANUAL Gas Generation Step

The MANUAL step causes the T750 calibrator to enter MANUAL CALIBRATION
MODE. It is programmed in a similar manner to the calibrator’s GENERATE ->
MANUAL function. At the end of the programming sequence, the T750 firmware will
automatically insert a DURATION step that needs to be defined.

To insert a MANUAL step into a sequence, press:

(Starting at the STEPS SubmemD

INSERT STEP Submenu

SETUP X.X INSERT STEP: GENERATE

PREV NE>I<T ENTR EXIT $

SETUP X.X CAL GAS TYPE:ZERO

ZERO ENTR EXIT Toggle this button to
Gse the PREV and NEXT buttons to scroll though t@ i scroll through the

list of available instructions available gas types (as

A

# programmed during
¢ initial setup)
Continue pressing this buttonuntil the
SETUP X.X INSERT STEP: MANUAL desired gas type appears
ENTR  EXIT ¢
L | SETUP X.X CAL GAS TYPE:SO2
S02 ENTR EXIT
SETUP X.X  CAL GAS FLOW: 0.000 LPM
3 0 0 o0 o, ENTR EXIT] EXIT discards the new
[ I | flow rate.
Toggle these buttons * »
to set thf(laosﬂelxrget gas ENTR accepts the
. new gas flow rat
SETUP X.X  DILUENT GAS FLOW: 0.000 LPM
L 0 6 0 0, 0 ENTR EXIT -
Togo 6T EXIT discards the new
oggie these ; flow rate
buttons to set the »
target * -
concentration ENTR accepts the
new gas flow rati
SETUP X.X 03 GEN MODE: OFF
OFF CNST REF BNCH ENTR EXIT
Toggle this button 4

loop will use the generator’s
7 reference detector as input.

This button sets a CONSTANT drive These buttons set a target ¢ BNCH: The concentration
voltage for the O3 Generator concentration for the O; Generator control loop will use the
] photometer bench.

SETUP X.X O3 GEN SET POINT: 0.0 MV SETUP X.X O3 GEN SET POINT: 000.0 PPB

fotumthe Oy | o | « REF: The concentration control
Generator OFF/
ON

N 0 0 0 0 .0 N ENTR EXIT 1
T T } } Toggle these buttons 1

J
to set output f 4
CONCENTRATION

0 0 0 0 .0 1 ENTR EXIIT

bu;%%g'foﬂ;z:?he of the O generatoE EXIT discards the new
CONSTANT drive setting
voltage of the O3 -
generator ‘ ENTR accepts the
SETUP X.X DURATION: 1.0 MIN new setting
1 © 0 1 0 ENTR  EXIT EXIT discards the new
setting
Toggle these buttons } | | -
o set DURATION of ENTR accepts the
this step -
F SETUP XX  3) DURATION : 10.0 MIN new setting
PREV NEXT INS DEL EDIT EXIT
Note If the user attempts to generate a source gas type that has not been entered into

the T750’s gas library, the sequence will freeze and after a certain time-out
period, stop running.
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4.3.2.6. Deleting or Editing an Individual Step in a Sequence

To delete or edit an individual step in an existing Sequence, press:

Make sure that the
T750 is in standby GEN STBY SEQ SETUP
mode. i
Y
PRIMARY S'ETUP MENU
GAS SI.EQ MORE
SEQUENCE CONFIGURATION
EDIT PRINT EXIT

v

1) SEQ /NAME], [X]STEPS

INS DEL EDIT

Scrolls back and forth | |
between existing

sequences

o

SETUP XX NAME:0

SET> EDIT

EXIT

—

Gontinue pressing SET> until )

STEPS Submenu

SETUP X.X

<SET SET> EQIT

STEPS: 12

EXIT

—

SETUP X.X

PR.EV NE)'(T

1) STANDBY

EXIT

INS DEL

Y

Continue pressing NEXT or PREV until until
step to be deleted appears

SETUP X.X 7) PURGE
PREV NEXT INS DE.L ED'IT EXIT
SETUP X.X DELETE STEP?
YI?S NO
I Y
SETUP X.X 7) DURATION : 10.0 MIN
PREV NEXT INS DEL EDIT EXIT

Follow the
instructions for
the step being

edited

If the step deleted was GENERATE,

MANUAL or PURGE, delete the |
following duration step =
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4.3.3. DELETING A SEQUENCE

To delete a sequence from the T750 calibrator’s memory, press:

Make sure that the T750 is
in standby mode.

Yy

Scrolls back and forth between
existing sequences

GEN STBY SEQ

SE'II'UP

Y

PRIMARY SETUP MENU
CAS  SEQ MORE

L_________V

SEQUENCE CONFIGURATION

EDIT PRINT EXIT
3) SEQ [NAME], [X] STEPS
PREV NEXT INS DEL EDIT
SEQUENCES
YES NO

¥

SEQUENCE DELETED

'

END OF SEQUENCES
INS

08070A DCN6841
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4.4. SETUP - CFG

Pressing the CFG button displays the instrument’s configuration information. This
display lists the calibrator model, serial number, firmware revision, software library
revision, CPU type and other information.

Use this information to identify the software and hardware when contacting Technical
Support.

Special instrument or software features or installed options may also be listed here.

STANDBY A-CAL=0.000 LPM

<TST TST> GEN STBY SEQ? MSG CLR' SETUP

¢ ]

SETUP X.X SETUP MENU
GAS SEQ CFIG CLK PASS MORE EXIT
Press NEXT of PREV to move back and y
forth through the following list of ; ;
Configuration information: SETUP X.X T750 Cailbrator PreSSt9XIttat
an Ime to
® MODEL TYPE AND NUMBER PRIEV NEXT EX| H——p retLan to the

® PART NUMBER SETUP menu
® SERIAL NUMBER 4—'—'

® SOFTWARE REVISION
® | IBRARY REVISION

® OS REVISION

® DATE FACTORY CONFIGURATION
SAVED
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4.5. SETUP - CLK: SETTING THE INTERNAL TIME-OF-DAY
CLOCK AND ADJUSTING SPEED

4.5.1. SETTING THE INTERNAL CLOCK’S TIME AND DAY
The T750 has a time of day clock that supports the DURATION step of the calibration
sequence feature, time of day TEST function, and time stamps on most COMM port

messages. To set the clock’s time and day, press:

GEN STBY SEQ SE'II'UP
‘ ]
SETUP X.X PRIMARY vSETUP MENU
GAS SEQ CFG CII_K PASS MORE EXIT
SETUP X.X TIME-OF-DAY CLOCK
TIIYIE DAITE EXIT
SETUP X.X TIME:v 12:00 SETUP X.X DATEV: 01-JAN-10
Z!. % : : (IJ ENTR EXIT OI Z!. JAIN 1 0 ENTR EXIT
| | Toggle thess | ! buttons to enter
HOUR MINUTE | buttons to enter DAY MONTH YEAR
current day, month
| | current hour | | |
+ and year.
SETUP X.X TIME: 22:30 SETUP X.X DATEV: 18-JUN-10
2 2 3 0 EN'I:R EXIT 1 8 JUN 0 5 EN'I:R EXIT
SETUP X.X TIME-OF-DAY CLOCK EXIT returns o
TIME DATE EXIFH—®{ SETUP X.X
display
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4.5.2. ADJUSTING THE INTERNAL CLOCK’S SPEED

In order to compensate for CPU clocks which run faster or slower, you can adjust a
variable called CLOCK_ADJ to speed up or slow down the clock by a fixed amount
every day. To change this variable, press:

STANDBY A-CAL=0.000 LPM

<TST TST> GEN STBY SEQ’ MSG CLR' SETUP
]

SETUP X.X PRIMARY 'SETUP MENU

GAS SEQ CFG CLK PASS MOIRE EXIT

I
Y

SETUP X.X SECONDARY SETUP MENU

COMM FLOWVAIRS DIAG EXIT

I_‘

SETUP X.X ENTER SE'TUP PASS:0

8 1 8 ENTR EXIT
|
SETUP X.X 0) CON'C_PRECISION=1

PREV NEIXT JUMP EDIT ENTR EXIT

CContinue pressing NEXT until )

SETUP X.X 6) CLOCK_ADJUST=0 Sec/Day
PREV NEXT EDIT ENTR EXIT

SETUP X.X 6) CLOCK_ADJUST=0 Sec/Day
+ 0 0 EDIT ENTR EXIT

T, 1

Enter sign and number of
seconds per day the clock
gains (-) or loses(+)

!

SETUP X.X 1) CLOCK_ADJUST=0 Sec/Day

PREV NEXT JUMP EDIT ENTR EXIT EXIT discards the new

| | setting

ENTR accepts the
new setting
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4.6. SETUP - PASS

The T750 provides password protection of the calibration and setup functions to prevent
unauthorized adjustments. When the passwords have been enabled in the PASS menu
item, the system will prompt the user for a password anytime a password-protected
function is requested.

There are three levels of password protection, which correspond to operator,
maintenance and configuration functions. Each level allows access to all of the
functions in the previous level.

Table 4-11: Password Levels

PASSWORD

LEVEL

MENU ACCESS ALLOWED

No password

Operator

All functions of the MAIN menu: TEST, GEN, initiate SEQ , MSG, CLR

101

Maintenance

Access to Primary and Secondary Setup Menus except for VARS and DIAG

818 Configuration Secondary SETUP Submenus VARS and DIAG
To enable or disable passwords, press:
STANDBY A-CAL=0.000 LPM
<TST TST> GEN STBY SEQ’ MSG CLR' SETUP
I
SETUP X.X PRIMARY SETUP MENU
GAS SEQ CFG CLK PASS MORE EXIT
— FI
SYSTEM PASSWORD ENABLE: OFF
Toggle this OFF ENTR EXIT
button to i
enable, disable < ‘
password Y _
feasture SETUP X.X PASSWORD ENABLE: ON -
EXIT discards the new
ON ENTR EXIT .
| | N setting
ENTR accepts the
new setting
08070A DCN6841
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Example: If all passwords are enabled, the following touch screen button sequence
would be required to enter the VARS or DIAG submenus:

STANDBY A-CAL=0.000 LPM

<TST TST> GEN STBY SEQ® MSG CLR' SE"I'UP
|

SETUP X.X PRIMARY 'SETUP MENU

GAS SEQ CFG CLK PASS MO'RE EXIT

‘_l

SETUP X.X SECONDARY SETUP MENU

COMM FLOW VAlRS DIAG EXIT
|
y
Press individual SYSTEM ENTER SETUP PASS:0
buttons to set |&—+ 0 0 0 ENTR EXIT
number 1 I ] ‘
EXAMPLE: This SYSTEM ENTER SETUP PASS:0
password enables the [@— 8 1 8 ENTR EXIT
SETUP mode ]
y
( T750 enters selected menu )
Note The instrument still prompts for a password when entering the VARS and DIAG

menus, even when passwords are disabled, but it displays the default password
(818) upon entering these menus. Simply press ENTR when this is the case.
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4.7. SETUP - COMM: COMMUNICATIONS PORTS

This section introduces the communications setup menu; Section 5 provides the setup
instructions and operation information. Press SETUP>MORE>COMM to arrive at the
communications menu.

4.7.1. 1D (MACHINE IDENTIFICATION)

Each type of Teledyne API’s calibrator is configured with a default ID code. The
default ID code for all T750 calibrators is typically 750 (or 0). The ID number is only
important if more than one calibrator is connected to the same communications channel
such as when several calibrators are on the same Ethernet LAN (see Section 5.4); in an
RS-232 multi-drop chain (see Section3.4.1.6) or operating over a RS-485 network (see
Section 5.3). If two calibrators of the same model type are used on one channel, the ID
codes of one or both of the instruments need to be changed.

To edit the instrument’s ID code, press:

GEN STBY SEQ SE'II'UP

v

PRIMARY S'ETUP MENU

GAS M?RE
SECONDAIiY SETUP MENU
COMM FLOW

COMMUNICATIONS MENU

IIID INET COM1 COM2

Y

MACHINE ID:750 ID

0 ; 0 0 ENTR EXIT EXIT discards the new
1 1 setting
Toggle these buttons
to cycle through the * ENTR accepts the
available character new setting
set: 0-7 Ve

The ID number is only important if more than one calibrator is connected to the same
communications channel (e.g., a multi-drop setup). Different models of Teledyne API’s
calibrators have different default ID numbers, but if two calibrators of the same model
type are used on one channel (for example, two T750’s), the ID of one instrument needs
to be changed.
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The ID can also be used for to identify any one of several calibrators attached to the
same network but situated in different physical locations.

4.7.2. INET (ETHERNET)

Use SETUP>COMM>INET to configure Ethernet communications, whether manually
or via DHCP. Please see Section 5.4 for configuration details.

4.7.3. COM1 AND COM2 (MODE, BAUD RATE AND TEST PORT)

Use the SETUP>COMM>COM1[COM2] menus to:

e configure communication modes (Section 5.2.1)

e view/set the baud rate (Section 5.2.2)

¢ test the connections of the com ports (Section 5.2.3).

Configuring COM1 or COM2 requires setting the DCE DTE switch on the
communications and output panel. Section 5.1 provides DCE DTE information.

4.8. SETUP - MORE - FLOW

The Flow menu allows you to view the performance statistics for the Mass Flow
Controllers (MFCs). See Section 7.1 for more information and details on setting up for
MFC flow verification and calibration.

4.9. SETUP - MORE - VARS: INTERNAL VARIABLES (VARS)

The T750 has several user-adjustable software variables, which define certain
operational parameters.  Usually, these variables are automatically set by the
instrument’s firmware, but can be manually redefined using the VARS menu.

The following table lists all variables that are available within the 818 password
protected level. See Appendix A2 for a detailed listing of all of the T750 variables that
are accessible through the remote interface.

Table 4-12: Variable Names (VARS)

ALLOWED DEFAULT
NO. VARIABLE DESCRIPTION VALUES VALUES
Sets the phot ter | t t t 28°C
1,2 ets the photometer lamp temperature se Warning limits
0 PHOTO_LAMP S S8, g s, 0°C and 100°C g
56°C - 61°C
Sets the O tor | t t t 48°C
1.2 ets the Oz generator lamp temperature se Warning limits
1 O3_GEN LAMP point and warning limits. PL ael Loge 2
43°C - 53°C
Set the upper span point of the O3
2 O3 _CONC_RANGE concentration range for TEST CHANNEL 0.1-20000 ppb 500 ppb
analog signal O3_PHOTO_CONC.
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ALLOWED DEFAULT
NO. VARIABLE DESCRIPTION VALUES VALUES
O3 bench control flag.
| ® ON turns on the photometer pump and
3 |O3_PHOTO_BENCH_ONLY switches measure/reference valve only ON/OFF OFF
when the O3z mode is set for BNCH (see
Section 3.5.8).
1 Sets the standard Temperature used in
4 STD_TEMP calculating O3 flow rates and concentrations. UG ErE Lorte 2SS
1 Sets the standard pressure used in 15.00 — 50 .00 .
S STD PRESSURE calculating O3 flow rates and concentrations. in-Hg-A A TR
Adjusts the speed of the instrument’s clock.
Choose the + sign if the clock is too slow, -60 to +60 s/day
6 CLOCK_ADJ choose the - sign if the clock is too fast (see Default=0 0
Section 4.5).
7 SERVICE_CLEAR ON resets the service interval timer ON/OFF OFF
8 TIME_SINCE_SVC Time in hours since SERVICE_CLR turned ON| 0 - 500000 0
9 SVC_INTERVAL Sets the interval in hours between service 0-100000 0

reminders

' DO NOT ADJUST OR CHANGE these values unless instructed to by Teledyne API's technical support personnel.

2 Only available in calibrators with O3 photometer and generator options installed.

IMPORTANT IMPACT ON READINGS OR DATA
There is a 2-second latency period between when a VARS value is
changed and the new value is stored into the instrument’s memory. DO
NOT turn the instrument off during this period or the new setting will be
lost.
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To access and navigate the VARS menu, use the following button sequence:

Make sure that the T750 is
in standby mode.

STANDBY A-CAL=0.0000 LPM

r <TST TST> GEN STBY SEQ SETUP

+—l

PRIMARY SETUP MENU

Toggle these buttons to
enter the correct
PASSWORD

I S

GAS MORE
SETUP XX  SECONDARY SETUP MENU
COMM FLOW VﬁRs DIAG EXIT
ENTER PASSWORD
8 1 8 ENTR
| | g

DO NOT CHANGE

SETUP X.X 0) O3_PHOTO_LAMP=58.0 DegC

NEIXT JUMP EDIT PRNT EXIT

these settings unless
specifically instructed to by
Teledyne Instruments’

—

Customer Service
personnel

SETUP X.X 1) O3_PHOT_LAMP=58.0 DegC

PREV NEIXT JUMP EDIT PRNT EXIT

—

2) O3_CONC_RANGE=500.0 PPB

In all cases:
EXIT discards the new
setting

ENTR accepts the
new setting

DO NOT CHANGE

these settings unless
specifically instructed to by
Teledyne Instruments’

Customer Service
personnel

PREV NEXT JUMP EDIT
_ 03_CONC_RANGE=500.0 PPB
o o o 5 o o|ENR Exv
' ) ' e aper span poim of o
3) 03_PHOTO_BENCH_ONLY=OFF 03, PHOTO, CONG Tost
PREV NEXT JUMP EDIT Channel signal =
_ 03_PHOTO_BENCH_ONLY=OFF
o 0 ENTR EXIT
* Toggle this button turn this
SETUP XX  4) STD_TEMP=25.0 DegC mode ON/OFF .
PREV NEXT JUMP EDIT PRNT EXIT
SETUPX.X  5) STD PRESS=29.92 In-Hg
PREV NEXT JUMP EDIT PRNT EXIT
SETUP X.X 6) CLOCK;ADJUST=0 Sec/Day
PREV JUMP EDIT ENTR EXIT
SETUP X.X CLOCK_ADJUST=0 Sec/Day
[+ o o] ENTR EXIT

ey

Enter sign and number of

seconds per day the clock
gains (-) or loses(+)
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4.10. SETUP

- MORE - DIAG: DIAGNOSTICS FUNCTIONS

A series of diagnostic tools is grouped together under the SETUP>MORE-2>DIAG
menu, as these parameters are dependent on firmware revision (see Appendix A). These
tools can be used in a variety of troubleshooting and diagnostic procedures and are
referred to in many places of the maintenance and troubleshooting sections of this
manual (see Sections 9.1 and 9.2).

This section shall focus on the test channel analog output.

4.10.1. - TEST CHAN OUTPUT: USING THE TEST CHANNEL ANALOG
OUTPUT

The T750 calibrator comes equipped with one analog output. It can be set by the user to
carry the current signal level of any one of the parameters listed in Table 4-14 and will
output an analog VDC signal that rises and falls in relationship with the value of the
parameter.

Pin-outs for the analog output connector at the communications and output panel of the
instrument are:

ANALOG OUT
+ -

LT

Figure 4-10: T750 the TEST CHANNEL Connector

4.10.1.1. Configuring the Test Channel Analog Output

Table 4-13 lists the analog I/O functions that are available in the T750 calibrator.

Table 4-13: DIAG - Analog I/O Functions

SUB MENU FUNCTION
AOUTS Shows the status of the analog output calibration (YES/NO) and initiates a calibration
CALIBRATED: of all analog output channels.
AC DIRIE L These channels are used by the T750 calibrator internally as drive voltages for
MFC_DRIVE_2 instruments with analog MFCs.
MFC_DRIVE_3 DO NOT alter the settings for these channels
(OPTIONAL) . '

TEST OUTPUT

Configures the analog output:

RANGE": Selects the signal type (voltage or current loop) and full-scale value of the
output.

OVERRANGE: Turns the + 5% over-range feature ON/OFF for this output channel.
REC_OFSlz Sets a voltage offset (not available when RANGE is set to CURRent loop.
AUTO_CALl: Sets the channel for automatic or manual calibration

CALIBRATED®: Performs the same calibration as AOUT CALIBRATED, but on this
one channel only.

AIN CALIBRATED

Shows the calibration status (YES/NO) and initiates a calibration of the analog to digital
converter circuit on the motherboard.

1Changes to RANGE

or REC_OFS require recalibration of this output.

08070A DCN6841
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To configure the calibrator’s TEST CHANNEL, set the electronic signal type of each
channel and calibrate the outputs. This consists of:
e Choosing a Test Channel function to be output on the channel (Table 4-14).

¢ Selecting a signal level that matches the input requirements of the recording device
attached to the channel (Section 4.10.1.3).

o Determining if the over-range feature is needed and turn it on or off accordingly
(Section 4.10.1.4).

e Adding a bipolar recorder offset to the signal if required (Section 4.10.1.5).

o Calibrating the output channel. This can be done automatically or manually for each
channel (Section 4.10.1.6).
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To access the analog 1/0 configuration sub menu, press:

Make sure that

STANDBY A-CAL=0.0000 LPM

the T750 is in
standby mode.

I <TST TST> GEN STBY SEQ SETUP
* ]
PRIMARY SETUP MENU

GAS MIORE

hl

SETUP X.X SECONDAIiY SETUP MENU
COMM VARS FLOW DIIAG EXIT

v

SETUP XX ENTER PASSWORD:818
ENTR EXIT

| 8 1 8 |
Toggle these
buttons to enter |

the correct

PASSWORD

L — 7

DIAG SIGNAL /0
NEXT ENTR EXIT

C Continue pressing NEXT until ... )

(AIO Configuration Submenu\ ¢

DIAG ANALOG I/0 CONFIGURATION
PREV NEXT EN:I'R EXIT

+_I

DIAG AIO AOUTS éALIBRATED: NO
SEIT> CAL EXIT
DIAG AIO MFC_DRI\}E_1: 5V, OVR, NOCAL
<SET SEIT> EDIT EXIT
DIAG AIO MFC_DRI\)E_Z: 5V, OVR, NOCAL

<SET SEIT> EDIT EXIT

—v

Optional 2nd
CAL GAS MFC

DIAG AlO MFC_DRIVE_3: 5V, OVR, NOCAL

<SET SET> EDIT EXIT

DO NOT

edit or change the
settings for these
channels

DIAG AIO TEST_OUTPUT: 5V,0VR, NOCAL

<SET SEIT> EDIT EXIT

—

DIAG AlO AIN CALIBRATED: NO

<SET SET> CAL EXIT

08070A DCN6841
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4.10.1.2. Selecting a Test Channel Function to Output

The Test Functions available to be reported are listed on Table 4-14:

Table 4-14: Test Channels Functions available on the T750’s Analog Output

TEST CHANNEL DESCRIPTION ZERO FULL SCALE
NONE TEST CHANNEL IS TURNED OFF
O3 PHOTO MEAS The raw output of the photometer during its 0mV 5000 mV
measure cycle
O3 PHOTO REF The raw output of the photometer during its omVv 5000 mV
reference cycle
REGULATOR PRESSURE The gas pressure of the pressure regulator PSIG PSIG
on the O3 generator supply line
SAMPLE PRESSURE The pressure of gas in the photometer 0" Hg-In- 40" Hg-In-A
absorption tube A
SAMPLE FLOW The gas flow rate through the photometer | 0 cm¥min | 1000 cm*min
SAMPLE TEMP The temperature of gas in the photometer ocCe 70 C°
absorption tube
PHOTO LAMP TEMP The temperature of the photometer UV lamp ocCe 70 C°
O3 LAMP TEMP The temperature of the O3z generator's UV 0omv 5000 mV
lamp
CHASSIS TEMP The temperature inside the T750’s chassis ocCe 70 C°
(same as BOX TEMP)
O3 PHOTO CONC The current concentration of O3 being 0 PPM 1 ppm
measured by the photometer.

Once a function is selected, the instrument not only begins to output a signal on the
analog output, but also adds TEST to the list of Test Functions viewable via the LCD

touchscreen.
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To activate the TEST Channel and select a function press:

STANDBY A-CAL=0.0000 LPM
Make sure that <TST TST> GEN STBY SEQ SE'II'UP
the T750 is in ]
standby mode. *
PRIMARY SETUP MENU
GAS M(l)RE
SETUP X.X SECONDAR'Y SETUP MENU
COMM VARS FLOW DlIAG EXIT
ENTER PASSWORD
8 1 8 ENITR
Toggle these I
buttons to enter 4
the correct
PASSWORD
IR SIGNAL I/0
PREV NEIXT
( Continue pressing NEXT until ... )
TEST' CHAN OUTPUT
PREV NEXT EN'II'R
TEST CHAN:NONE
PREV NEXT . ENTR
Toggle these buttons |
to choose a mass flow }
controller TEST
channel paramet% TEST CHANNEL:CHASSIS TEMP
PREV NEXT ENTR EXIT discards the new
I l setting
ENTR accepts the
new setting
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4.10.1.3. Test Channel Voltage Range Configuration

In its standard configuration, the analog outputs is set to output a 0 — 5 VDC signals.

Several other output ranges are available (see Table 4-15). Each range is usable from -
5% to + 5% of the rated span.

Table 4-15: Analog Output Voltage Range Min/Max

RANGE SPAN MINIMUM OUTPUT MAXIMUM OUTPUT
0-100 mVDC -5 mVDC 105 mVDC
0-1vDC -0.05 VvDC 1.05VDC
0-5 VDC -0.25 VDC 5.25 VDC
0-10 VDC -0.5VvDC 10.5VDC
The default offset for all ranges is 0 VDC.
To change the output range, press:
From the
AIO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)
DIAG ANALOG I/0 bONFIGURATION
PREV NEXT ENTR EXIT
DIAG AIO AOUTS CP:LIBRATED: NO
SET> CAL EXIT
l

L

Continue pressing SET> until you reach the
output to be configured

DIAGAIO  TEST OUTPUT: 5V, OVR, NOCAL ,
Pressing ENTR records
<SET SET> EDIT EXIT the new setting and
[ .
These buttons [ returns trc])qg:]euprewous
set the signal Y Pressing EXIT ignores the
level and type DIAGAIO  TEST_OUTPUT: RANGE: 5V new setting and returns to
of the selected the previous menu.
channel 01V 1V 5V 10V ENTR EXIT 7
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4.10.1.4. Turning the Test Channel Over-Range Feature ON/OFF

In its default configuration, a + 5% over-range is available on each of the T750’s TEST

CHANNEL output.

sensitive to excess voltage or current.

To turn the over-range feature on or off, press:

From the

AlO CONFIGURATION SUBMENU

(SETUP>MORE>DIAG)

DIAG

ANALOG I/0O CONFIGURATION
PREV NEXT

ENTR EXIT

¢—I

DIAG AIO

SET>

AOUTS CALIBRATED: NO

CAL EXIT

i

Continue pressing SET> until you reach the
output to be configured

DIAGAIO  TEST_OUTPUT: 5V, OVR, NOCAL
<SET SET> EDIT EXIT
DIAGAIO  TEST_OUTPUT: RANGE: 5V
SET> EDIT EXIT
DIAGAIO  TEST_OUTPUT: OVERRANGE: ON
<SET SET> EDIT EXIT
Toggle this DIAGAIO  TEST _OUTPUT: OVERRANGE: ON
button to turn
the Over- |<—+ ON ENTR EXIT
Range feature i
ON/OFF v
DIAG A0  TEST_OUTPUT: OVERRANGE: OFF
OFF ENTR EXIT

This over-range can be disabled if your recording device is
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4.10.1.5. Adding a Recorder Offset to the Test Channel

Some analog signal recorders require that the zero signal is significantly different from
the baseline of the recorder in order to record slightly negative readings from noise
around the zero point. This can be achieved in the T750 by defining a zero offset, a

small voltage (e.g., 10% of span).
To add a zero offset to a specific analog output channel, press:

Toggle these
buttons to set
the value for
esired offset.

From the
AlO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)
DIAG ANALOG I/O CONFIGURATION
PREV NEXT ENTR EXIT
DIAG AIO AOUTS CALIBRATED: NO

SEIT> CAL EXIT

| ¥

Continue pressing SET> until you reach the
output to be configured

Teledyne APl — Model T750 Portable Calibrator

¥

DIAG AIO TEST_OUTPUT:' 5V, OVR, NOCAL
<SET SET> EDIIT EXIT

—

DIAG AIO TEST_OUTPUT: OUTPUT: 5V

SEIT> EDIT EXIT

C Continue pressing SET> until ... >

!

DIAG AIO TEST_OUTPL]T: REC OFS: 0 mV
<SET SET> EDIIT EXIT

— 3

DIAG AIO TEST_OUTPUT: REC OFS: 0 mV
-+ 0 0 0 0 ENTR EXIT

1

[
| 1
DIAG AIO TEST_OUTF"UT: REC OFS: -10 mV
- 0 0 1 0 EN'I:R EXIT

), v |

DIAG AIO TEST_OUTPUT: REC OFS: -10 mV
<SET SET> EDIT EXIH
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4.10.1.6. Test Channel Calibration

TEST CHANNEL calibration needs to be carried out on first startup of the calibrator
(performed in the factory as part of the configuration process) or whenever recalibration
is required. The analog outputs can be calibrated automatically or adjusted manually.

In its default mode, the instrument is configured for automatic calibration of all
channels, which is useful for clearing any analog calibration warnings associated with
channels that will not be used or connected to any input or recording device, e.g., data
logger.

Manual calibration should be used for the 0.1V range or in cases where the outputs must
be closely matched to the characteristics of the recording device. Manual calibration
requires the AUTOCAL feature to be disabled.

ENABLING OR DISABLING THE TEST CHANNEL AUTOCAL FEATURE
To enable or disable the AUTOCAL feature for the TEST CHANNEL, press:

From the
AlIO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)

DIAG ANALOG I/O'CONFIGURATION
PREV NEXT ENITR EXIT

DIAG AIO AOUTS CALIBRATED: NO
SEIT> CAL EXIT

[
NOTE: *
TEST CHANNELS Continue pressing SET> until you reach the
configured for 0.1V full output to be configured

scale should always be
calibrated manually. +

DIAG AIO TEST_OUTF"UT: 5V, OVR, NOCAL

<SET SET> EDIIT EXIT

— v

DIAG AIO TEST_OUTPUT: RANGE: 5V

SEIT> EDIT EXIT

Y

< Continue pressing SET> until ... )

L ]

DIAG AIO TEST_OUTISUT: AUTO CAL.:ON

<SET SET> EDIIT EXIT

‘—* ENTR accepts

Y the new setting.
DIAG AIO  TEST_OUTPUT: AUTO CAL.:ON .
EXIT ignores the

new setting

Toggle this button
toturn AUTO CAL
ON or OFF [ ON
(OFF = manual L
calibration mode). *
DIAG AIO TEST_OUTPUT: AUTO CAL.:OFF

ENTR EXIT

OFF ENTR EXIT
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AUTOMATIC TEST CHANNEL CALIBRATION

Note Before performing this procedure, ensure that the AUTO CAL feature is turned
OFF for MFC_DRIVE_1, MFC_DRIVE_2 and MFC_DRIVE_3 if installed). Ensure
that the AUTO CAL feature is turned ON for the TEST CHANNEL (see Section

4.10.1.6).

To calibrate the outputs as a group with the AOUTS CALIBRATION command, press:

From the
AlO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)
DIAG ANALOG I/0O CONFIGURATION
PREV NEXT ENTR EXIT
I
\ ]
DIAG AIO AOUTS CALIBRATED: NO
SET> CAL EXIT
—_— I_*
DIAG AIO NOT AUTO CAL. MFC_DRIVE_1 This message
Analy;er appears when
automatically DIAGAIO  NOT AUTO CAL. MFC_DRIVE_2 AUTO-CAL is
calibrates all . : Turned OFF for
channels for which a channel

been calibrated ot if at least one
channel has AUTO-CAL turned
OFF, this message will read NO.

SET> CAL

AUTO-CAL is turned DIAGAIO  NOT AUTO CAL. MFC_DRIVE_3
ON
DIAG AIO  AUTO CALIBRATING TEST_OUTPUT
If any of the channels have not DIAG AIO AOUTS CALIBRATED: YES

EXIF

Manual calibration should be used for the 0.1V range or in cases where the
outputs must be closely matched to the characteristics of the recording device.
Manual calibration requires that the AUTOCAL feature be disabled.

Note
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To initiate an automatic calibration from inside the TEST CHANNEL submenu, press:

From the
AIO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)
DIAG ANALOG I/O CONFIGURATION
PREV NEXT ENTR EXIT
DIAG AIO AOUTS CALIBRATED: NO

SElT> CAL EXIT

L
Continue pressing SET> until you reach the
output to be configured

Y

DIAG AIO TEST_OUTPUT: 5V, CONC2, NOCAL
<SET SET> EDIT EXIT

B

DIAG AIO TEST_OUTPUT: RANGE: 5V

SE|T> EDIT EXIT

( Continue pressing SET> until ... )

y

DIAG AIO TEST_OUTFV’UT: CALIBRATED:NO
<SET SET> C,i‘\L EXIT

|_+

DIAG AIO  AUTO CALIBRATING TEST_OUTPUT

v

DIAG AIO TEST_OUTF"UT: CALIBRATED: YES
<SET SET> CAL EXIT
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MANUAL CALIBRATION OF THE TEST CHANNEL CONFIGURED FOR VOLTAGE
RANGES

For highest accuracy, the voltages of the analog outputs can be calibrated manually.

Note The menu for manually adjusting the analog output signal level will only appear

if the AUTO-CAL feature is turned off for the channel being adjusted (see Section
4.10.1.6).

Calibration is performed with a voltmeter connected across the output terminals and by

changing the actual output signal level using the LCD touchscreen buttons in 100, 10 or
1 count increments.

VIN +

V OUT - VIN -
ANALYZER Recording
Device

Figure 4-11: Setup for Calibrating the TEST CHANNEL

Table 4-16: Voltage Tolerances for the TEST CHANNEL Calibration

MINIMUM
SCALE | ToLERANCE | SPANVOLTAGE | 10 Bli\ee AD€1UCSOTU'\£SNT

0.1VDC £0.0005V 90 mv £0.001V 0.02 mv
1VDC £0.001V 900 mV £0.001V 0.24 mv
5VDC £0.002V 4500 mv £0.003V 122mV

10 VDC £0.004V 4500 mv £0.006V 244 mv
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To adjust the signal levels of an analog output channel manually, press:

From the
AlO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)

v

ANALOG I/O'CONFIGURATION
ENITR EXIT

PREV NEXT

DIAG AIO AOUTS CALIBRATED: NO

DIAG

EXIT

SEIT> CAL
|

Continue pressing SET> until you reach the
output to be configured

[
DIAG AIO TEST_OUTP'UT: 5V, CONC2, NOCAL
<SET SET> EDIIT EXIT
DIAG AIO TEST_OUTPUT: RANGE: 5V
SEIT> EDIT EXIT

( Continue pressing SET> until ... )

TEST_OU:I'PUT: CALIBRATED:NO
EXIT

DIAG AIO
<SET SET> C/i‘\L

— R

DIAG AIO TEST_OUTPUT: VOLT-Z: 0 mV
i Ul.OO UF:lO UI:’ DO}NN Dl}llo DlIOO ENTREXIT
These buttons increase / < i i } } } } These menus
decrease the analog output nl rif
signal level (not the value on the >_> only appea _I
. AUTO-CAL is
display) L ]
. rn FF
by 100, 10 or 1 counts DIAG AIO TEST OUTPUT: VOLT-S: 4500 mV turned O
Continue adjustments until the
voltage measured at the output < U:LIOO UF:10 UII:’ DOYVN Dl}llo D1IOO ENTREXIT
of the analyzer and/or the input | | | | | | W,
of the recording device read
mV or 90% of full | +
DIAG AIO TEST_OU:I'PUT: CALIBRATED: YES
EXIT| |

<SET SET> CAL
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4.10.1.7. AIN Calibration
This is the sub-menu in which to calibrate the A-to-D conversion circuitry (Sections

9.4.10.1 and 10.3.4.1). This calibration is only necessary after a major repair such as the
replacement of a CPU, a motherboard or a power supply.

To perform an AIN CALIBRATION, press:

From the
AIO CONFIGURATION SUBMENU
(SETUP>MORE>DIAG)
y
DIAG ANALOG I/0O CONFIGURATION
PREV NEXT EN'TR EXIT
DIAG AIO AOQOUTS CALIBRATED: NO
SET> CAL EXIT
I

( Continue pressing SET> until .... )

DIAG AIO AIN CALIB'RATED: NO

<SET C,i‘\L EXIT
DIAG AIO CALIBRA']'ING A/D ZERO
DIAG AIO CALIBRATING A/D SPAN
[
DIAG AIO AIN CALIE;RATED: YES
<SET CAL EXIT
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5. COMMUNICATIONS SETUP AND OPERATION

The instrument communications and output panel connections include an Ethernet port,
a USB port (option) and two serial communications ports (labeled RS232, which is the
COML1 port, and COM2) located on the communications and output panel (refer to
Figure 3-5). These ports give the user the ability to communicate with, issue commands
to, and receive data from the analyzer through an external computer system or terminal.

This section provides pertinent information regarding communication equipment,
describes the instrument’s communications modes, presents configuration instructions
for the communications ports, and provides instructions for their use.

5.1. DATA TERMINAL/COMMUNICATION EQUIPMENT (DTE DCE)

RS-232 was developed for allowing communications between data terminal equipment
(DTE) and data communication equipment (DCE). Basic terminals always fall into the
DTE category whereas modems are always considered DCE devices. The difference
between the two is the pin assignment of the Data Receive and Data Transmit functions.

» DTE devices receive data on pin 2 and transmit data on pin 3.
» DCE devices receive data on pin 3 and transmit data on pin 2.

To allow the analyzer to be used with terminals (DTE), modems (DCE) and computers
(which can be either), a switch mounted below the serial ports on the communications
and output panel allows the user to set the RS-232 configuration for one of these two
data devices. This switch exchanges the Receive and Transmit lines on RS-232
emulating a cross-over or null-modem cable. The switch has no effect on COM2.

The T750 is equipped with two serial communication ports (labeled RS232 and
COM2), a USB com port and an Ethernet port located on the communications and
output panel. The two serial ports are accessible via two DB-9 connectors (see Figure
3-5): RS232 (COM1), a male DB-9 connector, and COM2, a female DB9 connector.

The RS232 and COM2 ports operate similarly and give the user the ability to
communicate with, issue commands to, and receive data from the calibrator through an
external computer system or terminal.

e The RS-232 port (COM1) can also be configured to operate in single or RS-232
multi-drop mode (option 62, Sections 3.4.1.6 and 5.2).

e The COM2 port can be configured for standard RS-232 operation, half-duplex RS-
485 communication. (Contact the factory for RS-485 communication configuration).

The Ethernet connector allows the analyzer to be connected to a network running
TCP/IP or to the public Internet if access is available. The network must have routers
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capable of operating at 10BaseT or 100BaseT. DHCP is enabled by default (Section
5.4.1). This configuration is useful for quickly getting an instrument up and running on a
network. However, for permanent Ethernet connections, a static IP address should be
used (Section 5.4.1.1). Edit the Instrument and Gateway IP addresses and Subnet Mask
to the desired settings. Then, from the computer, enter the same information through an
application such as HyperTerminal.

The USB port is for optional direct communication between the calibrator and a desktop
or laptop computer. This configuration can be used when the COM2 port is not in use
except for multidrop communication. For setup instructions, please refer to Sections
3.4.1.6 and 5.2.1.

5.2. COMMUNICATION MODES, BAUD RATE AND PORT TESTING

Use the SETUP>MORE>COMM menu to configure COML1 (labeled RS232 on
instrument communications and output panel) and/or COM2 (labeled COM2 on
instrument communications and output panel) for communication modes, baud rate
and/or port testing for correct connection.

5.2.1. COMMUNICATION MODES

Each of the calibrator’s serial ports can be configured to operate in a number of different
modes, listed in Table 5-1. As modes are selected, the calibrator sums the Mode ID
numbers and displays this combined number on the LCD touchscreen. For example, if
guiet mode (01), computer mode (02) and Multi-Drop-enabled mode (32) are selected,
the Calibrator would display a combined MODE ID of 35.

Table 5-1: COMM Port Communication Modes

MODE" ID DESCRIPTION

Quiet mode suppresses any feedback from the calibrator (such as warning messages)
to the remote device and is typically used when the port is communicating with a
QUIET 1 computer program where such intermittent messages might cause communication
problems.

Such feedback is still available but a command must be issued to receive them.

Computer mode inhibits echoing of typed characters and is used when the port is
COMPUTER 2 o .
communicating with a computer operated control program.

When turned on this mode switches the COMM port settings
from
E81/E71 2048 No parity; 8 data bits; 1 stop bit
to
Even parity; 7 data bits; 1 stop bit

SECURITY 4 When enabled, the serial port requires a password before it will respond. The only
command that is active is the help screen (? CR).

1024 Configures the COM2 Port for RS-485 communication. RS-485 mode has precedence

RS-485 over multi-drop mode if both are enabled.
MULTI-DROP 32 Multi-drop protocol allows a multi-instrument configuration on a single communications
PROTOCOL channel. Multi-drop requires the use of instrument IDs.

ENABLE 64 Enables to send a modem initialization string at power-up. Asserts certain lines in the

MODEM RS-232 port to enable the modem to communicate.

ERROR 128 Fixes certain types of parity errors at certain Hessen protocol installations.
CHECKING?
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MODE" ID DESCRIPTION
XON/XOFF 256 Disables XON/XOFF data flow control also known as software handshaking.
HANDSHAKE?
Enables CTS/RTS style hardwired transmission handshaking. This style of data
HARDWARE o o . . .
HANDSHAKE 8 transmission handshaking is commonly used with modems or terminal emulation
protocols as well as by Teledyne Instrument's APICOM software.
HARDWARE 512 Disables the HARDWARE FIFO (First In — First Out), When FIFO is enabled it
FIFO? improves data transfer rate for that COMM port.
COMMAND 4096 Enables a command prompt when in terminal mode.
PROMPT
' Modes are listed in the order in which they appear in the
SETUP > MORE > COMM - COM[1 OR 2] > MODE menu
2 The default setting for this feature is ON. Do not disable unless instructed to by Teledyne API's Technical Support
personnel.
Note Communication Modes for each COMM port must be configured independently.

Press the following buttons to select communication modes for a one of the COMM
Ports, such as the following example where RS-485 mode is enabled:
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Combined Mode ID
displayed here

GEN STBY SEQ SE'II'UP
‘ ]
PRIMARY éETUP MENU
GAS M(I)RE
SECONDAIVQY SETUP MENU
COMM FLOW
COMMUNICATIONS MENU
ID INET CIOMl COM2
;v —_—
COM1 MODE:0
<SET SET> EDIIT EXIT
CcoM1 QUIIéT MODE:OFF
PREV NEXTI OFF EXIT

Use the PREV and
NEXT buttons to

| J

between the

Li

available modes

C Continue pressing NEXT until ... )

v

COM1 RS-485 MODE:OFF
Activate / Deactivate PREV NEXT OFF EXIT
the Selected mode |
by toggling the ON / +
OFF button COM1 RS-485 MODE:ON
PREV NEXT OFF ENTR EXIT

L

L [ 5

Li

EXIT discards the new
setting

ENTR accepts the
new setting

Press PREV and NEXT to continue selecting other
COM modes you want to enable or disable
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5.2.2. COM PORT BAUD RATE

To select the baud rate of either COM Port, go to SETUP>MORE>COMM and select
either COM1 or COM2 as follows (use COM2 to view/match your personal computer
baud rate when using the USB port:

GEN STBY SEQ SE'II'UP

v

PRIMARY SETUP MENU

GAS M(I)RE

+_I

SECONDAI'QY SETUP MENU

COMM FLOW

¥

COMMUNICATIONS MENU

ID INET ICOMl COM2

—

SETUP X.X COM1 I\/IOESE:O

<SET SEIT> EDIT EXIT

J

Ccomi BAU'D RATE:115200

<SET SET> EDIIT EXIT

I

Toggle these buttons

to cycle through the COM1 BAUD RATE:19200
available Baud rates:
A 300 PREV NEXT EXIT
1200 *
4800
9600 v

19200 COM1 BAUD RATE:19200

38400 .
57600 PREV NEXT entr ext| | EXIT discards the new

setting
y 115200 y T,

ENTR accepts the
new setting )
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5.2.3. COM PORT TESTING

The serial ports can be tested for correct connection and output in the COMM menu.
This test sends a string of 256 ‘w’ characters to the selected COM port. While the test is
running, the red LED on the communications and output panel of the calibrator should
flicker.

To initiate the test, press the following button sequence:

GEN STBY SEQ SE'II'UP
]

PRIMARY SETUP MENU

GAS M(l)RE

+_I

SECONDAIVQY SETUP MENU

COMM FLOW

Y

COMMUNIéATIONS MENU

ID INET COlMl COM2

—

COM1 MODE:0

<SET SET> EDIT EXIT
| |

(Continue pressing <SET or SET> until )

COM1: TEST PORT

<SET SET> TEST EXIT
Test runs I
: —> TRANSMITTING TO COM1
automatically
y

!

COM1: TEST PORT

PREV NEXT OFF EXIT
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5.3. RS-485 (OPTION)

The COM2 port of the instrument’s communications and output panel is set up for RS-
232 communication but can be reconfigured for RS-485 communication. Contact
Technical Support. If this option was elected at the time of purchase, the
communications and output panel was preconfigured at the factory. Choosing this option
disallows use of the USB port.

5.4. REMOTE ACCESS VIA THE ETHERNET

Via the Ethernet interface, the calibrator can be connected to any standard 10BaseT or
100BaseT Ethernet network via low-cost network hubs, switches or routers. The
interface operates as a standard TCP/IP device on port 3000. This allows a remote
computer to connect through the Internet to the calibrator using APICOM, terminal
emulators or other programs.

Under the SETUP>MORE>COMM menu the INET submenu is used to manage and
configure the Ethernet interface with your LAN or Internet Server(s). The calibrator is
shipped with DHCP enabled by default. This allows the instrument to be connected to a
network or router with a DHCP server (Section 5.4.1), but for a permanent Ethernet
connection, configure the instrument with a static IP address (Section 5.4.1.1).

The Ethernet LEDs located on the connector indicate the Ethernet connection status.

Table 5-2: Ethernet Status Indicators

LED FUNCTION

amber (link) On when connection to the LAN is valid.

green (activity) | Flickers during any activity on the LAN.

5.4.1. CONFIGURING THE ETHERNET INTERFACE USING DHCP

Note

The Ethernet feature for your T750 uses Dynamic Host Configuration Protocol (DHCP)
to configure its interface with your LAN automatically. This requires your network
servers also be running DHCP. The calibrator will do this the first time you turn the
instrument on after it has been physically connected to your network. Once the
instrument is connected and turned on, it will appear as an active device on your
network without any extra set up steps or lengthy procedures.

Check the INET settings the first time you power up your calibrator after it has
been physically connected to the LAN/Internet to ensure that the DHCP has
successfully downloaded the appropriate information from your network
server(s).
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Table 5-3: LAN/Internet Configuration Properties

PROPERTY DEFAULT DESCRIPTION
STATE
This displays whether the DHCP is turned ON or OFF.
DHCP STATUS On
INSTRUMENT 0.0.0.0 This string of four packets of 1 to 3 numbers each (e.g. 192.168.76.55.)
IP ADDRESS e is the address of the calibrator itself.
GATEWAY IP A string of numbers very similar to the Instrument IP address (e.g.
0.0.0.0 192.168.76.1.) that is the address of the computer used by your LAN to
ADDRESS
access the Internet.
Also, a string of four packets of 1 to 3 numbers each (e.g.
255.255.252.0) that defines that identifies the LAN to which the device is
connected.
SUBNET MASK 0.0.0.0 All addressable devices and computers on a LAN must have the same
subnet mask. Any transmissions sent devices with different subnet
masks are assumed to be outside of the LAN and are routed through a
different gateway computer onto the Internet.
This number defines the terminal control port by which the instrument is
TCP PORT" 3000 addressed by terminal emulation software, such as Internet or Teledyne
API's APICOM.
The name by which your calibrator will appear when addressed from
other computers on the LAN or via the Internet. While the default setting
HOST NAME T750 for all Teledyne API's T750 calibrators is “T750”, the host name may be
changed to fit customer needs.
' Do not change the setting for this property unless instructed to by Teledyne API’s Technical Support
personnel.

Note If the gateway IP, instrument IP and the subnet mask are all zeroes (e.g.
“0.0.0.0”), the DCHP was not successful in which case you may have to
configure the calibrator’'s Ethernet properties manually. See your network
administrator.
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To view the above properties listed in Table 5-3, press:

GEN STBY SEQ SE'II'UP

¢—I

PRIMARY S'ETUP MENU

GAS MCI)RE
SECONDARY SETUP MENU
COMM FLOW

J

SETUP X.X COMMUNICATIONS MENU
ID INET COM1 COM2 EXIT
SETUP X.X ENTER PASSWORD:818
8 1 8 ENTR EXIT
SETUP X.X DHCP:ON
<SET SET> EDIT EXITF
SETUP X.X INST IP:0.0.0.0
<SET SET> EXITF
EDIT button i
is disabled SETUP X.X GATEWAY 1P:0.0.0.0
when DHCP <SET SET> EXIF
is ON 7 i
SETUP X.X SUBNET MASK IP:0.0.0.0
<SET SET> EXITF
DO NOT alter unless i
instructed to by Teledyne L SETUP X.X TCP PORT:3000
) : >
API’s Technical SUppOI’t <SET SE-Ir> EDIT EXIT
personnel Vo
SETUP X.X HOSTNAME: T750
<SET SET> EDIT EXITF
SETUP X.X INITIALIZING INET 0%
INITIALIZATION process proceeds
automatically
¥ ¥
SETUP X.X INITIALIZATION SUCCEEDED SETUP X.X INITIALIZATION FAILED
SETUP X.X COMMUNICATIONS MENU
ID ADDR INET EXIT Contact your
IT Network
Administrator
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5.4.1.1. Manually Configuring the Network IP Addresses
There are several circumstances when you may need to manually set the Ethernet
configuration:
e Your LAN is not running a DHCP software package,
o The DHCP software is unable to initialize the calibrator’s interface;

¢ You wish to configure the interface with a specific IP address, such as for a
permanent Ethernet connection..

Manually configuring the Ethernet interface requires that you first turn DHCP to OFF
before setting the INSTRUMENT IP, GATEWAY IP and SUBNET

MASK parameters:
GEN STBY SEQ SETUP
|
PRIMARY SETUP MENU
GAS MORE
SECONDARY SETUP MENU
COMM FLOW
[
SETUP X.X COMMUNICATIONS MENU
ID INET COM1 COM2 EXIT
SETUP X.X ENTER PASSWORD:818
8 1 8 ENTR EXIT
SETUP X.X DHCP:ON
<SET SET> EDIT EXIT
Toggle to turn SETUP X.X DHCP:ON
DHCP ON/ i <— ON ENTR EXIT
OFF [
SETUP X.X DHCP:OFF
ENTR accepts OFF ENTR EXIT
the new setting | [ |
EXIT ignores the *
new setting >
< Continue to Step 2 Below >
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Internet Configuration Touchscreen Button Functions

<SET SET> EDIT

< From Step 1 above) > BUTTON FUNCTION
0] Press to cycle through the range of numerals and
available characters (“0-9” & “.”)
v <CH CH> Moves the cursor one character left or right.
DHCP: OFF DEL Deletes a character at the cursor location.
SET> ENTR Accepts the new setting and returns to the previous
(] menu.
EXIT Ignores the new setting and returns to the previous
menu.
L INST IP: 000.000.000.000 Some buttons only appear when applicable.

Cursor

location is

J_ J_ indicated by
v v bracket:
INST IP: [0] 00.000.000 rackets

<CH CH> DEL [0] ENTR EXIT
— GATEWAY IP: 000.000.000.000
<SET SET> EPIT
v
GATEWAY IP: [0] 00.000.000
<CH CH> DEL [?] ENTR EXIT
— P SUBNET MASK:255.255.255.0
<SET SET> EDIT
SUBNET MASK:[2]55.255.255.0
TCP PORT 3000 <CH CH> DEL [?] ENTR EXIT
v \ <SET
The PORT number needs to remain at 3000.
. > Do not change this setting unless instructed to by
P;e:"sysg}gﬂixal'gg\rzm Teledyne API Customer Service personnel.
display menus
causes the Ethernet
to reinitialize its
internal interface INITIALIZING INET 0%
firmware
7 INITIALIZING INET 100%
INITIALIZATION SUCCEEDED INITIALIZATION FAILEﬂi
v
SETUPXX  COMMUNICATIONS MENU Contact your IT
Network Administrator
ID INET COM2 EXIT
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5.4.2. CHANGING THE CALIBRATOR’S HOSTNAME

The HOSTNAME is the name by which the calibrator appears on your network. The
default name for all Teledyne API’s T750 calibrators is T750. To change this name
(particularly if you have more than one T750 calibrator on your network), press.

GEN STBY SEQ SE"I'UP
‘ ]
STANDBY ENTER PASSWORD:O
— 0 0 0 ENTR EXIT
Toggle buttons to get 818 STANDBY ENTER PASSWORD:818
- 8 1 8 ENTR EXIT
PRIMARY SETUP MENU SETUP ENTER PASSWORD:818
GAS MORE 8 1 8 ENTR EXIT
SECONDAR+ SETUP MENU SETUP DHC'P:ON
COMM FLOW SET> EDIT EXIT
|
* @ontinue pressing SET> until )
SETUP COMMUNICATIONS MENU
ID INET COM1 COM2 EXIT v
SETUP HOSTNAME:
<SET SET> ED'IT EXIT
SETUP HOSTNAME: [ ]
IN.S EXIT
BUTTON FUNCTION
<CH Moves the cursor one character to the left.
CH> Moves the cursor one character to the right. SETUP HOSTNAME: [0]
INS Inserts a character before the cursor location.
DEL Deletes a character at the cursor location. |CH> INS  DEL [0] | ENTR EXIT

Press this key to cycle through the range of
numerals and characters available for

0 insertion. 0-9, A-Z, space’ ~!1©#$ %" &*( Use these buttons to edit the
)-_=HI{} <>\ 5, 17 HOSTNAME

ENTR Accepts the new setting and returns to the

previous menu. __ SETUP HOSTNAME: T750 Site 1
EXIT Igno_res the new setting and returns to the
previous menu. <CH CH> INS DEL [0O] ENTR EXIT
Some buttons only appear WHEN APPLICABLE. | 4 ENTR accepts
|_> the new setting
EXIT ignores the
new setting
SETUP HOSTNAME: T750 Site 1
<SET SET> EDIT EXIT
| Hostname is now set; the EXIT
button returns you to the
+ Communications Menu.
SETUP COMMUNICATIONS MENU
ID INET COM1 COM2 EXIT
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5.4.3. USB PORT (OPTION) FOR REMOTE ACCESS

The analyzer can be operated through a personal computer by downloading the TAPI
USB driver and directly connecting their respective USB ports.

1. Install the Teledyne T-Series USB driver on your computer, downloadable from the
Teledyne API website under Help Center>Software Downloads (www.teledyne-
api.com/software).

2. Run the installer file: “TAPIVCPInstaller.exe”

o Teledyne APIUSB COM Port Driver Driver Installer

Teledyne Advanced Pallution Inskrumentation
Teledyne APT USE COM Pork Driver

Installation Location: Driver Version 6.1

| :\Program Files) TAPIWCP_Driver!,

Change Install Location, .. Zancel

3. Connect the USB cable between the USB ports on your personal computer and your
analyzer. The USB cable should be a Type A — Type B cable, commonly used as a
USB printer cable.

4. Determine the Windows XP Com Port number that was automatically assigned to
the USB connection. (Start>Control Panel>System>Hardware>Device Manager).
This is the com port that should be set in the communications software, such as
APIcom or Hyperterminal.

£ Device Manager

File  Action  Wiew Help

s 2 8 =2a

2, SDAENPCZ1

 Computer

g Disk drives

§ Display adapters

i DWDJCD-ROM drives

=4 Floppy disk controllers

_ﬁ. Floppy disk drives

= IDE ATASATAPT controllers

‘z» Kevboards

') Mice and other pointing devices

: Manitars

+ B8 Network adapters

= 5 Porks (COM & LPT)
(;yi Communications Port (COML)
5 Printer Port (LPT1)

P8 T-<eries LISE Bridge (COMS)

+-%8 Processors

+- %, sound, video and game contrallers

4 b System devices
+ Iniversal Serial Bus controllers

++++++++++‘E|EI

Refer to the Quick Start (Direct Cable Connection) section of the Teledyne APlcom
Manual, PN 07463.
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5. In the instrument's SETUP>MORE>COMM=>COM2 menu, make the following settings:

Baud Rate: 115200

COM2 Mode Settings:
Quiet Mode
MODBUS RTU
E,8,1 MODE
RS-485 MODE
MULTIDROP MODE
ERROR CHECKING

HARDWARE HANDSHAKE

COMMAND PROMPT

ON Computer Mode

OFF MODBUS ASCII

OFF E,7,1 MODE

OFF SECURITY MODE

OFF ENABLE MODEM

ON XON/XOFF HANDSHAKE
OFF HARDWARE FIFO

OFF

ON
OFF
OFF
OFF
OFF
OFF
ON

6. Next, configure your communications software, such as APlcom. Use the COM port
determined in Step 4 and the baud rate set in Step 5. The figures below show how
these parameters would be configured in the Instrument Properties window in
APIlcom when configuring a new instrument. See the APlcom manual (PN 07463)

for more details.

@

”

Instrument Propertes H"-F @

|

Code-Activated Swich Hendshaking Seorly Direct Cable Connection Properties
Basc Automanc Disconnact
Ingrument Name  Local hstrument Comm, Pont ‘ COM1 v Settngs | 0K
Irstrumant 10 Eneble Cancel
Connection Type Dvect Cable - Semrgs e | L| |
Ingtrument Port o Potl Pot 2 /
lods Var Name @'ccv;:-ow e “ fo sl
Ste Name Home - Fort Settrgs
L':d,a:.m
Bts per second | 115200
0K Cancel
) Daabes 8
Eaty: | None
Seobas: 1
Fow comrai- | None
Eestore Defauts
oK Cancel foply
Note e« USB configuration requires that the baud rates of the instrument and

the PC match; check the PC baud rate and change if heeded.

e Using the USB port disallows use of the communications and output
panel COM2 port except for multidrop communication.
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6. REMOTE OPERATION

This section provides information needed when using external digital and serial 1/0 for
remote operation. It assumes that the electrical connections have been made as described
in Section3.4.1

The T750 can be remotely configured, calibrated or queried for stored data through the
communications and output panel serial ports, via either Computer mode (using a
personal computer with a dedicated interface program) or Interactive mode (using a
terminal emulation program).

6.1. COMPUTER MODE

Computer mode is used when the analyzer is connected to a computer with a dedicated
interface program such as APICOM.

6.1.1. REMOTE CONTROL VIA APICOM

APICOM is an easy-to-use, yet powerful interface program that allows the user to access
and control any of Teledyne API’s main line of ambient and stack-gas instruments from
a remote connection through direct cable, modem or Ethernet. Running APICOM, a
user can:

e Establish a link from a remote location to the T750 through direct cable connection
via RS-232 modem or Ethernet.

o View the instrument’s LCD touchscreen and remotely access all functions that could
be accessed when standing in front of the instrument.

¢ Remotely edit system parameters and set points.
e Download, view, graph and save data for predictive diagnostics or data analysis.
o Check on system parameters for trouble-shooting and quality control.

APICOM is very helpful for initial setup, data analysis, maintenance, and trouble-
shooting. Figure 6-1 shows an example of APICOM’s main interface, which emulates
the look and functionality of the instrument’s actual LCD touchscreen. Refer to the
APICOM  manual available for download from  http://www.teledyne-
api.com/software/apicom/.
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1= ApiComm Remote Interface - Local Instrument

"

CAL 0.0000 0.0000LPM
DIL 0.000 0.000LPM

"“ TELEDYNE
ADVANCED POLLUTION INSTRUMENTATION
A Teledyne Technologies Company

Figure 6-1: APICOM Remote Control Program Interface

6.2. INTERACTIVE MODE

Interactive mode is used with a terminal emulation programs or a “dumb” computer
terminal.

6.2.1. REMOTE CONTROL VIA A TERMINAL EMULATION PROGRAM

Start a terminal emulation program such as HyperTerminal. All configuration
commands must be created following a strict syntax or be pasted in from an existing text
file, which was edited offline and then uploaded through a specific transfer procedure.
The commands that are used to operate the analyzer in this mode are listed in Table 6-1.

6.2.1.1. Help Commands in Interactive Mode

Table 6-1: Terminal Mode Software Commands

COMMAND Function

Control-T Switches the calibrator to terminal mode
(echo, edit). If mode flags 1 & 2 are OFF,
the interface can be used in interactive
mode with a terminal emulation program.

Control-C Switches the calibrator to computer mode
(no echo, no edit).
CR A carriage return is required after each
(carriage return) command line is typed into the

terminal/computer. The command will not
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6.2.1.2. Command Syntax

COMMAND Function
be sent to the calibrator to be executed until
this is done. On personal computers, this is
achieved by pressing the ENTER button.
BS Erases one character to the left of the
(backspace) cursor location.
ESC Erases the entire command line.

(escape)

? [ID] CR This command prints a complete list of
available commands along with the
definitions of their functionality to the
display device of the terminal or computer
being used. The ID number of the
calibrator is only necessary if multiple
calibrators are on the same
communications line, such as the multi-
drop setup.

Control-C Pauses the listing of commands.

Control-P Restarts the listing of commands.

Commands are not case-sensitive and all arguments within one command (i.e. ID
numbers, keywords, data values, etc.) must be separated with a space character.

All Commands follow the syntax:

X [ID] COMMAND <CR>

Where
X is the command type (one letter) that defines the type of command.
Allowed designators are listed in Table 6-2 and Appendix A-6.
[ID] is the machine identification number (Section4.7.1). Example: the

Command “? 700 followed by a carriage return would print the list of
available commands for the revision of software currently installed in the
instrument assigned ID Number 700.

COMMAND is the command designator: This string is the name of the command being
issued (LIST, ABORT, NAME, EXIT, etc.). Some commands may have
additional arguments that define how the command is to be executed.
Press ? <CR> or refer to Appendix A-6 for a list of available command

designators.

<CR> is a carriage return. All commands must be terminated by a carriage
return (usually achieved by pressing the ENTER button on a computer).
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Table 6-2: Teledyne API Serial I/O Command Types

COMMAND COMMAND TYPE
C Calibration
D Diagnostic
L Logon
T Test measurement
\% Variable
w Warning

6.2.1.3. Data Types

Data types consist of integers, hexadecimal integers, floating-point numbers, Boolean
expressions and text strings.

e Integer data are used to indicate integral quantities such as a number of
records, a filter length, etc. They consist of an optional plus or minus sign,
followed by one or more digits. For example, +1, -12, 123 are all valid integers.

e Hexadecimal integer data are used for the same purposes as integers. They
consist of the two characters “0x,” followed by one or more hexadecimal digits
(0-9, A-F, a-f), which is the ‘C’ programming language convention. No plus or
minus sign is permitted. For example, Ox1, 0x12, Ox1234abcd are all valid
hexadecimal integers.

e Floating-point numbers are used to specify continuously variable values such as
temperature set points, time intervals, warning limits, voltages, etc. They
consist of an optional plus or minus sign, followed by zero or more digits, an
optional decimal point and zero or more digits. (At least one digit must appear
before or after the decimal point.) Scientific notation is not permitted. For
example, +1.0, 1234.5678, -0.1, 1 are all valid floating-point numbers.

e Boolean expressions are used to specify the value of variables or I/O signals
that may assume only two values. They are denoted by the keywords ON and
OFF.

o Text strings are used to represent data that cannot be easily represented by
other data types, such as data channel names, which may contain letters and
numbers. They consist of a quotation mark, followed by one or more printable
characters, including spaces, letters, numbers, and symbols, and a final
quotation mark. For example, “a”, “17, “123abc”, and “()[]<>" are all valid text
strings. It is not possible to include a quotation mark character within a text
string.

e Some commands allow you to access variables, messages, and other items.
When using these commands, you must type the entire name of the item; you
cannot abbreviate any names.
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6.2.1.4. Status Reporting

Reporting of status messages as an audit trail is one of the three principal uses for the
RS-232 interface (the other two being the command line interface for controlling the
instrument and the download of data in electronic format). You can effectively disable
the reporting feature by setting the interface to quiet mode (Section 5.2.1, Table 5-1).

Status reports include warning messages, calibration and diagnostic status messages.
Refer to Appendix A-3 for a list of the possible messages, and this for information on
controlling the instrument through the RS-232 interface.

6.2.1.5. General Message Format

All messages from the instrument (including those in response to a command line
request) are in the format:

X DDD:HH:MM [Id] MESSAGE<CRLF>
Where:

X is a command type designator, a single character indicating the
message type, as shown in the Table 6-2.

DDD:HH:MM is the time stamp, the date and time when the message was issued.
It consists of the Day-of-year (DDD) as a number from 1 to 366,
the hour of the day (HH) as a number from 00 to 23, and the
minute (MM) as a number from 00 to 59.

[ID] is the calibrator ID, a number with 1 to 4 digits.

MESSAGE is the message content that may contain warning messages, test
measurements, variable values, etc.

<CRLF> is a carriage return / line feed pair, which terminates the message.

The uniform nature of the output messages makes it easy for a host computer to parse
them into an easy structure. Keep in mind that the LCD touchscreen does not give any
information on the time a message was issued, hence it is useful to log such messages
for trouble-shooting and reference purposes. Terminal emulation programs such as
HyperTerminal can capture these messages to text files for later review.
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6.3. REMOTE ACCESS BY MODEM

The T750 can be connected to a modem for remote access.

This requires a cable

between the calibrator’s COMM port and the modem, typically a DB-9F to DB-25M
cable (available from Teledyne API with P/N WR0000024).

Once the cable has been connected, check to ensure that:
e The DTE-DCE is in the DCE position.
e The T750 COMM port is set for a baud rate that is compatible with the modem.

e The Modem is designed to operate with an 8-bit word length with one stop bit.

e The MODEM ENABLE communication mode is turned ON (Mode 64, see
Section 5.2.1).

Once this is completed, the appropriate setup command line for your modem can be
entered into the calibrator. The default setting for this feature is:

AT YO0 &D0 &HO &I10 S0=2 &B0 &N6 &MO0 EO Q1 &WO0

This string can be altered to match your modem’s initialization and can be up to 100
characters long.

To change this setting, press:

GEN STBY SEQ

SE'II'UP

Y

PRIMARY S'ETUP MENU

COM1 MODE:0

<SET SEIT> EDIT

EXIT

GAS MCI)RE
SECONDAI'?Y SETUP MENU
COMM FLOW

L

Y

(Continue pressing <SET or SET> until )

Y

COMMUNICATIONS MENU

ID INET COIMl COM2

com1l POR'T INIT:AT YO &DO &H &I10

<SET SET> EDllT

EXIT

Y

The <CH and CH>
buttons move the
cursor left and right

along the text string

I<CH

CH>I INS DIIEL

COoM1 POR'T INIT:AT YO &DO &H &I10

[A]

EXIT discards the
new setting

ENITR E|XIT

T
l—

o

L1 )

ENTR accepts the
new setting

The INS and CH>
buttons insert a new
character before the

cursor position

DEL deletes
character at
the cursor
position

Toggle this button to cycle through
the available character set:

e Alpha: A-Z (Upper and Lower
Case);

e Special Characters: space’ ~! #$
P& ()-_=HI{}<>|;:,.17?
o Numerals: 0-9
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Remote Operation

To initialize the modem, press:

GEN STBY SEQ SE"I'UP

Y

PRIMARY éETUP MENU
GAS MORE

—

SECONDAI'?Y SETUP MENU

COMM FLOW

Y

COMMUNIéATIONS MENU

ID INET COM1 COM?2

y

COM1 MODE:0

<S'ET SE'T> EDIT EXIT

—
Li

(Continue pressing <SET or SET> until )

COM1: INIT'IALIZE MODEM

<SET SET> INIT EXIT

— —

Test Runs
Automatically

INITIALIZII\iG MODE

!

=

MODEM INI'TIALIZED
PREV NEXT OFF EXIT

Y

If there is a problem initializing the
modem the message,
“MODEM NOT INITIALIZED”
will appear.
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Remote Operation Teledyne APl — Model T750 Portable Calibrator

6.4. PASSWORD SECURITY FOR SERIAL REMOTE
COMMUNICATIONS

In order to provide security for remote access of the T750, a LOGON feature can be
enabled to require a password before the instrument will accept commands. This is done
by turning on the SECURITY MODE (Mode 4, Section 5.2.1). Once the SECURITY
MODE is enabled, the following items apply.

e A password is required before the port will respond or pass on commands.

e If the port is inactive for one hour, it will automatically logoff, which can also be
achieved with the LOGOFF command.

e Three unsuccessful attempts to log on with an incorrect password will cause
subsequent logins to be disabled for 1 hour, even if the correct password is used.

¢ If not logged on, the only active command is the '?' request for the help screen.
e The following messages will be returned at logon:

e LOGON SUCCESSFUL - Correct password given

e LOGON FAILED - Password not given or incorrect

¢ LOGOFF SUCCESSFUL - Connection terminated successfully
To log on to the T750 calibrator with SECURITY MODE feature enabled, type:

LOGON 940331
940331 is the default password. To change the default password, use the variable
RS232_PASS issued as follows:
V RS232_PASS=NNNNNN

Where N is any numeral between 0 and 9.
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7. CALIBRATION AND VERIFICATION

Basic electronic calibration of the T750 Portable Calibrator is performed at the factory.
Normally there is no need to perform this factory calibration in the field however, the
performance of several of the instrument’s key subsystems should be verified
periodically and if necessary adjusted. These subsystems are:

¢ Mass Flow Controllers: The accuracy of the mass flow controller outputs is intrinsic
to achieving the correct calibration mixture concentrations, therefore the accuracy of
their output should be checked and if necessary adjusted every 6 months (see
Sections 7.1 and 7.2).

e O3 Photometer: If your T750 is equipped with the optional O; photometer its
performance should be periodically verified against and external transfer standard
(see Section 7.3).

e O3 Generator: If your T750 is equipped with the optional O3 generator, it should be
periodically calibrated (see Sect