Environics

SERIES 100 MULTI GAS CALIBRATOR

OPERATING AND SERVICE MANUAL

Environics, Inc. » 62 Industrial Park Road East « Tolland, CT 06084-2805 » Tef 860-872-1111
Fex: BE0-870-0333 « E-mall; Info@environics.com « WWW. http:/iwww, environics.com

' Edition:  1/90
Revision: 3



BLE OF CONTENTS

Mm&ﬂnﬂ

t.A General Theory and Operation
Instrument Daacription

I.8

IT.A

iI.B

I1.C

IIL.A

III.B

Raar Banel

Raar Panel ~ Optional Itens
Eront Panel

Internal Components

Uﬁpacking and Sat-up

IT.A.1
I1.A.2
I1.A.3
IL.A.4%
II.A.5
Primary
Ix.’BIl
I7.B.2
II.B.3
IT.B.4
IT1.B.5

Unpacking

Power Connection

Gas Gonnection ‘

R%—-232 Comnmction (optional)
Status Board

Funstione - ' .

Blend Mode (W/0 Ozone Generation) -
Manual Mode o
Ozone Generation

Blend w/Gas Phase Titration (GPT)
Set=Timaer

71.B.5.b./¢., Change Program 11/27
IT.C.5.4. Change Sagquence?

Other Functions

I1I.C.1. Time/Date

1-1.0.2 Diﬂplay

II.C.3 Print

II.C.% Calibrate Flow (Function £1)

11.¢.5 Varify (Punctiom £2)

¥1.C.6 Slope/Intercept (Function £3)

I1.C.7 Print Interval {Function £ PRINT)

1I1.C.8 Ozone Calibration (Punction £3)
D : ANG

Troubleshooting

IIT.A.1 Power Problams

ITI.A.2 Display Problens

ITI.A.3 Keypad (Membrane) Froblems

III.A.5 Flow Controller Problems

ITI.A.5 Ozone Generation Problams

Routina Maintenance

Page
Bage
Page
Page
Page
Page

Paga
Page
Page
Paga
Page
Page
Page
Page
Pagn
Pagn
Page
Page
Page
Page
Pagea
Page
Page
Paga
Page
Page
Page
Paga
Page

Page
Poge
Page
Page
Page
Page
Page

. PR

9=10
10-11
i1-12
13
13~16
17-18
19-20
21-25B
26~27C
28284
29=29C

30

30

30
3031
3i-31c¢

32-328
32-334A

34

34-35
35=36
36-37
37-40
40=42
43-44



III.C Leak Check

I1I.D PC Board Function & Dascription
¥II.D.1 100-PCl ~ Microcomputer Board
111.D.2 100~-PC2 ~ Analog Board
IIT.D.3 100-PC3 - Microcomputsr Board
I1I.D.4 100-PC4 = 100-PC4 = R5-232 Board
IIT.Dp.5 1P0-PC5 ~ Power Supply
TIT.0.6 L00-PC6 - Digplay Adapter
III.D.7 100-PC7 — RS 232 Conmector
I31I.p.8 100-PC8 - Motharboard
fII.D.9 100~PC10 ~ Ozonator Board
I1IL£.D.10 100~PCil - Qzone Control Board
ITI.p.1) 100-PCl4s -~ Lamp Driver Board
111.D.12 100-PCi6 = Status Board

iﬁgllﬂﬂ;lxi__ﬁﬂlﬁﬂnllf

Iv.A, Warranty -

I¥.B. Instrument Schematics/Wiring Diagram/
Parts List . '

IV.C. Gas Compatibility

IV.D Calibration A Mass Flow Controller

IV.E Replacement of Mass Flow Controllars

iv.? Zeroing a Flow Controller

Page
Page
Page
Paga
Fage
Page
Page
Page
Page
Page
Page
Bage
Page
Page

Page

Page
Page
Page
Page
Page

44
45

45-46
46
4647
47
47
48
48
48-49

49-50
50-52

54

35
56
57
58
59



Environics

Operating Manual Addendum

SYMBOLS USED PUBLICATION MEANING

I . .
180 3864, No, B.3.1 CAUTION {Refar to accompanying dogsuments).

Refer to specific WARNINGSs and GAUTIONS in
Operating Manual.

1EC 417, No, 5019
' PROTECTIVE CONDUCTOR TERMINAL

O —® P>

IEC 417, No. 5007 ON (SUPPLY)
IEC 417, No. 5008 OFF (SUPPLY)
POWER CONNECTION

The main power disconnect far the unit shall be the power cord that is plugged into the
rear of the unit. The instrument is totally enclosed at all times with a top and botiom
cover for safety.

WARNING

DISCONNECT POWER CORD FROM REAR OF UNIT BEFORE SERVICING.

SAFETY.DOC 13MAR1998 REV 2




Series S-100
Multi-Gas Calibrator

Environics, Inc.
69 Industrial Park Road East
Tolland, Connecticut 08084

Equiprment summary - Type: { x ) Measurement; ( } Control; () Laboratory

Marked electrical rating (ihctuding any applicable tolerance or fluctuations):

118VAC, 50-60 Hz, 2A
230VAC, 50-60 Hz, 1A

Connection fo Supply: Standard IEC inlet Coupler/Cord
Connected :
Environmental rating: Standard

Temperature: 15-30 deg G

Humidity: <95% RH @ 15-30 deg C
Altitude: up fo 2000 Meters

Equipment function/feature/description:

S-100 was designed for precision Multi-Gas Calibrations with Ozone
Mode of operation;

Concentration Mode, Flow Mode, Program Mode, Calibrate Mode

Degree of mobility:
( YPermanently Connected; (X) Other Cord Connected

Overall size/weight; 65 Ibs
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I. INTRODUCTION
1,A. GENERRL THEORY AND OPERATION

The Environics Series 100 Computerized Multi-Gas Calibrator is
deaigned for single or multi-point calibration of continuous
ambient 2ir guality measurement systems. This includes monitors
for Ozone (Opa sulfur Dioxide (502), Nitrogen Dioxide (Noﬁ, Nitric
Oxide (NO), Carbon Monoxide (CQ) and Methane (CH,). The Series 100
may also be used for the precise blending of gases for laboratory
analytical use and calibration of gas analytic devices,

The basic Series 100 instrument, for blending and dilution of
cylinder gases, consists of a single chassis supporting two mass
flow controllers, a mixing chamber, and a complete electronics
package. One flow controller is for high flows of dilution gas
such as zero air or nitrogen; the other controller is for low flows
in controlling analyte or calibration (span) gas. Each flow
controller is factory calibrated using an NBS traceable primary
standard at points across its range of flow. The Series 100's
microcomputer fits a least squaresz line through ‘these data points
to compensate for flow controller inaccuracy and non-linearity.

In order to calibrate moniters for hydrocarbsns, nitric oxide,
sulfur dioxide and carbon monoxide, high c¢oencentration cylinders of
these gases are connected to inlet ports on the unit together with
appropriate diluent gas supplies. The instrument software allows
the user to blend/dilute or generate gas standards using Iront
panel selection of simple input and output parameters,

The Series 100 unit incorporates the ability to perform gas phase
titration of nitrie oxide with ozone for the generation of

nitrogen dioxide, With this feature the chassis supports an ozone
generation module, & reaction c¢hamber and appropriate electronijcs.

Ozone calibration is done by producing known concentrations of 0,
from this ozone generator. This generator is voltage controlled
and thermally stable, using a low pressure mercury vapor lamp and a
precision optical feedback circuit. .

The other useful and innovative functions which are part of the
Saries 100 unit are described in detail in this manual.

Environics is pleased to have supplied you with a quality product
utilizing state-of-the-art electronic technology and significant
uwger benefits. Your purchase is supperted by a knowledgeable
factory service team ready to assist you ipr the use of this
instrument,



I.B. INSTRUMENT DESCRIPTION

1.B.1. Rear Panel
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The standard rear panel configuration of the Environics Series

160 is shown helow.
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ILLUSTYRATION I

Four (4) gas inlet ports (1/8& inch compression type fittings)
are provided and labelled GAS PORT 1 through 4. This allows
for the connection of four separate analyte {span) gas

cylinders.

CAUTION! MAXIMUM GAS INLET PRESSURE IS 30 POUNDS PER SQURRE
INCH. OVER PRESSURIZATION OF THE SERIES 100 MAY DAMAGE THE
SOLENGIDS AND WILL VOID THE WARRANTY. OVER PRESSURIZATION WILL
CAUSE THE SOLENOIDS TO LEAK AND MAY RESULT IN RISK OF PERSONAL

INJURY.

A 1/4 inch compression type fitting (labelled DILUENT AIR) 1is

provided for inlet of diluent gas.
air.

This gas is usually zero

There is a 1/4 inch compression type fitting (labelled OUTPUT)
for conveying the blended/diluted gas to an instrument being
calibrated, an injection valve, storage container or other use

point.

o

—

—
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CAUTION! BEFORE CALIBRATING ANY MONITOR OR GAS ANALYTIC
DEVICE BE SURE TO CONSULT MANUFACTURER'S SPECIFICATIONS WITH
RESPECT TO CALIERATION GAS PLOW RATES. OVER PRESSURIZING A
MONITOR OR GAS ANALYZER DURING CALIBRATION MAY DAMAGE IT.

The fuse holder contzins a fuse of the size shown on the top
af the holder. The fuse should be replaced with a fuse having
the same‘rating as shown.

I.B.2 Rear Panel - Optional Items
a., Status Board

The rear panel of the Series 100 instrument may contain a
20 pin terminal block and Status Board.

The status board consists of 8 independent. status lines,
2 analog outputs (after the necessary connections are
made inside the unit), and a +24 volt supply. The
terminal block on the back of the instrument is numbered
consecutively from 1 through 20, left to right. BAn
example of the pinout of the terminal block is listed
below. (Please refer to the specifie description packaged
with your instrument for the exact functions and pin

numbers).

FPin numbers Description

1-2 Active in the Zero mode

-4 Active in the Blend mode

5-6 Botive in the Gas Phase Titration Mode
7-8 Betive in the Ozone mode

89-10 Not used

11~-12 Not uzed

13-14 Recovery mode timer output

15~1¢ Not used

17-18 Can be tied to intermal test points
15-20 +24 volts and ground

b. RS-2322 Serial Data Interface

The Series 100 may be ordered with two-25 pin female
connectors for an R5-232 Berial Data Interface. The
COMPUTER/MODEM “port/connector" provides for a remote
communioation to and coperation of the instrument through
a PC or modem. 'The PRINTER/TERMINAL "port/connector"
allows for the down loading of data to a serial printer.
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1.8.3, PFrant Panel

211 of the Series 100 functions are acecessed and contrclled by
the user from the front panel of the device - See Illustration
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ILLUSTRATION II

In additien to the POWER ON/OFF switch, the front panel
consiats of a number of touch sensitive membrane switches and
a 16 character LED display. A brief description of each
follows (additional information on keyboard functions is
provided in Section II-Instrument Operation.) "



ON/OFF

END

SET
TIMER

TIME-DATE

BLEND

COoNC/FLOW

PPM/%

YES NO

ENTER
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Power Switeh - (NOTE! THE STANDARD UN1T OPERATES ON 115 V
ONLY; 230V VOLTAGE OPTIONAL. Operating the Series 100 at
an incorrect line voltage will damage the instrument and
void the warranty. Check line voltage before plugging in.
Turning the machine "ofEf", then "on" returns it to the
READY state for heginning a new sequence.

" Allows the user to "end" a seguence at any tinme,

returning the instrument to a READY state.

Accesses the routine which allows programmable automatic
blends/dilutions or manual flowe, etc. over a seven {(7)
day period.

allows the user to set/reset the time and the date in the
Series 100's memory fox dating and controlling the
SET-TIMER routine and for opticenal printout.

Enters BLEND routine to deliver precise concentrations at
the flow selected. The Series 100 instrument can blend
from cylinder gases (such as carbon dioxide or Zzero alr
for the apalyte and diluent gases respectively) with or
without the addition of the ozone genarator for gas phase
titration for calibration of Ozone and NO, monitors.

in the BLEND routine, the LED will display the output gas
concentration (0GC= ppm or %) Pressing this switch
w#ill change the LED to show total flow (MFT= scom, )

Converts LED reading of cylinder gas concdentration and
ocutput gas concentration to PPM from % (or from % to
PPM. )

Many of the Series 100 functions require the user to
input either a “yes" or "so" in response to LED prompts
tg continue or end a routine.

Enters user input data iato microcomputer in response to
LED prompts for information.



DISPLAY

PRINT

NUMERICAL
REYPAD
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Permitsz the user to moniter the performance of the Series
100 during a routine, For example, in a ELEND routine
with Gas Phase Titration, by pushing the display button,
the total mass flow (MFT), diluent flow through mass flow
controller #1 (MFl), analyte (span) gas flow through
controller #2 (MFP2), the ozone concentration and ozone
bloek heater temperature are displayed in sequence.

Turns the printer output ON (oxr OFF)

Permits entry of quantitztive parameters {concentrations,
flows, ete.) in response to LED prompts in conjunction
with the ENTER Key, Al=o used to select functions (see
below).

The keypad is used to gain access to seven (7) additional
Series 100 operating modes or functions. They are:

MANUAL MODE

Allows the user to manually select and enter flow
commands. to both flow controllers. The user alsoc has the
option in this mode to turn ON the ozone generater for
manual input of flows for gas phase titration.

CALIBRATE FLOW
Permits the user to re—-calibrate either flow comtroller

by measuring, then entering via the numerical keypad,
true flow (as determined by a primary standard) versus
the commanded flow. Up to 20 points of input data,
entered into the microcomputer will result in a pnew least
sgquares line for the flow controller being calibrated.

VERIFY FLOW

Allows user verification of each individual flow
controller's output. The true flow (as determined by
primary standard) is measured and compared to the flow
commanded.

SLOFE/ INTERCEPT

Provides the user with a LED display of the least sguares
SLOPE and INTERCEPT values based on the current
calibration peoints stored in microcomputer memory for
each flow contreller. This routine also allows the user
to "forece™ a new least sguares fit without underiying
calibration points.
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£ 4 GENERATE_OZONE
Initiates precise generation of ozone. Tegether with
diluent air the Series 100 will provide low peb levels of
ozone for calibration of ozone monitors.

£ 5 CALIBRATE QZON

For linear response of the Series 100 eozone geunerator,
thig mode allows the user to enter commanded levels of
ozone versus actual ozone concentrations as determined by
an independent ozone monitor. Five (5) pairs of data
.points are entered from the lowest to highest required
ozone concentration.

f PRINT PRINT SETUP
Sets the print interval and initiates printing out of
information such as BLEND routine data through optional
RS-232 serial data interface. BLEND routine information
includes time, date, inlet port, cylinder gas
concentration, output gas concentration and flow through
each flow controller. Calibration data points including
SLOPE and INTERCEPT values may also be printed. '

1.B.4. Internal Components

The basic internal components of the Environics Series 100
Computerized Multi-Gas Calibrator are shown in the following
1llustration I1I (see next page).
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I1.INSTRUMENT OPERATION

The Envirenics Series 100 Computerized Multi-Gas Calibrator is
shipped to you ecompletely assembled and ready to use. You may
begin using the instrument simply by unpacking the unit, Yamoving
any packing materials and connecting it to a diluent {(e.g.zera air)
seurce and appropriate analyte span gas c¢ylinders. Once you have
finished reading this Operating Manual, you are then ready to do
precise gas blends or generate gas standards for calibration
puUrposes. '

" yI.A. UNPACKING AND SET-UP

The Series 100 shounld be removed fFrom its shipping container.
{Note! Inspect shipping package for any signs of damage and if
any, report it jmmediately to the garrier.) Remove any shipping
material. Place the unit on 2 suitable work surface for gasy access
to the rear panel. Any damade to the unit itself should be

reported to your logal Environics Sales Representative.

11.A.1. Remove the top cover and inspect for any visible
signs of damage before plugging in the unit: "In particular
check for loose electronic boards and check all connections.
Remove internal packing material.

iI.A.2. Power Connection

WARNING! OPERATING THE SERIES 100 AT AN INCORRECT LINE
VOLTAGE WILL DAMAGE THE INSTRUMENT AND VOID THE WARRANTY.
CHECK LINE VOLTAGE BEFORE PLUGGING IN. LINE VOLTAGES BETWEEN
106-130 v AC (OPTIONAL 200-~260 V RC) ARE ACCEPTABLE.

Plug in the 3 prong grounded plug to an appropriate outlet.
The standard unit allows for normal 115 vV AC (50-~60 Hz} only:
nominal 230 V AC (50-60 Hz) input iz optional.

after confirming the proper supply voltage the front panel
rocker switch may be placed in the "ON" position. The LED
display should indicate nREADY" and the instrument should emit
two beeps (one delayed glightly). 1If it does., turn the rocker
switch to the "OFF" position and continue with cennection of

gases,

iF THERE IS NO DISPLAY CONSULT THE TROUBLESBEOOTING GUIDE
SECTION III.R.

II.A.3, Gas Connection

Cconnect a source for diluent gas (zero air) to the inlet port
labelled DILUENT and the analyte (span) gas cylinder(s) to
ports labelled GAS PORT 1, GAS PORT 2, GRS PORT 3 and GAS PORT
4., 'The DILUENT inlet is =2 1/4 inch compression type titting;
all other ports are 1/8 inch compression type.
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A MINIMUM OF 10 PSI INLET PRESSURE IS REQUIRED FOR BOTH
DILUENT AND GAS PORT 1-4, BN INLET PRESSURE OF 20 PSI 1S
PREFERRED; A MAXIMUM PRESSURE OF 30 P8I SHOULD NOT BE
EXCEEDED. SUPPLY RATES SHOULD BE ADRJUSTED TO MEET THE FLOW
CONTROLLER SIZING (E.G. AT LEAST 10 SLPM SHOULD BE AVAILABLE
TO A 10 SLEM FLOW CONTROLLER.)

CAUTION! OVER PRESSURIZATION OF THE SERIES 100 MAY DAMAGE THE
SOLENOIDS AND WILL VOID THE WARRANTY. DO NOT CONNECT TEE.
DILUENT AND ANALITE GAS SCQURCES TC THE SERIES 100 UNTIL ¥oU
HAVE SET THE REGULATQORS ON THESE SOURCES T0 O PSI., THEN
SLOWLY INCREASE PRESSURE OQOBSERVING THE MINIMUMS AND MAXIMUMA
SHOWN ABOVE. ALL UNUSED PORTS MUST BE CAPPED.

The Environics Series 100 flow controllers were calibrated
with zerc air at a standard temperature of 77 F (25%) and =
pressure of 760 mm Hg,  Other temperzture and pressure
calibration standards may be specified when ordering.

all wetted surfaces of the Series 100 are glass, stainless
steel (85 316) or Teflon; flow controller seals are Viton.
The user should verify the compatibility of their diluent or
span gases with these materials. Contact Environics to discuss
revised internal materials for special gas conditioms. (Refer
to Appendix IV.C Gas Compatibility).

IT.A.4. R8-232 Connection (optional)
a, Computer/Modem

The Envirvnics Series 100 unit ¢an be interfaced with any
commercially available modem having minimum capabilities
of 0-300 bps. The Beries 100 itself has a selectable
baud rate of 300 through 9600 bps. This is selected on
the RS-232 board (part l00-PC4-D4) using the programming
jumper labeled PJS., Sat the Series 100 baud rate to
match your modem before using. Computer/Modem cables to
csonnect the Series 100 device to the modem should be
serial style 25 pin connectors (male to male). The cable
must have nine (9) conductor cables extended at pins 1
through 8, and at pin 20.



h, Computer

When interfacing directly to
required. The null modem ada
of the following pin diagram.
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For IBM computers, you will require a male to
female cable snd a null medem adapter, or a

null modem cable ha
connections.

c. Printer/Terminal

The Environice Series 100 uni
serial data printer. RE=-232

to interface from the machine
as a minimun, nine (9) conduc

ving male to female

t ean bhe attached to any

cables (male to male) used
to the printer must have,
tor cables extended at pins

1 throtngh 8, =and at pin 20. Alsp acceptable is 25

conductor cable extending all

25 pins. The Series 100

baud rate for the printer is user selectable from 300 to

9600 bps. This is selected on
100-PC4-D4) using programming
rate to mateh the printer bef

17I.A.% Statug Board

the . status board consists of 8 ind
analog outputs and a +24 volt supp
the back of the instrument is numb
through 20 left to right. Numbers
lines, 17-18 are used to moniteor &
(after the necessary connections a
19-20 supply +24 volts on pin 19 a

the RS5-232 bdard (piece
jumper PJ6. Set the baud
ore operation,.

ependent status lines, 2

ly. The terminal block on.

ered consecutively from 1
1-16 are used as the status

ny point inside of the unit

re made inside the unit) and

nd ground on pin 20.

et

L
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The 8 independent status lines each are available on two
scorews on the terminal bloek. The outpnt may be configured
for a contact closure, pulled to ground or pulled to +24
volts. Each status line iz configured through jumpers as
shown below:

o o o o o 1)
Py Q Q (v} o} Q

[ ] Q
Contact Pull to Pull to
Closure Ground +24 volts

The status linez are independently configured, i.e. status
line 1 (#1 and #2) may be a contact closure, status line 2 (#3
and ¥4) may be pulled to ground and status line 3 (#5 and #6)
may be-pulled to +24 volts upon activation,

Below is a list of the terminal block screws which corréspond
to the varipus status lines: ‘

Contact Pulled to . Pulled to
Closure Ground T 424 volts
Status line #1 1-2 1 2
Status line #2 3-4 3 4
Status line #3 5-6 _ ] 6
Status line #4 7-8 7 g
Status line #5 9-10 oo 5 10
Status line #6 11-12 ' 1l 12
" status line #7 13-14 13 14
Status line #8 . 15=16 15 1lg

pins 17 and 18 are connected to the test points labelled TPl
and TP2 on the status board inside of the unit. By tying
these test points to the desired point in a circulit it is
possible to monitor that portion of the cireuit. Pin 19 is
tied to +24 volts through a 1 amp fuse on the status board.
Pin 20 is tied to ground. The 24 volts is available whenever
the instrument is turned on.

An LED (Light Emitting Dicde) array is incorporated on the
status board as a debugging feature. The top LED indicated
that +5 volts iz supplied to the board, the second LED iz for
+24 volts, the third LED is for the first status output
(terminals 1-2), the fourth LED is for the second status
output (terminals 3-4)... the tenth and last LED is for the
eighth status output (terminals 15-16),
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unetions

re connectad at the rear of the unit, inlet
required (refer to Sectieon I1.2.3) and the unit is
are ready te turn on the instrument and initiate
ions.,

ND (WITHOUT OZONE GENERATION)

In this mode, the user can rapidly generate precise gas
calibration standards or blends from twWwo gas sources attached

to the rear
cuncentrati

This BLEND

the BLERD £
software Pr
used for in
concentrati
(MFT) and o
entered by

the gas con

NOTE! BZero
flows and d

of the unit. These are an analyte gas of known
on and a diluent gas, usually zero air.

routine (Illustration IV), is initiated by pressing
wunction key. In quick succession the interactive
ompts the user by requesting the gas port to be
put of analyte (span) gas, gylinder gas

on (€GC) of analyte gas, total output gas flow
utput gas concentration (o)., With this input date
the user, the Series 100 will automatically deliver
centration and the total flow selected.

air must be used as the diluent gas for acourate
ilutions.

In using a klend routine without Qzone, the user must enter a
value of 0.0 ppm for the Ozcune concentration when prompted by
the computer for this input data.

During this
each contro
interruptin
Also see I

routine the user may observe the mass flow through
ller as well as the total mass flow (uFT) without
¢ the BLEND sequence. See DISPLAY~Bection II.C.2.
PRINT - Section II.C.7. to obtain a printout of

BLEND parameters.

The following are application examples of the BLERND routine.

Exambple-1:
Tt is desired to

blend a span gas of 55 ppm Sulfur Dioxide (S0,) in

air with a diluent of zerc air. The desired concentration of he

blanded output g
device manifold
the Environics S
of 20 SLM (MFl)

as is 1 ppm to he delivered to the analytical

at the rate of 5000 ce/minute. For this example,
eries 100 instrument has internal flow contrellers
for diluent and 99.9 SCCM (MF2) for span gas.

—

-
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STEP LED PROMET

PORT=

C6C=_PPM or %

PRESS/INPUT DATA

BLEKD

ENTER to agcept or
key in new gas
port; then ENTER

ENTER to accept or
key in new cylinder
gas con¢ 1n PPN

or {%): then ENTER

ENTEH to accept or
key in new total
mase flow; then ENTER

ENTER to aceept or key
in new cutput gas eone.
in PPM (or) X;then ENTER

Edition: 1/90

Revision: 3

Page: 134
NEW LED PROMPT COMMENTS

ENTEN GAS PORT  Enter BLEND routine

PORT= Displays last port

used :
CYL.GAS CONC?

Cel=__ _FPM or X

QUTPUT GAS FLOW

HFT=__ CC/H

QUTPUT GAS CONC.
06C=___PPM or %
Series 100 blends

gases at requested
flow and cone,

0GC=__ _PPY (or¥)

ILLUSTRATION IV-BLEND MODE
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gtep Led EPrompt User Input
kA READY BLEND
2 PORT= Enter pért number to which
span gas oylinder is
connected
3 «03»= Enter 0.0 for Ozone Cono.
4 CGC= PEM Enter cylinder gas
concentration of 55 ppm
5 ‘MPT= eC/m Enter total output flow of
. : 5000 soom
& oGC= EFM Enter output gas
concentration of 1.0 ppm
7 QGC= BPM Nope reguired, the unit
displays output gas’
concentration
Example r-

As in example 1, th
flow is 5000 ce/m.
+o change the oputpu

e ¢ylinder gas concentration is 55 ppm and total
With the unit output at 1 ppm, the user wants
+ concentration te 0.75 ppm.

gtep Led Preomph User Inpuf
1 oGgc=).___ PPM Clear
2 OUTPUT GAS CONC?
ocCc=1, FEFM 0.78
3 0Ge=Q.75 PEM Unit displays output

cancentration

Thic example shows how easy it is to do multi-point calibration of

analyzers from a single gas cylinder.

Example 3:

Span gas cylinder is 113 ppm Nitric Oxzide (NO) in an air balance.
The diluent is a zero alr source. motal flow rate is set by the
uger at 10,000 ce/m; MFL is 20 SLM; MF? is 99.9 SCCM. The desired
output concentration is 4 ppm.

a—
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Sktep LED Prompt - Usar Input
i RERDY Blend
2 ‘PORT=_____. Enter port number to which
"NO" eyvlinder is connected
3 <03>= ‘ Enter 0.0 for Ozone
concentration
4 CGC=______PPM Enter cylinder gas
congentration of 113 ppm
5 MET= CC/M Enter total flow rate of
' 10000 8cCM
] 0GC= PPHM Enter output concentraticon
of 4 ppm
7 "MP2 OUT OF RANGE™ -

In example 3, the user has called for an output concentration
and/or flow rates exceeding the 99.9 c¢/m capacity of the MF2 flow
controller. It will be necessary £or the user to change either or
both the reguested total f£flow (MFT) or output gas concentration
(0GC). Changing the total flow from 10,000 c¢c/m to 2800 c¢c/m or
Jess will allow noxmal instrument performance; changing the output.
concentration to 1.1 ppm or less is an zlternate solutiom to clear
this error message.

xample 41

gpan gas cylinder is 5480 ppm of methane (CH,) in air; the diluent
iz zero air. It is desired to dilute this cylinder down to 10 ppm
at a flow rate of 6000 cc/m. The Series 100 unit is equipped with
an MF1 of 20 SLM and a MF2 of 99.3% scom,

Step LED Prompt User Ipput

) READY Blend

2 PORT= Enter port number to which
the methane eylinder is
attached

3 <Q3>»= PEM Enter 0.0 for Qzone
congentration

4 ¢Gee= PPM Enter cylinder gas

concentration of 5480
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5 MET= ce/M ~ Enter total flow rate of
6000 scem
6 ‘oGe= PEM Enter output concentration

" of 10 ppm
7 QGo=10.___ PEM DISPLAY
8 . ﬁFT=6000.ﬂ__cc!M DISPLAY
9 MF1=5889.1__CC/M DISPLAY
10 | yfzﬁlo.g__,d£C/M DISPLAY
11 <03»=0.,0__ PPM DISPLAY
12 OZBLE=____ DEG C DISPLAY

13 OGC=10.___ PBPM

In this example, the user, by pressing the "BISPLAY" button on the
£ront panel of the Series 100 ipstrument will display the total
mass Flow (MFT) and the flow through the individual flow
controllers (MFl and MF2, the ozone concentration and the ozone
generator temperature pefore returning to display the output gas
concentrations.

Tt is important to note that at the flow rates and output
soncentration selected, E£low through MF2 is at 10.9 cc/m.
Environies considers the 10 percent leval to be the lower range of
acceptable performance for any flow controller (e.g. 10 percent
level for 100 co/m controller is 10 ca/m; 10 percent level for 3
1/m controller is 300 ce/m). Below the 10 percent level
performance accuracy of the flow controller is greatly reduced.
Users are . encouraged to only use the flow controllers where flow
rates will be between 10 percent and 90 percent of scale.

—
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II.B.2. MANUAL

in the MANUAL mode, shown in Illustration V, the Environics
Series 100 allows.the user to override the microcomputer to
manually select and enter a desired rate of flow for each mass
£low coentroller. (NOTE: This routine may also be used for gas
phase titration in which flows and ozone concentration are
selected by the user. This is discussed on page 24 mnd shown
in Illustration VII,

Ip the MANUAL mode, the computer generated leaszt squares line’
iz still used by the instrument to deliver voltage signals
regulating the demanded flow, Individual flows through each
controller are separately selected and each is operated

. independently.

As is always the case, flow contrellers are designated as MF1l
for diluent flow and MF2 for analyte (span) gas. In the
MANURL mode the user can:

a. Calculate on his own the necessary flows of diluent and
span gas (plus ozone concentration if appropriate-see page 24)
to give the required output gas concentration;

b, Purge the instrument (zero check) baing calibrated with
diluent air only {shutting down MF2 and directing only diluent
through MFl);

¢. Dose the instrument with undiluted span gas {close down
MF1) £or a span (calibration) check.

The following examples provide a more detailed explanation of
the MANUAL mode.

Example 5:

A span gas cylinder is 6170 ppm of Yco" in balance gas air.
piluent is a zero air source. It is desirad to dilute this
eylinder down to approximately 320 ppm. The user has determined
that diluent and span gas flow rates of 930 and 50 scecm
respectively will result in the desired output gas concentration.

Step LED Disgplay User Input
1 REARDY : £ 0
2 MANUAL? ¥/N Yes
3 PORT= Enter port number of span
gas
4 <Q3>=z PEM Enter 0.0 for Ozone

concentration



STEP

LED PROKPT
READY

HANUAL HODE? Y/N
PORT=
[03]=___PEX
WF2___ CO/M
F1=_ CCOM
W= O
MF2= OO

PRESS/INPUT DATA

£ and 0
YES
ENTER to accept or

key in new gas
port; then ENTER

. Enter 0.0 for

0zone Conc.

ENTER to accept oT
key in new gas
port; then EWTER

ENTER to accept or
key in new diluent
flow: then ENTER

DISPLAY

DISFLAY

Edition:

1/%0

Revingion: 3

Page:

KEW LED PROMET
HANUAL MODE? Y/H
ENTER GAS ‘PORT
PORT= )
[03]=___ BRM
ENTER SPAN GAS
F2= e
ENTER DILUENT
W= COM
W= COM
WPz COM
WF1=  COAM

TLLUSTRATION V-MANUAL MODE (£0)

174

COMMENTS

Required Ozong
Concentration

Span gas flow

Diluent flow
compmand

Actual dilyent
Flow

Actial span gas
flow



Example 61

As in example 5 above,
instrument with 2000 cc

_LED_Displa

‘Step
1

MF2=

CC/M

MFl= . _CC/M

READY
MANUAL? Y/N

PORT=

<03%=

EPM

MF2=_ CcC/M

MFi=__ __CC/M

Editiont
Revision
Page

80
950

User  Input
£ Q

Yes

1/90
HI

18

except the user wantz teo zero check the
/minute of zero air. .

Enter pert number of span

gas

Enter ¢.0 for ézone

Concentration

Q
2000
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1I1.B.3, OZONE GENERATION

The Environics Series 100, in addition to its ability to
accurately dilute gases, incorporates an Ozone generation
medule.

zers air, free of contaminants, is directed into the unit. B
portion of this air flow is diverted into the ozone oven where
it is exposed to U.V. light of a l84nm specific wavelength.
Light intensity within the generator is held constant by a
very stable, current controlled, mercury vapor lamp. To
insure stability, the U.V. lamp has a. precision photoptical
feedbacdk circuit which automatically adjusts the supply
valtage to compensate for degradation in the lamp due to
aging,

The Ozone generation routine is shown in Tilustration VI. &As
shown, the user initiates the ozone generation. routine by
pressing keys £ 4 on the keypad. The instrument will then
ask for user responses to total diluent flow (MFl) and ozone
concentration { O conc.). With this input data the unit
will begin czone generation.

Prior to its shipment to you, the Ozone Generation unit in the
deries 100 was factory calibrated for linear operation across
the expected range of performance of the unit., This
underlying calibration data is pased upon measurement of the
actuzl ozone concentration output of the unit versus user
commanded concentrations. This calibration is normally done
between 0.100 pom and 0.5 ppm at 5 liters of dilution air {or
1/2 the rated maximumn flow of MFl, whichever is the greater).
other calibration references are possible. Piease refer %o
the calibration sheet enclosed with the unit to confirm the
factory calibration references. [PLEASE REFER TQ SECTION
IY.C.8 FOR ADDITIONAL INFORMATION ON THE OZONE CALIBRATION
MODE. ]

once this underlying calibration data has been developed using
a primary standard, the user will know the actual ozone
concentrations being generated by the unit,

The Series 100 is set-up to direet a constant flow of zero alr
through the generater. IT 15 RECOMMENDED THAT 500 +/- 10 SCCM
BE DIRECTED THROUGH THE GENERATOR. THIS FLOW 15 CONTROLLED
PHROUGH USE OF THE INTERNAL ROTAMETER.

It is now possible to do a multi-point calibration check of an
ozone analyzer. The user simply keys in the appropriate
ogone concentration and flow to deliver a repeatable, stable
ozone for instrument calibration. The following examples
provides a bhetter look at this mode:
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STEP  LED PROMET PRESS/INPUT DATA NE¥ LED PROMPT COMHENTS
1 READY £ and 4 GENERATE OZOKE?
2 GENERATE OZONE?  YES ENTER DILUENT
MFi=__ (C/M

3 HP1=__ CC/M ENTER to accept or ENTER [03] CONC.

key in new total

flow; then ENTER [031 = ___PPH Hequired Ozone

Conc.

4 [03] = __PEM ENTER to accept oT [03] =__PPM Display of

key. in new Ozonre Cone. 0zone Coue.

in BPM; then ENTER
5 [03] =__ PPH DISPLAY 0Z BLE=__DEG C 0zone oven temp
f 0Z BLK=_ DEG C  DISPLAY MF1=_ OO/ Total flow
7 HF1=__ CCA DISPLAY KF2=__ CC/MH Display 8.0

§  MF2=_ CCA DISPLAY [03]=__ PP

ILLUSTRATION. VI-0ZONE GENERATION (f4)



In Example $7, the user wishes to generate 1.0 ppmt of ozone in
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15 litegs per minute of dilution air. NOTE! For QOzone
genervation to be valid, the total £low during any blending
must equal the flow during Ozone calibration.

ample 71t
Btep LED Promph User Input
1 READY £ 4
2 ‘GENERATE OZONE? Yes
3 MFl= cem 15000 cC/M
H 4 <03> CONC= PEM. 0.5 ppm
: 5 203> CONC= 0.30 PPM DISPLAY
6 0z BLK=_____DEG C DISPLAY . .
1 MFl;léooo._;QC/n DISPLAY
8 MF2= 0.00 CC/M DISPLAY
9 <03> CONC=0,50 PPM

Example B:

Bten LED Prompt User Input
1 <03> CONC=0.5 PFM CLEAR
2 <03> CONC=0.5 FEM ©.2 PPM
3 <03> CONG: 0.2 PPM

Iin Example 7, the user has requested, and the ipstrument will
“deliver, 0.5 ppm of oczone in 13 liters of diluent zero air. 1In
Example 8 the user has initiated a second ozone data peint (0y =
6.2 ppm) with diluent flow unchanged.

THE OZONE BLOCK TEMPERATURE MUST BE BETWEEN 49°C AND 51°¢c FOR PROPER
AND COMPLETE FORMATION OF CZONE.
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1I1.B.4 Blend with Gas Phase Titration (GPT)

1n addition to its ability to provide for the precise diluting
of gases from eylinder, and the generation of precise
quantities of ozone. +he Environics Series 1006 has the
capability to perform the gas phase titration of nitric oxide
and ozone for the generation of nitrogen dioxide. The Flow
Schematic for this routine is shown on page 22.

As has been explained in Section II1.B.3., ozone iz formed by
exposing zero air to U.V. light of a specifie wavelength. The
series. 100 contains an ozone generator. Light intensity
within this generator is held constant by a very stable
currant controlled mercury yapor lamp and a precision optical
feedback circuit.

The Series 100 is set-up to direct a constant flow of zero alir
through the generatur. iT IS RECOMMENDED THAT 500 +/- 10 sSCCH
BE DIRECTED THEROUGH THE GENERATOR. THIS FLOW I35 CONTROLLED
THROUGH UsSE OF THE INTERNAL.ROTBMETER.

Gas phase titration (¢pT) of nitrieg oxide (NO) with Ozone (Qg)
is expressed by the following chemical reaction:

NO + Oy ~mm-m==TTTOT > N0y *+ O

The nature of the reaction is such that when the "NO"
concentration is known. the concentration of NO; can be
determined. In the geries 100 during GPT, 0; is added to
excess NO producing NQ;. The decrease in “NO" concentration
iz eguivalent to the concentration of Nclprcduced. The
amount of HO, generated is varied by adding inereased amounts
of ozone from the generator.

For Example:

1000 ppb HO ¥ 200 ppb O -am>» 200 ppb NO, ¥ 200 ppb Oy + 800
ppbk WO
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v . Qzone
- Rotsmeler Gener. =
X
Diluent X ‘——-—
B Resctionp
Mr2 . . Chambe
1 X%
Gas 2 Lﬂu-ﬂ—-
Ports
3 b
5 e
MF1l Mixing
Chamber

Rear Panel

Geries 100——Flow Diagram—Gas Fhase Titration
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The Ozone and GPT routine is shown in Illustration VII. The
interactive software routine initially asks for the user
specification of the gas port te which the "NO" cylinder is
attached (NOTE: This cylinder should contain 50 to 200 ppm NO
in Nitrogen. These eylinders should be prepared and analyzed
in aeccordance with the Fovironmental Protectien Agency’s 1987
guideline documents.¥ consult your gas cylinder supplier for
more information and appropriate certificates.

¥*Procgedures for NBS Praceable Certification of Compressed Gas
Working Standards used for Calibration and Audit of Continuous
geurce Emission Monitors, and; Procedures far NBS Traceable
Certificdtion of Compreased. Gas and Permeation Device Working
standards used for calibration and Budit of Air Pollution
Analyzers.

After the BLEND key has been pressed the user specifies, in
response to software prompts, the desired ozone concentration,
the concentration of the "wo" eylinder gas, the total output
yas flow in ee/m and the output gas congentration.

mhe zero-air source for diluent flow and ozone must be free of
contaminants which might react with the "NO", 0Oy or NO, in gas
phase titration. zere air should be capable of being
delivered at 20-30 liters/minute at =a pressure greater than 20
psi (but less than 30 pei).

pfter initiation of the output gas flow, and at any time
during the routine, the usexr may chserve flow performance
through the unit by toggling the DISPLAY putton. The
instrument will diaplay total mass Elow (MEFT), diluent flow
(MF1), "NO" flow (MF2), the ozune concentration and the ozone
plock temperature in degreesWD before returning to the output
gas concentration (oeg). '

The following examples will help the user %to more fully

understand instrument operation during +he gas phase ritration
Segquence.

Example 9:

The span gas cylinder is 126 pom of "NO* in a balance of zerc air,
The diluent is a zZetro air source. The NO, calibration iz to ke at
0.82 ppm; the NO, calibration at 0.5 ppm. The Environigs Series
100 has internmal £flow controllers of 20 SLM (MF1) for diluent and
100 sccM (MF2) for =span gas:



STER

o

-

Edition: 1790
Revigion: 3

Page: 23A
LED PROMPT PRESS/INBUT DATA NEW LED PROMPT COMMERTS
~ READY BLEND ENTER GAS PORT
e PORT=_ Displays last
port nsed
PORT=___ ENTER to accept or  ENTER {03] CONC. Required Ozone
Xey in port of “NO* concenfration

cylinder; then ENTER  [03ICONC=__PPH

[03] CONC=__ PPH  ENTER tp-accept or CYL. GAS CONC? *N0* cylinder

key in new 0zone Conc. conceptration
in PPN; then ENTER  CGC=__PPM (0R X)

C6C=_ ppu (0R %)  ENTER to accept or  OUTPUT GAS FLOW Total flow

key in conc. of "HO" Tequired
cylinder; then ENTER MFT=__ CC/H

MFT=__ CC/M ENTER to accept or QUTPUT GAS CONC. Enter valus for

_06C

key in new total 0G0 equal to 03
mass flow: then ENTER  06C=__PPYM {or¥%) conc. for 100% €PT,
enter value greater
than 03 conc. for
_PPM (or %) ENTER fo accept or  06C=__ppm {OR %) excess "NO~
key in new ouiput
gas conc,; then ENTER

ILLUSTRATION VII-AUTOMATIC MODE-OZONE GAS PHASE TITRATION

—
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STEP LED PROMPT PRESS/INPUT DATA NEW LED PROMET COMMENTS
7 06C=__ PPM(ork) DISPLAY MFT=__ CC/
8 HFT=__CCAH - DISPLAY ‘ MFi=__ CC/H Zero air flow
g WFi=__ CC/A DISPLAY ME2=__CCA *Ho" flow for GPT
10 MF2=__CCA DISBLAY [03]=_ PR Daome conc.
11 [03]=_ PEM . DISPLAY _ 0Z BLR=_ DEG C {zone oven temp,
12 07 BLR=_DEG DISPLAY 06C=__ PRH(cr%) Gutpat gas conc.

ILLUSTRATION VII-AUTOMATIC MODE-OZONE GAS PHAS3E TITRATION
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*NOTE: In this example,
the output gas concentration;

LED Prompt
READY

PORT=

<Q3> CONC= FPM

folelot PEM
MFT= CC/M
oGC= PPM*

concentration is the suUM of the NO
The O concentyation being delivere

ppm. A user speci

reaction of NO with O3 to form .5 p
at .32 ppm plus .5 ppm of NO,)1.

Example 10:

Edition: 1/%0
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User Input
BLEND

Enter Port # of NO cylinder
0.50

126: Then ENTER

15,000; Then ENTER

0.82; Then ENTER

the excess "NO" method is used to specify
in the ezcess "NO" methad, the output

plus the NO, sonaentrations.
d by the ozone generator is .30

fication of 0GC=0.82 FPFM will insure complete

pm of NO, and 0.82 ppm of NO, (NO

As in previous gxample 9 except the calibration is to be at .25 ppm
of NO, and 0.42 of NO;.

(s}
)] L) W o Lt Hpt
1L

LED Prompt
READY

PORT=

<03> CONC=___PPM

CGC= PEM

MET= cc/m

QGC= PPM

Uzer Inpubt
BLEND

gpecify “NO".Cylinder Port
.25 PeM; Then ENTER

126; Then ENTER

15,000; Then ENTER

.42 ("NO @ .17 PPM AND .25
PPM OF NO;)

—
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II.B.4.

a. MANUAL GAS PHASE TITRATION

Ir the MANUAL mode, the Series 100 will allow the user to
override the microcomputex and to manually select flow
rates and ozone concentration. The computer generated
least squares line is still used by the instrument to
regulate flow. Each flow controller is operated
separately. See Illustration VIII.

Egample 11:

A cylinder containing 126 ppm of "NO" is attached to port number 1.
It ig desired to do a manual GPFT. The NCh>caIibratian is at 0.5
pem: the Nolcalibraticn is at 0.82 ppm.

step LED stplaz' User Inpub

k8 READY £ 0

2 MANUAL? ¥/N YES

3 PORT= ENTER PORT-1
4 <03> CONC=___ ENTER 0.50

3 MF2=____ CC/M 97 CC/H

6 MFl= ce/M 14,903 CC/M




STEP LED PROMET

PRESS/INPUT DATA

READY £ and O

. MANUAL? Y/N YES

-BORT=___ FNTER to accept or
key in port for
“HO* cylinder;

then ENTER

(03] CONC=__ PPN ENTER to accept or
key in new Ozone
conc. in PPH;
then ENTER

ME2=_ CCA ENTER to accepi or
key in new f1oW
through MF2;

then ENTER

MFi=_ CC/M

——tm.

ERTER to accept or
key in new diluent
flow through MF1;
then ENTER

NE% LED PROMET
ANIAL? ¥/N

ENTER GAS PORT

PORT=__
ENTER [031 COHC.

[03] CONC=_ PP

ENTER SPAN GA3

MF2=__CCA

ENTER DILUENT

o

oo
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COMMENTS

Required Qzone
Concentration

" Required flow -

of "NO* gas

Zero air flow

TLLUSTRATION VIII-MANUAL MODE~03 GENERATION GAS PHASE TITRATION
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STEP LED PROMET PRESS/INEUT DATA  NEW LED PROMET COMMENTS

10

WFi=__ CC/H DISPLAY HF2=__CCM "jo* Cylinder
: flow
We2=__ GG/ DISPLAY [03] COBC.=_PEM  Ozone Conc.

[031=__PBRM  DISPLAY

0Z BLR=__ DEG € DISPLAY MF1=___t

Aria—

ILLUSTRATION VIII-MANUAL MODE-03 GENER

0Z BLE=_ DEG Ozone oyen

e

: temperature

Cc/H Diluent Flow

ATION GAS PHASE TITRATION
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IT.B.5 Set-Timer

one of the most powerful [unctiomns within the Series 100

instrument is the SET-TIMER seguence. Initiation of SET-TIMER

allows the user to program the unit for a seven (7) day peried
of automatic, unattended BLENDS or MANUAL operatiens.. It is
possible’ for the user to establish two (2) individual
programs, either of which may consist of up to twenty {20)
different routines. (a2 routine being defined ns a complete
BLEND or MANUAL aoperation). Each program can be set to begin
‘at times specified by the user. Either program can be set te
run more than once each day depending on their length. Each of
rhe seven (7) days (Monday through Sunday) are programmed by
the uger to run nehe, one or both of the established programs.
NOTE! The user is limited to a maximum of eighteen (18) start
times, that is the number of Program #1 starts plus the number
of Pragram #2 starts must be less than or egqual to 18.

mhe following diagram illustrates the basic. structure of the
SET-TIMER function:

pisplay or Keypad Eptry

SET-TIMER Initiatian of Set-Timer functiomn via
kaypad
CHANGE ROUTINES? User establishes up to twenty (20}

routines (Rl through R20). Fach routine
is a complets BLEND or MANUAL function of
the Series 100.

CEANGE PRCGRAM 17 User establishes the order in which each
routine (Rl through R20) is to be run in
CHANGE PROGRAM 27 cach of two (2) programs. .

CHANGE SEQUENCE? lzer establishes the sequence in which the
unit will run either of the two (2)
programs. User goes through Monday to
sunday seguences in which Programs 1 or 2
are to be run and start times for program

initiaticn.
STEP TIME User establishes the length of time each
routine is to be run (from 1 to 99
minutes).

BUTO ' Series 100 now in automatic mode.

P
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A more detailed logic Flow for each segment of thé SET-TIMER
_function is contained in the following illustrations!

CHANGE ROUTINE? tllustration IX
CHANGE PROGRAM? Tilustration X
CHANGE SEQUENCE? T1lustration XI

The SET TIMER routine allows for the automatic operation of
the Environics Series 100 which has been programmed to
sequence through steps established by the user.

There are actually four (4) separate parts to the SET-TIMER
routines: : :

CHANGE ROUTINES?
CHANGE PROGRAM 17
CHANCE PROGRAM 27
CHANGE SEQUENCE?

f1.B.5.a.  CHANGE ROUTINES?

In the first part of the SET-TIMER routine the user
established up to twenty (20).individual "routines™. A
Mroptine™ is one complete BLEND OR MANUAL Ffunction in
which the user inputs port, eylinder gas concentration,
totzl flow, output gas concentration and appropriate
ozone concentration in the cese of & BLEND: or port,
diluent flow, span flow and appropriate ozone
concentration in the case of a MANUAL routipe., FEach
routine is assigned a number from 1 to 20 in the CHANGE
ROUTINES? segment. )

Ezxample 12

LED PROMPT USER INPUT REQUIRED
Rl Mode = Blend Port ¥, CGC, MF?, QGC
and Ozone concentration
R?2 Made = Manual _ Port ¥, MFl, MF2, and Ozone
concentration

The user then continues to build a series of up to 20

different rxoutines by responding to the computer prompts.
Each BLEND Routine will require user specification of gas

ports, cylinder gas concentrations, total flows, output
concentrations and Ozone concentrations. Fach MANUAL
routine will require gas port, gas flows and Qzone
concentration,

1



STEP LED PROMPT

READY
ANY CHANGES?

CHANGE ROUTINES?

RIMODE = BLEND?

“CRIPORT=___

R1[03] CONC.=__ PPH ENTER - to accept or

RICGC=__ PPY(or¥)

PRESS/INPUT DATA

8ET TIMER
YES

YES

YES if routine i is
to be a BLEND; NO if

routine is to be

HANUAL; then ENTER -

'ﬂ:“.IHTERjtoiébcébt oT
- k8y in new port
rumker; then ENTER

key in new (zone
Conc.; then ENTER

ENTER to accept or
key iz new cylinder

gas cong. in PPH

- or %: then ENTER

Editvion:

1/30

Revision: 3

Page:

NEW LED PROMET

ANY CHANGES?

CHANGE ‘ROUTINES?

RIHODE = BLEND?.
" ENTER A8 PORT - -
RIDORT=_

" “ERTER {03} CONC.

R[03] CONC.-

e

- CYL. GAS CONC.

RICGC=___PPH{or¥)

QUTPUT GAS FLOW

¢

RINFT=

ILLUSTRATION IX-SET TIMER-"CHANGE ROUTINE"

27A

COMMENTS

If N0, unit
will go to READY

- The fsllowing

is a BLEND
example

Fater 0.0 for
Ozone if a0t

PPY in GPT mode

e

S
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STEP LED PROMPT PRESS/INPUT DATA KEW LED PROMPT COMNENTS

] RIMFT=____CC/M ENTER to accept or QUTPUT GAS CORC.
key in new total
mass flow; then ENTER R10GC=__ PPH({orX)

4 R10GC=__ PPH(or%) ENTER to accept or  ANQTHER? (Y/N)
key in new output gas
conc.; then ENTER

10 ANOTHER? (Y/N) YES R2MODE=HANUAL? MANUAL mode
tZanple

11 R2MODE-HANUAL? YES if routine 2 mode ENTER GAS PORT
is MANUAL; HO if
routine 2 mode is RZPORT=
BLEWD; then ENTER

12 RIPORT=__ __ . ENTER to repeat or ENTER [03] CONC.
key in new gas
part #; thea ENTER R2{031 CONC=__ PPM

A im—

TLLUSTRATION 1X~SET TIMER-"CHANGE ROUTINE™



STER LED PROMET

13

14

15

16

17

17103} CONC=__ FPH

AMMFL= GO
ROMF2=__ CO/M
ABOTHER? (Y/N)
RIMODE=

ILLUSTRATION IX-SET TIMER-

PRESS/INEUT DATA

ENTER to Tepsal oT

key in new Ozong
conc.: then ENTER

ENTER to aceept or
key in new diluent

f1om; then ENTER

ENTER to accept or

key in new spal

gas flow; then ERTER

YES

BLEND or MANUAL

Bdicion:

Revision:

Page:

HEW LED PROMET

ENTER DILUENT

RAMFl=_ CCM

ENTER SPAN GAS

RNF2= OO

ANOTHER? (Y/N}

R3MODE=

“CHANGE‘ROUTINE"

1/%0
3
27C

COMMENTS

Software will
progeed through
the remaining
routines. The
user must select
inputs Por gach
if desired,
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1I.B.5.b.& c. CHANGE PROGRAM 17/CHANGE PROGRAM 27%

After the user has established his "reference library" of
up to twenty (20} routines in the CHANGE ROUTINES?
segment, it is then possible to move te either of the
CHANGE PROGRAM 1? or CHANGE PROGRAM 2? segments. These
segments are nothing more than user selection of the
order in which each of the previocusly established
routines is to bhe run.

Fach of the two (2) programs can contain up to twenty
steps identified as Step 1 through Step 20. The user
simply picks from this "reference liprary" of routines
{see example no. 7) any routine from 1 to 20. For
instance Step 1 in Program 1 can be any reference routine
Ri=___ to R20=__ . In this manner the user can select the
order .in which a BLEND or MANUAL routine is completed.

As the user goes through each program, a Routine number
from 1 to 20 is assigned to each program step 1 to 20.
Routines can be repeated and used in any order as shown
in Example 13.

Example 13¢

PROGRAM 1 PROGRAM 2
Step 1 = R12 Step 1 = R20
Step 2 = R1 step 2 = R10
Btep 3 = R4 SBtep 3 = R19
Step 4 = RS step 4 = R9
Step 5 = R20 Step 5 = R18
Step 6 = R1B step 6 = RS8
Step 7 = R16 Step 7 = R17
Step 8 = R2 Step 8 = R7
Step 9 = R6& 8tep 9 = R16
Step 10= RS Step 10 = Ré
Step 11= R10 Step 11 = R15
Step 12= R12 Step 12 = R5
Step 13= Rl4 Step 13 = R10
5tep 14= R13 Step 14 = Rl2
Step 15= R11 Step 15 = R14
step 16= R®9 Step 16 = R16
Step 17= RY7 step 17 = R18
Step 18= RB Step 1§ = R20
Step 19= R3 Btep 19 = K1
Step 20= R1 Step 20 = R2

In this example some routines are used more than once and
the order of routines chosen to meet customer needs for
malibration flows. A program does not have to consist of
fwenty (20) steps as shown. Any nuaber of steps is
acceptable. The user defines the length of the program
by inserting a Step = 0 at that point where the program
should end.



STEP LED PROMET

1 CHANGE PROGRAN 17

2 STEP1=R___
3 PBI¥P2=E___
4 STEP 3 =R___

5 CHANGE PROGRAM 27

g STEP1=R___

7 STEP2=R___

PRESS/INBUT DATA NEW LED PROMPT

YES ENTER ROUTINE #
' STEP { = R___
Input routine  ENTER ROUTINE #

aumber 1-20 ,

STERP 2 =R
Input routine ENTER ROUTINE #
number - 1-20

STEP 3 = B_

Input rontine

equal to 0
YES to CHARGE ~ ENTER ROUTINE #
PROGRAM 2; RO to
go to CHANGE STEP 1 =R___
SEQUERCE?
Input routine  ENTER ROUTINE 2
aumber 1-20

STEP 2 = RB__

CHANGE SEQUENCE?
(Only if R =1D)

Input routine
number 1-20

CHANGE PROGRAY 27

Edition: 1/90
Revision: 3
Pagea: 284

COMMENTS

If HO, unit defaulis

to CHANGE
PROGRAN 2

At any time, input
of R=0, unit defanlis
to next program

See ILLUSTRATION
I1 for this rouiine

TLLUSTRATION X-SET TIMER-"CHANGE PROGRAM?"
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I1.¢.5.d. CHANGE SEQUENCE?

Once the user has established the reference library of
roytines (CHANGE ROUTINES?) and has set-up the order in
which routines are to be run in either of two separate
programs (CHANGE PROGRAM 17/CHANGE PROGRAM 27) it 1s now
possible to establish the order in which the programs ar=
tpm run. This is= accomplished by the CHANGE SEQUENCE?
segment, the fourth and last part of the Set-Timer ’
function.

tn the CHANGE SEQUENCE? segment, the usser CAarn:

1. Establish the day or days either or both of the two
(2) programs are to automatically run;

5. Establish the time in each day at which the
program(s} salacted are to begin: and

3. Bstablisk the universal commands for the length of
all of the routines.

NOTE! A Maximum of eighteen (18) different start timas
are available in any one week period. DO NOT attempt to
run the programs with more than 18 different start times.

By responding YES to the LED prompt CHANGE SEQUENCE?
it is possible to enter & seven (7) day calendar
(beginning with Monday and ending with Sunday.) The user
has the option of inserting 2 program (or programs) on
each day and establishing the time that the program(s) i=s
to be begin. .

By responding NO to the CHANGE SEQUENCE? prompt the
user enters that portion of the software which determines
the length of time each of the 20 routines will be run by
the machine. Please note that this cholce of time is
universal. That is =21l routines, regardless of being a
BLEND or MANUAL routine, will run for the same length of
time established by the user. The user c¢an set these up
to 99 minutes in length (if the user has set up 20
routines, however, the maximum length of each routine <¢an
only be 72 minutes in a 24 heur day.) NOTE! THIS STEF
TIME MUST BE AT LEAST 1 MINUTE IN LENGTH.

Important: It is the user's responsibility to ensure that
programs do not overlap.



TLLUSTRATION XI-SET TIMER-"CHANGE SEQUENCE?"

key in new progral

#1 or #2:then FNTER HORE PROGRANS?

Edition:  1/90
Revision: 3
Paga: 294
§TEP LED PROMPT PRESS/INPUT DATA  NEW LED PROMET COMMENTS
CHANGE SEQUENCE?  YES DAY=HONDAY If NO, wmit
' , gefanlts to Step
AHY PROGRAMB? 14
ANY PROGRAMS? YE8 START TIME= _:  If KD, unit
defyalts to
CHANGE TIHE? next day
CHANGE TIME? YES " ENTER HOUR System displays
' garrent hour; if
HOUR= N0 unit defaults
to Siep ¥4
HOUR= FNTER to accept or ENTER HINUTES System displays
key in mew hour - current minutes
{~24: then ENTER  MIRUTES=
MINUTES= ENTER to accept or START TIME=__:
key in new minuies
1-59;then ERTER CHANGE TIHE?
CHANGE TIME? RO ENTER PROGRAM # Uzser selects
‘ &1 or #2
PROGRAN=
PROGRAM= ENTER o accept or DAY=HONDAY
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STEP LED PROMET PRESS/INEUT DATA  NEW LED PRONPT COMMENTS
i HORE PROGRANS? YES START TIME=__:  If NO, unit
defaults to nest
CHANGE TIME? day
9 CHANGE TIME? Key in YES or NO  ENTER PROGRAM#
: See Steps #3,4,
8 or 13 PROGRAN=
10 PROGRAN= ENTER to accept or DAY-MONDAY
key- in pew progran
#1 or #2;then ENTER MORE PROGHAM3?
1 MORE PROGRAME? N@ DAY=TUESDAY If YE3, unit
defaults to
ANY PROGRAME? Step #13 -
12 ANY PROGRAMS? YES START TiME=_ :  If NO, mnit
~ defaults to
CHANGE TIME? nexi day

TLLUSTRATION XI-SET TIMER~"CHANGE SEQUENCE?"



STEP LED PROHPT

13

14

15

16

17

18

CHANGE TIME?

STEP TIME=__ :___

CHANGE TIME?

HINUTES=

SECONDSE=

CHANGE TIME?

ANY CHANGES?

Edition:

Revigion:
Page:
PRESS/INPUT DATA  HEW LED PROMET
YES or HO
YES ENTER MINUTES

HINUTES=

ENTER to acccept or ENTER SECONDS

xey in new minples

1-59; then ENTER  SECONDS=___

ENTER to accept or STEP TIME=_ !
key in new seconds

1-59; then ENTER CHANGE TINME?
NG ANY CHANGES?

KD AUTO DAY TIME

1/90
29C

- COMMENTS

See Step #3 1f YES
Ses Step #6 if NO
User sets the

Program and start

time for sach day

This is uriversal
spec. by user of
length of time
gach routine is to
rup, All routines
will rua for
length specified.
Tine must be

1 minute in

length

Displays current
time and date

JLLUSTRATION XI-SET TIMER-"CHANGE SEQUENC?"
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INSTRUMENT OPERATION

1I1.¢. OTHER FDNCTIONS

‘In addition to the three (3) primary Environics Series 100 routines

already described, there are additional functions which can be
accessed from,the Efront keypad of the unit, These functions are
1isted on the right front panel of the machine and are deseribed in
greater detail in this section.

II1.¢.1. Qime/Date

This mode allows the user to initialize the BSeries 100 unit to
the current DATE and TIME.

The DATE is expressed by the unit as the current day {Monday
through Sunday) as well as the numerical day, month and year
(e.g. 21/2/88 for February 21, 1988)., TIME is expressed in
military time hours (1 through 23) and minutes (1 through 59).
TIME/DATE, once initialized, is retained by the on-hoard
computer clock.

The seguence for initializing TIME/DATE is shown in
Illustration XII ).

IT.C.2. Display

Pressing the DISPLAY key while the Series 100 is running in
either the BLEND, MANUAL, CALIBRATE or VERIFY mode permits the
user to “"view'" internal machine funetions. Repeated pressing
of the DISPLAY key will aycle through all pertinent data for
that function. The sequedcs of steps for the DISPLAY mode
while the Series 100 is in the BLEND mode are shown in
jllustration XIII. :

I1.C.3, Prink

The gas mixing parameters and calibration data can be down
loaded to a standard serial interface printer through the
optional RE-232 cerial Data Interface. Pressing the PRINT key
toggles the print function ON {(or OFF), pressing it again
turns the printer OFF (or on). The interval at which
information is sampled and sent to the printer 1is selected by
the user through the f PRINT function (See Section I1I.C.7.)

11.0.4., Calibrate Flow (Function £L)
The Calibrate mode (1llustration XIV) allows the user to

individually calibrate each flow controller from the front
panel using a suitable primary strandard,



STEP LED PROMPT

READY

(CHENGE DATE?

WEERDAY=__

DAY=_ - _

MONTH=_____

. —r

PRESS/INPUT DATA

nyzknm |

YE3

ENTER to accepl or

kéy in new weekday

1-7 {monday=1,tuesday=2)
then ENTER ‘

ENTER to accept or
key in new day
1-31; then ENTER

ENTER to accepl or
key in new month
1-12: then ENTER

ENTER to accept or key
in new year,ie 87
for 1987;then ENTER

Edition:
Revision:

Page:

NEW LED PROMET

DATE-=

CHANGE DATE?

ENTER WEERDAY

WEEEDAY=

ENTER DAY

DAY=

ERTER HORTH

KONTH=

EWTER YEAR

YEAR=

b ———

DATE=

CHANGE DATE?

TLLUSTRATION XTI-TIME/DATE

1/90
3
30A

COMMENTS

Displays current day,

month & year

- 1f po, unit defaulis

to step #7
Displays day of week

, Displayé current

day

Displays cmrrent
month

Displays current
year

Displays set date

St
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Revision: 3

ILLUSTRATION XII-TIME/DATE

Page:
_STER LED PROMPT  PRESS/INPUT DATA WEW LED PROMPT
7 CHARNGE DATE? NO TIME: = & .
CHANGE TIME?
g CHANGE TIME? YES ENTER HOUR
HOUR=
9  HOUR=_ ENTER to aceept or FHTER MIRUTES
key iz new hour
1-23: then ENTER HINUTES=
10 MINUTES=__ ERTER {o accept or TIME=_ i
key in new minutes,
1-59; then ENTER CHANGE TIME?
11  CHENWGE TIME? HNO READY

30B

COMMENTS

Displays current
time

If RO, upit goes
to READY

. Displays current
-hour

Displays corrgat
minutes

Displays set
time a

If YES, unit
defaults to #8



STEP 'LED PROMET

06C-__PRH{or¥)

it

WFT=__ €CA
WF1=_ CCM

| nM:___cm
[QB]=___PPH
0Z BLE=__DEG C

R

Edition: 1790
Revision: 3
Page: 30C€

PRESS/INPUT DATA NEW LED PROMET

DISPLAY
DISPLAY
DISPLAY
DISPLAY
DISPLAY

DISPLAY

MFT=__ CCA
MFl=_ CCA
MF2=__CC/M
[0aj =__PPH
0Z BLE=__DEG C

———

06C=__ PPM(or¥)

COMMENTS

Displays total
mass flow

Displays Elow
through MF1

Displays flow
through HF2

Displays Ozone

goncentration

Displays Ozone
generator temp.

Retarns to
display output
gas conc.

ILLUSTRATION XIII-DISPLAY FUNCTION (BLEND ROUTINE W/OQZONE)
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7he instrument software permits the user to enter twenty (20)
points of data consisting of commanded flow versus actual flow
{as measured by the primary standard) through either flow
controller. The user goes sequentially through the £ull
operating range of ‘the controller. At the end of the routine,
after the twentieth peoint has been entered the micruwcomputer
fits a new least squares lipe through the data.

The Calibrate mede is normally used when: 1) Flow controllers
are either changed or serviced: 2) the VERIFY FLOW mede (See
Section II.C.5) shows significant differences between acgtual
vs commanded f£low or; 3) vperating conditions (temperature/
pressure) Vary markedly from criginal calibration parameters,

NOTES!

o Any flow within the range of the flow controller may be
selacted,

o ¥lows should be selected to be equally distributed
across the full scale of the meter. It is recommended
t+hat data peoints at 10, 30, 50, 70 and 90% of full =cale
be selected. As many as four (4) £lows should be
commanded at each location and measured by the primary
standard. '

o Be sure to enter all twenty (20) data points fox each
flow contreoller. Unless the twentieth point is entered
and the response NO given to the prompt ANOTHER?, the
least sguares calculation is not made and the ealibraticn
igs incomplete,

o The Series 100 must be calibrated using zero air (GAS
CONSTANT of 1.0C.) only.

11.C.5 verify (Function £2)

The VERIFY mode (Illustration ¥Xv) permits the user to verify
the output of each flow controller as measured by a suitable
primary mass £low standard connected to the machine.

By entering the inlet port and desired output gas Flow the
routine allows for measurement of delivered gas flow through
the selected flow controller.

The "true" flow, as measured by the primary standard is
compared to the veommanded” output flow of the Series 100.
The percent full scale bias error should be less than 1
percent at any point; if greater the flow controllers may
require re-calibration (see CALIBRATE, Section II.C.4.)
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STEP LED PROMET PRESS/INPUT DATA ~ NEW 1ED PROMPT  COMMENTS
{  HEADY £ and 1 CALIBRATE? (Y/H)
2 CALIBRATE?(Y/N) YES ' ENTER FLOW METER if NO, wit
returns to READY
FLOW METER=__
. PLOW METER-__  ENTER to repeat or  ENTER GAS PORT Only if HF2
¥ey in new number
then ENTER PORT=___
4  PORT=____ ENTER to Tepeat or 20 POINT CALIB
key in new port
#: then ENTER ENTER ALL POINTS
FNTER IRPUT PLOW
I1=__ CCAH
5 1t=__ CC/H ENTER to repeat or  MFl{or MF2)=___ Flow readeut
xey in new flow;
then ENTER
f  MWFi(or MF2)=__ ENIER ENTER TRUE FLOW  Eater command
flow
Yi-__ CC/M
7 Yi=__CC/ Enter true f£low from ENTER INPUT FLOW
primary standard
122 CC/M

ILLUSTRATION XIV-CALIBRATE FLOW (f1)



STEP LED PROMPT

10

11

12

13

PRESS/INPUT DATA

12=__ CCM ENTER to repeai or
key in new flom;
then ENTER

MFi(or MF2)=__ ENTER

y2=__ CCAl Enter trus flow
from primery
standard

REPEAT THROUGH

DATA POINTS 3-20

Y20= ce/M Enter true flow
from primary stardard

AROTHER? Y/N NO

Edition: 1/90

Revigion: 3

Paga: 31B
NE¥ LED PROMPT COMHENTR

MFi({or HF2)=ﬂ__ ¥low readout
ENTER TRUE FLOW  Command flow
y2=__ CC/H

ri—

ENTER INPUT FLOW

ETC.

ANOTHER? Y/B

CALCULATING If YE3, uwnit
returns to step #5

SLOPE= Hew Slope

INTERCEFT= ¥ew Intercept

READY
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STEP LED PROMET PRESS/INPUT DATA NEW LED BROMPT COMMENRTS
1 READY f and 2 VERIFY? (Y/N)
2 VERIFY? (Y/NH) YES ENTER FLOW METER If KO, unit

- returns to

FLOW METER= READY
3 FLOW METER=____ FNTER to aceept oT ENTER GAE PORT 0nly if MF2
- key in new controller being verified
pumber: then ENTER PORT=

4 PORT= EXTER to accept or OUTBUT GAS FLOW

key in DEW Gas
port #; then ENIER MF1tor MF2)=__CC/HM

£ MFifor MF2)= _ CCAf ENTER to accept or  MFi{or MF2)-__CC/H .Cuntraller

key in new flow; chosen delivers
then ENTER gas flow
requested
b ¥Fi{or MF2)=__ CC/At DISBLAY MF2(oT MF1)-_ CC/M States of other
controller
7 MF2{or MFi)=__ CC/H DISPLAY ¥F1(or MF2)=__CC/M  Returzs to
original
controller
8 MFif{or MF2)=_ CC/M CLEAR OUTRUT GAS FLO¥

Hei(or HF2)=__ CC/MH

TLLUSTRATION XV-VERIFY FLOW (F2)



Edition: 1/90Q
Revision i 3
Page 32
II.C.6. Slope/Intercept_(Function £3)

rhe SLOPE/INTERCEET mode (Illustraticn;XVI) allows the user to

. examine the actual slope and intercept values of the least

sgquares fik.

the fcutine,also permits the yzer.to wearce™ a fit by directly
inputting a slope and intercept value without undarlying
calibration data.

WARNING! . o _ . o
PEFRE IS A THO LEVEL ENIRY INTO PHIS FUNCTION TO FREVENT

"ACCIDENTAL CHANGES IN SLOPE AND INTERCEPT SINCE A CRSURL

“HANGE IN EITHER PRRAMETER STGNIFICANTLY AFFECTS INSTRUMENT
ACCURACY. .., o = S

11.C¢.7. Prinﬁ“interval (Function F PRIKT)

:[The¢PRINT'Intérval mode (Illustration ¥vII) permits the user

ts salect the jnterval in minutes and seconds at which the
geries 100 updates the printer via its RS-232 Serial Data
1pterface during 2 'BLENN or MANUAL funetion..

11.¢,8 Ozone-CaL;bration (Function £ 5)

The Environics Serles 100 Computerized Multi-Gas Calibrator is
capable of linear operation aver the entire availabhle range of
pzone generabiun-through the use ok special hardware and
software features which allow the user to precisely contrel

the amount of czone produced. - This is done by entering &
series of conmanded values for the ozone concentration

_generated by the S5-100 {the X value) and observing the actual

output ozone concentration {the ¥ value) as measured by a0
independent owone monltor. oOnee the ozone putput has
sﬁabilizedjﬁthe actual concentration is entered as the Y
value. This procedure is then repeated for £our (4)
additional omone'concentrations, After the five X-Y pairs
have been entered, the unit is calibrated. The 5-100 will
perform an interpelation routing for any point which does not
coineide with-one af the five actual ¢alibration‘point5.' Any
desired output ozdne concentration will now match the value
entered on the keypad in the ozone generation mode. For best

Y yragults sfter calibration, the instrument should be used for
“aZone copcentrations between the lowest and highest ¥ values,

i,e. between Y1 and Y5,

The opzone calibration routine is shown- in 71lustration XVIIT.
a5 shown, the user initiates the ozone salibratien routine by
presaing Keys wet gnd “5" on the keypad. The jnstrument will
£hen ask for confirmation to calibrate. After displaying two
temporary information messages. it will regquest the diluent
flow followed by 2 request for the first ozone yalue, i.e. the
louest desired ozone concentration(the ¥ value). It will, then
display the mathematically caleulated ozone concentration,



STEP LED PROMPT

PRESS/THPUT DATA

fand 3

YES . -

NO

ENTER 10 accep{.af:-'

key in new controller
#; theh-ERTER'

“ENTER %o accept oT e

key in new slope;

.then ENTER

{  READY

7 SLOPE INTCFT? .
3 ABORT? (Y/N)

4 FLOW METER=_
5  SLOPE=__

5  INTCET=__ ..

EHTEthb‘écﬁept ar
key in new intercepi;

_then ENTER

CHANGE SIGN?

YIS OR WO . -

" FLOW HETER-
C e :ﬂselectien

BEdition:

1/90

revisien: 3

Page:

WEW LED PROMET

SLOPE TNTCET?
ABORT? (1/N)

ENTER FLOW HETER '

ST.0PR=

ENTER NEW INTCPT

INTCPT= :

CHANGE SIGN?

- INTECET=

ILLUSTRATION LYI-SLOPE/INTERCEPT (£3)

324

COMMENTS

1F YES, umnit

. returns to READY

Flow controller

' ENTER NER SLOPE . ...

Display of current

", slope

Display of currest
intercept

Tf YES, unit will
change sign of
intercept, if NO u1
returns to READY



STEP LED PROMPT

1 READY

2  PRINT? (i/M)

3 CHANGE TIME?
4  MINUTES=__
5 SECONDS=__

PRESS/INPUT DATA

f and PRINT

YES

YES

INTER to accept or
key in new interval;
then ENTER

ENTER to accept or
key in new interval;
then ENTER

Edition:

Revigion:

Page:

WEW LED PROMET

PRINT? (Y/H)

TIME=_ =

(HANGE TIME?

ENTER MINUTES

MINUTES=

SECONDE=

PRINT=0N

READY

1/90
328

 COMMENTS

Display of current
time interval in
minutes/seconds

If N0, unit refurns
to READY

Display of
seconds interval

JLLUSTRATION XVII-PRINT SEQUENCE (£ PRINT)
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based on internal flow measurements, whieh should be within =
faw percent of the entered ¥ value. The output is observed —
via an independent ozone moniter. (NOTE: If a specifie output
value iz desired, "CLEAR" is pressed and 2 new ozone
concentration value either higher ox lower is entered. This
trial and errcr sequence is repeated until]l the output
concentration measured by the 0y monitor is at the desired
level. After an X value is entered, the unit will then ask
for the true concentration observed on the ozone monitor (the
¥ yalue)., The first pair of calibration points are now

stored. This sequence is repeated for increasing czone -
concentration until all five X-Y pairs are entered. AL the —_
first prompt the user may end the calibration routine or may
check and/or modify any of the peints. When the ozone
calibration is complete, the "END" key returns the user to the _
YREADY" mode,



STEP LED PROMET

1 READY

PRESS/IRPUT DATA

£ and 5

7. CALIBRATE OZONE? YES

3 MFl=__ CCA
4 Ti=_ MM
§ Yl-_ PP
§  Il-__ PHH
7 Y¥5=___ P

5  ANOTHER? (Y/N)

ENTER to accepi or
key in new diluent
flow; then ENTER

Rey in desired
Ozone Conc.;
then EWTER

Eater true Conc.
in PPH as
measured by Ozone
Honitor

Repeat yrocgdure
using true measured
0zone Conc.

Rey in last
data point

KO

Edition: 1/90

Revision:

Page: A3A
NE¥ LED PROMET COMMENTS

CALIBRATE OZONE?

5 POINT CAL.
ENTER ALL POIRTS
ENTER DILUERT

ME1= CC/H

FNTER INPUT CONC.

1= PP

ENTER TRUE COMC.

Yi=__ PP

ENTER INBUT CONC.

X2= PR

ANOTHER? (Y/H)

RFADY

ILLUSTRATIONvKVIII;OZONE CALIBRATION (£5)

Require five
0zope measurement

Zero 4ir Flow

Heasured Ozone
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SERVICE AND MAINTENANCE

IT11.4. Troublesheoting

34

The Environics Series 100, with few moving parts and a durable
electronics package should provide a high level of

reliability. In

‘the event that there is a failure the following troubleshooting

guide may be useful in isolating and solving the problem,

- r

WRARNIRG!

DISCONNECT POWER WHEN WORKING ON UNIT. DUE TO RISK OF INJURY OR
ELECTRIC SHOQCK, DISCONNECT POWER CORD FROM WALL WHENEVER SERVICING

THE UNIT.

EXTREME "CAUTION SHOULD BE USED IF IT IS

WORK INSIDE THE UNIT WITH THE POWER CONNECTED.

CAUTION!

KECESSARY TO

USE STATIC DISCHARGE EQUIPMENT. THE ELECTRONIC CIRCUIT BOARDG
CONTAIN STATIC SENSITIVE COMPONENTS. ALWRYS USE STATIC DISCHARGE
EQUIPMENT WHEEN HANDLING CIRCUIT BORRDS.

Thisz section contains a logical, systematic approa
proklems to & particular board or assembly within the instrument

TII.A.l. Power Problems

2.

Unit does not function, that is there is no RERDY display

when the instrument is turfied on.

1) Blouwn fuse

ch to isolating

a) Replace the fuse with one of equal rating.

2) No power to ipatrument

a) varify that the proper yoltage
the instrument.

3} Loose wires to Motherboard
a) ¢heck all the wiring for loose
4) Loose Boards

o a) Check and re-seat all of the e

is applied to

gonnections

lectronic boards

—
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b. Unit does not function, no READY display, one beep
1) Inpreper voltage
a) Apply the proper voltage to the instrument
2) Loose boards or connections
Y Check and ;e-seat all of fhe electronic boards
3) Defective transformer
_éi Replace the transformer
¢. Unit ﬁoes naot function, no READY display, continuous beep
1) Improper voltage
a) Epply the proper voltage to the instrument
. 2) Looesa boards %r connections i
a) Check %n& re~seat all of tﬁ}'electronic boards
3) pefective Microcemputer Board (100-PCl-D1)

a) Replace FCL

IIT.A.2. Display Problems
&

a. No Display : #

-

1) No power to display

a) Verify that the power cable between the display
and the motherboard (100-PC8) is properly
cannected. .

k) Verify that the voltage between the cutside pin
and the inside pin on the cable mantioned above
ig 5.0 volts +/~ 0.2 volts,

2) No display communication

a) Verify that the ribbon cable between the two
display boards is properly connected.

b) Verify that the ribbon cable between the
~ display and 100-PCl is properly connected.

c¢) Defective data communicaticn drivers on PCL;
replace PCL.
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3) Defective display
a) Replace the display
L. Missing segments in the display

1) Communication problems

a) Verify that the ribbon cable between the. two -
display boards is properly connected

) ' Verify that the ribbon cable between the -
display and 100-PCl . is properly connected,

23 Defective display
a) Replace the display.
c. Display "vanishes" during the data entry —
1) Loose bpoards or connections

a) Check and re-seat all of the electronic boards
and wire connections.

III.A.3._Keypad(Mamhrane) Problems - -
a. Keypad does not respond
lj Keypad improperly cennected
a) vVerify that the ribbon cable from the keypad is _
properly cennected to the Microcomputer:Board
100-~PClL. :
2) Defective keypad -
a) Replace the keypad/front panel.
3) Microcomputer or Microprocesscr board lock up
a) cycle power to the instrument
4) Loovse boards or connections
a) check and reseat all electronic boards e
b, Keypad responds incorrectly
1) Reypad improperly connected
a) verify that the ribbon cable from the keypad 1s

properly connected to the Microconputer Board
100-PCL
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e, tertain keys do not respond, other keys respond properly
1} Reypad improperly connected

a) Verify that the ribbon cahle from the keypad is
properly connected to the Microcomputer Board
100-pCl :

2) Defective keypad
a) - Replace the xeypad/front panel
d. Kaypad_“freezes" during data entry
1) Loose boaxds oT connections

a) check and re-seat all electronic boards.
2) Low line Qoltage
al Chedk iine voltage
T1I1.A.4. Flow Controller Problems
a. No flow through either flow controller
1} No pressurized gas connected to the instrument

a) verify that the inlet pressure 1S between 15-30
psi at the proper inlets.

2} scale factors .are ineorrect

a) yerify that the Range (the maximum f£low rate of
+he mass flow controller) is correct. Press "EY
and "8" on the keypad and verify that the range

ig correct for ench flow controller.

3) The Slope is incorrect

a) verify that the slope for each flow controller
is correct; both slopes should bave a value

close to 1.0. Press new gnd 3" on the keypad
and answer the approprizte prompts until the
slope portion is reached. If the Slope value
displayed is incorrect, re-enter the slope
values provided with the calibration reference
sheet sent with each instrument.

4) The intercept is incarrect

a) verify that the tntercept values for each flow
controller are correct; both intercept values
should be within 10% of the maximum flow rate
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through each flow controller. Press wg" and "3"
on the keypad and answer the appropriate
prompts until the Inteprcept portien of the
routine is reached. IE the displayed values are
incorresct re-enter the intercept values E£rom
the calibration reference sheet sent with the
instrument. :

) ?aulty analog boeard

a) .Generate 50% of the maximum flow rate for the
flow controller in gquestion. verify that the
voltage on pin 14 on the Znalog board 100-PC2
ijs 2.5 volts on J2 for the diluent flow
controller (MFl) and J3 for the analyte flow
centroller (MF2)., If it is not, replace the
analog board. '

§) Faulty flow controller
a}) Generate 50% of the maximum flow rate for the
flow controller in question. Verify that the
voltage on pin & on the Analog board is 2.5
volts on J2 for the diluent flow controller
(MF1) and J3 for the analyte controller (MF2).
1f the voltage is not near 2.5 yolts, replace
the flow controller(s).
7} Output port blocked or restricted
a) Check output gort
8) Bent or "kinked" tubing
a) Check all of the internmal and axternal tubing.
b. No flow through one cf the mass flow controllers

1) No pressurized gas hooked up to the correct port

a) Verify that the inlet pressure is between 15-30
psi at the inlet port.

2) scale factor in incorrect
a) Vverify that the Range (the mazximum £iow rate of
the mass flow controller) is correct. Press "E"
and "8" on the keypad and verify that the range
ia correct for the respective wontrollers.

3) The Slope is incurrect

a) verify that the slope for the controller in
gquestion is corract. The slope should be cloze
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to the value of 1.0. Press "t" and “3" on the
keypad and answer the appropriate prompts until
the slope portion is reached, If the Slope
values are incorrect re-enter the Slope values
given on the calibration reference sheet
provided with the unit,

4) The Intercept is incorrect

a)

Verify that the Intercept for the contreoller in

_gquestion is correct; the Intercept value should

5) Fau1ty

a)

6) Faulty
a)

be within 10% of the maximum flow rate through
the controller. Press "f" and "3" on the keypad
and answer the appropriate prompts until the
intercept portion is reached. If the Intercept
values are incorrect raz-enter the values given
on the calibration reference sheet provided
with the unit.

2nzlog board

Generate 50% of the maximum flow rate for the
flow controller in question. Verify that the
voltage om pin 14 on the Analog board 100-PC2
is 2.5 volts on J2 for the diluent controller
(MF1) and J3 for the analyte controller (MF2).
I1f it is not, replace the Analog .board.

flow controller

Generate 50% of the maximum flow rate for the
cantroller in guestion. Verify that the voltage
on pin 6 is 2.5 volts on the Analcg board 100-
o2 iz 2.5 volts on J2 for the diluent
controller (MFl) and J3 for the analyte
contraller (MFl). If the voltage is not near
2.5 volts, replace the contraoller.

7) Lezak in system

a)

Perform an internal leak check on the
ipnstrument. Check all of the plumbing
connections both inside and outside the
instruament.

8) solenoid malfunctien

a)

b)

c)

chack all electrical connections between

-solenoids and Microcomputer beard 100-PCl.

Solenoid coil failure or diaphragm problems;
replace solenoids

Contamination in the sclencids; check and clean.



£ A Edition: 1/90
£ . Revision @ 3
. Page 40 -
¢. Gas Flows not stable
1) Errétic pressure regulation
a) Replace the inlet pressure regulator.

2) Defective mass flow controller

a) Verify the flows through the contraller in —
gquestion,

B)  calibrate the controller.

- oe) Replace the controller if it cannot be
calibrated properly.

3) Flow controller is being used outside of its range

= Do not use the flow controller at less then 10% —
: or more than 90% Pf its full seale range.
4) Loos& boards or connectibns

a) Check and re-seat all of the electronic boards
and zll cable connections.

d. Flows mre not accurate
1) Leak in the system —

a)f Find the leak ani;repair. Refer to the leak
i  test procgedurs in’ Bection III.C

2) Flow Contreller out of calibration
a) calibrate the controller in question. —
3) Defective mass flow controller

a) Replace the controller in question if it cannot
be properly. calibrated. -

II1.A.5. Ozone Generation Problems -
a. Ozone output is ipaccourate
1) Instgument is out of calibration
a)% calibrate Qzone-Seée Section IT.C.8.
b. No Oxone Generation '

1) No flow through system . —
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a) Verify that a source of zero alz is available
a2t the input to the instrument at a regulated
pressure of 15-30 psi. The supply rate should
be greater than the maximum flow af the diluent
controller, MFl.

) Verify that the flow rate through MFl1 during
ozone generation is at least 3000 =scen.

2) ﬁo flow through Qzome Generator

a) Purn the kneb on the internal rotameter to the
desired ozone generator flow. This value is
typically set at the factary to 500 Scom, If
£00 scom cannot be reached, or is unstable,
refer to Section ITI.A.l. for flow controller
troubleshooting.

3) Dzone lamp deoes not turn on

a) Generate 1.0 PPM of Ozone in the CALIBRATE
OZONE mode by pressing "E" apd "5". If ozone is
being generated, proceed tc step §4 below. If
no ozone is generated, verify that TPS5 (03
gain) on bheard 100-PCL0 is between 3 and7 wvolts
when 1 PPM is commanded in this mode. Replace
the Ozomatar board (PCLO) if this voltage is
not between 3 to 7 volts,

b) Verify that the voltage at TR (DETY is egual
to the voltage at TP (03 GAIN). Cantinue to
the next step if they are not eqgual.

a) Measure the voltage at TP7 on the lamp driver
board (100-PCl4). This is the board with the
large black heat sink. 1f the voltage is
between 10 to 24 velts, replace the Qzone
preducing lamp. 1f the voltage is less than 3
volts, replace board 100-PCl4. It will be
negessary to recalibrate the Ozcne generation
of the unit after this beard is replaced.

4) Ozone generation is not in ealibration
a) ¢alibrate QOzone--See Section II.C.8
¢. Ozone is unstabkle or drifts over time
1) Oven temperature is not solc
2) Flows are not stable

a) verify that the flows are stahle. Recalibrate
or replace the flow controller(s) if the flows
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are not stable. The stability of the diluent
flow controller ¢an be visuwally checked by
looking at the "ball" in the rotometer,

3) Ozone lamp problem.

a) Replace the lamp and recalibrate the Ozone--See
Section II.C.B.
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17I.B ROUTINE MATINTENANCE

Maipntenance on a periodic schedule should be performed on the
Euvironics Series 100 Gas calibrator in order to reduce equipment
‘malfunction .and maintain the accuracy and reliability of the
instrument. The following section provides infermation for-
performing this maintenance. Sinceé the use of the unit may vary
between locations, it may be necessary to adjust the maintenance
schedule acdcordingly.

WARNING!

DISCONNECT POWER WHEN HORKING ON THE UNIT. DUE TO RISK oF
INJURY OR ELECTRICAL SEOCK, DISCONNECT THE POWER CORD FROM THE
WALL WHENEVER SERVICING. THE UNIT. EXTREME CAUTION SHOULD EE
USED IF IT IS NECESSARY TO WORK INSIDE THE UNIT WITE TEE POWER
CONNECTED .

CAUTION

USE STATIC DISCHARGE EQUIPMENT WHEN SERVICING THE IHSTRUMENT;
THE ELECTRONIC BOARDS CONTAIN STATIC SENSITIVE COMPONENTS .
ALWAYS USE STATIC DISCHARGE EQUIPMENT WHEN HANDLING CIRCOIT
BOARDS.

In arder to replace paris in the ynit it might be necessary to
slide the chassis back for eazier avcess. Teo de¢ this, disconnect
the power and:

1., Remove the four screws ol the back panel;

2. Loosen (do not remove) the four chassis screws;
3, 8lide the chassis back approximately 3 inches;
4. Disconnect the keypad and LED display cables;

5. Disconnect the ON/OFF switch:

6. Slide chassis back te the desired position.

The items which require most of the routine maintenance in
this instrument are the mass flow controllers. It is alwavs
recommended that zers ailr and not ambient air be run through
both of the flow controllers. This should be done for several
minutes to clear away any loose particles or residue that may
have entered the system. This should be done as often as the
environmental conditions and the types and gquality of the
gases being used requivre. R flow verification should be done
after this zerc air cleansing and a zerao adjustment may be
neg¢assary.
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The outside of the instrument szhould be cleaned with a soft
aloth using a mild spap and water solution. Care should be
taken not to touch any of the electronics. Abrasive cleaners
should be avoided. It may be necessary to remove the fan
guards. to clean the fan blades. :

Dust inside the instrument should be removed as this could
interfere with proper operation of the unit under certain
conditions. The circuit hoards can be cleaned using a vacuum
or air gun.

Prior to puttiﬁg the unit back in service after routine
maintenance, complete the following check list:

Inspect power cords and inﬁerﬂal wizing:
check all fittings for tiéhtness, jeak check if possible;

¢heck all tubing for eplits, kinks or cuts.

111.¢ LEAK CHECK

211 Environics Series 100 units are helium leak checkesd prior to
shipment as part of final quality contraol pr:cm'ed.urfzs.s Leak
specifications £or the unit are approximately 1 X 107 =cem at the
time of checking.

There are a variety of ways to do a leak check on the instrument.
The first methed is of course to repeat the helium leak check as
was done at the factory. This however may not always be practical
in the field.

In the field, we recommend doing the following.
1. Cap the outlet port on the instrument;
2. Bpply air to one of the ports, either diluepnt or analyte.
3, Command 80% of the full scaie value of the flow gontroller
being checked. It would be useful to do 2 “sero" check on the

flow ceontrollers.

4, After approximately 10 minutes the display should read less
than 2 Scoin.

5. If the displayed £low is in excess of this value, apply &
soap sclution to the fittings to determine the cause of the
leak. .
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III. SERVICE AND MAINTENANCE,
I11.D PC Board Function and Descriptiom
III.D.1. 100-PCL Mic¢rocomputer Board

FUNCTION: Provides the interface between the operator and the
microprocessor through the keypad and the 16 character LED
display an the frant panel. This board also controls the
pperation of all of the varicus solenoids and converts the
analog mass £low controller response signals to binary numbers
for processing.

THEORY OF OPERATION: gl, which is an EPROM version of the
Motorola 6805 microcomputer reads the keypad by strobing the
rows via U4 { 2 3 to 8 decoder )} and U5 and U& (buffers) and
reading the columns after an interrupt is generated. This
interrupt is generated whenever any key is pressed. By knowing
the column and row which was activated, it can deduce which
key was pressed, ‘

Other inputs to PCl include the analog voltzges and the
correspending error signal which is read by the analog-to-
digital converter (ADC) on the microcomputer. An "AC low"
input, which originates on the power supply board signals that
the input voltage has rsached an unaceceptable low level.

III.p.2. 100-PC2 Analoeg Board

FUNCTION: Converts the digital signals from the microprocessor
on PC3 to analog voltages for commanding the flow rates of the
mass flow controllers. This board also filters the response of
the flow controllers and gends these to the microecomputer on
PC1 for provessing.

TEEQORY OF OPERATION: U3 is = digital to analog converter
(DAG), which under microprocessor command, controls the flow
- through the mass flow controllers.The microprocessor talks to
the DAC via the address, data and c¢ontrol lines on the
motherboard, Ul and U2 act as voltage and current buffers
between the two. Q1 is a +5 volt reference which is fed to the
ADC's voltage reference input and to other parts of the
circuit via voltage follower operational amplifier (U4). Pins
17 and 15 on U3 correspond to the current cutput of the DAC
for MFL and MF2 respectively, which dis proportional to the
commanded flow regquested by the user. U5 and U6 are current to
voltage converters since the mass flow controllers require a
voltage signal to operate properly. US and U8 and their
corresponding hardware components buffer, amplify and filter
the computer command signal for use by the flow controller. P8
and P& are used to zero the operational ampiifiers at a
command flow of zere. P7 and P5 are used as 2 minor gain
adjustment. The c¢ommand output for the flow controller is
available on pin 14 of the 15 pin "D" connecter and oen TPl or
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TP3. The response of the flow contreller enters the analog
board on pin 6 of the 15 pin connector. The dual diode and
capacitor act as a filter and proftection device for each
input. This signal then branches off to two places, the signal
MFx and to the error detection signal MFEx. U7 and its
associated gircuitry provide a signal to the microprocessor
which is an amplification of the difference between the
command voltage and the response voltage. The two error
signals and the two responze signals are sent to the
microcomputer for further mathematical computations.

I1I.D.3. 100-PC3 Microcomputer Board

FUNCPION: This bodrd performs the necessary arithmetic
calculations and data processing for the unit, This board also
provides the commands to the analog beard and handles the
communication protocol between all of the various boards in
the system,.

THEORY QF OPERATION: U5, the 6803, is the "brain" of the
instrument. It performs most of the data procvessing, stores
the varisble instrument information in the non-volatile random
access memory (RAM), controls and reads the real time clock,
and generates much of the contrel logiec which is used - to
interface with all of the other boards in the system. The real
time eclock and the non-volatile RAM are both contained in Ul3.
A highly structured sequence of 64 cycles is used to gain
access Lo time information and temporarily disconnect the
mated memory from the system bus. Information transfer into
and out of the eclock is achieved by using address bits AD and
A2 and the control sigrals. The odds of the necessary pattern
ogeurging inadvertently during normal operation is less that 1
in 10+,

I1I.D.4. 100-PC4 R3-237 Board

FUNCTION: Provides a.serial RS-232 interface between an
externz]l instrument and the Environics unit.

THEQRY OF OPERATION: The RS5-232 interface board consists
of twe (2) UARTs (Universal Asynchronus Receiver/Transmitter)
which accept data from either the Environics seoftware or from
an external source and formats them according to the proper
protocol, When serial data is received from an gutside source
(eg: a computer) the UART converts this serial data to an
eight bit parallel data byte which can be preocessed by the
Environics unit. When the resident software communicates to
the outside world, it sends datz via the eight bit parzllel
data bus to the UART where it is converted te a serial data
atream. The baud rate, the rate at which information is
transferred, is controlled by the jumpers on the hoard, A&
crystal, XL1, oscillates at 153.6¢ KHz and is divided down to
various frequencies by the counter U3. One of these
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freguenciss is then selected by the jumpers to be the baud
rate., U5, U6 and U7 are level shifters which convert the data
from the RS-232 specifications to logic levels or from logic
levels to the R5-232 spegifications dependlng on the direction
cf the data.

When any serial commands or requests are sent from an external
souroe, this data is temporarlly stored in the UART until the
microprogessor reads the UART's internal buffer. The
microprocessor 18 sent and interrupt signal, /IRQ, whenever
there is any data in this buffer.

1I1.D.5, '100-PC5 Power Supply

FUNCTION: Pravides a filtered, regulated +15 and -15 volts for
the analog cireultry, +5 veoltz for the digital logic, and an
unregulated +12 valts for solenoid control. It also provides
an AC low signal to indicate that the main power supply is low
or has been shut off.

THEQRY OF OPERATION: The Powsyr Supply board reguires two
inputs. The first is a rectified imnput with a D¢ input of
approzimately 15 to 18 vo9lts with an AC component of 1 to 4
volts. After passing the filter capacditers Cl, €2 and €3, the
veoltage is regulated by Ql, an adjustable regulator, Adjusting
Pl results in a change of output voltage. Pl is set at the
factory such that the output of the regulator iz 5.00 velts
DCG. C5 aghts as filter and D2 protects the circuit against any
reverse bias veltage. The second regquired input is an AC
voltage which is rectified by DBl on the power supply board.
After passing by the filter capacitors C&, C7, C8 and <9, the
two veltage regulators, ©2 and 03, regulate the voltage to +15
and -13 volts faor use by the analog c¢ircuitry elsewhere in the
instrument. €10, €11, €14 and Cl5 act as an output filter £or
the +15 and ~15 volts output. D4 and D5 provide reverse bias
protection. An AC low voltage input signal is generated by Ull
and its associated ¢ircuitry which providez a =signal to the
microprocessor that the AC line voltage is dangerously low.

T

IIT.D.6. l00-PCE& Display Rdapter

FUNCTION: To provide an interface between the micrecomputer
and the front panel 16 segment LED display.

THECRY OF QOPERATION: all of the power, data and control
lines pass £rom the microeomputer board (PCl) to the display
via the ribbon c¢able and the display adapter board. The,
display adapter is mounted on the back of the LED display and
it buffers all of the signals and converts a serial data
stream on "D7" to a parallel address for the display (AD
through A3},
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ITT.D.7. 1L00-PCY R8-232 Connector

FUNCTION: To provide a path for the serial communications and
the printer signals from the instrument to two industry
standard DB25 25 pin connectotrs.

THEORY OF OPERATION: Bath the printer and serial
communication (computer) signals are interfaced from the RS-
232 board (PCS) to the outside world via a ribbon cable and
the R3-2372 Counector board. This beard is mounted on the back
panel of the instrument and it separates the computer from the
printer signals and routes them to their respective DB2S
connectors,

ITI.D.8. 10Q-PCB Motherboard

FUNCTION: To provide a transfer medium for all ¢of the power,
address, data and cantrol lines.

THEORY OF OPERATION: The powsr comes in on J6 and is
delivered to J5, the power supply ceonnector. The power supply
distributes power to all of the other boards and to the
display via J7. Rl1l of the other power, address, data and
control lines are connected via runs on the PC board to the
respective PC board connectors, J1, J2, J3, J4, J10 and Ull.

111.D.9. 100-PC10 Ozonator BRoard

FUNCTIGON: The two main functions of the ozonator board are to
provide communication betweenm the main microprocessor and the
ozone generator and to measure and contrel the temperature ot
the ozone generator,.

THECRY OF OPERATION: Other microprocvessors, logated on PCL
and PC3, communicate with U7 (68705 microcomputer) via the
address, data and control bus on the motherboard (PC8). U2
(AD584) provides a voltage reference to a variable gain
amplifier, Ul. Adjusting P6 on the board varies the gain of Ul
which changes the negative voltage reference {(-Vref). The
digital-to-analog converted (DAC), which is under
microprocessor control, outputs a current which is
proportional to the commanded value and -Vref, U9 then
converts this current to a voltage {(which can be measured on
TP5). This is the voltage which acts as the ozone lamp
intensity controller, Ull is a cemparator/driver which
compares the lamp intensity output with the commanded voltage
and incresses or decreases the lamp driver to insure that the
lamp drive exactly equals the command voltage. This optical
feedback cirouit resolves the problem of long term and short
term lamp drift. The voltage at TP4 (the lamp drive voltage)
should be between -3.0 and -12.0 volts for proper operation.
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Y12 is a current-to-veltage amplifier which ¢onverts the low
current of the photodiode to a detector output voltage which
can be measured on TP9. If the feedback cireuit is functioning
properly,TP9 and TP5 (the command veltage) should be eqgual. If
the voltage at TP9 is less than the voltage at TPS5, then there
ig a problem with either the lamp or the lamp driver board,
100~BCl4,

Ul8 acts as the temperature controller for the ozone
generator. R42 and R43 act as a fixed voltage divider which
torm two legs of a bridge. R44 and the thermistor, which is
located inside the ozone generator form the other legs of the
bridge. Therefore, in the equilibrium state, the veltages at
pins 4 and 5 on U18 will be egual. U18 will drive transistor
011 on the ozone generator which will in turn allow current to
pass through the heater wcoil, thereby heating the generator.
Once the thermistor TRl reaches a value as determined by the
resistor bridge, the temperature controller will regulate the
temperature within one (1) degree celsius. Ul9 is a voltage
follower which huffers the thermistor from the rest of the
circuitry, acts as an amplifier with a fixed gain and a
variable affset adiustment. When the generator reaches
egquilibrium temperature, P2 can be adjusted to change the
displayed temperature as seen on the fromt panel. This voltage
then passes through and integrated switch, Ul0, where it goes
through one last voltage follower before it is read by the
microcomputer, U7. The diode array, D1, and its associzated

. eircuitry, as a voltage clamp to protect the analog-to-digital
(ADC) input on the microcomputer. The voltage as seen by the
ADC will always be within the range of -0.1 to +4.9 volts

I1I.D.10. 100-PCll Ozone Control Board

FUNCTION: Provides the interface between the micfoproceSSOr
and the ozonator board via & ribbon cable on the top of FCl1
and PClO.

THEORY OF OPERATION: The ozone control board acts azs an
inpterface by decoding the address lines to act as the chip and.
board select lines. This board buffers all of the address
lines with line drivers U2 and U3. The data lines are buffered
by U010, a bidirectional line driver.

III.D.11. 100-PCl4 Lamp Driver Boarxd

FUNGCTION: The Lamp Driver Board accepts an analog input signal
from the ozonator board (PCl0) and powers the mercury vapor
ozone producing lamp proportional to the level of the input.

THEQRY OF (OPERATICN: The Lamp Driver Board generates its
own +24, +15, ~1% and +5 volt power supply. An AC signal is
rectified by DBl and DB2 for use as an input to the +24 volt
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regulator (VR1) and the +15/-15 volt regulators (VR3) and
(VR4) respectively. a DC signal is regulated by VR5 to produce
the +3 volt supply-

A universal timer chip {(555) generates a 20 XHz signal which
is converted to a 10 KHz 50% duty eycle square wave by a D
flip-flop (U2) for use as the high frequency input needed for
proper operation of the lamp. The outputs whieh are generated
are Q and /Q which are 180 degrees out nf phase. Thesge signals
are then fed to U3, an open cellector driver which drives the
first stage amplifiers, Q7 and Q5. Q7 drives the second stage
amplifier Q12 which pulls current through the "upper half" of
the transformer Ti. Q% drives the other second stage amplifier
Q16 which pulls current through the "lower half™ of the
transformer Tl. In this way, a 10KHz 80% duty cycle sguare
wave is stepped up through the transformer Tl to produce a 10
KHz 530% duty cycle at a voltage which is far greater but
proportional to the input voltage at the center tap of the
transformer. '

The input voltage at the center tap of the transformer is
controlled by the voltaga at Jil-3. This signal originates on
the ozonator beoard (PCl0) and is dependent on the light
intensity detector in the ozone generator. With a positive
voltage on J1-9, the first stage drive cireuit 03 is shut down
which in turn shuts down the sacond stage drive control
circuit, Q2. A negative voltage, and thereby a negative
current, turns on the first stage which turns on the second
stage drive control circuit in proportion to the current at
J1-9. At maximum drive current, the yoltage at the transformer
eentertapy input is approximately 23 volts, If the veltage at
TF7, which is the transformer centey tap, is 23 volts, the
circuit is in saturation and is not contruolling the lamp. The
lamp is being properly controlled when the voltage at TP7 is
approximately 10 to 21 valts.

IIT.D.12. 1D0-PCle Status Board

FUNCTION: The Status Board sxamines the state of the solenecids

in the instrument and sets a “sigtus bit" corresponding to the
configuration of the board.

PREQRY OF OPERATION: This board uses Ul and U2 as a
comparator to compare the solencid voltage against a refarance
veltage of 2.5 volts. The outputs of the comparators are
active low, i.e. the oltput goes law (0.0 to 1.2 volts) vhen
the corresponding solencid is energized. The PAL {Programmable
array Logic) chip, U3, which controls the status bits 1s
factory programmable to meet the customers requirements. The
PAL uses the status of the golenoids as its inputs and
performs an AND/OR function on these to generate the proper
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cutput. For example, if the customer reguests that a status
bit be active when the jinstrument is in the zero mode, the PAL
will =et this bit when it detects that the diluent and output
solencids are active and the vzone and the four port solensids
are inactive., U4 is used as a buffer between the TTL logie¢ PAL
and the read relay to drive the display and the status hit.
The 10 segment LED display on the board is used as a debugging
and diagnostic feature, The top two LED's indicate that = +5
valts and +24 volts are both supplied to the board. There are
two sets of test points "+5V" and "+24V" which allow the user
to verify these voltages with a voltmeter. The remaining eight
LED's correspond directly to the eight status bits.

The & indépendent status lines are each available on two
screws on the terminal bleck which is mounted on the rear
panel of the instrument. The terminal block is numbered
seguentially from left to right, 1 through 20. Numbers 1 to 16
are used as the status lines, 17 and 18 are used to moniter
any point inside the unit (after the necessary connections are
made inside the unit). Each status line may be configured
through jumpers as shown below: .

(ﬂ o Q O> =) &}
Q o 4] Q (0 o
o Q Q

Contact Pull to Pull %o
Closure Ground +24 Volts

The 8 status lines are independently configurable, i.e. status
line #1 may be a contact closure, status line #2 may be pulled
to ground and status line #3 may be pulled to +24 volts upon
actiyation,

Below is a list of the terminal bleck screws which correspond
te the various status lines:

Contact Pulled to Pulled to
Closure Ground * +24 Veolts *
Status Line #1 1-2 1 2
Status Line §#2 3-4 3 4
Btatus Line #3 E~-6 5 &
Statys Line #4 78 7 8
Status Line #5 9-10 9 10
Status Line #6 . 11-12 11 : 12
Status Line #7 13-14 13 14

Status Line #8 15-1¢ 14 14
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*Note: When the status line is pulled to ground or +24 volts,
pin 20 is used as the common reference ground.

As an option when the PAL is configured, the user may elect to
forfeit one of the status bits to be used as a “recovery
timer". This timer is activated when the flow through the

_ system is de-activated. It uses the 553 integrated timer chip
to perfeorm this function. R4 and C22 act as the main timing
components with Pl used as the timer adjustment. The "recovery
time" is set by adjusting Pl and measuring the voltage at TP3,
the "contrel veltage"™. The following chart determines the-
proper voltage setting for the desired recovery time:

Control Voltage Recovery time
1,0 volts 1.5 minutes
1.8 volt= 2.0 minutes
2.5 volts 3,0 minutes
3,0 volts 4.0 minutes
2.4 volts 5.0 minutes
3.7 volts 6.0 minutes
3.9 volts 7.0 minutes
4.1 volts 8.0 minutes
4.4 volts 9.0 minutes
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AéPENDIx
IV.A, WARRANTY"
1. Subject Lo exceptions stated helow, Environics agrees to

correct, either by repair or, at our option, replace any
Series 100 Computerized Multi-Gas Calibrator that doesz not

-Eunction within the limits of its published performance

specifications for one (1) year after delivery at the site of
the original purchaser.

This warranty requires that the instrument be maintained and
operated in accordance with the Instruction and Use Mapual
supplied with the instrument and that the defects ccourred
under normal use.

Expendable items (fuses, lamps, etc.) are excluded from this
warranty. '

Requests for warranty service must be received by Environies
within the warranty period.

Repair and service performed after expiration of the original
one (1) year warvanty peried shall be charged to the purchaser
at the parts, labor and shipping charges then prevailing.

The warranty given herein is exclusive and Fovironics shall
have no liability under any warranty express or implied.
Envircnics does not warrant merchantability or fitness for any
particular purpose to the articles covered hersunder,
Statements made by any person or representative of Environics,
which are inconsistent with the terms of this warranty shall
not be binding on Environics unless confirmed in writing by an
officer of the company or a duly authorized manager.

Environics assumes no obligation of any kind with regard to

" design modifications not authorized by Environics or repalrs

made by other than authorized service personnel.

Envirenics will only pray shipping charges for units found to
be defective,
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IVv. BAPPENDIX
Iv.B., INSTRUMENT SCHEMATICS/WIRING DIAGRAM/PARTS LIsT-
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Iv, APPENDIX

Iv.C. GAS COMPATIRILITY

The "wetted" surfaces of the standard Environics Series 100
Computerized Multi-Gas Calibrator are as follows:

Inlet Ports & Fittings: Type 316 Stainless Steel

Tubing: . Teflon
. Mizxing Chambar: Teflon
' Flow Controllers: Type 316 Stainless Steel w/Viton-
Seals
Solenoids (Span Gas): Type 303 Stainless Steel
Sclenoid (Diluent): Type 303 Stainless Stael

it is important for you to have determined the compatibility
of the gases being used with the Environics unit. Failure to
confirm that a gas or gas blend is pot compatible with the
unit provided to you will wvoid the warranty provided for the
unit. : '

Bince use aprlications and conditions of use are outside of
Envireonies® control, Environics makes no warranty or
representation regarding the results which may be obtained by
tha user, .
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ARPPENDIX

iIv.D. CALIERATING A MASS FLOW CONTROLLER

Mass flow controllers coperate on a thermal pringiple that depends
on the mass flow of the gas and on its heat capacity to gage the
temperature within a heated conduit. Since these controllers
measure the true mass flaw, they have the advantage of not
regquiring corrections for changes of temperature and pressure.
Flow rate values are usually given in standard cubic centimeters
per minute, which are measures of the volume occupied by 2 mass of
air at standard temperature and pressure, as specified by the
manufacturer.

Since mass flow contreollers are not volume displacement devices,
they require calibration at least quarterly against a displacement
device such as a bubble meter or a wet test controller, (servicing
as a secondary calibration standard.)

The flow controllers can only be calibrated within the accuracy of
the secondary calibration standard. When using thege standards be
sure to compensate for temperature and pregsure. The Seriss 100 is
initially calibrated by Eavironies to a Standard Temperature and
Pressure of 77°F and 760 mm Hg (unless specified otherwise.) The
pressure is adjusted te sea level, Depending on the type cf device
uzed, compensation for gas temperature, test device back pressure
and relative humidity may be required. Follow the instructions for
use of your flow calibration standard and incorporate =zll
compensations during the calibration.

The procedure for 2 full calibration of the TYLAN flow controllers
is contained in thelr manuzl enclosed with your unit.
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E. Replacement of Mass Flow Controllers

1f for any reason a mass fleow controller is replaced, the
following procedure should be used to electrenically "tune"
the flow controller and the Series 100 electronics package:!

1. With the unit off and unplugged, physically switch the
flow controllers, Mass flow controller number 1
. (diluent) connects to comnectar J2 on the Analog board e
(100-PC2~D2) while mass flow contrpller number 2 (span
gas) connects to connector J3 on the analog hoard
(100-PC2-D2), Be sure there are no leaks in the plumbing
when connecting the new flow contreller.

w—

2. Plug in the Series 100 and turn on the unit.,

3. set the £low controllers size in the computers memory by
pressing. £ 8 and answering the prompts. The
computer is asking for the maximum range of the f£low —
controller, ’

4. 2llow the flow contrellers to warm-up a minimum of 30
minutes. = e

3. 7zero the flow controller per the Tylan manual. .

. calibrate the flow controller per the Tylan manual Do

not become alarmed at slight display inaccuracies as
these will be adjusted later.

7. Addust the display. The adjustment for the display is
located on the analog hoard, (100 pc2-D2). Adjust Pl for
flow controller 1 and P2 for flow controller 2, First —
monitor the display at 20 percent and 100 percent of full
£low to determine if the display needs adjusting and if
so, how much. The adjustment shifts the entire display —
higher or lower but the display may be slightly
pon-linear so a compromise may have to be made such as
having the 20 percent range slightly low and the 100
percent range a little high. The user may wish to adjust ™
the display so it is most accurate at the flow most often
used. Once you determine how much to adjust, make that
adjustment. Repeat the procedure of looking at both ends —
of the scale then adjusting until the desired accuracy 1s
reached.

8. The flow controller is now ready for use.
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. Yeroing a Flow Contropller

An unfortunate reality with flow controllers iz zero drift;
therefore the flow controllers must be periodically rezeroed.
When rezeroing use the following procedure,

1.

2.

6,

Alléw the Series 100 to warm up for 3¢ minutes (minimum).

Disconnect all input gases and the output from the Series
100,

Connect a DC Voltmeter to the Series 100 electromnies on
the analog board, (100-P¢2-D2). TFor flow coentroller
number 1 connect the meter to PJ7 and cennect the
positive (red) probe to the B side of PJ7. For flow
copntroller pnumber 2 connect the meter to PJ5. Connect
the black probe to the B side and the red probe to the A
2ide., For both flow contrellers the programming Jjumpers
which are on PJ5 =nd PJ7 must remain in the A position
during ithe procedurs. To connect the red proke to the 2
pasitieon remove the programming jumper, connect the
probe, then replacs the jumper. A small probe should be
used such as an E-2 hook brand mini-hook.

Adjust the zero adjusting screw con trhe flow controller to
achieve a meter reading of negative .0L0 wvolts to
negative .030 volts. With a slight negative the drift
will generally stay below zero and will keep the Series
100 display reading zero. If the flow contreller zerc
drift is positive, théen a reading may result on the
display of the Series 100.

After making the adjustment. view the meter for one ovr
two minutes to assure that the adjustment is maintained.

Remove the probes making sure that the programming jumper
is gecurely placed in the A position of FJ53 and FJ7.

This procedure should take place whenever the unit is serviced
or every 4 months. This procedure should also be performed
whenever a pogitive reading is observed or there is a digplay
with po gas ioput.



