Operator’'s Guide for
Mercury Instruments, Inc.

Turbo Monitor (TOM)

Version 2.00
October 2003



COPYRIGHT NOTICE
Operators Guide for Mercury Instruments, Inc. Turbo Monitor
COPYRIGHT © 2001-2003 by Mercury Instruments, Inc.
All Rights Reserved.



Table of Contents

INEFOTUCTION ...ttt e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaanens 5

Y o =T od o= (o] o F USSP 6

TIB Connectors/JumpPers(IOCALION) .......coooiieiiieeie oottt eraaennanne 7
(@ 1 [ Tod Q] =1 g A U o [ 8..
POWET CONNECTION ...ttt e e e e e e e e e e e s e bbb e e e e e e e e aeaeeeenaaanas 10.
Battery BACKUP ......ooeeiiiiiiie it em——————— 10
Drawing, Connections for TOM with Slot Sensors (W/0 Modem) ..........cccvevveieiiiiiiieeeee e 11
Drawing, Connections for TOM with Blade Tip Sensors (W/o Modem) ...........cccveeeeeiiiiiieneennnnee. 12
Drawing, Connections for TOM with Slot Sensors (W/ MOAEM) .......cccovviiiiiiiieeiiiiiiiieee e 13
Turbine Interface BOard (TIB) ........ueiiiiiiiiiiiiie et enannes 14.....
Turbo Monitor Operating MOAES .......oooe i D, 1
D15 ] = | PRI 17
SeNSOr INPUE CONNECLION .......uuiiiiiiiiiiiiiiieii e e e e e e e e e e e e e e e e e e e e e ee s e s nenaan 21.....
ALBIMNS ettt et e e et e et e e aaaaaaaaaaaaaas 22

PUISE OULPULS ...ttt et e e e e e e e e e e e e e e e e s s e s e e e e e neeenean 24

4-20 MIlAMP OULPUL ..ot e e e e e e e e e s e e e e e e e e e e e e e eeeeennnn 26

TUrbo FrequeNCY BOAIT ..........cuuuiiiiiiiiiiiiiiiet et e e e e e e e e e e e e e e e e e e ammnne 27.....

Live Graphing (Turbine Related ItEMS) ......ooooiiiiiiiiie e ....... 2
N IS 11 11U = Lo PP 31
Upgrading TIB FIFMWATE ........cooiiiiiiiiii ettt e e e e e e e e e e e e e e e e e e 21......
1] 0 0 1 O Lo [ PP UUPPUP PR 30
Drawing, DOOr PArtS LIST .....ciiiiiiiiiiiiiiiiiiie ettt e et e e e e et e e e e eean e e eaeees 49
Drawing, Case Parts List (Wall MOUNL) .......coooiiiiiiiiieiieeeee et 50
Drawing, Case Parts LiSt (Meter MOUNL) .........uuuiiiiiiiiieeee e e e e 52
Drawing, Installation for Div. 1 Hazardous LOCAtIONS ............eeeiiieriiiiiiiiiiee e 54
Drawing, Installation for Div. 2 Hazardous LOCAtIONS ............eeeiiieiiiiiiiiiiiee et 55

Drawing, Wiring AAT Wt BAITIET ...ttt e e 96.......



1.00
1.01
1.10

2.00

Revision List

Initial Release
Modified: Item Code Descriptions p30-34, 37
Moved: Turbo Frequency Board p22

Connection Drawing (w/Modem)  p10
Modified: Turbine Interface Board Operation pll

Modified: Firmware Uprgrade Procedure p27
Connection Drawings pl1-13
4 to 20 milliamp output p26

Moved: Alarms p22
TIB Diagram p7

Added: Live Graphing p28
TOM Door Parts List p51
TOM Wall Mount Parts List p52
TOM Meter Mount Parts List p54

Page 4

April 2002
May 2002

May 2002



Turbo Monitor

Introduction

The Turbo Monitor (TOM) is an electronic device designed to receive inputs from the main and sense
rotors of the Invensys Auto-Adjust Turbo-Meter (AAT). The TOM uses these inputs to calculate the
adjusted volume, unadjusted volume, and percent deviation from factory calibfaiponiihe TOM

will display the totalized adjusted volume on the LCD, and output adjusted volume pulses. There is a
pushbutton on the Turbo Monitor used to display Live Main and Sense Rotor Frequencies, Live Delta
A and Live Adjusted Flow Rate as well as other configurable items. The TOM can also output the
main and sense rotor pulse signals, as well as, a 4-to-20 milliamp output that can be configured to
either Adjusted Volume Flow Rate brstantaneou8A.

The TOM requires power from a DC power supply. The standard Mini-AT battery pack is used as a
battery backup for the DC supply. Power supplies and barriers for hazardous locations (Class 1,
Divisions 1 & 2) are also available

MasterLink32 software is the primary interface to the Turbo Monitor. MasterLink32 provides the

means to configure and download data. Live graphing of both rotor frequencies, Delta A and Ad-
justed Flow Rate are also provided.

Page 5



Turbo Monitor

Specifications

Power
8.5+ 0.5 VDC 100mA max

Inputs
2-wire inductive proximity slot sensor for main and sense rotors

Outputs for data collection systems

Adjusted Volume Pulse Output (Low Frequency)

Normal Alarm Output

AbNormal Alarm Output

Auxillary Alarm Output

4-20 mA output for Adjusted Flow or Delta A

Buffered Main Rotor Signal Output (High Frequency)

Buffered Sense Rotor Signal Output (High Frequency)

Adjusted Volume Frequency Output (with optional Turbo Frequency Board)

Enclosure

Cast aluminum alloy, surface treated, baked powder coat paint
Viewing window for adjusted volume with pushbutton for display list
Stainless steel door latch with padlock hasp

Wall mounting hangars (for wall-mounted units)

2" pipestand bracket (for pipe-mounted units)

Universal Mounting Bracket (for meter-mounted units)

Certifications

UL certified for Class I, Divisions 1 & 2, Group D

CSA certified for Class I, Divisions 1 & 2, Groups C & D

Measurement Canada (conditional) #AG-0493C
Any non-compliance with regulations and specifications will be corrected by Mercury
Instruments.
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Turbo Monitor
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Figure 1

Diagram of the Turbine Input Board

Connector/Jumper
J2,J33

J4
J5
J6

J7
J8
J9

J10

JMP1

TB1
TB2
B3

TB4
TB5
TB6

(actual size)

Purpose

Connection for TIB power

Connection for LCD display

RS-232 connection for external case connector
Firmware upgrade connection #2
and connection for optional Turbo Frequency Board
RS-232 connection to instrument (not used in TOM)
CMOS connection to instrument (not used in TOM)
Connection for Adj\Vol & UnadjVol pulse output to
Mini-AT J9 (not used in TOM)

Firmware upgrade connection #1

Jumper to select RS-232 (J7) or CMOS (J8) port,
seton pins 1 & 2 (RS-232)

Form-A Adjusted Volume Pulse Output (LF)
4-t0-20 mA output connection

Form-A Pulse output connections for Normal,
Abnormal and Auxillary Alarms

RS-232 connection for modem

Buffered Main and Sense rotor pulse output

Main and Sense rotor pulse input from turbine meter
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Turbo Monitor

Quick Start Guide

The following steps will guide you to getting the TOM instrument installed and operational.

1. Carefully unpack the instrument and verify that there is no shipping damage, also verify that
nothing is missing from the shipment.

2. Open the case door and make sure there are no loose connections or loose hardware.

3. Mount the TOM using the wall hangars, pipestand mount or UMB and mounting kit provided.

4. Install six new D-cell alkaline batteries if using the Alkaline Receptacle Pack. Plug the main
battery connector into the receptacle of the power cable to the TIB. Hang the battery pack on the
screws of the battery hanger plate located inside the door. Install the battery cover if using a dispos-

able pack.

6. Connect the DC power from the transformer to the field wiring terminal strip of the TOM power
cable.

7. Connect the sensor cable to the Turbo-Meter.

TIB Power
Connections

Alkaline

Battery
Pack
TOC
Power Field Wiring
Cable Terminal Strip
_ -~
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Turbo Monitor

8. \Verify that digits appear in the LCD display (usually all zeroes). Scroll through the meter reader
list by depressing the mi-logo pushbutton on the left side of the display window to verify the instru-

ment is operating.
m d

Numeric Display

i

9. Connect a standard serial cable from the TOM serial connector to a computer serial port.

Warning: Connections to the RS-232 port fire

Turbo Monitor permitted only in non-hazardous locations
4 N\
(MERCURY)
Laptop Computer
oC_ )
RS-232 Port A\

\Serial Port

d:ﬁ \\ (.e.COM1, COM2,)

\ 4 I/O Cable
P/N 40-1629

11. Run MasterLink32 to verify that company and site specific items are set properly, especially item
98 (Meter Index Code), and items 863-868. (Com Port and baud rate may need to be set for the
Computer Serial Port. Default baud rate is 9600.)

12. Use the “Disconnect Link” function in the Instrument menu to return the TOM back to adjuster
mode. Remove the I/O cable from the side of the instrument.

13. At this point the instrument should be ready for operation.
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Turbo Monitor

Power Connection

The Turbo Monitor requires 8.5VDC from an external source to operate. The standard external
source is an AC to DC power supply (Div 1 w/barrier or Div 2) with an alkaline battery as backup
power.

When using the standard power supply, the output is connected to the Turbo Monitor power cable
(p/n: 40-2812) mounted to the left side of the case using the terminal strip provided. The Turbo
Monitor power cable should already have one connection plugged into J2 of the TIB. The alkaline
battery pack plugs into the power cable which plugs into the TIB at J3.

h—.m - Main
8 1 Power
I Connection
Battery
Pack
TOM Power
Cable
Battery
Pack
Connection
Connection to
- field wiring
. - .
Figure 2
Standard Power Connection
Battery Backup

The Alkaline Receptacle Power Pack (p/n: 40-1865) is the battery backup for the TOM. With no
external power applied, the battery pack will supply power to the TIB and sensors for approximately

48 hours.
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Figure 3
Turbo Monitor Connections with Slot Sensors
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Figure 4
Turbo Monitor Connections with Blade Tip Sensors
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Figure 5
Turbo Monitor Connections with Slot Sensors and Modem
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Turbo Monitor

Turbine Interface Board Operation

The basic purpose of the Turbine Interface Board (TIB) is to accept high-frequency pulses from the
main and sense rotor sensors of the Auto-Adjust Turbo-Meter (AAT), compute the Invensys algo-
rithms, and output low-frequency adjusted volume pulses. The value of each of the low-frequency
pulses is determined by the setting at item 098 (Meter Index Code). The TIB will check the main and
sense rotor frequency every 1 second and send Adjusted and Unadjusted volume pulses when the
volume accumulated has reached the value at item 098.

The Adjusted Volume (y) and Unadjusted Volume (Yare calculated as follows:

P, P P
V = —u s V = =M
A KM KS v KMO
Where:V, = Adjusted Volume Y = Unadjusted Volume
., = Main Rotor Pulses = Sense Rotor Pulses

P
K,, = Main Rotor Factor K= Sense Rotor Factor J& = Mechanical Output Factor

The calculated values of Adjusted and Unadjusted volume should be very close to each other. How-
ever, flow conditions, mechanical problems and electrical problems can cause a deviation between the
two. This deviation is calculated by the TIB as a percentage. This percent deviation from factory
calibration is known as Delta AQ). The value of Delta A is updated every Auto-Adjust cycle. The
Auto-Adjust cycle is defined as every 25,000 main rotor pulses or every 8.5 minutes, whichever
occurs first.

Delta A is calcultated as follows:
100

bar

WhereAA = % Deviation from Factory Calibration = Average Relative Adjustment at
factory calibraton
P,, = Main Rotor Pulses = Sense Rotor Pulses

Ky = Main Rotor Factor K= Sense Rotor Factor

bar
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Turbo Monitor

Turbo Monitor Operating Modes

While in service, the Turbo-Monitor is always in one of three operating modes. The operation of the
instrument in each state is well defined and suited to a particular purpose. The three states are
referred to an “Operating Modes” and are:

1. Adjuster Mode
2. Meter Reader Mode
3. Serial Access Mode

In all three Modes, the Turbo Monitor may be receiving and processing sensor inputs.

Adjuster Mode

The Turbo Monitor normally operates in the Adjuster Mode. The other two modes always return to
the Adjuster Mode when completed. While in adjuster mode, the totalized adjusted volume continu-
ously appears on the LCD display.

Main and sense rotor pulses are detected by proximity slot sensors installed in the meter. The pulses
are detected and always counted by the TIB electronics. The adjusted volume algorithm is calculated
and the adjusted volume is displayed in the volume units selected (item 092).

Meter Reader Mode

This mode provides the meter reader the ability to view instrument item values in additional to the
adjusted volume without opening the door. By pushing the “MI” button on the left edge of the
display window, the meter reader can scroll through a sequence of readings.

At the time the meter reader activates the unit with the first display button input, the display will step
through each item with every display button input and return to the Adjuster Mode after the last item
is displayed. After a one minute time-out for non-live displays or a 10 minute time-out on live dis-
plays, the unit will automatically return to the adjuster mode. Input pulses that were processed while
in Meter Reader Mode will be applied to the Adjusted Volume total and displayed on the LCD when
returning to Adjuster Mode.

Serial Mode

Serial Mode allows the factory or the user to configure the Turbo Monitor. Serial access is gained
through the use of a laptop computer running the instrument’s companion software, MasterLink32,
but requires the instrument to be connected to the computer’'s RS-232 serial port. The user must
enter MasterLink’s five-digit access code (default: “22222") at the computer’s keyboard.

There are two levels of serial access. Level 1 Access permits a limited number of parameters to be
displayed and changed if authorized. Also, if authorized, Alarm viewing and Alarm clearing are
possible. The user must enter a valid five-digit access code (default: “11111”) at the computer’s
keyboard to gain software access. Level 2 Access permits full instrument configuration. Any instru-
ment parameter may be displayed and changed. The user must enter a valid five-digit access code
(default: “22222”) at the computer’s keyboard to gain software access.
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Turbo Monitor

When attempting to establish a serial link to the Instrument, the software may request the user to
input a five-digit Instrument Access Code. This access code is necessary to maintain instrument
security. The default Instrument Access Code is: “33333". This access code may be changed, if
desired, when the user is at Level 2 Access.

The Turbo Monitor’s Serial Mode permits data transfer to and from the on-board memory of the
instrument. The Turbo Monitor serial port operates at RS-232 levels. The serial device must be able
to communicate using Mercury’s serial data protocol. While in serial mode, input sensor pulses will
continue to be counted and processed, the Adjusted Volume display will continue to be updated and
Adjusted volume pulses will continue to be output.

A low power modem (such as the Mercury Messenger Modem) may be installed in the Turbo Moni-
tor enclosure and share power from the main battery. Modems are generally used to transfer data
from a remote location to a host computer. All serial devices require Mercury’s Serial Protocol in the
communication driver.
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Turbo Monitor

Display
The TOM has a built in alphanumeric display that displays the totalized Adjusted Volume. Pressing
the ‘mi’ button allows the user to scroll through a configurable Display List.

Pushbutto Display

Figure 6
TOM display window

Figure 7
TOM display test
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Turbo Monitor

Default Meter Reader Display

While in the Meter Reader Mode, the Turbo Monitor continues to recognize and accumulate meter
input pulses. Also, 1 and 10-minute time-outs are used to automatically return the instrument to the
Adjuster Mode. By design, the Adjuster Mode requires much less electrical energy than all other
operating modes. The time-out periods are a safeguard to insure that the batteries are not needlessly
wasted.

Refer to Figure 8 on Page 19. This is a flowchart of the default meter reader list. After the initial
press of the pushbutton, the Turbo Monitor’s operating program determines if there are any active
alarms. Active alarms, while in the Adjuster Mode, are indicated by displaying all decimal points in
the adjusted volume displayed on the LCD. If there are active alarms, all active alarm codes are
displayed before the normal meter reader list items are displayed.

NOTE: While in the alarm display routine, all alarms may be cleared by allowing the instrument to
time-out during the display of “E.E.E.E.E.E.E.E”. If the instrument receives a pushbutton input
during the “E.E.E.E.E.E.E.E” display, the alarms are not cleared and the sequence moves to the
“Display Test” display. Refer to the section “Clearing Alarms” for more information.

If there are no active alarms, the “Display Test” is the first meter reader list item. It provides a visual
means of verifying that all LCD segments and decimal points are fully functional. If the “Display

Test” does not appear as in Figure 7 on Page 17, the item code values and legends may not be accu-
rately displayed.

When the Turbo Monitor receives a pushbutton input during the “Display Test”, the current value for
Adjusted Volume is displayed. Each additional pushbutton input will cause the next item code value
to scroll onto the LCD. As each item is displayed, the name of the item will be displayed first. If the
pushbutton is pressed while the name is displayed, the LCD will scroll to the next item name without
showing the item code value. This allows the operator to quickly scroll down to the desired item.
When the last Meter Reader item is being displayed, a pushbutton input will cause the LCD to go
blank for 1-second while the instrument processes any stored uncorrected input pulses, prior to
returning to the Adjuster Mode.

The default list consists of the following:

LCD Names: Item:

Display Test
AV *** Adjusted Volume
U-AV *** Unadjusted Volume
BAT-VOLT Battery \oltage
| DELT-A Instantaneous Delta A
MAIN HZ Main Rotor Frequency (Live)
SENSE HZ Sense Rotor Frequency (Live)
A-V RATE Adjusted Volume Flow Rate (Live)
| DELT-A Instantaneous Delta A (Live)

Note: *** will be displayed as the volume units (set at Item 092, default is MCF).
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Turbo Monitor

ADJUSTER

MODE
no IBUTTO yes ALARMS yes
INPUT PRESENT

no

DISPLAY TEST

ALARMS CODE
DISPLAY

NEXT ALARM |

CHANGE TO

ADJUSTED
VOLUME

MIBUTTON
INPUT

E.E.E.E.E.E.E.E.
DISPLAY

UNADJUSTED
VOLUME

IBUTTO
INPUT

BATTERY
VOLTAGE

IBUTTO

INPUT
INSTANTANEOUY ALARMS
DELTAA CLEARED
TOM ALARM CODES
..E.0.9.9.. Battery Low Volt Alarm
WARNING Normal Alarm
LIVE ITEMS ABNORMAL Abnormal Alarm
- -FLOW- - Pulsing Gas Alarm
no ..E.8.7.5.. TIB Internal Fault
es
M A TOM LIVE ITEMS
Main Rotor Frequency (Hz)
yes Sense Rotor Frequency (Hz)
Adjusted Volume Flow Rate
Instantaneous Delta A
Figure 8

Default Meter Reader Display
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Turbo Monitor

The meter reader list is divided into four sections:

Section 1: Alarms (Displayed only if alarms are active)
Section 2: Display List 1 (configured by Items 130-135)
Section 3: Live Items (non-configurable)

Section 4: Display List 2 (configured by Items 075-086)

Display List 1

Display List 1 consists of six item codes (130-135) which define what items will appear in section 2 of the
meter reader list. Normally, Display Test, Adjusted Volume, Unadjusted Volume, Battery Voltage and
Instantaneous Delta A are the items assigned to Display List 1. However, any instrument item code can
be placed into Display List 1. If less than six items are required, place the value “255” into the item code
location after the last desired Display List 1 item. When the Display List 1 item values are displayed, all
eight digits on the LCD are used, unless the volume items are configured for fewer digits using Item Code
097.

Live Parameters Display

The Live Parameter Display (section 3) will allow Live Main Rotor Frequency, Live Sense Rotor
Frequency, Live Adjusted Volume Flow Rate, and Live Instantaneous Delta A to be displayed.
These should not be confused with Item Codes 881 (Main Rotor Frequency), 882 (Sense Rotor
Frequency), 853 (Adjusted Volume Flow Rate) and 869 (Instantaneous Delta A). The purpose of
providing Live parameters is to allow the meter technician to monitor real-time meter parameters
without the use of a laptop computer.

Note: Remember, all Mag List 1 & 2 items have a 1-minute timewzdiall four live parameters
have a 10-minute time-out.

Display List 2

Display List 2 consists of twelve item codes (075-086) which define what items will appear in section 4
of the meter reader list. The factory default has no items in this list, however any Turbo Monitor item code
can be placed into Display List 2. If less than twelve items are required, place the value “255” into the
item code location after the last desired Mag List 2 item.
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Turbo Monitor

Input Parameters from the Auto-Adjust Turbo-Meter
It is critical that the following Turbo Monitor items are properly configured with parameters from the
Turbo-Meter. Without properly configuring these items, the Turbo Monitor will give incorrect
volume readings.
The items are:

863  Meter Serial Number

864  Turbine Meter Size

865 Km Meter Factor - pulses per cubic foot of the main rotor

866 Ks Meter Factor - pulses per cubic foot of the sense rotor

867 ABar Meter Factor - average amount of adjustment from factory calibration

868 Kmo Meter Factor - pulses per cubic foot of the mechanical output (unadjusted)

The values for these items are found on the Turbo-Meter’s serial plate with the exception of Kmo
Meter Factor which can be found on the turbine’s data sheet. Note: It is very important that Item 868
(Kmo Meter Factor) is properly configured. If not, the TIB will be unable to compute the Unad-

justed Volume.

Sensor Input Connection

The main and sense rotor signals are to be connected from the Turbo Meter’s slot sensors to TB6 of
the TIB board using the supplied 4-foot Sensor Cable (p/n: 40-2833-1). An optional 25-foot sensor
cable is available for remote mount locations (p/n: 40-2833-25).

Sense Rotor +
(white)
Sense Rotor -
(orange)
Main Rotor +
(red)
Main Rotor -
(black)

Shield wire
(clear)

Optional T
Messenge T :
Modem Board - ; L

Sensor Cable

Figure 9
Sensor Cable Connections
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Alarms
While in the adjuster mode, the LCD will display decimal points between each numerical digit when
the instrument has recognized an alarm.

Examples:

[0.0.0.4.5.6.7.8 | 00045678

LCD with Alarms LCD without Alarms

Press the mi logo to activate the display list, which will display the first alarm code on the LCD.
Continue scrolling using the push button to display additional alarms, if they exist. After

displaying the last alarm code, continual use of the button will cause the normal Meter Reader List to
be displayed on the LCD. Table 1 on Page 23 is a listing of all alarms currently available from the
Turbo Monitor.

Clearing Alarms

The Turbo Monitor is configured to allow manual clearing of alarms using the display button. To
clear all instrument alarms, scroll through the alarm codes until the LCD displays “E.E.E.E.E.E.E.E”,
then simply allow the display to time-out, which takes about 1-minute. After the “E.E.E.E.E.E.E.E”
display has timed-out, the LCD will display the first item of the Meter Reader List, usually the Dis-
play Test, “8.8.8.8.8.8.8.8". This will happen only if Item 128 (Mag Alarm Acknowledge) is en-
abled. Ifitis disabled “E.E.E.E.E.E.E.E” will not be displayed, and the alarms cannot be cleared
using the display button. Additionally, alarms may be cleared using the “Display and Clear Alarms”
function in the MasterLink32 software.

HELP mode

When the Battery Voltage (Item 048) drops below the Shutdown Voltage (Item 050, usually 4.8
volts), the instrument enters HELP mode. In this mode, the LCD will display “. .H.E.L.P. .” to

signify that the battery has reached a critical level. The batteries should be replaced immediately
when the instrument is in HELP mode. After replacing the batteries, if the voltage is above 5.5 volts,
a push button input or serial access will wake up the instrument. This will allow the Turbo Monitor
to function normally again.

Report By Exception

RBX (Report By Exception, Item Code 165) is another alarm function that must be enabled using
MasterLink32 software. When enabled, the RBX function automatically clears an instrument alarm
after an alarm parameter has returned to its normal operating range, buffered by a user specified dead
band. RBX will also clear the dots on the LCD when an alarm is cleared.

Alarm Outputs

The Turbo Monitor will generate a Form-A output on every new alarm. The alarm outputs are available

on TB3 of the Turbine Interface Board. There are three outputs available: the Normal alarm, Abnormal
alarm and Aux out. The Aux out channel is used for the low battery, internal fault and pulsing gas

alarms. Atthe occurrence of any alarm, the appropriate output will latch into the ON or closed state and
remain in that state until cleared by RBX, software or firmware. See figure 11 on page 26 for the wiring

locations of the alarm outputs.
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Alarm Description | ftem # | Alarm Display| RBX ltem # | Limit tem #
Fixed in
Battery Low 099 .E.0.9.9. : 049
Firmware
. Fixed in Fixed in
Pulsing Gas Alarm | 874 --FLOW-- . .
Firmware Firmware
TIB Internal Fault 875 .E.8.7.5. None None
Normal Alarm 877 WARNING 879 872
Abnormal Alarm 878 | ABNORMAL 880 873
Replace Main
P HELP| . HELP.. None 050
Battery (Shutdown)
Initial Recomended Alarm Configuration
Alarm Band Dead Band
Operating Conditions Normal Abnormal Normal Abnormal
(Item 872) | (Item 873) | (Item 879) | (Item 880)
Meter flow rate 50% to 100% of rateq . 0 0 o
capacity. Pressures over 275 psi. +/- 0.5% +-2.0% 0.05% 0.2%
Meter flow rate 20% to 100% of rateq +/- 0.75% | +/- 3.0% 0.075% 0.3%
capacity. Pressures over 275 psi. +/- 1.0% +/- 3.0% 0.1% 0.3%
Meter flow rate 20% to 100% of rated */-1.25% | +/-4.0% 0.125% 0.4%
capacity. Pressure range 50 to 275 gsi +- 1.5% +/-4.0% 0.15% 0.4%
' +/- 1.75% +/- 4.0% 0.175% 0.4%
Meter flow rate 5% to 100% of rated | +/- 2.0% +/- 5.0% 0.2% 0.5%
capacity. Pressures less than 50 psi. +/- 2 5% +/-5.0% 0.25% 0.5%
Table 1
TOM Alarms

Page 23



Turbo Monitor

Pulse Outputs

As a standard feature, the Turbo Monitor provides 3 Form-A pulse outputs. The outputs are
electronic switches that operate much like an ‘open collector’ transistor. All Turbo Monitor pulse
outputs incorporate opto-isolators to isolate the TIB circuitry from the devices receiving pulses.

The Pulse Outputs are as follows:
TB1:
Adjusted Volume Output (Form A, scaled to units set at item 097)

TB5:
Buffered Main Rotor signal (Pm, high frequency)
Buffered Sense Rotor signal (Ps, high frequency)

Output Pulse Specifications

1. All outputs are isolated from ground and each other.
2. Outputs are rated f&C only, from 3.0 volts to 30.0 volts. (15.0 volts for CSA) Observe polarity.
3. The pulser circuits will sink up to 5 milliamperes (DC).

The Adjusted Volume pulse width and period can be varied by the selection of Item Code 115. The
period is set to twice the pulse width. For example, a 0.0625 second pulse will have a total cycle time
of .125 seconds.

Select: 0 — 0.0625 Sec. (Default)
1 - 0.5000 Sec.
2 —1.0000 Sec.
3 - 0.1250 Sec.
4 — 0.2500 Sec.
Form-A
Value
At Pulse Pulse Max Pulse
Item Code 11 Off Cycle Repetition
Code (Sec) Sec. Sec. Rate, CPS
0 .0625] .0625 125 8
1 .500 .500 1.000 1
2 1.000] 1.000 2.000 5
3 125 125 250 4
4 .250 .250 .500 2
Table 2

Output Pulse Codes
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Pulse Collection Device

]
- + Pulse
| DC Counte
/47 Power

4+ -——— -

:— Q ® TIB

| F -

| Pulse

| Output
Figure 10

Pulse Connection Circuit

The pulse timing chart on this page compares the relationship of Pulse Width, Pulse Cycle, Pulse Off
Time and Pulse Repetition Rate.Table 4

0.0 Sec. TIME 1.0 Sec. TIME &0 Sec.
/7

FORM-AITEM 115 = .0625 KY, PULSE WIDTH = .0625 Sec. PULSE OFF = .0625 Sec.

|
DA H DA ARDANA A
|

pulse cycle = .125 Sec.

FORM-AITEM 115 = .500 KY, PULSE WIDTH 3 .500 Sec. PULSE OFF = .500 Sec.

| pulse cycle = 1.00 Sec.

FORM-AITEM 115 =1.00 KY, PULSE WIDTH :I 1.000 Sec. PULSE OFF = 1.000 Sec.

L ) pulse cycle = 2.00 Sec.
|
FORM-AITEM 115 = .125 KY, PL{LSE WIDTH :| .125 Sec. PULSE OFF = .125 Sec.

/i

| | pulse cycle = .250 Sec.
FORM-AITEM 115 = .250 KY, PULSE WIDTH 5 .250 Sec. PULSE OFF = .250 Sec.

pulse cycle = .500 Sec.
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4-20 milliamp output

In addition to the pulse outputs, the Turbo Monitor has a single 4-to-20 milliamp output channel available
atTB2. The TIB updates the 4-20mA output every 5 seconds. The channelis configurable to output either
Delta A or Adj Vol Flowrate, and the selection is made at item 871. The limits for Delta A output are
fixed at -5% (4ma) and +5% (20ma). The Adj Vol flow rate limits are user selected at items 884 (20ma)
and 885 (4ma). The output is loop powered, and must have a minimum of 9VDC across the + and -
terminals under any load condition.

The 4-20 milliamp output function can be verified by changing the selection atitem 871. Depending on
the setting, the 4-20 mA output can provide a constant 4, 12 or 20mA signal for verification purposes.
After verification, Item 871 should be set back to either Delta A or Adj Vol Flowrate for the output to
function normally.

W
TB1 Adjusted TB2 4-20ma
Volume output output
I I""' diiiii ' 1
= :-i -‘; - ‘ll
TB3 Alarm = Wi Ry
outputs : Lt _
TB5 Main and
Sense rotor
outputs
(high frequency)
Figure 11
Pulse and 4-20mA Output Connection Locations
4-20mA 4-20mA
24vDC |- + . —
Supply E 3 Receiver ﬂ Receiver
1 (w/o powered loop “1 (w/ powered loop
TIB
-+ -+
4-20 4-20
output output

Figure 12
4-20mA Output Connections
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Turbo Frequency Board (TFB)

The Turbo Frequency Board (TFB) is an optional accessory that outputs a proportional signal for
Adjusted Volume flow, providing up to 1,000 pulses per second at the specified 100% flow rate of

any Auto-Adjust Turbo-Meter. The high frequency output is accurately scaled so that each pulse can
be accumulated for remote volume readings (eitiearft?®) or may be used as a flow rate signal. A
maximum frequency parameter (Item 889) permits the user to select the desired number of pulses that
will correspond to the maximum rated flow of the meter. Choices for maximum frequency are 50,

100, 200, 500 or 1,000 hertz. The size of the turbine meter (Item 864) and the meter index units

(Item 098) will also have to be set.

The Turbo Frequency Board (TFB) plugs into the TIB at connector J6 and is secured by two mounting
screws. The TFB receives its power and input signal through J6 while providing the output frequency
at TB1. The frequency output, which must be wetted by a 3-15 volts DC receiver, is controlled by the
setting at Item Code 889.

The TFB includes a red LED (D1) that blinks at the slow rate (once per second) when power is first
applied while it is waiting for a valid packet of data. The faster rate (7 times per second) indicates that
a valid packet has been received and an output frequency has been transmitted to the opto-coupler
During normal operation the LED will always blink at the faster rate.

MERGURYT INSTRUMENTS INC
MADE N USA

TROITITIE L bt *Fél e |\ LED (D1)
e S BN L o aSSY (eanan

(Y ot A st O PCB 40=2887-X | _
connection L HESRLNRIT ¥ s 18Y-11 i Mounting
to TIB J6 | oy NS - | points

(reverse side of\§ S T ' Fggg””l}a j
board)

connection (TB1) &=
7 e

Turbo Frequency Board Installed
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Turbo Frequency Board Pulse Factors

Meter Output Frequency @ Max. Flow Rate
(English) 50 Hz. 100 Hz. 200 Hz. 500 Hz. 1000 Hz.

Model |Size | Blade |Pulses| Ft®per |Pulses| Ft*per [Pulses| Ft®per [Pulses| Ft*per |Pulses| Ft®per

(in.) | Angle Jper Ft®| pulse |per Ft¥| pulse [per Ft?| pulse |per Ft?| pulse |per Ft¥ pulse
AAT-18 4 45° 10 |0.100000| 20 |0.050000( 40 |0.025000( 100 |0.010000| 200 |0.005000
AAT-35 6 45° 5 ]0.200000( 10 |0.100000, 20 |0.050000] 50 |0.020000( 100 {0.010000
AAT-60 8 45° 3 ]0.333333( 6 |0.166667| 12 |0.083333] 30 |0.033333| 60 [0.016667
AAT-140| 12 45° 1.2 |0.833333| 2.4 |0.416667| 4.8 |0.208333] 12 [0.083333| 24 |0.041667
AAT-27 4 30° 6 |0.166667( 12 |0.083333] 24 |0.041667] 60 |0.016667[ 120 (0.008333|
AAT-57 6 30° 3 |0.333333( 6 |0.166667] 12 |0.083333] 30 |0.033333[ 60 [0.016667
AAT-90 8 30° 2 ]0.500000( 4 |0.250000, 8 |0.125000] 20 |0.050000{ 40 [0.025000
AAT-230| 12 30° 0.8 |1.250000| 1.6 |0.625000, 3.2 |0.312500[ 8 |0.125000( 16 |0.062500

Meter Output Frequency @ Max. Flow Rate
(Metric) 50 Hz. 100 Hz. 200 Hz. 500 Hz. 1000 Hz.

Model | Size | Blade |Pulses| m®per |Pulses| meper [Pulses| méper [Pulses| méper [Pulses| m?per

(mm)] Angle |per m¥ pulse [per m¥ pulse [per m3| pulse |per m3 pulse [per m¥ pulse
AAT-18 | 100 | 45° 350 |0.002857| 700 |0.001429] 1400 (0.000714| 3500 (0.000286| 7000 |0.000143]
AAT-35 | 150 | 45° 175 |0.005714| 350 (0.002857| 700 |0.001429| 1750 |0.000571| 3500 [0.000286
AAT-60 | 200 | 45° 105 |0.009524| 210 (0.004762| 420 |0.002381| 1050 |0.000952| 2100 [0.000476
AAT-140| 300 | 45° 45 |0.022222( 90 |0.0111111f 180 |0.005556| 450 |0.002222( 900 (0.001111
AAT-27 | 100 | 30° 210 |0.004762| 420 |0.002381| 840 |0.001190( 2100 [0.000476| 4200 |0.000238
AAT-57 | 150 | 30° 105 |0.009524| 210 (0.004762| 420 |0.002381| 1050 |0.000952| 2100 [0.000476
AAT-90 | 200 | 30° 70 ]0.014286( 140 |0.007143| 280 |0.003571| 700 |0.001429( 1400 |0.000714
AAT-230( 300 | 30° 28 |0.035714| 56 |0.017857| 112 |0.008929| 280 |0.003571| 560 |0.001786

Table 3
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Live Graphing (Turbine Related Items)

The Turbo Monitor, via MasterLink has the capability to graph turbine related items. The graphable
items are Main Rotor Frequency, Sense Rotor Frequency, Instantaneous Delta A and Adjusted Vol-
ume Flow Rate. These items can be graphed one at a time, or all at once if desired. Each item has a
configurable scale, line color and line style. The graph is ‘live’ with a configurable update interval

and viewing interval. Figure 14 below shows a sample graph with all four items on the graph. Notice
that the last updated value of each item is shown in a display box at the bottom of the graph. The
graph also has a tool bar at the top that is used to customize the graph. The toolbar can be used to
change background colors, show gridlines, zoom in or out and show the graph in 3D. There are three
buttons at the bottom of the graph. The Graph Setup button will pull up the Graph Configuration
screen discussed on page 30, while clicking the Reset Style button will reset the configuration to
default. The Close button will exit the Live Graph.

B2 Live Turbine Graph M= E

S| [E2e] (=] || WiE| £ i[5

Site: Turbo Mon 00000000 - 00D000D00D
Started: 8/22/2003 9:46:39 AM

=

[a}

[

L

=

= 23?.?4' /

s
B S —
B 9:49:24 A 9:49:56 AM 95016 AM
.‘%

o

o 54.00

g 3600 — I
£ 1800 I

i 9:43:24 A 9:49:56 AM 95016 AM
B

=

2

=

¥ 2807692

=

I 2000000
z 9:49:24 A 9:49:56 AM 95016 AM
L

=

= 500

L

[}

@ 0.00

o

§  -500
t 9:49:24 AN 8:49:56 AR 95016 A
E Tirne

Main Fotor Frequency Senze Rotor Frequency Turbine Adj Flow Rate  Instantaneous Delta &

o . ETEE REE Graph Satup Dl
Figure 14

Live Graph Display
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Live Graph Configuration

The live graph can be set-up using the Graph Configuration shown below in Figure 15. The Y Axis
Item column is used to choose which items are to be graphed. Clicking on the drop down arrow will
cause a list of items to appear. Simply select the desired item from the list. If only one or two items
are to be graphed, select those items for the first one or two and change the remaining items to none.
The Y Minimum and Y Maximum colums are use to select a range of values to scale on the graph.
The Color and Line Style colums are used to configure the type of line to be displayed on the graph.

Other graphing options are set in the lower ‘Options’ portion of the Setup screen. The reading
interval is used to set up how often the software interrogates the Turbo Monitor for the information
that is being graphed. This can be set from 1 to 30 seconds. The X-axis with configures how much
of a time interval to show on the graph. The default is 30 seconds. There are also two check boxes.
The first is for displaying the toolbar, which appears at the top of the graph. The second is for dis-
playing data point on the graphing lines.

Turbine Graph Setup |

—Graph Configuration
v iz | bem v b inirmum ' bd amirnunm Color Lite: Style
I W ain B ator Frequency j ID |45|:| I Red j I Solid Line [T hin) j
I Sense Botor Frequency j IU IED I Fed j I Salid Line [T hin) j
| Turbine AdiFlow Rate =] [20000 | 35000 | Green =] |solidLine [Thin) =]
I Instantaneous Delta A j |-5 |5 I Elue j I Salid Line [Thin] j
~Options
Reading Intereal I'I— Seconds [1-30) X Show ToolBar
% s Wit IS‘EI— Soesrdhs [ Show Data Paints on Lines
Load Setup | Save Setup ok Cancel
Figure 15

Live Graph Configuration
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AAT Simulator

A compact device is available for testing the electronic functions of a Turbo Monitor. The AAT
Simulator (p/n 40-2835) will simulate main and sense rotor inputs from the AAT. Two rocker
switches are provided, a two position switch to change the main rotor frequency, and a three postion
switch for changing the sense rotor frequency which will in turn affect the Delta A value. The device
is connected to the Instrument through the sensor cable, and can be powered by a standard battery
pack.

Connection to
Battery Pack

Connection to
Sensor Cable

i =MEN  +  BUE=CND (—)
GAN = SE%SE +  RED = 6N

'AAT SIMULATOR

PAAT & 402805
| @ S £ DAY

______Turbine Data
to be entered

Sense Rotor
Switch

Main Rotor
Switch
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Upgrading TIB firmware

1. Items Required
a PC with Windows 95/98 OS (or higher)
a Firmware Upgrade Manager software (FWUM) version 2.1101 or later
Install Firmware Upgrade Manager software using the following steps:

- Insert the 3-1/2” floppy disk containing the Firmware Upgrade Manager Software
(disk #1) into drive-A.

- Click the WindowsStart button and sele&®un from the Start Menu

- In the run box, type iA:\setup.exe

- The Screen will display: “Firmware Upgrade Manager Setup”. At the bottom of the
screen will be a dialogue box to choose the installation drive (default is C:\). Select
the drive letter you wish to install to and press continue

- Setup will begin to install the files for Firmware Upgrade Manager from disk #1.
After disk #1 is complete, setup will prompt for disk #2. Insert disk #2 and continue
the installation.

- At the end of the installation, there will be a message stating that the installation is
complete. At this point, setup will give you the option of restarting the computer to
update the system. Select “Yes” to update the system and restart the computer.

a Mercury Programming Adapter (MPA) p/n 40-2620, with version 1.1002 firmware (or higher).

0 RS-232 serial 1/0 cablep/n 40-1629

a TIB Firmware file for Controller 103 (U15) (TIBxxxxx.tbx) an@llB Firmware file for Controller
8515 (U9) (T8BxxxxX.t8x)

a TOC Power cablep/n 40-2809-1 (with battery or DC power connected)©@M Power cable
p/n 40-2812 (with battery or DC power connected)

a TIB Programming/Voltage Adapter Cable, p/n 40-3058 for supplying DC voltage to TIB
programming port. This cable is sometimes required when programming certain TIB boards that
needs a higher DC voltage (3.9 V DC) applied directly to the programming port to program the fuse
bits in the main Controller (U15)
|

RED STRIPE
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2. Programming the TIB:

21 Programming the 103 Microcontroller ( U15 ) with Mercury MPA (only)
1. Connect MPA to PC serial port via the 40-1629 cable.

2. Connect MPA ribbon cable (10-pin header conn) to TIB (J10) port (red wire to pin #1).

PC running
FWUM
version
2.1101

3. Start Mercury Firmware Upgrade Manger and select “TIB “ from icon toolbar. A Dialog box
appears to explain the sequence of connecting the MPA ribbon cable during programming.

B Firmware Upgrade Manager 2.1101 872072003 10:39:28 AM

File Setup Help

Mini-Max rr (e D MPA =0 7]
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Open
File name: Folders:
= thx:=_tib;=.t8x | c:Amercuryswumifirmware

Cancel
L] tBx ) L

tib20101 .thx =5 mercury Network...

=5 Fwum —
Lizt files of type: Dnves:
|TIB Firmware ﬂ | = c: jheland ﬂ

4, Send ... \ tibXXXXX.tbx” file (use file browser if required).

Connection E

\]1-) Enzure that the MPA iz plugged inta J10 on the TIB board.

5. FWUM erases, programs and then verifies the upgrade. The Firmware Upgrade Manager
indicates upgrade successful when complete.

Upgrading Main TIB Firmware E Upgrading Main TIB Firmware E

Status: Status:

Sending new firmware ... Verifying upgrade. ..

Progress: Progress:

[ e | [ e |

Upgrade Complete E

Upgrade of Main TIB
Firmware to version 2.0101
was successfull
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2.2 Programming the 8515 Microcontroller ( U9 ) firmware with Mercury MPA

Note: The TIB requires the firmware in the 103 Microcontroller (U15) to be erased before the
firmware in the 8515 Microcontroller (U9) can be programmed. This is the reason for the MPA to be
plugged into J10 first to erase the 103 Microcontroller (U15) firmware before changing to J6 for
programming the 8515 Microcontroller (U9) firmware.

1. Connect MPA to PC serial port via the 40-1629 cable.

2. Start Mercury Firmware Upgrade Manger and select “TIB “ from icon toolbar. A Dialog box
appears to explain the sequence of connecting the MPA ribbon cable during programming
Open  HE|
File name: Folders:
= thx = tib;= t8x | c:\mercuryhfwumihrmware
Cancel |
q8b20101.t8x - et -
b -th {3 mercury Metwork. .. |
_ £ fwum —

& hrmware

Lizt files of type: Drives:
ITIB Firmware j I =) c: jheland j

3. Send ... \ t8BXXXXX.t8x” file (use file browser if required). FWUM prompts you to
connect the MPA ribbon cable (10-pin header conn) to TIB (J10) port (red wire to pin #1).

Connection B

@ Enzure that the MPA iz plugged into J10 on the TIB board. [This iz just for the purpoze of erasing the main TIB firmware. |

PC running
FWUM
version
2.1101
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4, FWUM erases the firmware in the103 Microcontroller (U15) and them prompts you to
connect the MPA (10-pin header conn) to TIB (J6) port (red wire to pin #1).

Connection [ <] |

@ Enzure that the MPA iz plugged into JE on the TIB board. [Far pragramming of the TIB 8515 firrmware. |

PC running
FWUM
version
2.1101

T —

5. The FWUM then erases,programs and verifies the 8515 Microcontroller (U9) firmware. The
Firmware Upgrade Manager indicates upgrade successful when complete.

Upgrading TIB 8515 Firmware E

" Status:

Sending new firmware ...

" Progress:

Abort

Upgrade Complete E

Upgrade of TIB 8515
Firmware to version 2.0101
was successfull
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FWUM prompts to Connect MPA (10-pin header conn) to TIB (J10) port (red wire to pin

6.
#1).
Connection E
\i,) Enzure that the MPA iz plugged into J10 an the TIB board. [Far programming of the main TIB firrmware. ] o will be
prompted to select the appropriate firmware [a *.the file).
= =7 .
o I PC running
i T f H FWUM
L ]]t il version
el b T 2.1101
(=] einumes
7. Load ... \tiBXXXXX.tbx” file (use file browser if required).
8. FWUM erases, programs and verifies the firmware in the ATMega 103 AVR
Microcontroller (U15). The Firmware Upgrade Manager indicates upgrade successful

when complete.

Upgrading Main TIB Firmware E Upgrading Main TIB Firmware E

Status:

Status:
Sending new firmware ... Verifying upgrade. ..

Progress:

Upgrade Complete E

Upgrade of Main TIB
Firmware to version 2.0101
was successfull

Progress:
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Errors”

Turbo Monitor

Programming the 103 Microcontroller (U15 ) at a higher voltage to prevent “Verification

Note : Some of the main controllers 103 Microcontroller (U15) on the TIB may need a special operation to
program the TIB if FWUM indicates a verification error and notifies the user the programming operation
failed. This is due to a group of TIB boards that were manufactured to require a marginally higher voltage
during firmware programming. The TIB Programming/Voltage Adapter Cable was created to provide the
higher voltage required. This is a one-time operation (per board) and then any future programming will not
require the use of the higher voltage.

1.

Perform steps 2.1 or 2.2 above as required to attempt TIB firmware the programming. If
FWUM indicates averification error at the end of programming the 103 Microcontroller
(U15), continue with the following steps.

To supply a higher voltage to the TIB programming ports:

Remove the incoming power connector from the V Bat connector (J2 or J3) of the TIB
Assure there are no other accessory connectors on J2 and J3 connectors TIB.

Install the keyed, three pin header of the TIB Programming/\oltage Adapter Cable into the
power cable originally connected to TIB J2 orAISD connect the 10 pin ribbon cable
(opposite end of the TIB Programming/Voltage Adapter Cable) into J6 on the TIB.

RED STRIPE

PC running
FWUM
version
2.1101

Program the main controller, i.e., the 103 Microcontroller (U15) per step 2.1 above.

Remove the TIB Programming/\Voltage Adapter Cable from J6. Reconnect the incoming
power cable to the TIB Vbat Connector (J2 or J3). Reconnect any accessory connectors to
the TIB Vbat connectors if removed in step 2 above. Repeat all the steps in section 2.2, if
required.
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Item Codes

ltem

No. Item Name Description

048 Battery Voltage Main battery voltage measured at last wake-up.

Default = 0.00

049 Battery Voltage Low Limit  Low limit for main battery voltage, initiates alarm (item 099) if
voltage drops below this value.
Default = 5.50

050  Shutdown Voltage The voltage level at which most of the electronic circuits
terminate operation. “..H.E.L.P..” is displayed on the LCD as
an indication that the battery is dead and needs replaced.

Default = 4.80

075 Mag List 2 Item 1 Item number of the first item displayed in MAG LIST #2. The
display of this selection follows the display of LIVE Parameters (if
enabled at item 129) or the last MAG LIST 1 ITEM (if enabled,
items 130-135). If neither LIVE Parameters nor MAG LIST 1
items are enabled, the item programmed into item 075 will be the
first Mag Read Item to be displayed in the Meter Reader List. Any
TOM item number may be entered as a Mag Read Item.

Default = 255 (End-of-List)

076 Mag List 2 Item 2 Item number of the next Mag List #2 item. Any item code may be
selected, or enter the value “255” at this item to indicate the
End-of-List.
Default = 255 (End-of-List)

077 Mag List 2 Item 3 Same as Item 76 above.
Default = 255 End-of-Lisf)

078 Mag List 2 Item 4 Same as Item 76 above.
Default = 255 End-of-Lis)

079 MagList 2 Item 5 Same as Item 76 above.
Default = 255 (End-of-List)

080 Mag List 2 Item 6 Same as Item 76 above.
Default = 255 (End-of-List)

081 MagList2Item7 Same as Item 76 above.
Default = 255 End-of-Lis)

082 Mag List2 Item 8 Same as Item 76 above.
Default = 255 End-of-Lis)
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[tem
No.
083

084
085
086

092

097

098

Iltem Name
Mag List 2 Item 9

Mag List 2 Item 10

Mag List 2 Item 11

Mag List 2 Item 12

Vol Unit Code

Vol Display Resolution

Meter Index Code
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Turbo Monitor

Description
Same as Item 76 above.
Default = 255 End-of-Lis)

Same as Item 76 above.
Default = 255 End-of-List)

Same as Item 76 above.
Default = 255 End-of-Lis)

Same as Item 76 above.
Default = 255 (End-of-List)

Code 0-14) that selects the display units, Adjusted Volume pulse
output units and units of measure for Volume Related Items (850-
854).

Default =8 (MCF)
Possible selections for Item 092 are:

0-CUFT 8 - MCF
1-CU FTx10 9 -m3x0.1

2 - CUFTx100 10- m3

3-CF 11- m3x10

4 - CFx10 12 - m3x100
5- CFx100 13- m3x1000
6 - CFx1000 14 - CFx10000
7-CCF

Cod@-4) that selects the number of digits (out of eight) to be
blanked on the left-side of the volume displays (items 850 and
852).

Example:
Select:0 - NO BLANKS-Default 12345678
1-1BLANK 2345678
2-2 BLANK 345678
3-3 BLANK 45678
4 - 4 BLANK 5678

Code 0-10) that selects the totalizer unit of measure for Volume
related items (Items 850 through 854)

Select:0- 1 CF 6-1m3
1-5CF 7-10m3
2-10CF 8-100 m3
3-100 CF 9-1000 m3
4 - 1000 CF-----befault 10- 10000 CF
5-.1m3



[tem
No.
099

115

128

130

Iltem Name
Battery Low

Pulser Scaling Factor

Mag Alarm Acknowledge

Mag List 1 Item 1

Turbo Monitor

Description

This item (099) indicates if a low voltage alarm for the main
battery was generated. During a wake-cycle, if the
measurement for item 048 (BATTERY VOLTAGE) is a value
less than the value at item 049 (BATTERY LOLIM V), an
alarm is initiated and is indicated by placing dots on the LCD
and “11111111” at item 099. “00000000” at item 099
indicates there is no Low Battery Alarm. The alarm indicators
will remain active until manually cleared (by software) or
automatically when RBX (item 165) is enabled.

Default = 00000000

Code 0 - 4 to provide slower pulse rates for remote counter/
readout devices that require more time to process volume pulses.
The coded value represents the pulse width in seconds. The pulse-
on time is half of the pulse cycle. The standard pulse-on time for a
Form-A output is 62.5 milliseconds.
Select:0- 0.0625 Default

1-0.500

2-1.000

3-0.125

4 -0.250

Cod® 6r 1) to enable or disable the clearing of all active alarms
using the mag wand. During the Meter Reader List, an
“E.E.E.E.E.E.E.E” display will appear after scrolling through all
active alarms. Allowing the instrument to time-out (1-minute) at
this display will clear all alarms. If instead, the mag wand is used
to scroll to the next mag list item before the “E.E.E.E.E.E.E.E”
display times-out, the alarms are not cleared. This feature is most
useful if alarms need to be cleared and a laptop computer is not
available. If item 128 is configured for “Disabled”, the
“E.E.E.E.E.E.E.E" pattern will never be displayed.

Select0 - Disabled------ Default
1 - Enabled

Item number of the first item displayed in the Meter Reader List,
unless there are active alarms. Active alarms are always displayed
prior to the selected mag listitems. Any Turbo Monitor item may
be entered as a mag list item. Enter a 255 for this item if the Mag
List 1 function is to be disabled. See the section on using the Meter
Reader List for more information.

Default =061 (Display Test)
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[tem
No.
131

132

133

134

135

165

170

Item Name
Mag List 1 Item 2

Mag List 1 Item 3

Mag List 1 Item 4

Mag List 1 Item 5

Mag List 1 Item 6

RBX Alarm Enable

Protocol Code A
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Description
Item number of the second Mag List 1 item. Any Turbo Monitor
item may be entered. Entered a 255 at this item to indicate the
End-of-List for Mag List 1.
Default =850 (Adjusted VVolume)

Item number of the third Mag List 1 item. Any Turbo Monitor
item may be entered. Entered a 255 at this item to indicate the
End-of-List for Mag List 1.

Default =852 (Unadjusted Volume)

Item number of the fourth Mag List 1 item. Any Turbo Monitor
item may be entered. Entered a 255 at this item to indicate the
End-of-List for Mag List 1.

Default = 048 (Battery Voltage)

Item number of the fifth Mag List 1 item. Any Turbo Monitor
item may be entered. Entered a 255 at this item to indicate the
End-of-List for Mag List 1.

Default = 869 (Instantaneous Delta A)

Item number of the sixth Mag List 1 item. Any Turbo Monitor
item may be entered. Entered a 255 at this item to indicate the
End-of-List for Mag List 1.

Default = 255 (End-of-List)

Codé{1) to determine the type of instrument alarm operation.
When the RBX function (Report By Exception) is disabled, all
instrument alarms stay active until manually cleared. When RBX is
enabled, instrument alarms are automatically cleared after the
alarm parameter returns to its normal operating range, buffered by
a user-specified dead band. Exceptions; Battery Low, TIB Internal
Fault and Pulsing Gas Alarm.

Select: 0 - Standard Alarms----Befault
1- RBX Alarms

Selectiof-{) to determine if a specific Mercury Protocol error
code is transmitted while attempting a serial link sign-on. When
this function is set to “0”, (which is the recommended setting for
most applications) all instrument error codes are transmitted as in
previous versions of firmware. When this item is set to “1”, the
TIB will not send time-out errors during serial communications.
The selection of “1” is provided as a convenience for some 3rd
party communication interfaces.

Select: 0 - Standard----Default
1 - No Time-out Error



[tem
No.
171

172

200

201

850

851

852

Item Name
Timeout Delay 1

Timeout Delay 2

Site ID

Site ID Part 2

Adjusted Volume

Hi Res Adjusted Volume

UnAdjusted Volume

Turbo Monitor

Description

The time (in seconds) the TIB waits for the host computer to send
the protocol control charactd#NQ” during instrument sign-on
before issuing an error “21” (timeout error). This function is
provided as a convenience for some 3rd party communication
interfaces and under most situations, should not be changed from
the default setting.

Range: 7to 60 Default=7

The time (in seconds) the TIB waits for a Vsiligh-on” from the
host computer after receiving the protocol control character “ENQ”
before issuing an error “21” (timeout error). This function is
provided as a convenience for some 3rd party communication
interfaces and under most situations, should not be changed from
the default setting.
Range: 7to 60 Default=7

User assigned, eight digit numeric site number. Limited to
characters: 0-9. Thé“and “” are not valid characters. Note: All
instruments downloaded using Mercury Instruments Windows-
based software must be configured for unique Site ID Numbers at
items 200 and 201.

Default = 00000000

Eight additional digits for the site number, if needed. Note: All
instrumentss downloaded using Mercury Instruments Windows-
based software must be configured for unique Site ID Numbers at
items 200 and 201.

Default = 00000000

Totalized Adjusted Uncorrected Volume. Value is scaled to
volume units selected at Item 092, with the number of digits
defined by Item 097.

Default = 00000000

Fractional portion of Item Code 850 (Adjusted Volume)
displayed in units of ftor . This item is continuously
updated until it reached the value of adjusted volume units at
Item 092. At this point item 850 is updated and item 851 is
reset to zero.

Default = 0.000000

dtalized Unadjusted Uncorrected Volume. Value is scaled to
volume units selected at Item 092, with the number of digits
defined by Item 097.
Default = 00000000
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[tem
No.
853

854

855

856

857

Iltem Name
Turbine Adj Flow Rate

Turbine UnAdj Dial Rate

Turbine Configuration

Corrector Baud Rate

Ext Case Conn Baud Rate
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Description
The current instantaneous rate of flow for Adjusted Volume
(850), expressed in the selected Adjusted Volume unitsr(ft
m®) per hour. The value is updated every second in the TIB.
When accessed, the unit will display the most recently
computed value.
Default = 0.00

The current instantaneous rate of flow for Unadjusted Volume
(852), expressed in the selected Unadjusted Volume uRits (ft
m®) per hour. The value is updated every second in the TIB.
When accessed, the unit will display the most recently
computed value.

Default = 0.00

Item used to determine the configuration of the unit. A
selection of ‘0’ at item 855 is used for stand-alone Mini-AT and
Turbo Monitor units. A selection of ‘1’ at item 855 is used for
Turbo Corrector units and enables serial communication
between the TIB and Mini-AT mainboards.

Select:0 - TOC Disabled
1-TOC Enabled

Code (0-7) to select the TIB’s baud rate at port J7. This port is
normally used to make a serial link to the Mini-AT in the Turbo
Corrector Configuration and is generally not used in the Turbo
Monitor configuration. A communication’s error will occur if
the baud rate does not match the baud rate of the connected

corrector.
Select: 0 — 960Mefault 4 — 600
1 -4800 5-300
2 — 2400 6 — 19200
3-1200 7 — 38400

Code (0-7) to select the TIB’s baud rate when it makes a serial
link to a local serial connection. A communication’s error will
occur if the baud rate does not match the baud rate of the
connected device.

Select: 0 — 960Mefault 4 — 600
1 -4800 5-300
2 — 2400 6 — 19200
3-1200 7 — 38400



[tem
No.
858

859
860

861

862

863

864

865

866

Item Name
Modem Port Baud Rate

Adj Vol Pulses Waiting

UnAdj Vol Pulses Waiting

TIB Serial Number

TIB Firmware Version

Meter Serial Number

Turbine Meter Size

Km Meter Factor

Ks Meter Factor

Turbo Monitor

Description

Code (0-7) to select the TIB’s baud rate when it makes a serial
link to a remote serial connection. A communication’s error will
occur if the baud rate does not match the baud rate of the
connected device.

Select: 0 — 9600 4 — 600
1 -4800 5-300
2 — 2400Default 6 — 19200
3 -1200 7 — 38400

Number of Adjusted Volume output pulses waiting to be output
at J9 of the TIB.

Number of Unadjusted Volume output pulses waiting to be
output at J9 of the TIB.

Factory assigned TIB Serial Number.
Example: 09901234.
x9901234- disregard the leading zero
x99xxxxx — 2 digit year of manufacture
xxx01234 - 5 digit sequence number
during the year of manufacture
Default = 00000000.

This item is used to display the TIB’s operating firmware
version number. The number reported is automatically inserted
when a firmware file is uploaded into FLASH memory.

Serial number of the turbine meter connected to the TIB.
Default = 00000000

Size of AAT meter. Note: it is critical that this item be correct
when using the TFB.

Select 0 — AAT-18Default 4 — AAT-60
1 - AAT-27 5 - AAT-90
2 — AAT-35 6 — AAT-140
3 — AAT-57 7 — AAT-230

Km Main rotor meter factor, i.e. the number of pulses per cubic
foot or cubic meter for the main rotor as indicated by the
connected turbine meter’s serial plate.

Default = 1.0000

Ks Sense rotor meter factor, i.e. the number of pulses per cubic
foot or cubic meter for the sense rotor as indicated by the
connected turbine meter’s serial plate.

Default = 1.0000
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[tem
No.
867

868

869

870

871

872

873

874

875

Item Name
ABar Meter Factor

Kmo Meter Factor

InstantaneousSA

Turbine Sensor Type

TIB 4-20 Out Config

Normal Alarm Limit

Abnormal Alarm Limit

Pulsing Gas Alarm

TIB Internal Fault
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Description
Amount of adjustment the sensor rotor supplied to the adjusted
volume calculation during factory calibration.
Default =10.0000

Kmo Mechanical output meter factor, i.e. the number of pulses
per cubic foot or cubic meter for the main rotor mechanical
output as indicated on the connected turbine’s data sheet.

Default = 1.0000

The most recent calculatéd\ Factor used to indicate the
amount of adjustment relative to factory calibration (Abar).
Default = 0.0000

Selection to indicate the type of sensor used in the connected
turbine meter.
Select 0 — Slot Sensdarefault
1 — Blade Tip Sensor

Selection that determines the type of analog signal provided at
the 4-20 output port.

Select 0 -AA Default 3 —Test 12mA
1 - Flow 4 — Test 20mA
2 — Test 4AmA

User selectable limit fAA, when exceeded produces a
“Normal Alarm”. The range i210%.
Default =+2.0%

User selectable limit fahA, when exceeded produces an
“Abnormal Alarm”. The range i£10%.
Default = +5.0%

Indicates if pulsing gas is detected yAtadgorithm. If it is,
an alarm is initiated and is indicated by placing dots on the LCD
and “11111111” aftem 874. “00000000” in Item 874 indicates
there is no Pulsing Gas Alarm. The alarm indicators will remain
active until manually cleared (by software).
Default = 00000000

This item indicates if an alarm for the TIB F/W was generated.
If the microprocessor detects a TIB F/W Fault, an alarm is
initiated and is indicated by placing dots on the LCD and
“11111111" atitem 875. “00000000” at Item 875 indicates
there is no TIB F/W Alarm. The alarm indicators will remain
active until manually cleared (by software).

Default = 00000000



Iltem
No. Item Name
876 TIB Alarms Output

877 TIB Normal Alarm

878 TIB Abnormal Alarm

879 Normal Alarm Deadband

Turbo Monitor

Description
This item display31111111” tdndicate that a TIB alarm
(874-875, or 877-878) has become active, and that an alarm
pulse was transmitted out the Alarm Channel. “00000000” at
Item 876 indicates there are no active alarms.
Default = 00000000

This item indicatesMA is outside the normal alarm band. If
the measurement for Item 869 (Instantan&®Aisis a value
greater than the value entered at Iltem 872 (Normal Alarm
Limit), an alarm is initiated and is indicated by placing dots on
the LCD and 11111111” attem 877. “00000000” at Item 877
indicates there is no Normal Alarm. The alarm indicators will
remain active until manually cleared (by software) or
automatically when RBX (item 165) is enabled.

Default = 00000000

This item indicatesAfA is outside the abnormal alarm band. If
the measurement for Item 869 (Instantang®Aisis a value
greater than the value entered at Item 873 (Abnormal Alarm
Limit), an alarm is initiated and is indicated by placing dots on
the LCD and 11111111” attem 878. “00000000” at Item 878
indicates there is no Abnormal Alarm. The alarm indicators will
remain active until manually cleared (by software)or
automatically when RBX (item 165) is enabled.

Default = 00000000

A hysteresis band that provides a buffer below the Normal
Alarm Limit (Item 872) when Normal Alarms are automatically
cleared by RBX operation. The user specified value determines
the magnitude of the band. TAA value must pass completely
through the band before the alarm is reset. The band applies to
both the plus and minus side of the Normal Alarm Limit.

Default = 1.0000

880 Abnormal Alarm Deadband A hysteresis band that provides a buffer below the Abnormal

Alarm Limit (Item 873) when Abnormal Alarms are
automatically cleared by RBX operation. The user specified
value determines the magnitude of the band.AAgalue must
pass completely through the band before the alarm is reset. The
band applies to both the plus and minus side of the Abnormal
Alarm Limit.

Default = 1.0000

Page 47



Item
No. Item Name
881 Main Rotor Frequency

882  Sense Rotor Frequency

883  Adjusted Volume Pulses

884  AdjFlow 20mA Value

885 AdjFlow4mA Value

887 8515 Firmware Version

889 High Freq Out Max Freq

Page 48

Turbo Monitor

Description
Display of the most recent measurement of frequency of the
main rotor input in Hertz (pulses per second).
Default = 0.0000

Display of the most recent measurement of frequency of the
sense rotor input in Hertz (pulses per second).
Default = 0.0000

Number of Adj Vol output volume pulses waiting to be sent out
the TIB pulse channel at TB1.
Default =0

User selectable integer value to at what point the Adj Vol flow
rate (Item 853) is equal to 20 mA.
Default = 0.0000

User selectable integer value to at what point the Adj Vol flow
rate (Item 853) is equal to 4 mA.
Default = 0.0000

The TIB’s second operating firmware version. The number
reported is automatically inserted when a firmware file is
uploaded into flash memory.

Maximum Output Frequency in Hertz of the Turbo-Frequency
Board (TFB).
Select: 0 - 50Hz
1 - 100Hz
2 - 200Hz
3 - 500Hz
4 - 1000Hz Default
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Turbo Monitor Door Assembly Parts List
Item| Qty|] Part # | Description
1| 1 {20-9167 | Door, Driling
2 | 1 ]20-8286 [ Gasket, Window
3 | 1]40-2821 | Switch Assembly, Membrane
4 | 1 120-9203 | Backplate, Switch Assembly
5 [ 1 ]20-8283 | Nameplate, Mercury
6 | 1 ]20-9245 [ Assembly, Latch w/hasp
7 | 2 ]20-3737 | Filter, Vent
8 | 2 120-2191 | Grommet, Vent
9 | 1 ]40-2625 [ Assembly, Display, (8) Character
10 | 4 [60-4161 | Screw, #4-40 x /4", Phillips pan heg
11| 1 ]20-8744 | Assembly, Shield
12 | 1 |40-2600-2 Cable, Display
13| 1 [20-2196 | Gasket, Door
14| 6 |60-1249 | Screw, #6-32 x5/16"", Fil hd self tap
15| 3 |60-1241 | Screw, #6-32 x7/16"", Fil hd self tap

ad
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TOM Wall Mount Case Assembly Parts List

ltem|Qty |Part # |Description

1 | 1 |40-2708|Assembly, Turbine Interface Board
2

3 | 1 [40-1576|Cap & Chain Assembly

4

5 | 1 [40-1728|RS-232 Internal Cable Assembly
6

7

8 | 2 |20-1586 |Hangar, Case Top

9 | 2 |20-1587|Hangar, Case Bottom

10 | 4 [20-5300|Washer, #10 Ext Lock

11 | 1 |20-9332|Case, Drilled - TOM

12 | 1 |20-8969 |Plate, Bent Strike

13

14

15 | 2 |20-3827|Cable Tie

16 | 4 |20-7289|Plug, Strain Relief 5/16 dia

17 | 1 [20-9152|Assembly, Mounting Plate

18

19 | 1 |20-8087 |Label, Warning DCU Jack

20 | 1 |20-8196 [Gasket, RS-232 Case Connector
21 | 1 ]40-2769|Assembly, Power Cable-Batt to 4-pin
22 | 1 ]40-2812|Assembly, Power Cable - TOM
23 | 4 |20-8911 [Fitting, Strain Releief .20-.35

24

25

26 | 12 160-4219|Screw, PN #6-32 x 1/4

27 | 2 |60-1247|Screw, Spanner #6-32 x 5/16

28

29

30 | 4 |60-1353|Screw, BD #10-32 x 5/16""

31 | 2 ]40-1329|Holder, Cable Tie

32 | 2 |60-1220|Screw, Flt HD #6-32 x 1/4

33 | 1 |60-1353|Screw, BD #10-32 x 5/16"" Green

TOM Wall Mount Case Options
ltem | Qty |Part # Description
1 | 1 |20-6892 |Pipe Mounting Bracket, 2" Pipe
2 | 2 |60-1451 |Screw, Hex hd cap, 5/16-18 x 5/8
3 | 2 |60-2501 |Screw, Set 5/16-18 x 5/16
4
5 | 1 |40-2723 |Assembly, Y-Power Cable
6 | 1 |40-3000 |Assembly, Messenger Modem PCB
7 | 1 |40-2133-8|Cable 8" Tx,Rx
8 | 1 |40-2885 |Assembly, Turbo Frequeny Board
9 | 2 |20-1783 [|Washer, Flat, #6
10 | 2 |20-8554 |Standoff, #6-32 x 1/2, M-F
11 | 3 |60-4219 |Screw, PN #6-32 x 1/4
12
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TOM Meter Mount Case Assembly Parts List

ltem|Qty|Part # [Description
1 | 1 |40-2708|Assembly, Turbine Interface Board
2 | 1 |20-9289|U.M.B. Assembly
3 | 1 |40-1576|Cap & Chain Assembly
4
5 | 1 [40-1728|RS-232 Internal Cable Assembly
6
7
8
9 | 1 |20-1009|Clip
10 | 1 |20-1428|Wrench, Bristol
11 | 1 ]|20-9157|Case, Drilled
12 | 1 ]20-8969 |Plate, Bent Strike
13
14
15 | 2 ]20-3827|Cable Tie
16 | 4 |20-7289|Plug, Strain Relief 5/16 dia
17 | 1 |20-9152|Assembly, Mounting Plate
18 | 2 |20-7469 (Washer, 1/4" int lock
19 | 1 |20-8087 |Label, Warning DCU Jack
20 | 1 ]20-8196 |Gasket, RS-232 Case Connector
21 | 1 ]40-2769|Assembly, Power Cable-Batt to 4-pin
22 | 1 ]40-2812|Assembly, Power Cable - TOM
23 | 4 ]20-8911 [Fitting, Strain Relief .20-.35
24
25
26 | 12 |60-4219|Screw, PN #6-32 x 1/4
27 | 2 |60-1247|Screw, Spanner #6-32 x 5/16
28
29 | 2 |60-1607 [Nut, Hex 1/4-20
30 | 1 |60-1202|Screw, BD #6-32 x 1/4""
31 | 2 ]|40-1329|Holder, Cable Tie
32 | 2 |60-1220|Screw, FIt HD #6-32 x 1/4
33 | 1 |60-1353|Screw, BD #10-32 x 5/16"" Green
TOM Meter Mount Case Options
ltem | Qty |Part # Description
1 | 1 |20-7558 |Optional Indexes
2 | 1 |20-9279 |Plate, Magnetic Shield
3 | 1 |40-2768-2|Assembly, Switch Output Board
4 1 1 ]20-9290 |U.M.B. Assembly w/sight glass
5 | 1 |40-2723 |Assembly, Y-Power Cable
6 | 1 |40-3000 |Assembly, Messenger Modem PCB
7 | 1 |40-2133-8 |Cable 8" Tx,Rx
8 | 1 |40-2885 |Assembly, Turbo Frequency Board
9 | 4 |40-1607 [Nut, Hex 1/4-20
10 | 2 ]|20-1783 |Washer, Flat, #6
11 | 3 |60-4219 |Screw, PN #6-32 x 1/4
12 | 2 |20-8554 |Standoff, #6-32 x 1/2, M-F

Page 53



Turbo Monitor

V—/08Z—0+ Taova| & azs 107gE SCGL—-NO  3SVITIY TYNISINO %
“NO  'Ag d.ddv INON 1Nd1NO vwo2-+ 304 IYNOILLD d3Idavd aNNDdD 21
00/20/11 _ AV S 137vIS | '30ONIYIS3Y ‘A0LO3NNOD 3SvY3 vV VIA a0
aavog NIYW 3HL NO 2r 1v G3LD3NNOD 39 NY3 09€8-02 d0LvadIvd 314 ‘11
p
SNOILYO0T SNOAdvzvH (0 3INOZ ‘L AIQ) "INIWNJLSNI 3HL Iv3AS 30 0071 0L A3IAIADNL 39 1IYHS SNY3IW ‘0T
VSO ‘NOILYTIVLISNI WOL/D0L Lv—ININ HOO3IN "ANND¥YO dITNAYE 0L C3LO3INNOD 39 LSNW ANV 3719ISSOd SV
STIYNINY3IL 3HL 0L 3SO10 SY ANILX3 LSNW LINIWJINO3 3IHL 3dISNI SAI3IHS ‘6
"ONI «w._.Zm_S_DW_._.mZ_ AINIOHIN ‘WHO 3NO NYHL SS37 34 TIVHS ANNOND HLIY3 0L ANNOAD JIINNVE WONH4 IIONVLISISIN '8
'S1TIOA 0S2 NYHL J&0W 31VH3INZD
30 3ISN 10N TIYHS LY-INIW 3HL 0L G31D3INNOD LNIWJINO3 Iv3IHJINAd ‘2
'@, LNOD S3ILON*
XYW WHO
'S'N 3HL NI ATlddns ANNOY¥D _._Eﬁ._hm\ _ ._. 1 aN9
SNOILVIIVLISNI 204 CIADADDY —1LaN ¥3M0Od a _}_ Eigsor MmIyos | HLi¥v3
LSNW SA3INAVE ONY C9'2Td YSI/ISNG) Aczor —Oo—L 1 = ano |
ANV (0Z YdiAN/ISNYY 23N NS'21 HINNVE ¥ IAL oNLd AL OL.\
3HL HLIM 3ONVAINOIOY NI T-IYLSNI L% -
'YAYNYD NI NOILYIIVLSNI 204
(A3IA11A3D ¥SO 39 LSNW SAIIHAvE ANV % ANNOYD HINVE 4/ 5]
p . [ =3 130d
T 13vd ‘3000 vII¥LO313 NVYIAGYNYD m_ww\w/_me@Hm_r A3 [2]axt osd
3HL HLIM 3ONVOA022Y NI T1TIYLSNI 'S w, | T]axy -
YINAVE | 3dAL yal S0ccoor NIV
(W2ST> 1334 00S SI SHIINAvE £ 20 QNNOYD Hixv3 77/ B ._. 08 30vAYIINI INISUNL
2 S3dALl Ol HLDN3T 3799YD WNWIXYW 'S 4 2 i
o N ™ 2]- indino 3SN3S
A=XXXX=XWd 30 A-XXXX-Xdd SAOSNIS 439507 _C_ T+ Vi 027 Jpg NviIS
NDILOW ¥0 ‘N-S'€FS T13dOW d+d viva SueveE 3 34 T SO0 T zZal -
33V SAIAWNN Lavd =OSNIS INIGANL : NI NOUVaES poe % he 3sN3SIS I
(WG'/> 1334 S2 SI HLION3IT LaNnOED ALV 5% 0 A [¥010¥3SN3ST | + NIIW[E]
37990 ¥OSNIS 3INIGANL WNWIXYW NDI11237700, p— — | 1 I—o™o— - Nis[Z2]
2 + NI¥S[T]
WS'9E> 1334 02T SI HLONIT viva ) 1. SHOSaS
37890 3E0dd 3ANLYAILWIL WAWIXYW b | | 3STNd T u 2 N o8l AINIBSNL
'y 3dAL d04 8I€6 N3IA13E SV Y3IMEVE € ¥0 ¢ 3dAL cal mw.p_mw‘_
HONS 3¥IM d3AI3IIHS DMV 8T 3sSN ONNOYD HIYVA 4 8%
(WIS> 1334 002 SI SYITANvE + A B8
1o~
¥D T S3JAL Ol HLION3T 3749Y0 ‘XYW '€ — T+ Sl v MHON 1w
'S981-0t a0 p—— | € 1= ™17 WJONEY LW
S6ST-0+ # 1avd A¥3LIvE ATINO 3sSnN 2 | S I WHO B £8c2-04
CWHD 00E/A92> +96.# LW R o= vol 2EYI-0F
| ™
19 AL NDLL931100 ¥INEVE £|90 ¢ 3dAL H Lel
(YW 162 ‘WHO 0S ‘AST> dSIZ# TILW
v AdAL 3s7nd 1 WTL °]1n0 T0A ravy
L% O e O G3LVI0S! ATIVOLLJO Tha
C(WHD 0S9/A9'21> 2X3-10S-20 4 d+d U3HvVE 9 ¥O € ‘7 3dAL CINNINIVH NOWWIVI3S AOE ¥ ._- — iR
(YUB/ABXIVNA> 2X3/LL3M ¥O0 (ITONIS>
IX3/LL3M# SHONA 3 Ta3dd3d 8c9z-ov L.LL — Py
KAYTI3Y 'S 'I>D € 3dAL £192-0¥ 206 %H_ <NDILdDD>
WHO 29/A9'8>0T-0ST-980~10/1006#THYLS /8% s3g03d
<CWNA> CWHO O00T/AST> +29TZ# -TIIW ONNOHD HINVI sr car dW3L
<IYNA> <WHO 0S/A0T> +29TL# LW L N l. .
(3TIONIS> (WHO 0S/AO0T> +0TZ# TILW —T] s3snd —I790
¢(3TONIS> CWHDO O00T/AST> +STZ# LW P AWNTIOA er
. A3LNNOD il o N NTate) an3rd
CIYNA> (WHO OI/AS'L> +8SL# LW 2sng ez D- =
— —)— -_
12 3dAl L% yIve ~ GINVINIVN NOLVAVA3S AOE % «|+|mlﬂa\o|_ Walv v T
CIYNA> (WHO 06/A6> OO192/# —ILW € ¥0 Z 3dAL g1 LV-ININ Secz-0%
CIVNA> WHO 06/A6> DOIS/Z# LW ._. qdv0g NIVW 09€8
T 3dAL -o02
J3ANNVHD 3ND SI9YN©3 X007 3NO , o
SA3TdAvE 'S 1 A3ADALIY T (a dno¥9 ‘0 ANOZ/1L "AId ‘I SSY1D)
<|me|o;<_ S3I1ON* NOILYOO0T SNOJYVZVYH—NON NOILYO01 SNOJYvZVvH

Page 54



Turbo Monitor

10/52/v

GESL—ND 3ISVII3Y TVYNIOIHO

V—L80K8Z—0O1 |t 30 1 30v4 & 3z1s HY L
-N3 A€ d,ddv INON
00/20/11 _ 494 '37vos | 3ONINT3N

SNOILYOOT SNOQ¥vZvH (2 3INOZ ‘Z AId)
VSO ‘NOILVTIVISNI WOL/00L LV—ININ 4OO¥3W

"ONI' “SINIWNYLSNI AINOY3IN

(S>LINANOD A9 03133103d

39 LSNW LINN SNILIX3 ONINIM 1V
‘'A92 38 dINOHS SLiNndinO 3SNd Ol
G3LO3INNOD  3IOVLI0A WNWIXYW
'9'2T1da VYSI/ISNY

ANV <04 YdAN/ISNY> 33N

JHL HL1IM 30NVJy003V NI

TTYLSNI ‘SNOILVTITIVLASNI 'S'n 204
T 1lavd 3000 IWOIA1I33 NVIAYNVYI
HLIM 3ONVQJO03V NI 11IVLISNI
‘SNOILYIIYLSNI NVIACYNYD 304

T

S3ILON*

V—808¢—0¥%

NOILVO0T SNOAQYVYZYH—NON

2182-0v
3oaNos 2182-0v -
JAA6-8 804 ONLLINIY 1 aNoD
VLI0A
| mayos | HLav3
3NID ] ano | w—.\
3INDH43T3L Bl -
T~ 000E-0%
W3CONW .
Y3ON3SSIN AMNDNIN N-S'ErS
06650137
aNo SYOSN3S
JII1A3A W axy Lyod INIFaNL
VIa3s Tlaxy W3S NIV
o 3SN3S
Z]- indino A9 NIV .
e 1)+ vwoz-v A9 3SN3S[S}--+ | |
viva Bt Bl
_ + NN [E—-P
H”ﬂo YOL0Y - Nius[2]
2 3SN3S + NISS{T]
€= H010¥ 981 SYOSN3S
P NIVA aNIgyNL
gL
m T v WHON 1wy
- £852-0%
£r WV NHONEY 1w oy
Sl= - <NOILJO>
NDILO3TT0 Be vol S3g0ad
viva cal dW3L
3sTNg [T F~~~>1n0 10n rav
=
181 80£Z-0%
Qg 30V4YIINI 3NIGNNL
XYW A8
JILNNOD _1_ _ ——
357N 8/9z-0y LLL] -
€192-0¥ mmw
sr cer
—Tk; s3sTnd w_m_.FHm_wm
12k 3IWNI0OA er
¥31NNOD —HER -¥00 D- AL d1314
2= - —
3sInd S .
19l IV-ININ sesz-o
ayvDE NIVW 09Es
-02

(@ dno¥d ‘z 3NOZ/T "AIG ‘I SSY10)
NOILYO01 SNOQdVZVH

Page 55



Turbo Monitor

/16¢—0v 139vd| Y/ 3zIS

8091 —ND A8 d,ddv 3INON
Z0—%—1 _ 494 13790s | 13ONINI AT

d3Iy¥v8 HLIM 9313N @lSNrav oLny
ONIYIM NOL/J0L LV—INIW 085056 N/d SINS

- ainsopu3 Z1IN
"ONI “SINIFWNYLSNI ASNIOYIN.

6.5056
N/d SINS - +96Z 11N

"ONIIFLIN ADH3NT SASNIANI 40 MHVN3AVHL d3¥3LSIOFY V Sl @lSNrav OLNY 9

"03A0¥ddY LN 38 ISNW SY3IMYVE ANV ‘('9°'210Y VSI/ISNY)
ANV (0L VddAN/ISNY) 03N 3HL HLIM 3ONVAYOO0¥ NI TIVISNI “S'M 3HL NI NOILYTIVISNI 304

‘031411430 ¥SO 38 LSNIN SYINYVE ONV ‘I Lyvd
‘3000 TVOLOFTI NVIQVNYD 3HL HLM 3ONVA¥OOQIV NI TIVASNI ‘VAYNYD NI NOILYTIVISNI ¥04

14 0001 ¥314¥vE OL ¥3ILIN WOH4 HIONIT 318v0 WNWIXVW

"(WHO 00€ ‘A 92) +96L IN :3dAL ¥3IMuv8

"WHO 3INO NVHL SS3T 38 TIVHS ANNOYO HI¥YI OL ANNOYO ¥314dva WOM4 JONVLSISIY
‘ONNOYY 01 3¥IM N3IFHO

L03NNOO 1ON 0Q ‘G3L¥10SI 10N SI YI13N 31 "¥3YvE AL34VS 1V
GNNOYO HL¥Y3I OL 3MIM N33¥O LOINNOJ ‘Q3LVI0SI SI ¥3L5N 4 °L

oM

Y313N 08unl @._.m33< olny

L162-0%

S3ION
££8Z-0%
ANNOYD H1NV3 /
77 s L
8022-0% : H . . b N 13
@9 30v4Y3LNI INIGYNL NINI3Y d0I0Y DNISNITS Ng0 a
+ NS [T "VNOIS 90109 ONISNTS AR 2
T Nis [z VNOIS_HOLON ONISN3S Ll . o
+ N [ N8N133 HOI08 ONISN3S T helef ¢ N&NL3Y_"ol0d NI e 8
TVNDIS 90109 NIVA WNDIS 80109 NIVA (ER]
— NEN (Y NANL39 90109 NIVA v YINUVE N
A9 3SN3S[S
A9 NIVA [9
9gl ‘ f
NOL/00L (0 dnO¥S ‘0 3NOZ/L "AId ‘I SSY10)
NOILYOOT SNOQYVYZVYH—NON NOILYO01 SNOQYVZVH

Page 56


DVargas
Text Box
MTL 796+ - SMS P/N 950579

MT2 Enclosure -
SMS P/N 950580




