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SECTION 1: INTRODUCTION

1.1 Purpose and Requirements

This document includes the systems and procedures for the DTE Electric Company (DTE) peaking units located
at 4025 Gregory Road in Fowlerville, MI 48836-9211, hereafter referred to as the Colfax Peaking Facility (SRN
B2795). These remote peaking units are maintained by the Peakers Group within DTE and are diesel-fired
reciprocating internal combustion engines (RICE). Each of these engines are subject to the requirements of the
National Emissions Standards for Hazardous Air Pollutants (NESHAP) for Source Categories, 40 CFR Part 63.
These regulations are referred to as the MACT standards, and the applicable rules for the RICE are contained in
40 CFR Part 63, Subpart A (the General Provisions applicable to all Part 63 source categories) and Subpart
7777.

These RICE are required to be equipped with emission control devices and associated monitoring equipment.
Monitoring parameters must be implemented for each control device and must demonstrate compliance with the
standards. A source that is required to use a Continuous Monitoring System (CMS) for measurement of the
above mentioned operating parameters must also develop and implement a CPMS quality control program,
pursuant to 40 CFR 63.6625(b)(1) and 63.8 (d).

A Startup, Shutdown and Malfunction (SSM) plan has been developed and implemented in order comply with
the specific startup, shutdown and malfunction requirements of 40 CFR 63 Subpart ZZZZ. This plan can be
found in Section 4 of this document. This SSM plan does not address the general SSM plan requirements of 40
CFR 63 Subpart A, as they are not applicable to Colfax Peaking Facility, pursuant to Table 8 of 40 CFR 63
Subpart ZZZ7.

1.2 Plan Maintenance and Updates

DTE maintains a complete copy of both the CPMS and SSM Plan (Plan) onsite. Copies of the Plan are maintained
in the control room, or at other operations areas onsite. DTE has the overall responsibility to ensure that the Plan
is maintained and updated as required by the rules. Environmental Management & Safety (EM&S) works with
Operations/Maintenance personnel to obtain the information needed to maintain and update the Plan. Specific
requirements governing maintenance for the CPMS and SSM plans can be found as a subpart in their respective
sections.
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1.3  Site Overview

The peaking units located at this facility were manufactured by GM Power Electro-Motive Division of La
Grange, Illinois with a rating of 2.5 Megawatts (MW) and a Maximum Load of 2.75 MW. The site consists of
five identical units. See Table 1.1. The site also maintains a 30,000-gallon aboveground storage tank (AST)
containing diesel fuel for the generators. When all five units are on, the site uses approximately 800 gallons per

hour. A facility layout is provided in Figure 1.1.

Table 1-1: Colfax Peaking Facility Emission Unit Inventory

Location . Model . Installation Rating
Title Unit ID | Manufacturer Type Serial No. Date (MW)
11-1 GM Power MP-45-B 63785 July 1969 2.5
11-2 GM Power MP-45-B 63787 August 1969 2.5
Colfax
Peaking 11-3 GM Power MP-45-A 63783 July 1969 2.5
Facility
11-4 GM Power MP-45-B 63784 July 1969 2.5
11-5 GM Power MP-45-B 63786 August 1969 2.5

Colfax Peaker Station

Five 2.5 MW GM Generators
: 11-3

30,000gallon AST

r
image Data Source: 2015 @Google

Figure 1-1. The facility consists of five 2.5 MW generators, a 30,000-gallon aboveground storage tank

(AST), a control house, and a substation.
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SECTION 2: PROCESS DESCRIPTION

DTE remotely operates multiple peaking facilities used during peak power demand times to provide additional
power to the grid at predetermined locations. The remote peaking facilities operate diesel-fired reciprocating
internal combustion engines (RICE). Each stationary RICE is equipped with a diesel oxidation catalyst (DOC)
for the purpose of reducing emissions during operation. Included with this system is a continuous parameter
monitoring system (CPMS) consisting of DOC monitoring points that record: control device inlet gas
temperature, pressure drop across the catalyst bed, and date / time stamps of all records. These data points are
then archived by DTE’s PI system.
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SECTION 3: CONTINUOUS PARAMETER MONITORING
SYSTEM PLAN (CPMS)

3.1 Monitoring Plan

This monitoring plan addresses the monitoring system design, data collection, and the quality assurance and
quality control elements outlined in the paragraphs 40 CFR 63.6625(b)(1) and in § 63.8(d). Each CPMS is
installed, operated, and maintained according to procedures in this monitoring plan.

3.1.1 Equipment Performance Criteria and Design Specifications

The Dynalco Catalyst Monitor (Catalyst Monitor) provides continuous monitoring of catalyst inlet
temperature and differential pressure, which is mandated by RICE NESHAP on diesel ignited engines. This
monitoring system reads up to six input channels, calculates differential values, provides alarm / shutdown
outputs, as well as allows all parameters to be logged to internal flash memory. Internal flash memory may
be remotely accessed via the PI computer program or downloaded directly from the unit.

The Catalyst Monitor is in “stopped” mode until a run indication is sensed by either a contact closure or
magnetic pickup input. Once the “running” mode is sensed, the Catalyst Monitor reads all six channel inputs at
a rate of 100 milliseconds per channel. Additionally, the temperature sensor has an appropriate sensitivity of
2.8 degrees Celsius (minimum tolerance), or 1 percent of the measurement range, whichever is larger. If an
input crosses an over or under threshold (See the Table 3-1), the unit will show a flashing red LED on the front
panel of the monitor, as well as initiate an output trip (solid-state relay) that can be used for alarm or shutdown.
Whenever a trip threshold is crossed the Catalyst Monitor stamps the event with a date and time. These events
are also logged by the Peaker Operator (DTE employee) and the System Operations Center (SOC) staff. The
monitor logs the last ten events for each channel input. The Catalyst monitor’s operating manual is included in
this report as Appendix A.

Once the initial system configuration is complete, the Catalyst Monitor will set off an alarm when channel or
differential values are above or below the limits specified in the set-up procedure (See Table 3-1). The Catalyst
Monitor allows the user to configure any one channel to monitor the catalyst inlet temperature based on a 4-hour
rolling average per the RICE NESHAP requirement. Once set up, this channel will log the inlet temperature at
15-minute intervals while the engine is running. In addition to inlet temperature, the Catalyst Monitor logs the
catalyst differential pressure at defined intervals.

Table 3-1: Diesel Oxidation Catalyst Alarm Thresholds

Monitored Parameter Malfunction Threshold
Pressure drop across the catalyst Less than 2 inches of water
Engine exhaust temperature at catalyst inlet 1350 °F > Temperature >450 °F
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3.1.2 Sampling Interface

Catalyst bed inlet temperatures are taken via thermocouple located at the inlet to the DOC. Pressure drop is
calculated via pressure measurements at the inlet and outlet of the DOC.

3.1.3 Equipment Performance Evaluations

Performance evaluations, system accuracy audits and other audit procedures are conducted in accordance with
the Catalyst Monitor manual and manufacturer recommendations. These performance evaluations are
conducted on a calendar year basis.

American Sensor Technologies Inc. does not have a documented evaluation process and stated that there is no
calibration for their AST5100 Low Differential Pressure Transmitter. However, based on the parameters
outlined in Appendix F, the unit is functioning properly.

Duro-Sense also does not have a documented evaluation process for their K-type Thermocouple. However,
through consultation with Duro-Sense, it was determined that a verification will be conducted annually. This
verification will consist of placing another thermometer or thermocouple in the same medium as the
thermocouple and comparing the temperature readings. The results should be within the standard specification
limits indicated in Appendix G.

The Peakers Group will ensure that these performance evaluations are conducted annually, documented, and
supplied to EM&S.

3.1.4 Operating and Maintenance Procedures

The peaking facility keeps the necessary parts for routine repairs on the Catalyst Monitor equipment readily
available in the Control House in accordance with 40 CFR 63.8(c)(1)(ii). Refer to Catalyst Monitor manual
(Appendix A) for a spare parts list. The Catalyst Monitor was installed in accordance with the Manufacturer’s
written recommendations for installation, operation, and calibration of the system. Information on the Catalyst
Monitor installation, operation, calibration, and design can be found in the Catalyst Monitor manual or operation
records available from the Peakers Group or EM&S.

3.1.5 Reporting and Recordkeeping

DTE maintains the following records for the Catalyst Monitor System to ensure compliance with 40 CFR
63.10(c) and (e):

e (atalyst inlet temperature and pressure drop;

e The date and time identifying each period during which the CMS was inoperative except for zero (low-
level) and high-level checks;

o The date and time identifying each period during which the CMS was out of control;

e The specific identification (i.e., the date and time of commencement and completion) of each period
of excess emissions and parameter monitoring exceedances, as defined in the relevant standard(s),
that occurs during startups, shutdowns, and malfunctions of the affected source;

e The specific identification (i.e., the date and time of commencement and completion) of each time period
of excess emissions and parameter monitoring exceedances, as defined in the relevant standard(s), that
occurs during periods other than startups, shutdowns, and malfunctions of the affected source;
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e  The nature and cause of any malfunction (if known);

e The corrective action taken or preventive measures adopted;

e  The nature of the repairs or adjustments to the CMS that was inoperative or out of control;

e The total process operating time during the reporting period; and

o All procedures that are part of a quality control program developed and implemented for CMS under

§ 63.8(d).

All performance evaluations are kept on record for the life of the affected source or until the affected source is
no longer subject to § 63.8(d)(3). The records are available for inspections or upon request. DTE keeps previous
versions of the performance evaluation plan on record for a period of 5 years after each revision of the plan.

The facility also maintains records of maintenance conducted on all stationary RICE located on-site in order
to demonstrate compliance with operating procedures and the equipment maintenance plan.
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SECTION 4: STARTUP, SHUTDOWN, MALFUNCTION (SSM)
PROCEDURES

It is the facility’s obligation to ensure that each stationary RICE, including its associated oxidation catalyst
and monitoring equipment, is operated and maintained, in such a way that minimizes emissions (63.6605).

This Startup, Shutdown, Malfunction (SSM) plan complies with the specific startup, shutdown and
malfunction requirements of 40 CFR 63 Subpart ZZZZ. This SSM plan does not address the general SSM
plan requirements of 40 CFR 63 Subpart A (63.6(e)), as they are not applicable to this peaking facility pursuant
to Table 8 of 40 CFR 63 Subpart ZZZZ.

In addition to the procedures below, each stationary RICE minimizes emissions by conducting performance
tests as required every 8760 hours or 3 years, whichever comes first. Test plans containing the methodology
and schedule are maintained in EM&S SharePoint, along with the performance test results.

4.1 Startup Procedures

A startup is defined as “the setting in operation of an affected source or portion of an affected source for any
purpose.” [§63.2]. Per ZZZZ, an engine startup is “the time from initial start until applied load and engine
and associated equipment reaches steady state or normal operation. For stationary engine with catalytic
controls, engine startup means the time from initial start until applied load and engine and associated
equipment, including the catalyst, reaches steady state or normal operation.” [63.6675].

This procedure has been set to minimize the engine’s time spent at idle and minimize the engine’s overall startup

time in order to allow for the appropriate and safe loading of the engine. At all times, including startup, the

engine exhaust is vented through the oxidation catalyst to reduce emissions. Under EPA regulation, startup time

is not to exceed 30 minutes (63.6625(h)), after which time non-startup emission regulations apply
[§63.6600(d)(Table 2d(3)(a-b)]. Additionally, excessive idling at Startup may result in DOC error report (i.e.,

the temperature and pressure values violate the conditions in Table 3-1).
Normal Start

The facility initiates the startup procedure of the stationary RICE from the Control Room at Colfax,
either at their own initiative, or by the SOC’s request. These are the only Peakers in the network with
DOC:s that cannot be initiated by the SOC. During a normal start, once initiated, the startup consists of
a rolling unit start where each unit has a 90 second start and idle delay, then goes in to a 10 second
acceleration, 10-20 second synchronizing period, and then a 10-30 second loading period. The
maximum total startup time for the units to come to loading is 180 seconds from the time of startup
initiation.

Emergency Start

During a deadline emergency start, a startup similar to the normal startup occurs with a rolling unit
start where each unit has a 26-36 second start and oil pressure delay, 10 second acceleration, 10-20
second synchronizing period, and then the loading breaker closes once the last unit has synchronized.
The maximum total startup time for a deadline emergency start is 76 seconds from the time of startup
initiation.
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The Engine Operating Manual contains further details on the startup procedures and is attached as Appendix D,
and can also be obtained from the Peakers Group or EM&S.

4.2 Shutdown Procedures

A shutdown is defined as “the cessation of operation of an affected source or portion of an affected source for
any purpose.” [§63.2]

During shutdown of each engine, exhaust is vented through the existing oxidation catalyst to minimize
emissions.

4.3 Malfunction Procedures

A malfunction is defined as “any sudden, infrequent, and not reasonably preventable failure of air pollution
control and monitoring equipment, process equipment, or a process to operate in a normal or usual manner
which causes, or has the potential to cause, the emission limitations in an applicable standard to be exceeded.
Failures that are caused in part by poor maintenance or careless operation are not malfunctions.” [§63.2]. Per
7777, a malfunction is “any sudden, infrequent, and not reasonably preventable failure of air pollution
control equipment, process equipment, or a process to operate in a normal or usual manner which causes, or
has the potential to cause, the emission limitations in an applicable standard to be exceeded. Failures that are
caused in part by poor maintenance or careless operation are not malfunctions.” [63.6675].

Procedures for responding to an alarm are identified in the Peakers Catalyst Alarm Response Process Map
(Appendix I) and the “Step-by-Step” procedure used by the Peakers Group (Appendix E). In general, the
procedure is as follows:

Upon receiving a Peaker trouble alarm, the SOC dispatches an operator to the facility. Once onsite, the operator
will evaluate the alarm to determine whether it is a nuisance alarm or an actual malfunction/system problem. If
it is a nuisance alarm, the operator will acknowledge the alarm & continue operation as normal.

If the alarm is not a nuisance alarm, the operator will report to the SOC that the unit is out of control. The SOC
will arrange to have the unit shut down. The Peakers Group will contact PSI to trouble shoot the alarm using
the unit manual (Appendix C). Should maintenance be required, the unit will not be restarted until the situation
is addressed.

All alarms and responses will be documented in the log book at the facility.

4.4 Recordkeeping and Reporting
Records are retained for all operations for a period of five years in accordance with 40 CFR 63.6660 and
63.10(b)(1).

If a malfunction occurs during the reporting period, this is included in the semi-annual ZZZZ compliance report
in accordance with 63.6650(b). In accordance with 40 CFR 63.6650(c)(4), each malfunction instance will include
the following:

e  The number, duration, and description of the malfunction;
e Actions taken to minimize emissions; and

e Actions taken to correct the malfunction.
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SECTION S: QUALITY CONTROL PROGRAM

The owner or operator of an affected source that is required to use a CMS and is subject to the monitoring
requirements of this section and a relevant standard shall develop and implement a CMS quality control
program. As part of the quality control program, the owner or operator shall develop and submit to the
Administrator for approval upon request a site-specific performance evaluation test plan for the CMS
performance evaluation required in paragraph 40 CFR 63.8(¢e)(3)(i) of this section, according to the procedures
specified in paragraph (e). In addition, each quality control program shall include, at a minimum, a written
protocol that describes procedures for each of the following operations [40 CFR 63.8(d)(2)]:

5.1 Calibrations [40 CFR 63.8(d)(2)(i) and (ii)]

The initial calibration of the Catalyst Monitor follows the installation directions in the monitor manual. Any
subsequent calibrations follow the guidelines and recommendations in the monitor manual. Procedures in the
determination and/or adjustments required during calibration in order to account for calibration drifts are
contained in the catalyst monitor manual.

5.2 Preventative Maintenance [40 CFR 63.8(d)(2)(iii) and (iv)]

All maintenance conducted on the monitoring system is done in accordance with the manual. A list of the spare
parts needed for regular maintenance of the catalyst monitor is also included in the Catalyst Monitor manual.
Maintenance records are available from the Peakers Group.

5.3 Audit Procedures [40 CFR 63.8(d)(2)(V)]

The continuous catalyst monitor system date / time stamps all data collected and stores the data in an
internal database. The catalyst monitor observes the inlet temperature and pressure, calculates the
differentials, and sounds an alarm in the case that an over or under threshold has been crossed. See Section
3.1.1 for more details.

Performance evaluations, system accuracy audits and other audit procedures are conducted in accordance with
the Catalyst Monitor manual and recommendations. These performance evaluations are conducted at least
annually.

5.5 Record Keeping [40 CFR 63.8(d)(3)]

These written procedures are kept on record for the life of the affected source or until the affected source is no
longer subject to the regulations.
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The Facility must complete a review and evaluation of this SSM and CPMS Plans as needed. Evidence of these

reviews shall be recorded in the plan.

Added additional references and verbiage from
7777

Removed Appendix H (RICE Test Plan), as this
is stored separately in SharePoint

Made general administrative & clerical updates
Replaced old company logo with new DTE logo
on cover page

Added a header to Plan

Added REV1 to document in header & on title

page

Revision No. Changes Author Date
0 Creation of Colfax site-specific SSM & CPMS Plans | Tetra Tech 07/2015
per 63.6625(b)(1)
*Prior to 2015, all DTE ZZZZ peaking facilities utilized one plan (SSM
& CPMS Plans, created April 2013, updated December 2014)
1 e Added this revision tracking & changes table Lisa Fishbeck | 12/10/2020
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5450 NW 33rd Ave, Suite 104
Fort Lauderdale, FL 33309

3211 Fruitland Ave
Los Angeles, CA 90058

Catalyst Monitor

6-Channel Monitor

Programming Manual

Published: Junel, 2012



System Overview

The Dynalco Catalyst Monitor is designed to address the RICE NESHAP mandate regarding
continuous monitoring of catalyst inlet temperature and differential pressure on both spark-
ignited and diesel engines. It is capable of reading up to 6 input channels, calculating
differential values, providing alarm / shutdown outputs as well as allowing all parameters to
be logged to an internal flash memory. An RS-485 Modbus link for communications to a DCS
or PLC is also provided.

Additionally, the Catalyst Monitor is capable of calculating the engine catalyst inlet
temperature based on a 4 hour rolling average per RICE NESHAP requirements.

Basic operation:

The Catalyst Monitor will be in “stopped” mode until a run indication is sensed. This is
selectable as either a contact closure or magnetic pickup input. Once “running” mode is
sensed, the Catalyst Monitor will read all inputs at a rate of 100 msec per channel. If any
input crosses either an over or under threshold, the unit will invoke a flashing red LED on the
front panel as well as an output trip (solid-state relay) that can be used for alarm or shutdown.
Any trips will also cause the Catalyst Monitor to date / time stamp whenever a trip threshold is
crossed. The monitor will log the last (10) events for each channel input.

Data Logging:

The Catalyst Monitor also allows data logging of any monitored values where they will be
saved to an internal flash memory. Memory is sufficient to hold up to 500,000 data values
with date / time stamp. These values can be downloaded at any time to a PC using Dynalco’s
download cable and Log Reader software.

User Interface

The Catalyst Monitor is configured via the keypad on the front panel which includes a
graphical backlit LCD display capable of displaying alpha numeric values and custom
engineering units of measure. The keypad implements a menu system, which is navigated
using the up, down, left, right, enter and escape buttons. The backlight will turn off after five
minutes of inactivity and will turn on when any of the keys are pressed.



Programming Overview

All programming is accomplished through the front keypad. Below is a brief description of
each key.

Menu
Esc Press to enter or exit the configuration screens

Enter
/ Fn Press to enter or accept values

Select up

Select down

Go back one screen

Select and advance to next screen

Initial configuration consists of the following steps:
1) Setting current date / time
2) Enabling each input
3) Defining each input type
4) Defining min. & max. display values for any current or voltage inputs
5) Defining measurement display units (PSI, mV, F, C, H20, etc)
6) Setting over / under setpoint trips
7) Selecting either output 1 or output 2 (or both) for alarm trips
8) Setting either latching or non-latching for output trips

9) Defining data logging events



Programming Instructions

Important: The Catalyst Monitor must first be programmed prior to operation.

When initially powering up the unit, the display will first indicate the firmware version and then
go to the operational mode. It may also display a screen warning that the time & date need to
be entered. This will be explained below.

To configure the Catalyst Monitor, first go to the main programming screen by pressing the
Menu / Escape key:

Menu
/ Esc

The main configuration screen appears as:

CHAMMEL SETTIMGS

The various icons are described as:
System - allows display customization & current date / time input

m Run Signal - defines run status input type (if any)

Channel - enables each channel type and alarm thresholds
qj-‘- Calibration - defines zero & span values for DCV & mA inputs
@, Alarm Logs - allows the user to view alarm status
+ R+ Communication - Modbus setup
Elﬂ Data Log - allows configuration of up to (10) different logging events



Pressing at any time during configuration will prompt you to save the
changes. Select “Yes” to save any changes made. Selecting “No” will not save
changes.

Common Programming:

Editing Alpha Values:

The device allows text to be entered as tags for important fields. The operator can enter their
own descriptive text into these fields.

When you encounter a screen with a box that requires alpha-numeric editing such as:

I s WA then this screen appears

Note that the line is under the “C” on the top line.

Use the arrows to move the black highlighted cursor on the screen. Pressing the ENTER
button will replace the C to an h. Moving the cursor to the bottom row selects special
functions.

When alpha editing is complete, press the AN (o sove




Editing Numeric Values:
The device allows numbers to be entered for important fields.
When you encounter a screen with a box that requires numeric editing such as:

press A\ ihen this screen appears

Use the arrows to move the black highlighted cursor on the screen. Pressing the ENTER
button will add a 5 after the 3.

When numeric editing is complete, press the /Esc to save



L O

Using the arrows on the keypad, select the “Run Signal” icon.
There are (3) run types available. The definitions are as follows:

Configuration of “Run Signal”

None: No run indication required. Monitoring is always active.
RPM:  Monitoring is active when signal received from magnetic pickup.
Digital: Monitoring is active when contact closure (connection to ground) is sensed.

To select run signal type, use the up / down arrows to select, then press the right arrow to
accept and advance to the next screen.

If “None” is selected, there is no other action required other than to select “escape.” After
selecting escape, you will be asked to select “yes” to save.

If “RPM” is selected, you will need to set the # gear teeth, RPM threshold and startup delay.
The RPM threshold is the speed above which monitoring will be active. The startup delay
allows you to delay monitoring for as many as 300 seconds (5 minutes) to allow time for all
inputs to be at normal levels. If no delay is required, set to 0 seconds. The magnetic pickup
input terminals are indicated on page 4.

If “Digital” is selected, you will only need to set the startup delay (if applicable). In this mode,

a run signal will be sensed with a contact closure (or short) between the magnetic pickup
input terminals indicated on page 4.

Menu Enter
/Esc /" Fn

n or n to select input
nSelect and advance to next screen



RPM Parameters

press WAL to alpha edit
nSelect and advance to next screen

press WA to alpha edit
nSelect and advance to next screen

press WA to alpha edit
nSelect and advance to next screen

0.2
or then AN

Run Signal is now set



Using the arrows on the keypad, select the “Channel” icon. @

Next, select the channel number to configure by pressing the up / down arrows, then pressing
the right arrow to navigate and select the following:

Enable Channel

Channel Type

. Enter
Description |
Engineering Units

Xox > |

Enable alarms
Alarm Type

Alarm Output
Alarm Low

Alarm High

Alarm Reset Points
Alarm Reset Low
Alarm Reset High

Menu
/Esc

(Yes / No) E3

(0-1V, 0-5V, 0-10 V, 4-20 mA, J Type, K Type) 3

(name input with up to 20 characters) &=

(up to 3 characters, for example: PSI, mV, F, C etc...)u
Note: For thermocouple inputs, you must enter either “F” or

(read only or alarm?)

(latching or non-latching?)

(select output #1, output #2 or both)

(select threshold for under-trip)

(select threshold for over-trip)

(select either the default reset value or manually set)
(manually set reset hysteresis for low trip)

(manually set reset hysteresis for high trip)

Enter
/ Fn

Typical Channel Set Up:

Channel 1: Pre Catalyst Temp; Thermocouple Type K
Channel 2: Post Catalyst Temp; Thermocouple Type K
Channel 3: Pre Catalyst Press; 4-20mA

Channel 4: Post Catalyst Press; 4-20mA

Channels 5&6: Not Used

n or n to select Channel to Configure

uSelect and advance to next screen



n or n to enable the channel
nSelect and advance to next screen

n or n to the signal input
nSelect and advance to next screen

S ——— e Q€SS / Fn to alpha edit “Pre Catalyst Temp”

When alpha editing is complete, press the / Esc to save
nSelect and advance to next screen



press /Fn B8 alpha edit engineering units for the
channel

When alpha editing is complete, press the / Esc to save
nSelect and advance to next screen

n or n to enable the alarm contacts
uSelect and advance to next screen

n or n to select alarm contact behavior
uSelect and advance to next screen
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n or n to select alarm contact position
uSelect and advance to next screen

_——a—a | press A (0 numeric edit the low setpoint

uSelect and advance to next screen

This setting also scales the bar graph on
layout 2

press A (0 numeric edit the high setpoint
uSelect and advance to next screen

u or n to select alarm reset values
uSelect and advance to next screen
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I ) css WRAE (0 numeric edit the low reset for alarm cancel

nSelect and advance to next screen

i "D ESws a press A 0 numeric edit the high reset for alarm cancel

uSelect and advance to next screen

n or n saves values

This completes one channel set up, redo for other required channels.

Differential calculations between channels 1&2, 3&4, 5&6 are also enabled by selecting the
“Channel” icon. Enable “Differential 1” for channels 1&2, “Differential 2” for channels 3&4 and
“Differential 3” for channels 5&6. These are helpful in determining catalyst health.

Differential channels program similarly to
regular channels
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“System” Configuration 'x
Using the arrows on the keypad, select the “System” icon.

There are (3) display layouts available. Selecting layout A, B or C will define the preferred
display type as follows:

Layout A: Displays groups of (2) input channels plus differential.
Layout B: Displays all inputs as bar graph plus each individual channel.
Layout C: Displays each individual channel in large format.

Layout A Layout B Layout C

Note that you are selecting the default layout type. You will be able to change the layout
during normal operation by pressing the left / right arrows.

Important:  The current date and time are also programmed through the “System” icon.
This is critical for proper alarm and data log information. Please note also that the date and
time may need to be re-programmed if the Catalyst Monitor loses input power for over 1
week. This will be indicated by a warning upon powering up the unit.

Any data logged to the internal flash memory will be held indefinitely even if power lost.
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System Set Up Menus:

Menu Enter
/Esc i W el YE®W B /Fn

n or n to select the default layout screen
uSelect and advance to next screen

press A0 (0 numeric edit
uSelect and advance to next screen

n or n to enable EPA average
nSelect and advance to next screen
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n or n selects channel for EPA average
nSelect and advance to next screen

n or n sets output 1 switch
uSelect and advance to next screen

u or n sets output 2 switch
uSelect and advance to next screen

“ or n sets output 2 switch
nSelect and advance to next screen
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n or n sets output 2 switch
nSelect and advance to next screen

press AN (0 numeric edit
uSelect and advance to next screen

press A o numeric edit
nSelect and advance to next screen

press WA to numeric edit
nSelect and advance to next screen
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press WA to numeric edit
nSelect and advance to next screen

press AN 1o numeric edit
nSelect and advance to next screen

n or n sets AM/PM
uSelect and advance to next screen

u or n saves values

This completes system set up.
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Configuration of “Calibration” EE-:]-L

Using the arrows on the keypad, select the “Calibration” icon.

Next, select the channel number to configure by pressing the up / down arrows and pressing
the right arrow to select and continue.

The screens allow you to define the “Cal Zero” and “Cal Span” values for any channels that
are configured for 0-1 V, 0-5 V, 0-10 V or 4-20 mA inputs.

Example

A pressure transmitter is connected to channel # 1. The transmitter has a 4-20 mA
output representing a pressure input of 0 - 500 PSI. The “Cal Zero” and “Cal Span”
values would be defined as:

Cal Zero=0
Cal Span =500

Note that the “Engineering Units” would be input as PSI in “Channel” configuration
above.
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Alarm Logs ,_%.

Selecting “Alarm Logs” will allow the following (2) options:

Show Active alarms:
« displays any active alarms & date / time information
« active alarms may be acknowledged by pressing “enter”
« once an alarm is acknowledged, it is placed into historical memory (see below)

Show All alarms
« shows historical data (last 10 alarms) for each channel with date / time stamp

Operation

Once programmed, the Catalyst Monitor will begin scanning all enabled channel inputs and
will initiate alarms based on over / under threshold values configured for each channel. It is
not necessary to define alarm threshold values for all channels as some may be for
monitoring only.

Layout B is shown.
Scanning channel 3 “Catalyst
Inlet Press” Value is 5" WC. ~

\ <«— Alpha Description of Channel 3

<«——RPM input from MPU

<4—— | Hour meter
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Alarm Outputs

The Catalyst Monitor will alarm when channel values or differential values are above or below
limits as specified. Alarms can be configured as either latching or non-latching. If an alarm
condition is met, the red LED on the front panel will blink and the digital output(s) will trip. The
alarm point name (chl, ch2, dfl, df2) that caused the alarm will be stored in memory with
date/time stamp info. Non-latching alarms will reset the alarm if its value returns to normal.
Latching alarms require manual resetting via the front keypad.

Selecting the alarm £ icon will allow you to view any active alarms as well as the history
log for each channel. Once an active alarm is acknowledged, it will be placed into the history
log. The history log will continuously store the last 10 alarms for each channel as well as the
time & date of each alarm occurrence.

Catalyst Inlet Temperature Monitoring (per RICE NESHAP requirements)

The Catalyst Monitor will allow you to configure any one channel to monitor the catalyst inlet
temperature based on a 4 hour rolling average per the RICE NESHAP mandate. To set this
up, first go to the main menu, then select “System.” Go to the right until you see the screen
named “Enable EPA Average.” Selecting “Enable” will bring you to the next screen allowing
you to select which channel is monitoring the catalyst inlet temperature. Please note that
once this is configured, the channel representing the catalyst inlet temperature will always
display the 4 hour average, not instantaneous exhaust temperature. This temperature is only
updated every 15 minutes per NESHAP requirements.

Following this, selecting the “Channel” icon in the main menu screen will allow over and
under temperature alarms to be set according to the mandate.

Data logging of the inlet temperature values is explained in the next section.

Data Logging EIEI
Configuration:

The Catalyst Monitor can be configured to log any of the parameters being monitored, at user
defined time intervals. The values are saved to an internal flash memory with sufficient
memory to hold up to 500,000 data values with date / time stamps. These values can be
downloaded at any time to a PC using Dynalco’s “Log Reader” software.

The logging of any parameter is configured as an event. The Catalyst Monitor will allow up to
(10) individual events to be defined.

For the RICE NESHAP requirement, the catalyst inlet temperature (based on the 4 hour

rolling average) is to be logged at 15 minute intervals while the engine is running. An event
can be configured to comply with this mandate.

20




I's also possible to configure another event that will log the catalyst differential pressure at
defined intervals. Note that some users may decide to manually record this value once per
month since the engine needs to be fully loaded.

Example # 1:

To configure data logging of catalyst inlet temperature every 15 minutes:

Using the arrows on the keypad, select the “Data Log” icon.
Next, select “Setup Log Events” and press the K23 arrow.

The next screen will display a list of (10) events that can be configured. If this is the first event
to be programmed, select “Event 1” and press the K3 arrow.

Next select “Enable” and press the E3 arrow.

The next screen allows you to define an “On” condition. The configuration for logging the inlet
temperature does not require this since the “On” condition is normally defined by an “engine
run” signal. See above (page 8) for the procedure for configuring the “run” signal. In this case,
select “No” and press the E3 arrow.

The next screen named “Input To Log” allows the user to select which parameter to log.
Using the up / down arrows, select the input channel that is set up to monitor the catalyst inlet
temperature. Press E3 arrow.

The next screen named “Log Frequency” allows the configuration of how often (in minutes)
the value is to be logged. Press enter and edit for 15 minutes. Selecting escape E@ will
return to the “Log Frequency” screen. Press the I3 arrow and then select “Yes” to save the
changes. Pressing the escape BB key two times will escape to the normal monitoring mode.

Example # 2:

To configure data logging of catalyst differential pressure after engine warm up:

(Note that this configuration will require an input signal from a magnetic pickup to sense
engine running.)

Using the arrows on the keypad, select the “Data Log” icon.
Next, select “Setup Log Events” and press the E2 arrow.

The next screen will display a list of (10) events that can be configured. If this is the second
event to be programmed, select “Event 2” and press the E3 arrow.

Next select “Enable” and press the B arrow.
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The next screen allows you to define an “On” condition. The configuration for logging the
differential pressure will require an “On” condition defined by an “engine run” signal. See
above (page 8) for the procedure for configuring the “run” signal. In this case, select “Yes”
and press the E3 arrow.

Select “Edit Compare” on the next screen and press the I3 arrow.

Select “Compare 1” on the next screen and press the I3 arrow.

Select “RPM” on the next screen and press the E3 arrow.

Select “Greater Than” on the next screen and press the I3 arrow.

Select “A Value” on the next screen and press the B arrow.

On the following screen, select an RPM value that will indicate engine running. This value
should be lower than the normal engine running speed and higher than the RPM defined as
the “run” signal in page 8.

The next screen will ask if you want to “Edit Another?” Select “no” and press the E3 arrow.
Press the K3 arrow (3) more times until the screen appears as “Enter ON Delay.” Enter this
number as the time delay (in seconds) following engine start when you would like to log the
catalyst differential pressure. The maximum value configurable is 3600 seconds (60 minutes.)

After entering the time delay, press E3 arrow.

The next screen allows you to define an “Off’ condition. In this case, select “No” and press
the I3 arrow.

The next screen named “Input To Log” allows the user to select which parameter to log.
Using the up / down arrows, select the input that is defined as the catalyst differential
pressure. Press E3 arrow.

The next screen named “Log Frequency” allows the configuration of how often (in minutes)
the value is to be logged. Entering O minutes will allow only (1) data log event following the
start delay. If you wanted to continuously log the differential pressure, you would select the
frequency in minutes between data logs. Selecting escape EE will return to the “Log
Frequency” screen.

Press the B3 arrow and then select “Yes” to save the changes.

Pressing the escape EE key two times will escape to the normal monitoring mode.

Downloading logged values to PC:
The hardware connection from the Catalyst Monitor to a PC is via a USB cable assembly,

Dynalco p/n 270A-13020. The 6 ft cable length allows easy connection via a 4 pin Phoenix
plug to the lower connector (terminals 5, 6, 7, 8) on the back of the Catalyst Monitor.
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The Dynalco host software is available as a free download from our website. Please call
(954) 739-4300 if assistance is required in locating this file.

Following installation, you may click on the icon to open the application. This software will
allow date selectable log values to be downloaded to an excel spread sheet on the PC.

Communication il

The unit also provides access to the internal registered values using the Modbus Protocol.
The diagram below shows the recommended connections to the removable connectors on
the back of the unit for either half-duplex or full-duplex (RS485).

Wiring is as follows:

PIN | Description

5 TD(A) **

6 TD(B) **

I Jumper to PIN 5
8 Jumper to PIN 6

** A 120 ohm termination resistor may need to be installed across pins 5 & 6.
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The Dynalco software delivers an Excel comma delineated file (.csv) with the log. This
example is the Exhaust Inlet Temperature, measured every 15 minutes.

Date EventID Value
6/1/2012 9:56 0 1083
6/1/2012 9:41 0 80

5/31/2012 16:35 0 1079
5/31/2012 16:20 0 1079
5/31/2012 16:05 0 1079
5/31/2012 15:50 0 1079
5/31/2012 15:35 0 1079
5/31/2012 15:20 0 1079
5/31/2012 15:05 0 1079
5/31/2012 14:50 0 1079
5/31/2012 14:35 0 1079
5/31/2012 14:20 0 1079
5/31/2012 14:05 0 1079
5/31/2012 13:50 0 1079
5/31/2012 13:35 0 1079
5/31/2012 13:20 0 1081
5/31/2012 13:05 0 1081
5/31/2012 12:50 0 1082
5/31/2012 12:35 0 1074
5/31/2012 12:20 0 1079
5/31/2012 12:05 0 1079
5/31/2012 11:50 0 1077
5/31/2012 11:35 0 1076
5/31/2012 11:20 0 1079
5/31/2012 11:05 0 1079
5/31/2012 10:50 0 1077
5/31/2012 10:35 0 -4
5/30/2012 18:16 0 1189
5/30/2012 18:01 0 1187
5/30/2012 17:46 0 1189
5/30/2012 17:31 0 1190
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Appendix B - Drawings and Specifications
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1.0

GLOSSARY OF TERMS

CO - carbon monoxide

CO, - carbon dioxide

SCFH - standard cubic feet per hour
SCM - standard cubic meter

ppm — parts per million

ppmvd — parts per million volume dry
HRSG — Heat Recovery Steam Generator

Ambient temperature — temperature in the immediate or surrounding
area

Monel nut — nut made of Monel metal that allows easy removal after
being in service on a stainless steel bolt or stud.

CO module — A rectangular canister containing the catalyzed metal
substrate.

T-Bar frame — structure on which the CO modules are mounted,
forming the CO catalytic bed

O, - oxygen

UHC - unburned hydrocarbons

cpsi — cells per square inch

G’s- acceleration of a mass of one pound resulting in one pound force

Support Spine — Support structure upon which the catalyst T-bar
frame is supported
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2.0 INTRODUCTION

The purpose of this document is to provide an overview of how a precious
metal catalyst system functions and typical installation, operating, and
maintenance guidelines to users of ADVOCAT™ DOC Oxidation Catalyst.

3.0 SYSTEM DESCRIPTIONS

A. Process Description

The combustion of hydrocarbon fuels typically produces small
amounts of carbon monoxide. In the DOC ADVOCAT™ system,
this residual carbon monoxide is converted into carbon dioxide by a
precious metal catalyst, which promotes the desired chemical
reaction to oxidize CO to CO,, as follows:

CO +1% 02—> COQ

A catalyst is a substance that increases the rate of a chemical
reaction but emerges from the process unchanged. By increasing
the rate of reaction we are able to make thermodynamically
favorable reactions occur in a time frame that is suitable to our
needs. A catalyst increases the rate of reaction by participating in
the intermediate steps of a reaction and providing an alternative
reaction path (“mechanism”) for the reaction. This catalytic
intervention results in a lowering of the overall activation energy
requirements, thus permitting a reduction in the temperature at
which the process can proceed favorably. The term catalyst, as
typically used in this document, refers to the sum product of
components that make the reactions occur. In reality the catalyst
consists of a substrate, washcoat (or support), and precious metal.

The surface of a catalyst is comprised of numerous “active sites”
which are simply sites onto which a molecule in the surrounding air
may attach. This attaching affects the bond structure of the
attached molecule in such a fashion as to make it much easier for
bonds to be broken. The act of attaching may, by itself, be
responsible for the initial bond breaking. Certainly the act of
attaching significantly alters the bond structure. Oxygen from the
air stream is initially adsorbed onto the surface of the catalyst. The
surface interaction of the catalyst with the oxygen greatly distorts
the oxygen bond. In its distorted state, the oxygen is much more
strongly oxidizing toward carbon monoxide.
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To promote a high rate of gas contact with the catalyst surface
while maintaining low system pressure drop, ACS uses a monolithic
honeycomb structure, which consists of many parallel cells through
which the exhaust gas passes. The high cell density per square
inch of honeycomb, combined with its high surface area, assures a
very efficient rate of gas contact with the catalyst surface and,
therefore, a high conversion rate of CO to CO..

B. Factors Affecting Catalyst Performance

Temperature is a significant factor affecting conversion. The higher
the temperature the more favorable are conditions for the oxidation
reaction to occur. Another significant factor that affects conversion
is the amount of gas that the catalyst is forced to process in a given
time. Higher conversion will be achieved when the catalyst is
forced to process a smaller volume of gas in a unit time. In the
catalysis industry, the concept of space velocity is used to quantify
this idea. Space velocity is defined as:

Space Velocity = Gas volumetric flow rate/hr
Catalyst volume in service

The gas volumetric flow rate is usually expressed in units such that
when divided by the catalyst volume, the unit of space velocity is
reciprocal hours (1/hr). One can think of space velocity as
expressing the catalyst volume equivalents of gas that a catalyst
processes in one hour. For example, a space velocity of 50,000/hr
indicates that the catalyst is processing 50,000 times its own
volume of gas every hour. Lower space velocity is associated with
higher conversions.

Another important factor that affects overall conversion is catalyst
support geometry. The support structure is almost always metal or
ceramic and is constructed in such a manner as to give a high
global surface area.

Honeycomb geometries are specified by their “cell count”. Cell
count is defined as the number of individual cells or cell equivalents
contained within a given cross-sectional area (typically one square
inch). If one describes a honeycomb structure as “100 cell” this
means that the monolith in question has 100 individual cells
contained within an area of one square inch of the catalyst face
(this also implies that there are ten cells per linear inch if the
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honeycomb is square). The following illustration visually presents
the concept of cell count.

lllustration A

1inch

A
—N

1 inch

Cell count is the actual number of cells per unit area. Cell count
may also be referred to as cell per square inch (cpsi).

C. Destruction Efficiency (percent conversion)

The effectiveness of a catalyst is stated by percent conversion.
The percent conversion is determined by the equation:

% Conversion = 1 __ Catalyst outlet concentration | x 100
Catalyst inlet concentration

D. Equipment Description

The ADVOCAT™ catalyst is supported by a high temperature
stainless steel multi-cellular monolithic structure. The structure is
coated with a high surface area alumina layer designed to distribute
and disperse the catalytic component. The catalytic component is
platinum.

The special stainless steel foil is corrugated and placed upon itself
to make a honeycomb core. The structure has 100 cells per square
inch and has web thickness of about 0.002 inches. The
“‘honeycomb” has a high global surface area and low porosity, thus
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giving excellent contacting of catalyst with the exhaust stream with
minimum resistance to flow (i.e. low pressure drop).

The particles of Platinum are very small of the order of 20 to 50
angstroms (one angstrom is 0.00000001 centimeters). The small
dimensions give rise to high metal surface area. This surface area
is stabilized by supporting the Platinum crystallites on a high
surface area alumina based coating, which in turn adheres to the
walls of the stainless steel structure. This core and enclosure is
called a “module”.

E. Safety Considerations

The converter is designed to oxidize carbon monoxide in the gas
turbine exhaust. This occurs as the exhaust passes over the precious
metal-coated catalyst at elevated temperatures. These high
temperatures make it mandatory that personnel be protected against
injury. Do not attempt to work around the converter modules if
temperatures exceed 110°F.

System Precautions

Always use caution in working around the converter during a shutdown
period. If the converter shuts down because of a high temperature or
any other reason, pay particular attention to hot surfaces and make
sure there is adequate area ventilation. This is especially important
when inspecting, removing, or installing the converter. If necessary,
use a ventilation fan to keep fresh air flowing in the converter during
inspection, removal, or installation.

Any time the converter is not in operation because of the need to
perform maintenance work take the appropriate equipment lockout
measures.

Use proper personnel protection at all times when installing or
removing catalyst modules. Read the recommendations below before
starting any procedures:

A. Provide adequate ventilation

B. Wear leather gloves when handling catalyst modules. Metal edges
of the modules are sharp and can cut and bruise.
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C.

Wear safety glasses with side shields or goggles when installing or
removing modules from the frame. Protruding threading studs on
the frames may often be at eye level.

Wear safety shoes and a hard hat.

Wear appropriate fall protection equipment as required during
module loading.

Modules should be lifted within a lifting fixture during loading.

. Precautions should be taken to prevent injury from falling objects

while loading modules (nuts, clips, modules, tools).

Follow OSHA standards for confined space entry and fall
protection.

Review the operation of the converter with the plant safety officer before
starting the unit. Any suggestions and additions should be added to those
instructions.

All those involved in the operation of the converter should read and
understand the complete operating instructions before starting the system.
Safety meetings of all those involved with the converter should be held
periodically in conjunction with housekeeping reviews.

4.0 OPERATING CONDITION

Duct Interface INSIDE LINER

CIRCUMFERENCE 48”

See Appendix E for operating conditions for all load cases.

Operating Requirements

Over-temperature Protection

The converter can operate up to a maximum temperature of 1100F,
although it is designed for a peak continuous operating temperature of
1050F. In the event of an engine malfunction, it is possible for the
exhaust gas temperatures to exceed 1100F. For this reason, over-
temperature protection must be provided. This over-temperature
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protection should consist of thermocouples upstream and downstream of
the CO converter, and a visible annunciation with audible alarm. The
alarm should sound at 1075F, and the reason for th e over-temperature
condition should be determined and corrected. If the turbine exhaust
temperature reaches 1100F, the engine should shutd own and corrective
action taken.

Differential Pressure Protection

A differential pressure transmitter should be installed to determine the
pressure drop across the converter. The maximum expected pressure
drop at the maximum flow and lowest temperature is approximately 1.09
inches w.c. If the pressure drop exceeds 2.0 an alarm should sound, and
the reason for the condition should be determined and corrected.
Engine Lubricating Oil

Catalyst durability is significantly affected by the type and consumption
rate of turbine lubricating oil. Low ash, phosphorous-free oils are
recommended for prolonged catalyst durability.

Housekeeping

Keep the area free from any hazards that would prevent easy movement
around the converter or easy access into the casing interior. No
flammable or otherwise hazardous materials should be stored in the
immediate vicinity of the converter.

Catalyst Washing

See Appendix C for catalyst washing requirements.

5.0 INSTALLATION

No Special Tools are required for catalyst installation.

B. CO Catalyst Converter Module

Before installing the CO catalytic converter modules, take these
precautionary steps:

1. Thoroughly clean the upstream ducting and liner, removing
all dirt, oil, grease, rags, etc.
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2. Operate the engine before installation of the CO converter
to ensure that all debris has been blown out of the system.

3. Adequately sized planks and/or scaffold support equipment
must be placed across the length of the catalyst frame
allowing for a safe and accessible work area during the
catalyst installation

4. Seat module into frame.

5. Check to ensure that the catalyst is seated properly and all
sealing components are properly aligned. If the catalyst is
not seated properly, gas will bypass the catalyst.

6. Clean duct areas after all modules are installed and prior to
engine start-up.

6.0 TESTING

There are usually three types of testing done on CO catalytic converters.
One is acceptable testing by the local air quality authority or Federal EPA.
The second is testing of the internal catalyst core samples to determine an
“aging curve” to give an idea of catalyst replacement intervals. The third is
“pefore and after” testing to determine the catalyst efficiency, pressure
drop, and face velocity profile.

7.0 Operating Instructions

A. PRE-STARTUP INSPECTION

Precautions should be taken when starting up the system for the
first time. The following items should be checked prior to system
start-up:

a. Inspect the ducting up stream of the catalyst to be sure
there are no loose places in the duct liner that will allow
loose insulation to escape.

b. Be sure no loose object or trash is present in the duct
upstream of the catalyst.
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c. Inspect the catalyst housing, duct liner and expansion
joints to be sure they are installed correctly.

d. Inspect catalyst support frames for any damage during
field erection.

The DOC catalyst is designed to operate, to the largest degree
possible, in the same thermal environment as the engine.
However, when gas is admitted to the system for the first time, it is
necessary to take extra precautions to reduce thermal shock and
possible distortion.

As with any piece of fired equipment, it is desirable to hold to
minimum of thermal shock, temperature spikes, excursions and
unnecessary thermal cycling.

The DOC catalyst should not be exposed to direct flame at any
time.

B. INITIAL ENGINE FIRING

Care in admitting exhaust gas to the catalytic converter for the first
time is important. The ramp up of temperatures in the system is
more difficult to control.

The objective of the initial start-up procedure is to have the support
frame assembly heat up as a unit as uniformly as possible. The
support structure will grow in the vertical and horizontal directions
from a cold to a hot operating condition. The changes in
temperature, exercise the seal system as well as other parts of the
system. At the time of initial engine firing, the following steps are
recommended.

1. Inspect the oil seals and determine that the engine is
operating properly and there are no potential oil leaks.

2. Start the engine and attain synchronous idle conditions.

3. Maintain these conditions until the catalyst and support
frame are uniformly heated.

4. Increase the engine power slowly, keeping the catalyst
support frame uniformly heated with no hot spots, through
the time when the desired maximum output is achieved.
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After the initial start-up has been completed the catalyst modules
and gaskets should be installed and the system re-started as
recommended above.

C. POST START-UP INSPECTION

After the initial start-up has occurred and the engine has been run
for some period of time, it will be necessary to enter the duct and
inspect the support frame, seals and structure. The following items
will be checked:

1. Look for oil fouling or insulation on the catalyst frame
structure.

2. Check the support structure for cracks or broken parts.

APPENDIX A “MSDS”

MATERIAL SAFETY DATA SHEET
DATE: Jan. 1998

Product Name: \ STAINLESS STEEL CO CATALYST
SECTION |
Distributor’'s Name: Peaker Services, Inc. Telephone:
8080 Kensington Ct 800-622-4224

Brighton MI., 48116

Chemical Name and Synonyms: CO Catalyst
Formula: N/A
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SECTION Il HAZARDOUS INGREDIENTS

TLV (Units)

PRINCIPAL HAZARDOUS COMPONENT (S) CAS # % by ORAL |DERMA| ACGIH [ OSHA
WEIGHT LDsy | L LDsg

CHEMICAL NAME Platinum (Pt)
7440-06-4 No Data | No Data | 0.002 0.002

COMMON NAME Platinum mg/m”3 | mg/m”3

CHEMICAL NAME Aluminum Oxide (Al203)

1344-28-1 No Data | No Data 10 5

COMMON NAME Alumina mg/m"3 | mg/mA3

CHEMICAL NAME Stainless Steel Monolith

COMMON NAME Stainless Steel Monolith No info. No Data | No Data | None None

CHEMICAL NAME

COMMON NAME

CHEMICAL NAME

COMMON NAME
CHEMICAL NAME

COMMON NAME

CHEMICAL NAME

COMMON NAME

* No animal mortalities during course of 14-day study.

This product is non-hazardous according to the definitions for "health hazard" and "physical hazard"
provided in the OSHA Hazard Communication Law (29 CFR part 1910).

SECTION lll PHYSICAL DATA

BOILING POINT (F)| N/A SPECIFIC GRAVITY (H20=1) N/A

VAPOR PRESSURE (mmHg) N/A PERCENT VOLATILE BY N/A
VOLUME (%)

VAPOR DENSITY (AIR=1) N/A PH N/A

SOLUBILITY IN WATER insoluble OTHER packing N/A
density

APPEARANCE AND ODOR Black coating with no distinct odor.

While this information and recommendations set forth herein are believed to be accurate as of the
date hereof, PEAKER SERVICES INC. MAKES NO WARRANTY WITH RESPECT HERETO AND
DISCLAIMS ALL LIABILITY FROM RELIANCE THEREON.
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SECTION IV FIRE AND EXPLOSION HAZARD DATA

Flash Point (Method Used) N/A

Extinguishing Media As appropriate for combustibles in area

Special Fire Fighting
Procedures None

Unusual Fire and
Explosion Hazards None

SECTION V HEALTH HAZARD DATA

EFFECT OF OVEREXPOSURE

A. ACUTE
1. INGESTION

The product is non-toxic through ingestion

2. INHALATION
N/A

3. DERMAL EXPOSURE

a. TOXIC
Non-Toxic
b. IRRITATION

This product is not a skin irritant.
C. SENSITIZATION
None
4. EYEIRRITATION

This product is not an eye irritant

B. SUBCHRONIC, CHRONIC, OTHER

The effects of long-term, low-level exposures to this product have not been
determined. Safe handling of this material on a long-term basis should emphasize the
avoidance of all effects from repetitive acute exposures.
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FIRST AID

A. EYE

Flush with plenty of water for 20-30 minutes. If irritation, tears, and redness persists
seek medical attention.

B. SKIN

Wash with soap and water.

C. INGESTION

This product is not expected to be an ingestion hazard. No human or animal defects
have been documented.

D. INHALATION

N/A
SECTION VI REACTIVITY DATA
STABLE X | CONDITIONS TO AVOID NONE
STABILITY UNSTABLE
INCOMPATABILITY:
(Materials to Avoid) Keep away from extreme heat and open flame.
HAZARDOUS ECOMPOSITION
PRODUCTS None

SECTION VII SPILL OR LEAK PROCEDURES

REPORTABLE QUANTITIES (RQ)
IN LBS OF EPA HAZARDOUS
SUBSTANCES IN PRODUCT

STEPS TO BE TAKEN IN CASE
MATERIAL IS RELEASED
OR SPILLED Sweep up and save for reclaiming precious metals.

WASTE DISPOSAL METHOD

Save material and recycle for precious metal value.
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SECTION VIIl HANDLING & STORAGE

PROTECTIVE GLOVES

Rubber gloves recommended

EYE PROTECTION

Safety glasses or goggles recommended

OTHER PROTECTIVE CLOTHING

None
RESPIRATORY PROTECTION
None
Local exhaust None OTHER:
VENTILATION MECHANICAL
(general) None

STORAGE & HANDLING

Store at room temperature and wear gloves when handling.
Exercise caution in the storage and handling of all chemical substances

OTHER PREACAUTIONS

Wash thoroughly after handling.

Document Number: POS3367570M
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APPENDIX C “Catalyst Maintenance/Washing Procedure”

ADVOCAT ™ DOC catalyst is a platinum metal based catalyst and should not
require reqular catalyst maintenance if the engine exhaust gas remains clean of
potential blocking (insulation) and/or masking agents (dirt, dust, iron oxides,
excessive engine lubricate oil, etc.). A build-up of blocking material (indicated by
an increase in pressure drop across the catalyst or slight build-up of masking
agents on the catalyst surface indicated by a reduction in CO destruction) can be
removed with a light demineralized water spray across the catalyst. This
washing can be performed while the catalyst remains installed. If excessive
masking agents are present on the catalyst, removal and chemical washing of
individual modules would be required to regain original performance. Catalyst
test coupon evaluation and catalyst washing services are available.

Trouble Shooting Matrix:

Problem Potential Cause Recommended Action
Description

Reduction in CO Potential masking of catalyst. Remove test coupon and send
conversion. for performance evaluation.
Reduction in CO Change in Operating Conditions Examine periodic performance
conversion. history to determine if there is

a change in operating
conditions. Test catalyst inlet
and outlet CO conditions for

comparison.
Increase in pressure Potential masking or blocking of Inspect catalyst for cell
drop across catalyst catalyst. blockage. Remove material or
bed. blockage with light DM water
spray.

Pressure drop and CO destruction measurements, across the catalyst, should be
taken on a regular basis by Plant operators to monitor the catalyst performance
and need for maintenance.

Chemical washing/regenerating Procedure:

Use only demineralized water for making the different solutions and rinse steps. Take
all the safety precautions needed.

Equipment and materials needed

Document Number: POS3367570M Page 17 of 19
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1. There will be four (4) tanks needed for this process.

2. The first tank will contain a solution of 10% KOH (Potassium Hydroxide), tank 1.
(Make enough solution and have enough demineralized water in every step to
completely immerse all the units.)

3. The second tank will contain Demineralized water, tank 2.
4, The third tank will contain a solution of 10% HOAc (Glacial Acetic Acid), tank 3.
5. The fourth tank will contain Demineralized water, tank 4.
Procedure
1. The first set of DOC catalysts will be completely immersed in the first tank, tank
1, (10% KOH) and the units will be washed/regenerated for 20 minutes.
2. Take the units out of the first tank and rinse them with Demineralized water.

Gently shake them to remove any excess liquid stored in the units. If you have a
high volume low pressure blower, gently blow them to get the excess water off.
Do Not use any high-pressure air to blow the units since this will cause the
washcoat to come off. Place the units in tank 2 for 10 minutes.

3. Take the units out of tank 2 and follow the same procedure to remove the excess

liquid stored in the cells.

Place the units in tank 3 (10% HOACc) and leave them there for 20 minutes.

Make sure the liquid level is always on top of the units.

Take the units out of tank 3 and follow the same liquid removal procedure.

Place the units in tank 4, and leave them there for 10 minutes.

Follow the same procedure to remove any excess liquid.

Dry the units — air cool dry or in a furnace if available (300°F).

Neutralize the solutions left and dispose properly.

0. Follow the same procedure, beginning at step #1 to wash the next sets of units.

B

00N O

Since the solutions you are using are highly caustic and acidic, make sure the safety
equipment needed (gloves, goggles, aprons, respirators, and any other piece of
equipment you might need) are used throughout the process.

After these modules are taken through this process and they are dry, they are ready to
be re-installed. When handling the DOC units, pay extra attention that the cells do not
get hit in any way, as this will plug them.

Please note that the procedures above are for blocking and masking agents on the
catalyst, as noted in the warranty there are poisoning agents that cannot be washed
from the catalyst. The presence of these poisoning agents in the exhaust gas stream
will void the catalyst warranty.
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APPENDIX E “Operating Conditions”

Parameter Units | Case 1 Case 2
Fuel Type ULSD ULSD
Temp at Catalyst °F 742 670
Exhaust Flow ACFM | 22,000 22,000
CO Destruction Required % 70 70
Gas Hourly Space Velocity 161,429 | 172,860
Expected Pressure Drop "w.c. 1.38 1.38
Guaranteed Pressure Drop "w.c. 1.63 1.63

APPENDIX F “Performance Test Curves”

-CO Oxidation Efficiency (%):

I emperature (Ueg L)
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INTRODUCTION

This manual has been prepared toserve as a guide to personnel engaged in the operation
of the Genoral Motors Corporation, Electro-Motive Division MU type power plant.
Additional information on application, installation, and maintenance may be found in the
Maintenance Instructions, the 6454 Engine Manual, and the Application and Ingtailation
Data bool, For specific equipment, various manufacturer's pamphlets are helpful.

The information contained in this manual covers the typical MU type installation and
common optional equipment, The function of the equipment and related accessories as
deseribed in this manual is of necessity based on a general type of installation and the
descriptions and explanations will not be completely applicable to gpecific MU type
power plants, However, the information will aid in providing an undergtanding of any
installation and will be useful to operating personnel. The wiring diagrams and agsem-
bly drawings for specific plants take precedence over information presented in this
general manual.

The contents of this manual are divided into eight sections and an appendix ag follows:

Section 1 - GENERAL DESCRIPTION
Briefly describes the power plant and its operation,

Section 2 - MP TYPE GENERATING UNIT
Briefly describes equipment in the generating unit.

Section 3 - QOUTDOOR SWITCHGEAR STATION
Briefly describes equipment in the switchgear station.

Section 4 - INSTALLATION AND PRE~-SERVICE CHECK
Briefly describes necessary procedures hefore first operation.

Section 5 - AUTOMATIC OPERATING SEQUENCE
Gives the operating sequence for control equipment in
various modes of operation,

Section 6 - MANUAL OPERATION
Gives operating procedures in the manual mode.

Section 7 - DESCRIPTION OF ELECTRICAL DEVICES
Describes functions of relays, meters, and control devices.

Section 8 ~ ANNUNCIATOR OPERATION AND TROUBLE SHOOTING
Describes the annunciator alarm system and trouble shooting procedures.

" Appendix - Contains pertinent information in tabular form,
A block of page numbers is allocated to each section, Section 1 starting with page 101,

Section 2 with 201 and the others following in thig manner. Figures are identified by
section and sequence. For example: Fig, 2-3 is the third figure in Section 2.

To obtain the most benefit from this manual, it is recommended that the sections be
read in the sequence in which they appear.
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SECTION 1

GENERAL DESCRIPTION

GENERAL

The General Motors Electro-Motive Divi-
gsion MU type power plant is designed for
the specific purpose of providing AC
power at 4160 volts, 3 phase, 60 cycle for
peaking, spinning reserve, and base toad
operation, The MU type power plant may
be modified to operate at lower vollage
and frequency.

The MU type power plant consists of from
one to six MDP type diesel driven genera-
ting units, Fig. 1-1, andan outdoor switch-
gear station, Fig. 1-2. The plants are
designed for automatic operation and re-~
quire only start and stop signals which
may be provided from the outdoor switch-
gear station or from a remote location,
Controls are provided for manually oper-
ating the plants from the outdoor switch-
gear station, The manual controls are
provided for use during inspections and
when performing maintenance onthe plant.,
The manual controls may also be used as
back up controls if for any reason the
automatic control circuitryis inoperative.

Full load operation in peaking mode is
attained in three minutes or less affer
start signal is received, Referto Fig,1-3,
for starting time of MU power plant when
operating in peaking mode, TFull ioad
operation in dead line emergency start can
be attained in approximately 90 seconds,
but dead line emergency start should be
ugsed only in extreme emergency. Refer
to Fig, 1-4, for starting time of MU power
plant when operating in dead line emer-
gency start mode,

MP TYPE GENERATING UNIT, Fig. 1-1

The MP type generating unit consists of a
skid mounted metal enclosure housing a
diesel engine, a synchronous generator,

engine accessories, generator accesso-
ries, engine control cabinet, and an
slectrical control cabinet. The metal
enclosure is sound-ingulated and provides

protection from the weather.

One generating unit in each MU type
power plant is designated as the Master
Generating Unit (MPA), The remaining
penerating units are designated as Aux-~
iliary Generating Units (MPB). The MPA
unit contains batteries, a battery charger,
and fuel oil transfer pumps,. The battery
provides power for starting all engines in
the power plant, The hatleryalso gupplies
power for flashing the generator field of
the first unit to start when the plant is
used for starting under dead line condi-
tions., The battery charger keeps the
batteries fully charged., The fuel oil
transfer pumps are used to transfer fuel
oil from the fuel oil storage tank to the
fuel oil day tank located on the MPA unit.
Equalizer lines are connected betweenthe
MPA fuel oil day tank and MPB fuel oil
day tanks so that fuel oil level in all fuel
oil day tanks is approximately equal.

The diesel engine may be operated from
within the MP enclosure, or from the
switchgear station.

OUTDOOR SWITCHGEAR STATION,
Fig. 1-2

The outdoor switchgear station is a sec~
tionalized metal structure which contains
all equipment necessary for manual or
automatic operation of the MU type power
plant. The switchgear station consists of
one generator switchgear cubicle for each
MP type generating unit in the MU instal-
lation and a single auxiliary switchgear
cubicle that is common to all generating
units in the installation,
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GENERAL DESCRIPTION
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GENERAL DESCRIPTION

Each generator switchgear cubicle con-
tains an air magnetic circuit breaker
located in the line hetween the generating
unit and the MU power plant bus. The MU
power plant bus is connected to bushings
provided on the roof of the switchgear
astation. A modification to provide outpug
through underground connections is avail-
able. The door of each generator switch-
gear cubicle contains relays and switches
related to the specific generating unit
connected to the circuit breaker.

The auxiliary switchgear cubicle containg
transformers, control equipment, protec-
tive relays, and meters related to the
power bus that is commontoall generating
units in the MU installation,

GENERAL OPERATING SEQUENCE

A brief description of MU plant operating
sequence is given below. Detailed opera-
ting sequences are provided in other
sections of this manual,

In normal peaking mode of operation, a
start signal causes the stepping switch in
the MPA unit tobeginthe starting sequence
of the generating units, Whena generating
unit has started it sends a signal to the
MPA unit, which causes the next unit to
start, This cycle is repeated until all
units have started, After a generatingunit
has started it will idle for approximately

90 seconds, then accelerate, building up
apeed and voltage. Whenspeedand voltage
hag buill up, the generating unit synchro-
nizes voltage, phase, and frequency with
the bus then cloges its clreuitbreaker and
begins to share the load, The generating
unit increases load until its outpui is at
full rated load,

At customers option, a remote stop/plant
stop switch can be furnished which will
stop all generating units, The local control
box located within the switchgear station
detects the stop signal then sends a stop
signal to each generating unit, Upon
receiving a stop signal the generating
units will unload, the breakers will open,
and the engines will idle until cool and
then stop.

Protective circuits and devices are pro-
vided to handle abnormal condifions, A
nimber of abnormal conditions, as shown
on the annunciator of each generating unit,
will cause lockouts and either stop the
engine or prevent it from starting. When
a generating unit is stopped by certain
faults relating directly to the engine, the
cause must be corrected and the annunci~
ator manually reset before the unit canbe
restarted, Other annunciator faultindica-
tions may bhe resetfroma remote location,
and if the fault does nol persist normal
operation will result,
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SECTION 2

MP TYPE GENERATING UNIT EQUIPMENT AND SYSTEMS

GENERAL

The MP type generating unit consists of a
diesel engine directly coupled to a syn-
chronous generator equipped with a regu-
. The unit also

lated static type exciter

contains an engine control panel, an elec-
control panel, and the required
gupporting auxiliaries such as oil

trical
engine

coolers, oil filters, engine water cooling
system, engine exhaust snubber, and fuel

oil system. The general arrangement of
the equipment is shown in Figs. 2-1 and 2-2,

DIESEL ENGINE, Fig, 2-3

The prime mover in the MP type genera-
ting unit is the Model 20-64514, 20-cylin-
der, 45 degree Vee, two-stroke cycle,

1
|36 || \a7
Generator )
| Compartment r —
13 iy i i
©3, _ N B 10 —
1 i a '——-ﬁ_:g"r;;..:_:,f‘;;:n ,,J‘nfn.____'.}if..ﬂ”,ﬁ .
-] ! Ay Engine Compartment 4155 3
‘4” g Al [ th‘ YT pL | r“ﬁ e | 23
3 | =R
: 1} o 70.645E4 Engine { 4
| 2T ERDC000 OO0OOK:
’ U 666@6*6?6@@&‘5;
38 28 S 75 =l
I J —
: W” - _‘ 15
14212
1. Generator Control Cabinet 16. Fuel Day Tank 28. Generator Output Connections And
2, Air Intake Sound Heod 117. Lube Oil Circulating Pump Filter Metering Transformers
3. Air Intake Filter 18. Engine Water Tank And Gauge 29. Fuel Transfer System ("Master A"
4, Static Exciter 19. Lube 0Oil Cooler Unit Only)
5. Engine Air Intake Filters 20. Engine Lube Oil Filter 30. Fuel Day Tank Level Gauge
6. Generator Blower 21, Immersion Heater 31, Engine Control Cabinet
7. Air Filter Dust Bin Blower 22, Lube 0il Circulating Pump 32. Engine Water Tank - Filling Cap
8. Blower Drive Support 23. Engine Governor 33. Fuel Pressure Filter
9. Exhaust Silencer With Heat Shield 24, Lube Oil Strainer And Filler 34. Battery Charger ("Master A™
10. Engine Room Vents 25, Batteries ("Master A" Unit Only) Unit Only)
11. Engine Cooling Radiators 26, Engine Starting Motors 35. Sound Hood - Dust Bin Blower
12. Radiator Cooling Fan 27, Synchronous Generator Discharge
13. Radiator Shutters 36. Engine Exhaust Stack
14, Cooling Air Intake Sound Hood 3%, Engine Exhaust Shroud
15, Shutter Actuating System 48, Power CT's (When Fitted}

Fig, 2-1 — MP Type Generating Unit — General Arrangement
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MP EQUIPMENT AND SYSTEMS

t4213

Fig, 2-2 ~ MP Type Generating Unit Without Housing

t4z14

Fig, 2-3 ~- Model 645E4 Turbocharged Diesel Engine
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MP EQUIPMENT AND SYSTEMS

turbocharged diesel engine. Fachcylinder
has a 9-1/16" bore with a 10" stroke,
providing 2 piston displacement of 645 cu,
in, For a more detailed explanation of the
diesel engine refer to the Engine Mainte-
nance Manual,

FUEL Ol SYSTEM, Fig. 2-4

The fuel oil system consistis of the genera-
ting unif fuel oil system and the fuel oil
transfer system,

GENERATING UNIT FUEL OIL SYSTEM,
Fig. 2=4

The fuel oil system for each generating
unit consists of a fuel oil day tank, fuel
pump, fuel suction strainer, engine mount-
ed fuel filter, sight glasses, fuel pressure
gauge, fuel intake manifolds, fuel injec-
tors, and associated plumbing, Refer to

Pressure Gauge | o

Engine Maintenance Manual for detailed
description of fuel intake manifolds and
fuel injectors,

FUEL OIL DAY TANK

The fuel oil day tank ig a 130 gallon aux-
iliary fuel oil tank, supplied with each
engine. The fuel oil day tank serves as a
fuel oil supply source for the engine and
as a reservoir for unused fuel returned
from the engine fuel injectors, The fuel
0il day tank is ecquipped with a fuel level
gauge and with a vent to atmosphere,

FUEL SIGHT GLASSES, Fig, 2-5

Two fuel sight glasses, the fuel return
sight glass and the fuel bypass sight glass,
are located on the engine mounted fuel
filter housing to provide visual indication
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Pig. 2-4 — Fuel Oil System Simplified Schematic Diagram
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Fig, 2-5 — Fuel Oil Sight Glasses

of the fuel system condition. During nor-
mal operation the fuel return sight glass,
mounted nearest the engine, should be full
of fuel, clear, and free of bubbles, A
10 b, relief valve inside the fuel return
sight plass provides a back pressure,
thus maintaining a positive supply of fuel
at the engine injectors, When the back
pressure exceeds 10 lbs, the relief valve
opens allowing the excess fuel toreturnto
the fuel oil day tank.

The fuel bypass sight glass, mounted
farthest from the engine, is connected in
the fuel line between the fuel oil pumpand
the double element engine mounted fuel
oil filter. A 60 1b, relief valve is located
in the fuel bypass sight glass, If the
double element engine mounted fuel oil
filter becomes clogged, the relief valve
will open when pressure exceeds 60 lbs,
The open relief valve allows fuel oil to
flow through the fuel bypass sight glass
and return to the fuel oil day tank instead
of flowing into the engine fuel manifold,

If more than a trickle of fuel is visible in
the fuel bypass sight glass, engine failure
will probably result from lack of fuel to
the fuel injectors,

FURL PUMP, FUEL SUCTIONSTRAINER,
AND FFUBL FTETER

The engine mounted fuel pump draws fuel
from the fuel oil day tank through the fuel
suction sfrainer, The fuel oil iz then
forced through a 10 1b, check valve, the
double element engine mounied fuel filter,
and into fuel manifolds that extend along
both banks of the engine. A fuel pressure
pauge is installed in the fuel line between
the 10 1b, check valve and the double
element engine mounted fuel filter, Fuel
infectors force fuel from the manifolds
into the engine cylinders. The fuel pump
delivers more fuel fto the injectors than
the engine can burn, The excess fuel cools
and lubricates the injectors, then is re-
turned to the fuel oil day tank through the
return fuel sight glass and a check valve,

FUEL OIL TRANSFER SYSTEM, Fig, 24

The MPA generating unit has a fuel oil
transfer system consisting of two fuel oil
transfer pumps, a suction strainer for
each pump, check valves, waste type
filter(s), and float level gauges and
switches, The purpose of this system is
to transfer fuel oil from the main fuel oil
storage tank to the fuel oil day tanks of
the generating units, The fuel level is
controlled by float switches located in the
fuel oil day tank of the MPA generating
unit, The fuel level in the fuel oil day
tanks of the MPB pgenerating units is
maintained by fuel oil equalizer lines.
Refer to the following paragraph and to
lower portion of Fig, 2-4 for operation of
the fuel oil transfer system,

As fuel is consumed and fuel level in the
fuel oil day tank of the MPA unit decreases,
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the fuel transfer switch normal (I'T'SN)
activates the No, 1 fuel oil transfer pump
to maintain normal fuel oil level. If fuel
level drops below the normal level, fuel
transfer switch low (IFISL) activates the
No, 2 fuel oil transfer pump. If fuel level
riges above the normal level, fuel trans-
fer switch high (FTSH) de-energizes the
circuit to No, 1 and No, 2 fuel oil transfer
pumps, If the fuel level drops below the
normal level or rises above normal level,
the TURL, TRANSFER light on the MPA
unit annunciator comes on indicating a
fuel oil transfer faulf, Thefaultindication

does not cauge a shutdown; however, oper-
ation of the fuel oil transfer system should
be checked,

LUBRICATING OIl. SYSTEM, Fig. 2-6

Refer to the following paragraphs and to
Fig. 2«6 for description of that portion of
the lube oil system that is external to the
engine, Refer toEngine Maintenance Man-
ual for description of internal portion of
the lube oil system,

During normal operation, the engine
driven scavenging oil pumpdraws lube oil,
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Fig, 2-6 — Lube Oil System Simplified Schematic Diagram
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through the scavenging oil strainer, from
the engine sump., The oil is then forced
through the lube oil [ilter and the lube oil
cooler and into the lube oil strainer
housing. The engine driven main lube oil
and piston cooling pumps draw lube oil,
through the lube oil strainer, from the
lube eil strainer housing, The lube oil is
then forced to most of the moving parts
of the engine, including the turbocharger,
After lubricating the moving parts of the
engine, the lube oil returns to the engine
sump. Since the scavenging ol pump sup-
plies more lube oil to the Iube oil strainer
housing than can be removed by the main
lube oil and piston cooling pumps, the
excess oil flows through the overfiow line
and into the engine sump,

A lube o0il pressure monitor line is con-
nected into the lube oil pressure line at
a point in the system where the greatest
pressure drop has occurred. An oil pres-
sure gauge and two main bearing oil
pressure switches, MB1 and MB2, are
connected into the monitor line, A crank-
case pressure detector is connected be-
tween the lube oil pressure monitor line
and the engine sump. Main bearing oil
pressure switch MB1 prevents engine
speed from increasing above idle until
satisfactory oil pressure is obtained,
Main bearing oil pressure switch MB2
causes engine shutdown if satisfactory
oil pressure is not obhtained within a
specified time after engine reaches rated
speed, The crankcase pressure detector
causes oil to be dumped from the lube oil
pressure monitor line into the sump,
whenever a positive pressure is developed
in the crankcase. Abnormally low oil
pressure at MB1 and MB2 will result in
engine shutdown and an engine fault indi-
cation on the annunciator. Low oil pres-
sure at MB1 and MB2 may be caused by
low system oil pressure or by tripping of
the crankcase pressure detector.

AUXILIARY LUBE OIL SYSTEM, Fig. 2-6

Each generating unit is equipped with an
auxiliary lube oil system. The purpose of
the auxiliary lube oil system is to provide
lube o0il to remove residual heat {rom the
turbocharger bearvings immediately after
shut down and {o maintain engine oil
temperature during engine shut down,

The lube o0il circulating pump draws lube
oil from the engine sump and forces a
portion of the lube oil through the lube oil
filter, lube oil cooler, and into the lube
oil strainer housing thenbacktothe engine
sump., The remainder of the lube oil is
forced through the auxiliary turbo lube oil
filter, turbocharger, thenback tothe sump,

The lube oil cooler is used to heat the
lube oil during engine shutdown, The
heated lube oil ensures proper lubrication
when starting a cold engine, When the
engine is shut down, water is heated by the
immersion heater, Fig, 2-9, The heated
waler flows through tubes in the luhe 0il
cooler by thermo-siphon action. Heat is
transferred to the lube oil as the lube oil
flows through the lube oil cooler, This
method of heating the lube oil utilizes the
large surface area of the lube oil cooler
and prevents carbonization that might
occur if the oil was heated directly.

AUTOMATIC COLD 1DLE

The immersion heater may be unable to
maintain adequate lube oil femperature
during extremely cold weather or if a
fault develops in the immersion heater
circuit, If the lube oil temperature drops
below a predetermined value, the low oil
temperature switch LOTS closes to ener-
gize LTR which issues an engine start
command, The engine will start and idle
until lube oil femperature increases to a
predetermined value, the engine continues
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to idle for another 11.6 minutes after
which LOTS will open cauging the engine
to shut down. The sensing element of
1.OTS ig located in the lube oil line be-
tween the Tube oil cooler and the lube oil
sirainer,

ABDING OR DRAINING LUBE OIL

Engine 0il level should he checked withthe
engine hot and runping at idle gpeed, but if
necessary, oil level may be checked with
engine at operating spesed, A dipstick,
Fig. 2-7, is located at the rightside of the
engine. It should show a level between
LOW and FULIL when the engine is running,
If the oil level is checked with the engine
stopped, the reading on the dipstick will
usually be above the FULL mark. '

Oil may be added in small amounts with
the engine running or stopped. Whenoil is
added to the system, if should be poured
into the strainer housing through the
opening having the square cap as shown
in I'ig, 2-8, Should the round caps be
removed while the engine is running, hot
0il under pressure will come from the
openings and possibly cause personal
injury.

If local maintenance procedures require
that c¢il be added in large amounts, a
service boom can be secured with the MP
unit as an extra modification, The boom
can be employed to hoist oil barrels into
position to be emptied onto the engine top
deck, This can be done only with the
engine shut down, for oil will spray out of
the top deck of an operating engine.

NOTE; Overfilling of the engine may cause
foaming of the oil in the accessory
drive and camshaft gear trains,
The oil pan aspirator may become
saturated and the engine may shut
down due to positive crankcase
{oil pan) pressure,

9831

Fig, 2-7 = Checking Oil Level

0Oil may also be added or drained through
use of the 3~way valve and circulating
purmnp, An elbow and pipe plug are pro-
vided to facilifate transfer of the lube
oil from a drum to the system., With the
valve in the transfer position, suction can
be sapplied at opening of 3-way valve,
Fig. 2-6, When draining the lube oil sys-
tem, the oil filter drain valve and the
strainer drain valve, Fig, 2-8, located in
the lube oil strainer housing, should be

open.

Filier Drain
Valve Open ONLY
If Draining Filter. [

g! Strainer Drain Valve
Open ONLY If Drain-
ing The Strainer
Housing. 2040

Fig. 2-8 — Adding Oil To Engine
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If the maintenance conditions reduire
more rapid lube oil transfer, it i8 pos-
sible for the user to provide his own
high volume pump and piping for transfer
through the oil pan handholes,

COOLING SYSTEM

Refer to the following paragraphs and to
Fig. 2«9 for description of that portion of
the engine cooling system that is external
to the engine. Refer to Engine Maintenance
Manual for degeription of internal portion
of engine cooling system,

Two centrifugal pumps, mounted on front
of engine and driven from the accessory
gear train of the engine, circulate water
through the cooling system. Heated water
flows from the engine discharge manifold
into the radiators. From the radiators
water flows through the lube oil cooler to
the water pumps then back through the
engine,

A temperature control manifold is mounted
on the accessory rack and connected into
the cooling system line at inlef to the oil
cooler, A shutter control switch (TB}, an
engine water temperature switch (ETS),
and an immersion heater temperature
control switch (TC) are mounted on the
temperature control manifold., Shutter
control switch (TB) is a itwo position
thermal switch, Operation of the switch
is controlled by temperature of the water
within the temperature control manifold.
If water temperature is below a specified
value, TB will operate to cause the
ghutters to move foward the closed posi-
tion, As the shufters move toward the
closed position, less cooling air comes
into contact with the radiator fins and
water temperature increases, If water
temperature is above a specified value,
TB will operate fo cause the shutters to
move toward the open position, more

cooling air comes into contact with the
radiator fins, and water temperature de-
creases, A timer rvelay (T) is incorporated
into the control circuit to reduce over
control of the shutters and thereby pre-
venting a continuous opening and closing
of the shutters. Timer relay (1) supplies
current to TB for a specific time, at
timed intervalg, This intermittent opera-
tion allows water temperature topartially
stabilize at cach position of the shuiters,
thereby reducing over control of the
shutters,

Immersion heater temperature control
switch (TC) operates to control power to
the immersion heater elements during
engine shut down, Water heated by the
immersion heater circulates through the
lube oil cooler, by thermo-siphon action
and maintaing the lube oil temperature at
a value that ensures proper lubrication
when starting a cold engine. If water
temperature rises above a predetermined
value, TC operates to remove power from
the immersion heater. When water tem-
perature drops below the predetermined
value, TC operates to apply power to the
immersion heater,

The engine water temperature switch
(ETS) operates to issue an ENGINE TEM -~
PERATURE fault and causes the engine to
shut down, when water in the engine
approaches the boiling point.

The radiators are mounted so fhat water
will drain from the radiators into the
water tank during engine shut down. Anti-
freeze is not required, as heat from the
immersion heater and the "automatic cold
idle' feature of the engine supplies suffi-
cient heat to prevent the water from
freezing.

FILLING THE COOLING SYSTEM

The coolant used in the engine cooling
system should be made up and tested in
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Fig, 2-9 — Cooling System Simplified Schematic Diagram

accordance with Maintenance Instruction
1748,

CAUTION: If the cooling system of a hot
engine has been drained, donot
refill until the engine cools,
A sudden change in fempera-
ture may cause damage to the
engine,

The cooling system is filled through the
engine water tank filling cap located on
top of the water tank within the generating
unit housing, A water level sight glass is
located on the tank, The water tank con-
tains approximately 200 gallons of coolant,
Coolant should be maintained at the level
indicated on the instruction plate located
by the sight glass, Observe that the full
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and low level calibration is different for
an engine when running than for an engine
that is shut down,

ENGINE SPEED GOVERNOR

The engine speed governor ig a Woodward,
EG series, eleciric type governor con-
gisting of an EG-B10 hydraulic actuator,
a peaking load control box, and an EG-A
control box, The governor system may be
used on single or paralleled generating
unifs and can be operated as a speed droop
governor or as an isochronouy governor,

An isochronous governor installed on a
generating unit operating alone maintains
constant speed for all loads within the
capacity of the generating unit. Two or
more generating units equipped with EG
series governors, operating with iso-
chronous control, may be operated in
parallel. The parsalleled generating units
with isonchronous control will render
proportional load division,

One or more generating units equipped
with EG series governors, operating as
speed droop governors, may he paralleled
with generating units equipped with dis~
similar governors or with an infinite
bus (commercial power lines}. The load
carried by the generating unif or gener-
ating units equipped with the speed droop
governor will be a function of governor
speed setting and speed droop setting,

The engine speed governor consists of
two independent speed controlling sys-
tems, a centrifugal governor which is
contained inthe EG-B10 hydraulic actuator
and an electrical governor consisting of
the peaking load control box, the EG-A
control hox, and a transducer which is
located in the EG-B10 hydraulic actuator,
When starting a generating unit, the centri-
fugal governor is in control until the

engine is near synchronous speed. 'The
electrical governor then assumes conirol
to hold the engine at synchronous speed.
The centrifugal governor will alsoagsume
control any time the control signal to the
iransducer ig interrupted,

EG-BI0 HYDRAULIC ACTUATOR,
Fig. 210

The EG-B10 hydraulic actuator is physi-
cally mounted on the engine governor
drive assembly and will be considered as
an engine component. A brief description
of the actuator is provided inthe following
paragraphs, Refer to the Engine Mainte-
nance Manual for detailed description,

The purpose of the EG-Bi0 hydraulic
actuator is to control fuel flow to the
engine, as necessary, to maintain the
generating unit at a constant predeter-
mined speed, The actuator contains a
complete centrifugal pgovernor and the
output stage (an electrically operated
transducer) of the electrical governor.
During normal operation, the transducer
controls fuel to the engine in response to
a control signal received from the EG-A
control hox. If no signal is received from
the EG-A control box, the transducer is
inoperative and the centrifugal governor
assumes control of engine speed. Engine
speed is approximately 6% higher when
under control of the centrifugal governor
than when under control of the transducer,
Therefore, the centrifugal governor pro-
vides "hackup" control for the transducer,

The actuator contains two governor speed
setting solenoids, an "idle speed" solenoid
{GS-I) and a "full speed" solenoid (GS-II),
When GS-1 is energized, all fuel to the
engine is shut off., When GS-1 iz de-
energized, the fuel injector racks advance
to the idle speed setting of the centrifugal
governor, allowing the engine to run at
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Fig, 2-10 — EG-B10 Hydraulic Actuator

idle speed. When GS-II is energized, the
fuel injector racks advance to the full
speed setting of the centrifugal governor,
allowing engine speed to increase to
approximately 6% above synchronous
speed, However, under normal operating
conditions, a signal fromthe EG~A control
box causes the {ransducer to assume
control and regulate the engine at syn-
chronous gpeed.

The actuator also contains fwo fuel limit
solenoids, a "start fuel limit" solenoid
(GSS) and a "loading limit" solenoid (L),
During engine start, the "start fuel limit"
solenoid (GSS) is energized and limits
travel of the fuel injector racks toapprox-
imately 1/3 rated load position, The 1/3
position reduces heavy exhaust smoke that
would result from overfueling during
starting, After the engine is started and
speed has increased to approximately
200 RPM, GSS is de-energized and allows
the fuel racks to move toward the full
rated load rack position, During heavy

load conditions, such as deadload pickup,
the '"loading limit" solenoid (LS) allows
the fuel injector racks to travel to the
maximum fuel position. This allows the
unit to operate above normal fuel load
rating.

PEAKING LOAD CONTROL BOX

The peaking load control box has three
primary functions:

1, Provides a signal to the EG-A control
box for automatically synchronizing
the frequency of the oncoming gener-
ating unit with the bus frequency prior
to closing of the circuit breaker.

2, Automatically closes the circuit
breaker when oncoming generating
unit is in phase with the bus,

3. Provides a signal to the EG~A control
box for automatically maintaining a
constant load on the generating unit,
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operating in peaking mode, after the
circuit breaker is closed.

The peaking load control box consists of
2 motor driven speed reference, an auto-
matic synchronizer, 8 gsynchrophaser, a
cirecuit for closing the circuit breaker, and
an adjustable load reference. Refer to
ig. 2~11 and to the following paragraphs
for description of the peaking load control
box.

MOTOR DRIVEN SBPEED REFERENCE

The motor driven speed reference control
provides a signal to the EG~A control box
for automatically synchronizing the fre-
quency of the oncoming generating unit
with bus frequency prior to closing of the
circuit breaker. After the circuitbreaker
closes, the motor driven speed reference
control provides a signal to the EG-A
control box for automatically maintaining
a constant load on a generating unit opera-
ting in peaking mode, The motor driven
speed reference control also provides a
signal to the EG-A control box when two
or more generating units are operating in
parallel in the dead line mode, This
signal provides automaticload distribution
between the paralleled generating units,
The percentage of load provided by a
generating unit, when operatingin parallel
in the dead line mode, is determined by
the load characteristics of the individual
generating unit, The load characteristics
of a generating unit is largely determined
by the engine speed governor; therefore,
for most efficient operation of the MU
plant it iz necessary that each engine
speed governor be properly adjusted prior
to placing the MU plant into operation.

Output of the speed reference control is
determined by the position of the movable
contact on the speed reference controi.
The movable contact is positioned by a

hi-directional motor. Signals to operate
the hi-directional motor are provided
from the automatic synchronizer section
and the adjustable load reference section,

AUTOMATIC SYNCHRONIZER

The automatic synchronizer provides a
signal to the EG-A control box for auto-
matically synchronizing the frequency of
the oncoming generating unit with the bus
freguency, prior to clozing of the circuit
breaker.

The automatic synchronizer contains two
frequency sensors, One of the frequency
gengors is connected to the output of the
oncoming generating unit, the second fre-
quency sensor is connected to the bus,
Each freguency sensor provides a DC
output that is proportional tothe frequency
sensed, The difference in the two DC
voltages (error signal) is fed through the
zero adjust control and the synchronizer
gain control into a solid state switch. The
error signal causes the solid state switch
to operate, energizing relay K2 or K3
depending upon the polarity of the error
signal,

If the frequency of the oncoming generating
unit is lower than bus frequency, the
polarity of the error signal willbe positive
causing relay K2 to be energized. When
relay K2 is energized, the "raise" contact
in series with the speed reference control
driving motor closes, causing the driving
motor to drive the speed reference control
to a position that causes an increase in
the output of the speed reference control.
If frequency of the oncoming generating
unit is higher than bus frequency, the
polarity of the error signal will be nega-
tive and relay X3 will be energized. When
relay K8 is energized, the "lower" contact
in geries with the speed reference control
driving motor closes, causing the driving
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motor 1o drive the speed reference control
to o position that causes a decrease inthe
output of the speed reference control,

Output of the speed reference control is
fed to the speed reference section of the
EG=A control box, Output of the speed
reference gection is "summed" with other
signals in the EG-A conirol box, then
amplified and applied to the EG-B10
hydraulic actuator transducer. With an
increase in the output from the speed
reference control, the EG-B10 hydraulic
actuator operates to increase fuel supply
to the engine, causing engine speed and
frequency of oncoming generating unit to
increase. With a decrease in the output
from the speed reference control the
EG-B10 hydraulic actuator operates to
decrease fuel supply tothe engine, causing
engine speed and frequency of oncoming
generating unit to decrease.

The frequency difference or "error signal"
to the solid state switch has a built in
"dead band,”" This "deadband" is provided
to reduce "hunting" of the synchronizer
and ensures more stable operation, The
synchronizer gain control is provided to
adjust the width of the dead band. The
zero adjust control is provided to balance
the frequency sensors and to set the
frequency difference betweenthe oncoming
generating unit and the bus to approxi-
mately 0.2 cps.,

SYNCHROPHASER SECTION

The synchrophaser detects phase dis-
placement between the output of the on-
coming generating unit and the bus, When
the phase angle decreases to 30°, the
synchrophaser section operates to ener-
gize the circuit breaker closing section,
allowing the circuit breaker to close upon
command from the circuit breaker closing
section,

The synchrophaser section contains a
phase sensor, & solid state switch, and &
relay, The phase sensor is connected
between the bug and the oncoming genera-
ting unit, The phase sensor provides a
DC output that is proportional tothe phase
difference between the bus and the on-
coming generating unit, Oufput of the
phase sensor (phase error signal) is
applied to the solid state switch so that
the phase error signal opposes the fixed
bias of the solid state switch., When the
phase angle between the bus and the on-
coming generating unit decreases to 30°,
the phase evror signal has decreased to
a small value and permits operation of
the solid state switch which energizes
relay K4, Operation of relayK4energizes
the circuit breaker closing section allow-
ing the circuit breaker closing section to
close the circuit breaker when the on-
coming generating unit and the bus are
in phase.

CIRCUIT BREAKER CLOSING SECTION

The circuit breaker closing section is
provided to control the closing action of
the circuit breaker when the bus and the
oncoming generating unit are in phase,

The circuit breaker closing section con-
tains a phase sensor, a solid state switch,
a control for adjusting circuit breaker
closing time, and a relay. Operation of
the phase sensor in this section is the
same as the phase sensor in the synchro-
phaser, except in this section the golid
state switch does not operate until the
phase angle decreases to approximately
15°, Operation of the solid state switch
energizes relay K1 which applies power
to the breaker closing circuit. The point
at which relay K1 should be actuated
depends upon the rate of change of the
phase angle and the time required for
closing the breaker. The rate of change
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of the phase angle isanadjustable function
of the automatic synchronizer circuit. A
breaker closing time control, connected
between the phase sensor and the solid
state switch, is provided to compensate
for small differences in breaker closing
time.

ADJUSTABLE LOAD REFERENCE
SECTION

‘The adjustable load reference section is
provided to ensure that the generating
unit operates under constant load when
paralleled with an infinite bus, The load
reference is adjustable from approxi-
mately 65% to 120% of full load of the
generating unit, The load reference is
usually adjusted for 100% full load oper-
ation,

Output of the adjustable load reference is
a DC voltage whichis directly proportional
to the desired load selected for the gen-
erating unit. The load section inthe EG-A
control box provides a DC voltage output
which is directly proportional tothe actual
load provided by the generating unit, Out-
put of the load section in the EG-A control
box opposes the output of the adjustable
load reference so that a "load error
signal" is present unless the actual load
provided by the generating unit is equal
to the desired load selected for the gen-
erating unit. The load error signal is
positive when output of the adjustable load
reference is larger than the output of the
load section, The load error signal is
negative when output of the adjustable load
reference is smaller than the output of the
load section,

When the circuit breaker is closed, aux-
iliary contacts on the circuit breaker
connect the '"load error signal" to the
input of the solid state switch, located in
the automatic synchronizer section. If

the load error signal is positive, the solid
state switch operates to energize relay
K2, closing the "raise" contact in series
with the speed reference driving motor
causing the driving motor to drive the
speed reference control to a pogition that
cauges an increase in the outpui of the
speed reference control, If the loaderror
signal is negative, the solid state switch
operates to energize relay K3, closing
the "lower" contact in series with the
speed reference driving motor causing the
driving motor to drive the speed reference
control to a pogition that causes a de-
creasc in the output of the speed reference
control,

Output of the speed reference control is
fed to the speed reference section of the
EG-A control box. Output of the speed
reference section is "summed" with other
signals in the EG-A control box, then
amplified and applied to the EG-B10
hydraulic actuator transducer, With an
increase in the output from the speed
reference control, the EG-B10 hydraulic
actuator operates to increase fuel supply
to the engine, causing the generating unit
to increase its load, With a decrease in
output from the speed reference control
the EG-B10 hydraulic actuator operates
to decrease fuel supply to the engine,
causing the generating unit to decrease
its load, When actual load supplied by
the generating unit is equal to the desired
load selected for the generating unit the
load error signal will be zero and no
input will be provided to the solid state
switch, relays K2 and K3 will be de-
energized and the generating unit will
operate with a constant load,

A change in the characteristics of the
generating unit or a change in frequency
of the infinite bus will resultina change of
load on the generating unit. Any change
of load on the generating unit results in a
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change in the output of the EG-A control
hox load section, producing a load error
sipnal to the solid state switch., The solid
state switch will then energize relay K2 or
K3 and result in an increase or decreage
of fuel to the engine until output of the
EG-A control box load sectionis equal and
opposite to the output of the load reference.

The load error signal to the solid state
gwitch has a built in "dead band," This
" dead band" is provided fo reduce "hunt-
ing" of the load control cirveuit, The
peaking gain control is provided to adjust
the width of the dead band, The peaking
gain control is normally adjusted to set
the dead band as narrow as possible
without "hunting.,"

EG-A CONTROL BOX

The EG-A conirol box provides signals to
the electrically operated transducer, loca-
ted in the hydraulic actuator, The trans-
ducer responds to the signals and controls
the hydraulic actuator to maintain a con-
stant, predetermined, engine speed., The
EG-A control box receives speed refer=-
ence signals and load reference signals
from the peaking load control box. Cur-
rent and voltage signals are provided by
the generating unit.

The EG-A control box consists of a speed
section, an amplifier section, and a load
section, Refer to TFig., 2-11 and to the
following paragraphs for description of
the EG~A control box,

SPEED SECTION

The speed section compares the 'refer-
ence speed" signal with the "true speed"
signal and provides anoutput signal (speed
error signal) that is proportional to the dif-
ference in true speed and reference speed.,
The speed error signal is "summed" with

other sgignalg in the EG=A control box,
then amplified and applied to the trans-
ducer. The transducer operates tochange
engine speed, as necessary, to reduce
speed error sipgnal to zero,

The true speed section containg a fre-
gquency sensor and is connected, through
a potential transformer, to the outpui of
the generating unit, The output of thetirue
speed section is a DC voltage that is
directly proportional to the output fre-
guency of the generating unit. Input to the
reference speed section is supplied by the
reference speed control located in the
peaking load control box., Output of the
reference speed section is a DC voltage
that is directly proportional to the refer-
ence speed, Polarity of the reference
speed section output signal is opposite to
that of the true speed section output signal,
The difference signal (speed error signal)
is "summed" with the load section signal
and applied to the amplifier section. The
signal is amplified and applied to the
transducer resulting in the necessary
speed correction,

AMPLIFIER SECTION

The amplifier section consists of a solid
state amplifier and a negative feedback
stabilization section, The amplifier is
provided to amplify the speed error signal
to a magnitude sufficient to operate the
transducer. The stabilizer section, con-
sisting of a time delay negative feedback
network, provides stabilization for the
governor control system, The amplifier
section contains "gain" and "stability"
adjustment controls, Careful adjustment
of these controls is mandatory for proper
operation of the governor system, es-
pecially when operating generating units
in parallei,
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LOAD SECTION

The load section detects the magnitude,
and phase relationship, of current and
voltage in each phase of the generating
unit, The load section then compensates
for power factor and provides a DC volt-
age output (true load signal) that is pro-
portional to the load supplied by the
generating unit,

When operating in peaking mode, the true
load signal 18 compared with the veference
load signal. The difference between the
true load signal and the reference load
signal (load error signal} is applied as an
input to the solid state switch, located in
the synchronizer section of the peaking
load control box. Qutput of the solid state
switch operates relay K2 or K3 which
results in an adjustment of the load
supplied by the generating unit, as dic-
tated by the peaking load control box
adjustable load reference section. Refer
to description of the adjustable load refer-
ence section, for a more detailed des-
cription of load correction,

When operating in dead line mode, the
true load signal is applied through a
paralleling network to all other generating
units in the MU installation., The true load
gignal is also applied to the amplifier
gection which operates the transducer,
The paralleling network is provided so
that the EG-A amplifier section of each
generating unit will receive the same true
load signal. This common true load signal
ensures isochronous control and propor-
tional load sharing of the generating units,

ENGINE PROTECTIVE DEVICES

CRANKCASE PRESSURE DETECTOR,
Fig. 2--12

The following paragraphs provide a brief
description of the crankcase pressure

Vent And Crankecase Pressure
Shutdown Test Opening

Crankcase Pressure Reset

Fig, 2-12 — Crankcase Pressure Detector

detector, Refer to the Engine Maintenance
Manual for detailed desecription,

The crankcase pressure detector protects
the engine from damage resulfing from
any fault that causes positive pressure
to build up in the crankcase., The crank-
case pressure detector is mounted on the
engine accessory drive gear housing, The
sensing element and relief valve of the
detector is connected between the crank-
case and the lube o0il monitor line, as
shown in Fig, 2-6, When positive pressure
is detected in the crankcase, the relief
valve dumps oil from the lube o0il monitor
line into the crankcase and this low oil
pressure is sensed by main bearing oil
pressure switches MB1 and MB2, The
low o0il pressure operates MBI1 and MB2
which energize the engine fault circuit
and shut down the engine. When an engine
shutdown occurs, due to positive crankcase
pressure, the crankcase pressure reset
button, Fig, 2-12, must be manusally reset
before the engine can be started, The
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reset button protrudes when the detector
is tripped and is pressed in for normal
operation,

Crankease pressure shutdown should be
verified pericdically as indicated in the
applicable Scheduled Maintenance Pro-
oram, Proper operation can be verified
by ecreating a suction on the vent tube at
the top of the device, using a hydrometer
bulb. The crankcase pressure detector
should always be checked whenever an
engine fault occurs,

ENGINE OVERSPEED TRIP, Fig. 2-13

The engine overspeed trip provides backup
protection for the engine in case a fault
develops in the engine speed governor,
When an overspeed condition occurs, the
engine overspeed trip operates to stop
fuel injection, causing engine shutdown,

The engine overspeed trip is incorporated
in the camshaft counterweight housing,
located at the upper front portion of the
engine, If consists of a flyweight held by
a tension spring. When engine speed ex-
ceeds the set limit, spring tension is

Overspeed Trip Solenoid

Reset Lever Shown In Set Positi‘;\n

&

14222

Fig. 2-13 — Engine Overspeed Trip

overcome by centrifugal force acting on
the flyweight, permitting an outward move-
ment of the flyweight which actuates a
trip lever. Thig results in raising the
injector rocker arm pawls which prevents
fuel injection to the engine.

The engine overspeed tripmaybe actuated
by the overspeed trip solenoid (OT5) as a
result of system faults unrelatedtoengine
speed. Any fault causing abnormal opera-
tion of the master relay, loading relay, or
main circuit breaker suxiliary relay, will
cause the overspeed trip solenoid (OS5}
to become energized, actuating the engine
overspeed trip and causing engine shut-
down.,

Operation of the engine overspeed frip
closes the overspeed trip limit switch
(OTLS). Closure of OTLS picks up the
overspeed trip limit relay (OTT) which
results in tripping the unit circuitbreaker
and providing an engine fault indicationon
the annunciator panel. To resetthe engine
overspeed trip, move the reset lever,
Fig. 2-13, in a counterclockwisedirection
(to approximately the 9o'clock position)
until it latches in the set position,

OTHER ENGINE PROTECTIVE DEVICES

Other engine protective devices include
the low water pressure switch (LWS),
main bearing relay (MBR), and main
bearing oil pressure switches (MB1 and
MB2). Refer to description of electrical
devices, in another section of this manual,
for description and operation of these
protective devices,

SYSTEM DRAINS, Fig. 2-14
AIR BOX DRAINS
During normal operation, a small amount

of engine oil will find its way into the
airbox. This oil drains through tubes
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#1, Fuel Oil Filter Drain

*2, Fuel Oil Filter Drip
PPan Drain

FMPA unit only,
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3, Cooling System Drain
4, Manual Engine Air Box Drain
8. Engine Lube Oil Drain

Fig, 2-14 — Table Of Engine Speed And
Load Restrictions

leading to a cast block at the base of the
accessory end of the engine, Piping,
equipped with a tee, leads off the block,
One end of the tee leads to a tube that
carries the excess oil to the engine
exhaust system where it is dissipated.
The other end of the tee is piped to the
outside of the generating unit and is ter-
minated with a hand controlled drain
valve, (4) Fig, 2-14,

A sample of the oil should be obtained
periodically for inspection, Normally a
small amount of black oil will be emitted
when the drain valve is opened, If water
is present in the sample, the engine should
be locked out and carefully inspected for
water leaks,

ENGINE L.UBE OIL. SUMP DRAIN,
Fig. 2-14 And Fig. 2-6

Normal draining procedure is performed
after the engine has run to warm and
circulate the oil. The engine is then shut
down, and oil drained from the engine by
opening the drain valve shown in (5)
Fig, 2-14 and Fig. 2-6, After at least
one barrel of oil has been drained from
the oil pan, the oil strainer drain valves,

Fig, 2-8, are opened, 0il drains from the
lube oil filters, from the cooler, and from
the strainer into the sump,

COOLING SYSTEM DRAIN,
Fig. 2=14 And Fig. 29

The cooling system drain (3) Fig, 2-14
and Tig, 2-9, will completely drain the
cooling system.

The right bank water pump has a hole in
the web to allow the pump housingtodrain
completely. No drain plug is needed,

FUEL OIL FILTER DRAINS,
Fig. 2—14

Fuel oil filter drains are provided on the
MPA generating unit, Thedrains, (1 and 2)
Fig. 2-14, are used when changing fuel
oil filters,

DIESEL ENGINE SPEED AND
LOAD RESTRICTIONS

Certain precautions must be observed
regarding high speed, no-load operation,
If the diesel engine is allowed to run at
high speed and light load or no load for
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any appreciable length of time, excess
weatr or failure of the turbocharger gear
train can result, or objectionable oil
"souping" or smoking can occur, To pre-
vent undesirable operating conditions, ob-
serve speed-load restrictions shown in
Fig, 2-15,

NOTE: The term "souping” is meant to
indicate the accumulation of oily
carbon in the exhaust system. The
condition may occur during full
speed low load operation,

AlR INTAKE FILTERS

GENERATING UNIT FILTERS, Fig. 216

The inertial air filter is built into the
generator end of the unit and is located
abhove the electrical control cabhinet, It

supplies filtered air for engine fuel com-
hustion, generator cooling and cooling for
electrical components withinthe electrical
control cebinet, A drain ig provided to
dispose of any water that may accumulate
at the base of the {filter assembly,

Ambient air enters the generator compart-
ment through the inertial air filters. The
filters sre made up of wedge shaped cells
which have "U" shaped slots forming cach
wall of the wedge, see Itig. 2-16, The
demands of devices that draw airfrom the
compartment create o depression within
the compartment, causing outsideairtobe
drawn at high velocity through the wedge
shaped cells, Dirt particles, because they
are heavier than air, tend to travel ina
straight line and are carried into a bleed
duct located atthe narrow end of the wedge,
The main portion of the air, separated by

TABLE OF
ENGINE SPEED AND LOAD RESTRICTIONS

SPEED, RPM | LOAD, KW

TIME LIMIT OR OTHER CONSIDERATION

900 RPM - 2750 KW Peaking Rating
900 RPM - 2500 KW 8000 Hour Rating (Base Load)

idle 0

900 2500
900 2750

No restriction

900 0 -500 { Undesirable "souping" condition that should
be held to a minimum.

8000 Hrs./Year (Base Load)] gae notes 1 & 2.

2000 Hrs./Year (Peaking)

750 RPM - 2100 KW Base Load

Idle 0
750 0-400 {
750 2100
750 2300

No restriction
Undesirable "souping' condition that should
be held to a minimum.

8000 Hrs./Year (Base Load)
2000 Hrs./Year (Peaking)

See Note 1.

1. It is assumed that there will not be a4 combination of peaking
operation and 2500 KW part load operation.
2. Minimum load restricted to 20% of the full load rating.

14224

Fig. 2-15 — Table Of Engine Speed And Load Restrictions
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Fig, 2-16 — Inertial Air Filter
Cell Diagram

the action of inertia from the dirt it
carried, changes direction abruptly,
passes through the narrow "U" shaped
side passages, and enters the compartment
as clean air., The bleed air containing
dirt is drawn through an engine driven
bleed blower and is expelled through the
side of the generating unit.

ENGINE FILTER ASSEMBLY, Fig. 217

The filter assembly is composed of nine
panel type oil bath filters, see Fig, 2-17,

5

Fig, 2-17 — Panel Type Oil Bath Filters

0il level and cleanliness should be checked
periodically in accordance with the Sched-
uled Maintenance Program and Mainte-
nance Instruction,

STATIC EXCITER, Fig. 2-18

The static exciter, consisting of rectifiers
and saturable reactors with bias and
control windings, furnishes DC voltage for
excitation of the generator field,

Power input to the main windings of the
static exciter is supplied from the control
transformer, located in the auxiliary cu-
bicle of the outdoor switchgear station,
Output of the voltage regulator provides
power to the bias and control windings,
The static exciter is mounted near the
roof, directly above the engine intake air
filters, at the generator end of the gen-
erating unit, This location provides cool-
ing for the rectifier elements by the engine
intake air stream,
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Fig. 2-18 - Static Exciter

ENGINE CONTROL CABINET, Fig. 2-19

The engine control cabinet is mounted on
the accessory rack at the governor end of
the engine, The controls and indicators
visible from outgide the cabinef consist
of a lube oil pressure gauge, fuel oil
pressure gauge, engine start switch, en-
gine stopswitch, immersionheater control
and circulating pump motor switch, and &
fuel oil transfer switch. The components
inside the cabinet include lube o0il pressure
switches, low water pressure switch, fuel
transfer relays, timer relay, and a recti-
fier,

The 1lube oil pressure gauge indicates
pressure existing in the lube oil pressure
monitor line, Fig, 2-6, The main bearing
oil pressure switches, MB1 and MB2, are
also connected fo the lube oil pressure
monitor line.

The fuel oil pressure gauge indicates
existing fuel oil pressure between the
engine mounted fuel pump and the double
element engine mounted fuel filter, Fig,
2-4,

The engine start and engine stop push-
button switches are provided for manual

control of engine starting and stopping
from within the generating unit enclosure.

The immersion heater control and circu-
lating pump motor switch is used to apply
power to the lube oil circulating pump
motor and to energize the immersion
heater control circuit., This switch is
normally left in the on position,

The fuel oil transfer switch is supplied
with MPA units only and is used to apply
power to the fuel oil transfer control
circuit.

Lube oil pressure switches, MB1l and MB2,
are connected to the lube oil pressure
monitor line. Pressure switch MB1 holds
the diesel engine at idle speed until lube
oil pressure increases toa predetermined
value, Pressure switch MB2 initiates an
engine shutdown, if lube oil pressure de-
creases below a predetermined value,

The low water pressure switch is con-
nected to the right bank water pump
outlet., The switch will provide an ENGINE
fault indication and initiate engine shut
down, if water pressure is not present
within 45 seconds after the generator
field is excited,
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Fig. 2-19 — Engine Control Cabinet

The fuel oil transfer relays, FTC1 and
FTC2, are supplied with MPA units only.
When the fuel oil transfer switch is in the
on position, operation of the relays are
controlled by fuel transfer float switches,
located in the fuel oil day tank of the MPA
unit, FTC1 is controlled by the normal
level fuel transfer switch FTS(N), FTC2
is controlled by the low level fueltransfer
switch FTS(I). When energizedthe relays
complete the power circuit to the fuel
transfer pump motors. During normal
operation only FTC1 will be energized.

The timer relay (T) is used to reduce
over control of the shutters by applying

current to TB for a specific length of time
at timed intervals. Refer to description
of the cooling system.

ENGINE STARTING MOTOR

Dual starting motors are used to crank
the engine during starting. Each motor
operates independently, being equipped
with its own starting solenoid and pinion
gear,

When the starting circuit is energized, a
stepping switch steps from unit to unit at
1/4 second intervals seeking a unit thatis
ready to start. When a ready to start unit
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is found, a relay actuastes to energize the
stariing motors for a 15 second (maxi-
mum)  starting attempt. If the sfarter
motor pinions do not engage with the ring
pear within 2 seconds or if the engine does
not start within 15 geconds, the stepping
switch proceeds to the next ready to start
unit, The stepping switch continues
seprching for ready to siart units, by-
passing the units that are running, until
all units have atarted, If any unit fails to
stort after three attempls, the unit will
o lecked oub., A motor relay is connected
in a bridge circuit with the two starting
motors. This relay interrupts the starting
circuit, if one starting motor revolves
faster than the other during a starting
attempt. After an engine has started, a
gpeed sensing device de-energizes the
starting circuit.

A heavy duty resistor is used to limit
current to the starting motor during the
first 4.2 seconds of cranking, The limited
current prevents a build-up of momentum
for the first revolution of the engine,
During this first revolution, the engine will
cease to rotate if a hydraulically locked
piston is encountered. If the engineisfree
to rotate, full voltage is applied and fuel
ig injected into the cylinders,

Refer to the Engine Maintenance Manual
for a more detailed description of the
starting motors,

BATTERY CHARGER, Fig. 2-20

The bhattery charger is mounted in the
MPA unit within the generator compart-
ment and just below the dust bin hlower
discharge duct,

The battery charger is a completely auto-
matic, solid state, constant voliage device
having the following characteristics; AC
voltage compensation, DC voltage regula-
tion and currvent limiting, see Fig, 2-21,

14333

3. Potentiometer
4, Voltmeter

1. Ammeter
2. Timer

Fig, 2-20 — Battery Charger

The transformer, saturable reactor, sili-
con rectifier stacks, and control unit are
the four basic components of the charger.
The transformer changes the incoming
AC voltage to the required level tocharge
the battery and also isolates the incoming
power from the output. The saturable
reactor regulates the power output of the
transformer continuously over the charge
cycle, The rectifier stacks are made up
of silicon diodes to change the secondary
AC power to DC power. The control unit
senses the condition of the batfery and
controls the reactor which in turn regu-
lates the power output of the transformer,
Power for charger operationis takenfrom
the control power transformer, or from a
separate station service supply. Incase of
an AC power failure a relaylocated within
the charger is provided to disconnect the

- 225 -




MP EQUIPMENT AND SYSTEMS

S_q!ur'ql:'b.l_e _Reactor.
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Fig, 2-21 — Inside View Of Battery Charger

automatic control from the battery and
thereby eliminate any drainonthe battery,
One set of normally closed contacts on
this relay is connected to terminals for
conneclion to a remote power failure
alarm, The charger will automatically
resume charging upon returnof AC power,

When a batfery is discharged or standing
idie its terminal voltage (approximately
112 wvolts DC) will be less than its on
charge float or equalize voliage (131 volis
DC), The charger will immediately begin
to charge the battery at its rated outputto

131 volts DC. Whenthis voltage is reached
the charge rate will begin to taper to a
trickle charge just sufficient to maintain
the battery voltage at 120 to 131 volts DC,

The charger will charge to its maximum
current capacity (28 amps.) and begin to
current limit if overloaded, The automatic
current limiting feature limits the output
of the charger to a maximum of 140% rated
load, (chargers rated current capacity
20 amps.). The saturating current resistor
is pre-set and factory adjusied to the
required current limiting.
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A potentiometer ig provided to adjust the
DC output so that the desired float voltage
(127 volts DC) may be maintained, If the
potentiometer does not give the required
float point, the stider bands of the voltage
divider located across the outpul terminals
of the charger may be adjusied to givethe
required operating voltage. To give the
batteries an equalizing charge, it is only
necessary to set the timer control for any
amount of time up to 24 hours. The recti~
fier will automatically hold the cell voliage
(2.17 volts DC) at equalizing voltage (2.33
volts DC) for the pre-set time and will
drop back to float voltage (127 volts DC)
when the timer times out,

The AC input line is fused with a 45 amp,
250 volt fuse and the DC oufput line is
fused with a 35 amp, 250 volt fuse,

The only battery charger maintenance
required i8 an occasional blowing out of
dust and tightening of connections.

The batteries are located on either side of
the engine in compartments below the
deck floor of the MPA unit. Refer to
Fig. 2-1 for battery location,

ELECTRICAL CONTROL CABINET,
Fig. 2-22 And Fig. 2-23

The clectrical control cabinet contains
electrical eguipment for conirolling the
operation of the generating unit,

Mounted on a door of the cabinet is an
elapsed time indicator, an annunciator
panel, light switches, electrical recep-
tacleg, and a circuit breaker for the
circulating pump motor. On MPA units a
circuit breaker is also provided for the
strip heater circuit, The annunciator panel
contains five annunciator fault indicating
lights and anannunciator reset pushbutton,
On MPA units a sixth fault indicatinglight
is provided for indicating fuel transfer
faults,

Three or more control panels are mounted
inside the cabinet. The starting control
panel, sequence control panel, and the
generator and governor control panel are
installed in all electrical control cabinets,
When deadline capability is requested, a
deadline control panel is installed in fhe
cabinet of eachunitand anadditional panel,
the deadline sequence control panel, is
installed in the cabinet of the MPA unit,
Refer to the following paragraphs for a
brief description of the panels,
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limmersion
Heater

Fig, 2-22 — Electrical Control Cabinel — Exterior View

Deadline Sequence Control Panel Deadiine Control Panel

Starting Control Panel Sequence Contrel Panel Generator and Governor '5'21
Control Panel

Fig. 2-23 — Electrical Control Cabinet — Interior View
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SEQUENCE CONTROL PANEL, Fig. 2=15

The equipment on the sequence control
panel controls the sequence of operation
during start up and shut down of the gen-
erating unit, The equipment includes the

starting contactor, field flashing con-
tactor, field flashing cutout relay, speed
sensing panel, and various other relays
and contactors. Refer to description of
electrical devices, in a later section of
this manual, for degcription of the equip~
ment located on this panel.

( v

Fig, 2-25 — Sequence Control Panel
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GENERATOR AND GOVERNOR CONTROL
PANEL., Fig. 2-26

The equipment on the generator and gov-
ernor control panel controls output voltage
and [requency of the generating unit, The

equipment includes the static voltage regu-
lator, peaking load control box, EG-A
control hox, exciter contactor, and various
fuses and relays. Refer to description of
electrical devices, in a later section of
this manual, for description of the equip-
ment located on this panel.

£ Peaking Load Contro

15124

Fig, 2-26 - Generator And Governor Control Panel
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DEADLINE SEQUENCE CONTROL
PANEL, Fig, 227

The elecirical control cabinet is equipped
with a deadline sequence control panel
only when deadline mode of operation is
requested, The deadline sequence panel
ig supplied only with the electrical control
cabinet of the MPA unit.

The equipment located on the deadline
sequence control panel includes the dead-

line stepping switch relay (DLS), recti-
fiers, and various other relays, A KW
Himiter and a motor driven rheostat are
included on the panel, if the MU installa-
tion is equipped for automatic deadload
pickup. The KW limiter and motor driven
rheostat prevent repeated aitempts of the
MU installation to pick up a deadload
requiring more KW than the MU ingtalla~
tion can supply. Refer to description of
electrical devices, in 2 later section of
this manual, for description of the equip-
ment located on this panel,
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Fig. 2-27 — Deadline Sequence Control Panel
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DEADLINE CONTROL PANEL, Fig, 2-28

The electrical equipment cabinet of each
generating unit is equipped with a deadline
control panel when this mode of operation

is requesied. The various relays and

rectifiers located on the deadline control
panel operate to control the unit when in
deadline mode of operation. Refer to
description of electrical devices, in a
later section of this manual, for deserip-
tion of the equipment located onthis panel,

is128

Iig, 2-28 — Deadline Control Panel
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SECTION 3
OUTDOOR SWITCHGEAR STATION

GENERAL

The outdoor switchgear station, Fig, 3-1,
is a sectionalized all steel weatherproof
enclogsure which contains all equipment
necessary for manual orautomatic opera-
tion of the MU type power plant,

The outdoor swilchgear station contains
one suxiliary switchgear cubicle that is
common to all generating units in the MU
ingtallation, It alsocontains one generator
switchgear cubicle for each generating
unit in the MU installation, Removable
panels are provided at the rear of the
enclosure for access when making elec~
trical connections between the generating
units and the switchgear equipment, A
service aisle is provided for operating,
servicing, and mainfenance of the equip-
ment,

A partial interior view of a typical en-
closure, Tig, 3-2, shows the front panel
of the auxiliary switchgear cubicleand the

15780

Fig. 3~2 — Typical Outdoor Switchgear
Station — Partial Interior View

Fig, 3-1 — Typical Outdoor Switchgear Station
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front panels of three generator switchgear
cubicles, Some items shown on the front
panels are optional extra items and arenot
necessarily supplied with each instalia-
tion, Compartments located above the
cubicles contain potential transformers
and plant conirol relays,

A strip heater rated at 500 watls is
focated in the auxiliary switchgear cubicle
and in each of the generator switchgear
cubicles, The heater prevents condensa-
tion and maintains the high dielectric
strength of the insulation, A thermostat,
located in each cubicle, turns the heater
on and off ag necessary to maintain a
predetermined temperature,

An optional remote control station, which
provides for automatic control as well as
manual operation of the MU type power
plant, can be supplied upon request from
the customer,

AUXILIARY SWITCHGEAR CUBICLE

The components confained in the auxiliary
switchgear cubicle perform functions that
are common to all generating umits in
the MU installation, These components
include a control power transformer,
meters, indicators, protective relays,
fuses, and operating controls,

Meters, indicators, protective relays, and
operating controls are located onthefront
panel of the auxiliary switchgear cubicle,
Figs, 3~3 and 3-4, The index numbers of
the components have been arranged so
that a component has the same index

number in both figures. Two additional
components that are not visible from the
panel front are shown in Fig, 3-4, Refer
to Ifig, 3-5 for nomenclature and purpose
of the componenig located on the front
panel, Bome of the components located
on the front psnel are optional items
which are nol supplied with all instalfla-
tiong,

An interior view of the auxiliary swiich-
gear cubicle is shown in IMig, 3-6, Some
components inside the cubicle are visible
when the front panel is opened, other
components are located inside compart-
ments of the cubicle and are not visible
without removing panels from the com-
partments, Refer to Fig. 3-7 for nomen-
clature and purpose of the components
located inside the auxiliary switchgear
cubicle.

The circuit breaker, connected in the
secondary side of the control power trans-
former, is provided with a lock and key.
The key can be removed only when the
circuit breaker is in the OFF position,
The key may then be used to unlock the
pivoted carriage holding the contro! power
transformer fuses. Opening the circuit
breaker removes all load from the control
power transformer, However, the confrol
power transformer is still energized
through the high voltage fuses.

The auxiliary switchgear cubicle shownin
this section is used on a typical MU4
installation, The arrangement of com-
ponents inside the cubicle may be slightly
different for other MU installations,
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151682

1518¢

Fig. 3-3 — Auxiliary Switchgear Fig, 3-4 — Auxiliary Switchgear
Cubicle — FFront Panel Cubicle — Front Panel, Rear
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Index
Number Nomenclature Purpose

1 Frequency Meter Indicates frequency of bus or generating
unit as selected by BUS-GEN voits.
frequency selector, located on front
pane! of generator switchgear cubicle,

2 AC Voltmeter Indicates voltage of bus or generating
unit as selected by BUS-GEN volis-
frequency selector, located on front
panel of generator switchgear unit,

3 KILOWATT-VAR Meter Indicates kilowalts or vars of genera-
ting unit, Phase A, B, or C is selected
by AMMETER-WATTMETER - VAR-
METER selector, located on front panel
of generator switchgear cubicle., Kilo-
watts or Vars are selected by KILO-
WATT-VARS gselector (item 20}, located
on auxiliary switchgear cubicle,

4 AC Ammeter Indicates AC amperes of phagse A, B, or
C of generating unit as selected by
AMMETER-WATTMETER- VARMETER
selector, located on generator switch-
gear cubicle,

5 SYNCHRONIZING LIGHTS Used to determine when generating unit
is synchronized with bus, When syn-
chronizing, generator and bus is syn-
chronized when both lamps ave dark,

8 Relay 87 Used to protect high voltage circuit of
{Differential Current Relay) generating unit from short circuit be-
tween phases and between phase and
ground, If a short circuit develops,
relay 87 operates to energize relay 86,
which results in gshut down of the MU
plant,

7 MU Plant START-STOP Selector Used to issue a plant start or stop sig-
nal, The signal i issued gsimultaneously
to all generating units in the MU in-
stallation,

8 PEAKING-TRANSFER-DEADLINE Used to select the desired mode of
Selector {PTD) operation for the MU plant,

Fig, 3=5 — Index Number, Nomenclature, And Purpose Of Components
Located On Front Panel Of Auxiliary Switchgear Cubicle (Sheet 1 of 2)
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Index
Number Nomenclature Purpose

9 GOVERNOR CONTROL Selector Uged to raige or lower the frequency or
kilowatt output of the MU installation,

10 VOLTAGE CONTROL Selector Used to raise or lower the voltage out-
pui of the MU installation.

11 Relay 27 {Low Voltage Relay) Issues a circuit breaker trip signal, if
voltage decreases to less than approxi-
mately 87.5% of rated voltage,

12 Kilowatt Hour Meter Indicates Kilowatt houra supplied by the
MU installation.-

13 Auxiliary Kilowatt Hour Digconnects auxiliary kilowatt hour
Meier Relay (This ig an optional meter (item 16) when one or more MP
exira itermn and is not used on all generating units are connected to the
installations) MU busa,

14 This item is an optional extra
ingtalled by the customer,

15 This item is an optional extra
installed by the customer

18 AUXILIARY KILOWATT HOUR Indicates kilowatt hours supplied to the
METER (This is an optional exira MU installation from system power,
and is not used on all installations) | This includes power for operating the

battery charger and the immersion
heater.

17 This item is an optional extra
installed by the customer

18 Relay 86 (LOCKOUT RELAY) Initiates a normal shutdown sequence and
locks out all unit cirecuit breakers when
a fault is sensed by low voltage relay 27
(item 11) or differential currentrelay 87
({item 6), When relay 86 is tripped, the
annunciator RESET pushbutton must be
pressed and the lockout relay 86 mustbe
reset before normal operation can bhe
resumed,

19 Heater, Lights, and Controls power to gpace heater, switch~

Receptacles Switch gear lighting, and utility receptacles.

20 KILOWATT-VARS Selector Selects kilowatts or vars to be indicated
on the KILOWATT-VAR meter (item 3),

21 Phage Shifting Transformer Used to shift the phase of the voltage 80°
so that VARS can be indicated by the
KILOWATT-VARS meter.

22 Transducer Converts AC to DC for operation of the
frequency meter. Magnitude of the DC
output from the transducer is directly
proportional to the frequency of the AC
input,

Fig, 3-5 — Index Number, Nomenclature, And Purpose Of Components
Located On Front Panel Of Auxiliary Switchgear Cubicle (Sheet 2 of 2)
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15183

Fig, 3-6 — Auxiliary Switchgear
Cubicle — Interior View
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Index
Number Nomenelature Purpose
1 Switeh {DC Control) Controls DC power in the auxiliary

switchgear cubicle.
P Fuses (3) (Becondary Bug)

3 IFuses (2) (DC power to cutout Provides protection for cutout relay,
relay for auxiliary power kilowatt
hour meter, 16, Fig, 3-3)

{This is an optional extra and ig
not used on most installations)

4 [Fuse compariment for control Provides protection in primary cirouit
power transformer fuges of the control power transformer,

5 Controt Power Transformer The control power transformer provides
Compartment power to the MU installation for the

battery charger, immersion heater, fusl
oil transfer pumps, static exciter, and
control circuits, When one or more MP
generating units are operating, the con-~
trol power transformer is excited from
the MU plant, During shutdown of the MU
plant, the control power transformer is
excited from system power,

6 Cireuit Breaker For Control Provides protection in secondary circuit
Power Transformer of the contro! power transformer,

rig, 3~7 - Index Number, Nomenclature And Purpose Of Components
Located Inside The Auxiliary Switchgear Cubicle
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GENERATOR SWITCHGEAR CUBICLE

A generator switchgear cubicle is required
for each generating unit in the MU instal-
lation, The components confained in the
cubicle perform functions related to the
corresponding generating unit, The com-
ponents include indicators, relays, opera-
ting controls, and a unit circuit breaker,

Indicators, relays, and operating controls
are located on the front panel of the gen-
erator switchgear cubicle, Fig. 3-8 and
3-9, The index numbers of the components
have been arranged so that a component
has the same index number inbothfigures,
An interior view of the cubicle, with the
unit circuit breaker installed, is also
shown in Fig, 3~9, Refer to Fig. 3-10 for

nomenclature and purpose of the compo-
nents located on the front panel.

The AMMETER-WATTMETER-VAR~
METER selector and the BUS~GEN (volts -~
frequency) selector are equipped with
removable
handles with key shaft prevents operation
of the controls hy unauthorized personnel
or simultancous operation of more than
one switch controlling the same circuit,
Handles can be ingerted or removed only
when the switches are inthe OFTF position,

handles., The removable

The unit circuit breaker is an Air Mag-
netic Circuit Breaker, Type MA-250 or
MA-350, Procedures for withdrawing and
inserting the unit circuit breaker are
given in the following paragraphs,
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Circuit Breake

L

t518
Fig, 3-9 — Generator Switchgear Cubicle
With Front Panel Open (Showing
Circuit Breaker With Handle Attached)

==
R L i '%3
15184

Fig, 3-8 ~ Generator Switchgear

Cubicle -~ Front Panel
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Index
Number] Normenclature Purpose

1 Relay 59 (OVERVOLTAGE RELAY) | Initiates unit shutdown and issues a
SEQUENCE fauli indication when an
overvollage condition is detected, The
fault must be corrected and the annun-
ciator RESET pushbutton pressedhbefore
normal operation can be resurned.

2 Relay 67 (REVERSE POWER Initiates unit shutdown and issues a
RELAY) breaker fauit {GB) indicstion when a

reverse power condition is detected.
The faull must be corrected and the
annunciator RESET pushbutton pressed
hefore normal operation canbe resumed,

3 Relay 55 (LEADING VARS initistes unit shuldown and issues a
RELAY) breaker fault (GB) indication when the
generator field exeitalion iz reduced
causing the generafor te draw a high
component of reactive power in order
to remain in-step with the system, The
faull must be correected and the annun-
ciator RESET pushbutton pressedbefore
normal operation can he resumed.

4 AMMETER-WATTMETER- Used to connect phase A, B, or C of
VABMETER Selector generating unit to AC ammeter aad {o
kitowatt-var meter, located on front
panel of auxiliary switchgear cubicle,

5 Circuit Breaker Indicator Indicates position of circuil breaker.
Lights Red light indicates circuit breaker is
closed, Green light indicates circuit
bhreaker is tripped to open position,

6 CIRCUIT BREAKER Selector Used to trip or close generating unit
cirvcuit breaker,

7 BUS-GEN (Volts-Frequency) Connects phase A, B, or C of bus or
Selector generating unit to voltmeter and fre-
quency meter, located on auxiliary
switchgear cubicle.

8 STOP-START Selector Used to issue a stop or stari signal to
the generating unit,

9 GOVERNOR CONTROL Selector Used to raise or lower frequency or
kilowatts of the generating unit,

10 MANUAL SELECTOR Used to select manual or automatic
control of the generating unit,

11 VOLTAGE CONTROL Selector Used to raise or lower output voltage of
the generating unit,

12 Breaker Knife Switch And Fuses Controls power to circuit breaker control
circuit.

Fig, 3-10 — Index Number, Nomenclature, And Purpose Of Components
Located On Front Panel Of Generator Switchgear Cubicle
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AIR MAGNETIC CIRCUIT BREAKERS
TYPES MA=250 AND MA--350 MP45
POWER PLANTS

Successful functioning of the power plant
and operator safely depends upon proper
operation of the circuit breakers, Regu~
lar, systematic, and thorough inspection
ahd maintenance is necessary to ensure
proper operation. When performing in-
spection and maintenance procedares it
will be necessary to withdraw the circuit
breakers from the generaior switchgear
cubicles. The following procedures are
recommended for withdrawal and insertion
of the circuit breakers.

WARNING: To prevent possible injury
tfo personnel and damage fto
equipment, open circuit
breaker by pushing the PUSH
TO TRIP rod (3), Figs. 3-11
and 3-12, hefore performing
withdrawal or inserfion pro-
cedures. Do not pull PULLTO
CLOSE BREAKER ring (4),
Figs, 3-11 and 3-12 before
performing removal or in-
stallation procedures,

The breaker knife switch
should be left closed to provide
safety trip power,

WITHDRAWING BREAKER, Figs, 3-11
AND 3-12

1, Open the breaker by pushing the man-
ual trip rod (3), or by energizing the
trip circuit with the circuit breaker
control switch on the front panel,
(Depressing the breaker release will
also automatically trip the breaker,
however either of the above two meth-
ods is preferred.)

Circuit bresker knife swiich should
bhe closed,

B

. On units equipped with interlock switch
(5), Fig, 3-11, unscrew switch and
pivol downward,

]
°

Attach the handle to the breaker {sce
the decal (2) on thefront of thebrealker
for instructions on attaching handle),
Depress the breaker release (1), and
pull down on the handle, pivoting it
against the angle on the floor. This
will disconnect the primary breaker
fingers from the primary studs,

NOTE: On breakers which have an inter-
lock switch as shown in Fig, 3-11,
the closing springs will be dis~
charged when the breaker release
is depressed,

Let go of the breaker release, Pullthe
breaker until it stops and automatically
locks in the "test" position,

4, To move the breaker from the "test"
to the "disconnect" position, depress
the breaker release (1), and pull the
breaker out, On units equipped with
interlock switch (b), TFig, 3-11, pivot
downward, When the breaker moves,
let go of the breaker release. Pull
until the breaker stops and automati-
cally locks in the '"disconnect" posi-
tion,

Breaker knife switch can now be
opened, if desired.

5. To move the breaker out of the unit
from the 'disconnect" pogition, de-
press the breaker release (1), and
pull the breaker out. Onunits equipped
with interlock switch {5), Fig. 3-11,
pivot downward, With breakers of the
type shown in Fig, 3-12, which do not
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_: Decal (2)

Ring (4)\

~Trip Rod (3)

R

Interlock Switch (5)
14977

Breaker Release (1) %

Fig, 3-11 — Circuit Breaker
With Interlock Switch

have an interlock switch, the breaker
closing springs will automatically dis-
charge as thebreaker startstoemerge
from the cubicle,

INSERTING BREAKER, Figs, 3-11 and
3-12

1, Open the breaker by pushing the man-
ual trip rod (3). (Interlocks will auto-
matically trip the breaker as itenters
the unit, however, manual tripping is
recommended,)

2, On units equipped with interlock switch
(5), Fig,3-11, unscrew switchand pivot
downward,

3. Line-up the breaker in front of the
unit,

- Decal (2)
Trip Rod (3) &
Breaker _
Release (1) Ring (4)

15187
TFig. 3-12 — Circuit Breaker
Without Interlock Switch

4, Open breaker knife switch.

5. Roll the breaker info the unit, push
until it stops and automatically locks
in the "disconnect" position. (If the
closing springs were charged before
insertion, they will automatically dia-
charge before the breaker reaches the
"disconnect" position,)

6, To move the breaker to the "test"
position, depress the breaker release
on the front of the breaker (1), and
push, When the hreaker moves, let go
of the breaker release, Push until the
bhreaker stops and automatically locks
in the '"test" position., If the circuit
breaker control knife switchis closed,
the springs will charge whenthe '"test"
position is reached, On units equipped
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with interleck switch (5), Fig, 3-11,

thig action will take place when the

switch ig pivoted into place.
7. To move the breaker to the "connec-
ted" position, againdepress the break-
er release (1), and push the breakor,
On units equipped with interlock switch
(6), Fig, 3-11, pivot switch downward.
When the breaker moves, let go of the
breaker release, Continue fto push
toward the connected position. The
breaker will come to a stop when the
primary breasker fingers sirike the
primary studs, A handle must now be
used to move the breaker to the fully
connected position (see the decal (2),
on the front of the breaker for instruc-
tions on attaching handle), A short
upward stroke of the handle locks the
breaker in the "connected" position,

>

8, On units equipped with interlock
switch, pivot into place.

9, Close the breaker knife switch and
closing springs should charge.

It is also important to guard againstacci-
dental electrical closing of the breaker,
The breaker closing electric circuitis not
completely contained in the switchgear
cubicle, but two wires run through inter-
connecting wiring to the electrical cabinet

of the MP45 generating unit, If the breaker
knife switch is closed providing power to
the breaker, and if the breaker is in the
“charged" state, all that is neededtoclose
the breaker is to connect the two wires
together ag is normally done in operation
by a rvelay in the Woodward EG peaking
load control box.

When doing work in the electrical cabinet,
and in particular at the EG peaking load
control box, it ig important that pre-
cautions be taken to prevent a false
electrical closure of the breaker. If the
MS switch is in AUTO, touching wires at
terminals 38 and 39, of the EG peaking
load control box, will close the breaker,
Care should be taken to engure that tools
or the box cover do not touch the termi-
nals, If the wires are to be removed for
replacement of the box, the MS switch
should he OFF to open AR interlock
K1-K2,

Further protection can be obtained by
opening the breaker knife switch,

Referring to the wiring diagram for an
MP45 in the area of coordinates D-2 will
show the breaker closing circuitry. Note
that the interconnecting wiringterminates
at terminal board 55G points 1 and 2.
Opening the breaker knife switch will
prevent undesired breaker closure work
is being done in this area.
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SECTION 4

INSTALLATION AND
GENERAL

The degign and constiruction of the MU type
power plant is suchthat the conirol outdoor
switchgear station and MPtype generating
unit ¢an be transported to and positioned
at o previously prepared power plant site
put into operation without major
servicing or assembly procedures. All
wiring within the individual units has been
connected at the factory. The connections
hetween the power units and tothe outdoor
switchgear station have to be made at the
gite,

and

S3ince the engines have been runand tested
at the factory no break-in procedure is
required, After the installation has been
completed andthe pre-service checks have
been made the units may be placed in
commercial service,

Additional insgtallation and pre-service
information may be found in applicable
EMD Maintenance Instructions and other
publications.

WARNING: An MU installation is com-
pletely automatic and the
diesel units will startbythem-
selves when proper connec-
tions are complete. Therefore
do not install the 400 ampere
starting fuse until all pre-
liminary checks have been
made and the unif is ready to
run,

SITE PREPARATION

The site should be prepared in advance as
shown on the recommended installation
drawings. Although the relative spacing
and location shown on these drawings is
generally the best, it can be varied to

PRE-SERVICE CHECK

meet individual user requirements. It is
important to leave enough space between
the units so that easy access is provided
for service equipment and supplies,

INSTALLATION

Installation of the units consists of moving
them into their proper location on the
previously prepared site, adding the nec-
essary supplies, and making the proper
connections to them.,

Most piping and wiringbetween generating
units and the switchgear station is made
underground. It is often desirable to in-
stall the underground portion of the piping
and wiring while preparing the site,

Fuel oil equalizing lines must be installed
between all power units, and a supply line
must be ingtalled from the user's fuel
storage tank to the power unit with fuel
transfer equipment. The components tobe
used in a particular installation must be
checked with the installation drawings.

Grounding connections should be made
according to the recommended installa-
tion drawing or modified as required to
meet individual customer system require~
ments,

The cables connecting the power units to
the switchgear station are installed in a
trench running between them. Generally
it is not practical to move the switchgear
station into place while the trenchis open.
Therefore, it is desirable to have all of
these cables in place and the trench filled
before the arrival of the units, or else
wait until fhe switchgear station is in
place before opening the trench, For the
exact cable reguirements refer to the
field connection drawing for the particular
ingtallation,
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The outdoor switchgear station to system
connections are of three types, high volt-
age power connections, remote control
commections, and the signals tothe switch-
gear station about system conditions, The
system condition signals convey such in-
formation as line voltage, position of
user's load breaker, and system tie
breaker pogition. The signals are nec-
egsary when the MU installation is equip-
ped for such automatic operations as
Transfer to Deadline Mode and Resyn-
chronization,

The outdoor switchgear station to system
connections are not considered part of the
MU installation. Therefore only the ter-
minals for these connections are shown
on EMD drawings - the wiring is not
shown. The power connections are made
on the outside of the switchgear station
and all other connections are made within
the switchgear station, The remote control
connections are not required for local or
automatic operation of an MU and they
may be installed later if desired. How-
ever, it is often more convenient to
install the remote connection cables while
the trench ig open,

GENERATOR NEUTRAL

The generator neutral may be left un-
grounded, or it can be connected with a
solid or impedance type ground, Both a
ground connection and a neutral connection
are accessible in each power unit, It is
recommended that the generator neutral
connection, if any, be made by the cus-
tomer to meet system requirements,

The main generator is built per NEMA
standards which specify that it must be

able to withstand a three phase short

circuit at its terminals., It is possible,
however, that under some conditions a
single phase line~to-ground fault will

produce faull currents exceeding those of
a three phase short circuit, The customer
should consider the possihility of such
conditions occurring on hig system and
apply appropriate grounding accordingly,

SUPPLIES

Lubricating oil and cooling water must be
placed in the units before operation is
started. Prelubrication may be necessary
if the units have been stopped for over one
month, Seethe Engine Maintenance Manual
for details,

Applicable EMD Maintenance Instructions
list lubricating oil specifications, diesel
fuel specifications, and proper cooling
water treatment.

PRE-SERVICE CHECKS

Before the MU installation is considered
complete, the following inspections and
checks should be made:

1. Check all rotating equipment to see
that it is mechanically free and in
satisfactory operating condition.
Refer to applicable deprocessing and
inspection Maintenance Instructionfor
additional information.

2. Check engine to generator alignment
as indicated in applicable Maintenance
Instruction, The alignment may have
become disturbed because of shocks
and stresses encountered duringship-
ment,

3. Inspect air box and oil panas indicated
in Engine Maintenance Manual.

e

Remove all profective shipping mater-
ials, silica gel bags, and plywood
coverings. Particular attentionsheould
be given to removing any blocking
applied to protect electrical devices
such as relays, contactors and
switches,
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5,

Check storage battery elecirolyte
level, specific gravity, and voltage.
See that the battery cables are tightly
connected, When power is available
the baitery charger may be connected
and checked,

. Remove and ingpect circuit breakers.

Make sure that the phase barrier
atacks are properly installed. Man-
ually close breaker to check for free-
ness, Return breaker to test position.
Do not place breaker in connect posi-
tion until ready to check phase rota-
tion,

NOTE: Circuit breakers are shipped while

7.

10.

11,

blocked in the closed position,
Blocks should be removed and the
breakers moved to test or dis~
connect pogition before any power
connections are made,

Check all wiring connections for tight-
ness, See that all connectors and plugs
are properly installed.

. Floats for the fuel oil day tank fuel

level switches are shipped loose.
Remove switches from the tank and
install floats on switches, then re-
ingstall the switches.

. FFill fuel oil day tanks with fuel oil.

To do this it is necessary to make a
temporary jumper connection at the
ESTF to permit operation of the fuel
oil transfer pumps without an engine
running, Be suretoremove the jumper
when finished. Observe operation of
float switches while filling tank.

Make sure that all air passages are
open, Check air passages in fan com-
partment, radiators, and air intake
filters.

Check operation of the lube oil circu-
lating pump. Priortoinitial operation,

allow the pump fo run for 15 minutes
to thoroughly flush the turbocharger
bearings.

CAUTION: The circulating pump swiich

controls operation of the im-
mersion heater contactor, Do
not energize the immersion
heater until there is water in
the engine coolingsystem, The
plug may be removed from
immersion heater temperature
control switch (TC) until water
is added to the engine cooling
system. Be sure toinstall plug
when the filling operation has
been completed.

12, Check tension of vee belt drive on

radiator cooling fan. Check belt ten-
sion by applying a perpendicular force
of 10 to 15 ibs to each belt at mid-
point of belt span, refer to Fig. 4-1,
The vee belt should deflect 7/16" when
the force is applied, otherwise adjust-
ment is required. It is recommended
that Vee Belt Tension Indicator
8396624 be used for making the check.

Adjust tension of vee belt as follows:

a, Loosen nuts on two bolis holding
pillow block assembly fo pillow
block pedestal assembly.

b. Loosen nut on pillow block adjusting
acrew.

¢, Adjust pillowblock adjustingbolt for
required vee belt tension, To in-
crease tension, adjust bolt clock-
wise, To decrease tension, adjust
holt counterclockwise.

NOTE: When tension decreases to mini-

mum value, readjust to maximum
value, It may be necessary to
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elongate the slots in the pillow
block pedestal assembly in order
to adjust vee beli tension to the
maximum value. if it is necessary
to clongate the slots, the upper
slot should be elongated downward
3/4" and the lower slot should be
elongated downward 3/8",

d. After vee belt tension is adjusted,
tighten the nuts that were loosened
in Steps a and b,

P

/’—-—w Deflection
]
|<‘T\*“- Force

16220

Fig. 4-1 — Checking "V" Belt Tension

PRECAUTIONS BEFORE STARTING
ENGINE FOR THE FIRST TIME

It is recommended that the following
checks be made immediately before start-
ing the engine for the first time,

1, Unif manual selector switch should be
in the OFF position.

2, Circuit breaker should be in test or
disconnect position.,

3. Make sure that all necessary fuses
are in their proper position, Static
exciter fuses should be removed to
prevent generator excitation at this
time, The electrical tests of the
generator will be made when the unit
is ready for the phase rotation check,

4, Battery charger should be inoperation,
5. Proper positioning of all switches.
6. Check all valves for proper pogsition,
7. Lube oil level,
8. Coolant level.
9. Governor oil level,
10. Tightness of all handhole and oilfilier
covers.
11, Overspeed trip lever in sef position.
12. Lubricate turbocharger, by operating
lube oil circulating pump, before start-
ing engine,
After these checks are completed start

engine manually from engine control panel,
then make the following checks:

1, Exhaust damper valve should be open.

2, Lube oil pressure should be over 30
psi,

3. F'uel oil pressure should be oveyr 10
psi.

4, Inspect top deckfor proper lubrication,

5. All piping should be inspected for
leaks,

PHASE ROTATION CHECK

A phase rotation check must be made
before the wunits are connected to the
gystem or to each other, All units andthe
line must be checked individually. Phase
rotation of all units and the line must be
A-B~C positive, Perform phase rotation
check of line in accordance with steps 1
through 7, then perform phase rotation
check of units in accordance with steps 8
through 14,

1. Be sure that system is disconnected
from MU bus,
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2. Make certain that all engines are shut

[

jon)

7‘

10

11,

down,

. et all unit circuit breakers to dis-

connect position,

. Connect phase rotation meter to fuses

of low voltage bus potential transform-
ers, located in the auxiliary switch-
gear cubicle,

. Connect system to MU bus.

Determine phase rotation of line by
observing the phase rotation meter,
then observe direction of rotation of
the lube oil circulating pump,

Digconnect system from MU bus,

Select a unit for phase rotation check
and start the engine of that unit,

Bring selected unit up fonormal oper-
ating voltage and frequency.

Set unit cireuit breaker of selected
unit to connect position,

Determine phase rotation of selected
unit by observing the phase rotation

meter, then observe direction of rota-
tion of the lube oil circulating pump,

12, Compare the results of step 11 with
the vesults of step 6. If the resulis
are not the same, the selected unit is
not properly connected. Refer to in-
stallation wiving diagram for proper
connections, Repeat phase rotation
check of selected unit after proper
connections have been made.

13, Set circuit breaker of selected unit
to disconnect position.

14, Perform steps 8 through 13 for each
generating unit in the MU installation,

OTHER TESTS AND CHECKS

After the phase rotation check has been
completed the MU installation should be
checked for proper operationinall modes,

The annunciator alarm system and engine
settings should be checked.

If desired the remote controls may also
be checked at this time,
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SECTION 5
AUTOMATIC OPERATING SEQUENCE

GENERAL

The exact operating seguence for any
given installafion can only be determined
from the wiring diagrams and drawings
for that particular installation, However,
certain characteristics of the MU type
generating plant are basic and can, with
only minor interpretation, be applied to
most installations. An understanding of
the basic operating sequence will be of
value in determining the sequence for a
particular plant,

Descriptions of specific components are
given in Section 7 of this manual, These
are arranged alphabetically so that refer-
ence to the component description can
he made during the course of sequence
tracing, It is recommended that a quick
familiarization with the operating se-
quence presented herein be made before
a thorough study with back reference is
made,

SETTING CONTROLS FOR
AUTOMATIC OPERATION

Prior to placing the generating units into
automatic mode of operation, thefollowing
items should be checked.

1, AIl fuses in the elctrical control cab-
inet should be good and properly
installed.

2, A1l high voltage fuses in the outdoor
switchgear station compartments
should be good and locked in position,

3. All low voltage circuit breakers in
the outdoor switchgear station should
be on,

4, Immersion heater and fuel transfer
switches located on the engine control
panels should be on,

5, Main circuit breakers should be le-
vered to connect position,

6. All knife switches in the circuit
hreaker compartments and {rans-
former compariment shouldbe closed,

7, Main battery switch should be closed,

8. Annunciator should be clear of all
fault indications,

WARNING: If engine is coldthe immersion
hester fault cannot be reset,
In this case the engine wilil
start automatically as soon as
the manual selector switch is
placed in the AUTOMATIC po-
sition,

After all of the above items are correct,
the unit may be placed inautomatic opera~
tion by turning the manual selector switch
to the AUTOMATIC position,

BASIC OPERATING DESCRIPTION
BASIC PEAKING OPERATION, Fig. 5-1

Normally a remote momentary start sig-
nal is given individually to as many diesel
driven generating units as are required
for a particular peaking situation, Aftera
start signal has been given to a unit, the
battery operated motors will crank the
engine, provided no fault has locked the
unit out, The engine will start and warm
up at idle speed for a timed period., If
engine oil pressures are satisfactory after
the warmup period, the speed increases
from idle speed toapproximately 900 RPM
for a 60 cycle unit, The acceleration
period requires about 8 seconds. Excita-
tion is applied, to the alternator field,
14 seconds after the engine starts acceler-
ating.
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AUTOMATIC OPERATION

Terminal 11 of the peaking load control
box is connected to bus voltage when the

exciter is energized. Terminals 1, 2, and

3 are energized dirvectly by generator
voltage, The motor drivenspeed reference
in the peaking load control box is allowed

UNIT STAR'T SIGNAL )

/ REMOTE ) ( LOCAL \
(

to run, so that the frequency of the gen-
erator will match the bus frequency.

The voltage regulator at this time will be
voltage matching, The regulator has the
same voltage inputs as the governor, The

/ REMOTE )

( 1ocar

\_PTD SWITCH IN PEAKING /

¥

\_ ANNUNCIATOR RESET SIGNAL /

£

ANNUNCIATOR CLEAR

LUBE OIL TEMPERATURE
COLD

I UNIT SELECTOR SWITCH "AUTOMATIC" }

BEGIN STARTING SEQUENCE

STARTER PINIONS ENGAGE

Y
START

AUTOMATIC COLD IDLE

ENGINE CRANKS
CREEP
SPIN

STOP I

ENGINE STARTS

ENGINE IDLES l

I —

NO

| LUBE OIL PRESSURE UP }

|

| STANDBY IMMERSION HEATER I-—-»B’-

LUBE OIL TEMPERATURE WARM ’

{ REMOTE )

ENGINE IDLES 90 SECONDS

"EMERGENCY START"
NO IDLE DELAY

DEADLOAD MODE

ENGINE ACCELERATES

ONLY

CONTROL POWER

LUBE OIL PRESSURE FULL
COOLING WATER PRESSURE

4

TRANSFORMER

STATIC EXCITER ENERGIZED

240V AC

BEGINS 8TART

ANNUNCIATOR
TARGETS

ENGINE
CRANKCASE
PRESSURE
EXCESSIVE

NO

GENERATOR BUILDS UP VOLTAGE

UNIT BEGINS SYNCHRONIZING
VOLTAGE - FREQUENCY - PHASE

UNIT CLOSES

OVER
VOLTAGE

GENERATOR CIRCUIT BREAKER

DEADLOAD MODE OR | PEAKING MODE

UNIT FLOATS ON UNIT LOADS TO ENGINE

MU BUS - READY FULL LOAD TEMPERATURE

FOR LOAD PICK-UP PARALLEL OPERATION EXCESSIVE
Annunciator Targets FT - Fuel Transfer Fault CIRCUIT

: BREAKER

SEQ - Sequence EN - Eng%ne Fault TRIP-OUT
GB - Generator Circuit Breaker |ET - Engine Temperature

Fig, 5-1 — Automatic Starting Sequence
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AUTOMATIC OPERATION

voltage matching circuit only operates
when the generator starts to excite its field
until it closes its breaker. There is no
voltage matching while resynchronizing,

The automatic synchronizer section and
the synchrophaser section of the peaking
load control box will be comparing the
frequency and phase angle of the bus
voltage and the generator voltage, This
circuit is entirely isolated from the fre-
guency matching circuit described above,
When the frequency of the two voliages is
within a two-tenth cycle error band and
the phase is matched, a relay picks upand
geals in, The next time the phase is
matched, another relay picks up and
closes the unit circuit breaker, Phase
anticipation is built into the circuit so
that the breaker will close at the proper
time when there is a slip between the
two frequencies,

When the unit breaker has closed, there
will be no difference between bus voltage
and generator voltage. Therefore, the
frequency matching circuit will do nothing
even though it is still operative, If thebus
voltage on terminal 11 of the peaking load
control box were removed and another
source of voltage were connected to this
terminal, the motor driven speed refer-
ence would attempt to matchthe frequency
of the MU to the frequency of the new
source of voltage,

PICKING UP AN ISOLATED DEADLOQAD,
Figs. 5=2, 5-3, And 5-4

The basic MU power plant installation can
be employed to pick up an isolated dead-
load through manual operation of controls.
This requires the presence of anoperator
at the control center,

Many MU installations are provided with
the capability of automatic deadload pick-
up., Since deadload pickup is usually an
emergency situation, a start signal is

given simultaneously to all generating
units in the installation. However, since
only one cranking battery is provided for
all units, a stepping switch selects one
unit at a time for eranking, Afterthefirst
unit has started or has cranked for a
timed period, the switch steps to apply
cranking power to the next unit., The
starting selector stepping switch operates
until all units have been started,

After a 90 second warmup period at idle
apeed, the engine goes to full speed as
soon as engine oil pressure is satisfactory.
The first unit in an installation to reach
full speed becomes the controlling unit.
Its generator field is flashed by battery
power, and the unit breaker closes to
energize the dead MU bus. As other units
come to speed, they are energized from
the MU bus and then synchronize to the
MU bus and close their breakers, When
all units have synchronized, the user's
outside load breaker is operated and the
MU installation picks up the isolated
deadload, TFor maximum deadload pickup
capability, optionally installed current
transformers provide field forcing cur-
rent,

An Emergency Start mode of operation is
available at customer's optiononlyincon-
junction with the Dead Load Pickup modi-
fication feature, The sequence of eventis
during Emergency Start mode is the same
as during Dead Load Start mode, except
the 90 second warmup period at idle is
bypassed during Emergency Start mode,
The engine accelerates to 900 RPM as
soon as oil pressure builds up toclosethe
main bearing oil pressure switch,

CAUTION: The continued usage of this
emergency startfeatureisdet-
rimental to the engine, there~
fore, it should only be used in
cagses of extreme emergency
and after due consideration by
the user, The user shouldbear
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in mind that the low water
awitch, as well as the time
delay to allow for cooling sys-
tem venting, must be nullified
order to accomplish this
total emergency mode of oper-
ation,

in

A special remotely mounted pushbution
switch is to be provided and installed by
the customer and must be operated man-
ually to obtain the emergency dead load
atart, A warning plate showing ''Tor
Emergency Start Only" is provided to
identify this pushbuiton switch,

PEADLOAD PICKUP
PLANT STARTING SEQUENCE

/ AUTOMATIC

START

LINE VOLTAGE 1OSS8
LINE FREQUENCY DROP
LINE VOLTAGE DROP

=

3\
S~

REMO'FE‘\ /LOCA{.. \

PTD SWITCH IN DEADLOAD

MANUAL START SIGNAL

TIE BREAKER TO SYSTEM OPEN

AND

LOAD TIE BREAKER OPEN

IlNiTIATE DEADLOAD MODE START SEQUENCEI

4

FIRST ENGINE

STARTS-IDLES [y

OIL PRESSURE UP

SECOND ENGINE

ACCELERATES
STATIC EXCITER
CONNECTED
BATTERY |
BEGINS GENERATOR
FLASHING FIELD
FIELD |
GENERATOR
BUILDS UP
VOLTAGE
UNIT CLOSES
GEN CB ONTO
DEAD MU BUS
STOP
FIELD
FLASH

/ REMOTE | LOCAL

Y

STARTS-IDLES \ THIRD
ENGINE | FOURTH
OIL PRESSURE UP STARTS | ENGINE | FIFTH
ACCELERATES ETC. STARTS | ENGINE
T ETC. STARTS
X T ETC.
! |
STATIC : I
EXCITER !
ENERGIZED
GENERATOR
FIELD
CONTROL GENERATOR
?gmgsﬂ BUILDS UP
- Vi
FORMER OLT?GE
UNIT SYNCHS I:']
AND GEN CB I |
CLOSES ONTO l I
HOT MU BUS
A

ENERGIZES MU BUS

ALL UNITS FLOAT ON MU BUS - NO LOAD

Y

K MANUAL

CLOSE SIGNAL

)

CLOSE LOAD TIE BREAKER )—-—-—nﬂ“——-—-

GIVES AUTOMATIC
CLOSE SIGNAL

v

&%=

MU PICKS UP ISOLATED LOAD - HOLDS FREQUENCY
ALL GENERATING UNITS SHARE LOAD AND VARS
OPERATING NOW AS AN ISOLATED SYSTEM

3

§15§79

Fig, 5~-2 — Deadload Pickup Plant Starting Sequence
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DEADLOAD PICKUP
CAPABILITIES AND KW LIMITER
CONDITIONS DURING LOAD PICKUP

IF FREQUENCY

DROPS
VOLTAGE - KW LIMITER I VOLTAGE
REGULATOR REDUCES VOLTAGE REGULATOR
STATIC STATIC
EXCITER EXCITER
¥ /
GENERATOR GENERATOR
FIELD NORMAL FIELD
FIELD
SUPPLY
GEN GEN
POWER CT
FIELD FORCING
Y
HIGH KVAR
GIVES BOOST
CONTROL
POWER
TRANSFORMER
GEN GEN
CB CB
\
Y
7
MU BUS
INHERENT CAPABILITY @ MAXIMUM CAPABILITY
DEADLOAD PICKUP TO LOAD DEADLOAD PICKUP

NO FIELD FORCING POWER CT FIELD FORCING
14201

Tig. 5-3 — Deadload Pickup Capabilities And KW
Iimiter Conditions During Load Pickup
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Peaking and Manual Start Deadline Opera-
tion, and Bagic Peaking and Automatic
Start Deadline Operation are given in
Fig, 65-4.

The basic procedures for pickup of a
deadload depends upon the operational
mode capability of the specific MU plant,
The procedures for Basic Peaking, Basic

MU PLANT OPERATION MODE CAPABILITY

BASIC PEAKING
ONLY
{Not equipped with

BASIC PEAKING AND
MANUAL START
DEADLINE OPERATION

BASIC PEAKING
AND AUTOMATIC
START DEADLINE

PTD selector) (Equipped with PTD OPERATION
selector) (PTD selector not
PROCEDURE required)
Set PTD Selector | =waaw DEADLINE [ = «aeea
Set MS Selector IDLE AUTO AUTO
Disconnect MU From Load MANUAL MANUAL AUTO
{52L opens)
Disconnect MU From System MANUAL MANUAL AUTO
(528 opens)
Engine Start Signal MANUAL MANUAL AUTC
After Engine Starts, RUN | ewwes ] acean
Set MS
Engine Accelerates MANUAL AUTO AUTO
Set MS *EXCITE | eweme | eeeee
Flash Generator Field Give Manual AUTO AUTO
Start Signal
Close Unit Circuit Breaker MANUAL AUTO AUTO

Frequency Characteristics

Maintain Frequency at 60 CPS MANUAL (Adjust AUTO AUTO
as load changes)
Close 52L to Pick Up MANUAL MANUAL AUTO
Deadload
Adjust Voltages Required MANUAL MANUAL MANUAL
Adjust For Load Sharing MANUAL AUTO AUTO

Rides Droop
Curve With
Load Changes

Holds 60 CPS

Heolds 60 CPS

*Leave MS set to EXCITE, If MS is set to AUTO, frequency increases and cannot be controlled by

operator.

Fig, 5-4 — General Procedures For Picking Up A Deadload
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“RESYNCHRONIZATION'~
RESTORATION OF SYSTEM TIE,
Fig. 55

Equipment for automatic restoration of a
system tie after the MU installation has
been carrying an isolated deadload is
provided on all automatic start deadline
units, In such equipment the MU plant
uses iis synchronizing capability to re-
gynchronize with the system. When syn-
chronization is complete, a signal is sent,

and the isolated load is connected to the
system, The MU installation will then
rovert to a peaking mode of operation in
automatic resynchronization or remain
where set in manual resynchronization,
initiation of resynchronization may be by
operator's gignal or completely automatic,

The bhasic procedure for resynchronizing
depends upon the operational mode of
capability of the specific MU plant. The
regynchronizing procedures forBasic

RESTORATION OF SYSTEM TR
"REBYNCHRONIZATION"

REMOTE OR LOCAL

MANUAL "RESYNCH" MU PLANT AUTOMATIC "RESYNCH"
OPERATING IN | e e e e e e -
SET MANUAL "PTD" "DEADLOAD MODE" i CUSTOMER PROVIDED |
SWITCH TO "TRANSFER" MU Plant Carrying : I
MANUAL CONTROLS And Sharing Isolated 1| operator's System :
Logd And Vars : Supervisory Line |
Uanits Holding Frequency | "Resynch" Power |
ADJUST Zero Speed Droop : Cominand Restored |
ADJUST SPEED } i |
VOLTAGE Droop { |
Added MU PLANT BUS : TIME DELAY :
. W S ..l
SYNCH
TO LOAD TIE BREAKER
SYSTEM CLOSED LOCAL
AUTO
I RESYNCH
COMMAND
GIVE CB LOAD BUS
CLOSE \
SIGNAL
. INITIATE
| ) CLOSE CUSTOMER'S = AUTOMATIC RESYNCH
TIE BREAKER TO SYSTEM
. MATCHES MU PLANT
MU PLANT IS NOW PARALLELED TO SYSTEM
SET PTD SWITCH WITH SYSTEM FREQUENCY - With
TO "PEAKING" ~~a| MU PLANT REVERTS TO Speed Droop
"PEAKING MODE" DHASE
CB CLOSE SIGNAL
REMOTE | LOCAL | sHUTDOWN INDIVIDUAL |
ENTIRE MU PLANT
AUTOMATIC
PTD Switch (Mode Selector): SIGNAL
Peaking - Transfer - Deadload TIME DELAY
151786

Fig, 5-5 — Restoration Of System Tie ""Resynchronization"
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MU PLANT OPERATIONAL MODE CAPABILITY
BASIC PEAKING BASIC PEAKING AND BASIC PEAKING
ONLY MANUAL START AND AUTOMATIC
NOT EQUIPPED DEADLINE OPERATION START DEADLINE
FOR RESYNC, MANUAL  [SEMI-AUTO OPERATION
PROCEDURE RESYNC, RESYNC, AUTOMATIC RESYNC,
Initiate Resynchronization
by setting PTD selector
Set PTD selector | meee- TRANSFER{TRANSTFER oo
(to initiate resynchronization)
Match MU Voltage to System MANUAL MANUAL [MANUAL MANUAL
Voltage
Match MU Frequency and MANUAL MANUAL |AUTO AUTO
Phase to System
Connect MU and Load to MANUAL MANUAJT, [AUTO AUTO
System (Close 528)
Change to Peaking Mode Already in Set PTD to |Set PTD te AUTO
Peaking PEAKING [PEAKING
Apply Full Load to MU MANUAL (Set AUTO AUTO AUTO
MS to AUTO)
Initiate Shut Down of MU MANUAL MANUAL |MANUAL MANUAL
{Stop Switch) (Stop (Stop or AUTO
Switch) Switch)
MU unloads and goes off line AUTO AUTO AUTO AUTO

Fig, 5-8 -~ Procedure For Resynchronizing
{Tying MU Plant And Load To System)

Peaking, Basic Peaking and Manual Start
Deadline Operation, and Basic Peakingand
Automatic Start Deadline Operation are
given in TFig, 5-6,

AUTOMATIC TRANSFER FROM
PEAKING TO DEADLOAD

An MU installation equipped for automatic
deadload pickup will transfer its mode of
operation from peaking to deadload, upon
isolation of the load from system power.
The transfer is initiated by relays that
respond to interlocks on customer pro-
vided systemtiebreakers. The controlling

unit is selected by random position of the
selector switch (DLS).

BASIC OPERATION SEQUENCE

The remainder of this section is provided
to assist the operator in understanding
the basic operating sequence of a typical
MU power plant, Some fault detecting
circuits and devices are mentioned in the
basic operating sequence, However, to
cover all fault detecting devices is beyond
the scope of this chapter,

It is suggested that applicable schematic
wiring diagrams be used when tracing the
operating sequence presented in this
chapter,
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AUTOMATIC NORMAL PLANT START
FOR PEAKING MODE OF OPERATION,

Fig, 57

The gequence of events occuring during
Automatic Normal Plant Start for Peaking

Mode of Operation is given in Fig. 5=7.
Arrows are used to indicate pickup and
dropout of the relays., An arrow pointing
upward indicates pickup of the relay. An
arrow pointing downward indicates drop-
out of the relay,

Step

Procedure Or Condition

Status Oy Status Assumed As Result
Of Procedure Or Condition

C.

e,

g

ie

PREPARATION FOR AUTOMATIC
PEAKING MODYE OF OPERATION

Set PTD to PEAKING

Set MS to AUTO
AR}

STARTING SEQUENCE

Isgue start signal (local or remote)
to as many MP units ag required
for the peaking operation.

USR 4
Usa 4
UsT 4
UR 4
STRB4
STX 4

STS 4
STX }

Closed contacts of STS are
connected to a "ready to start" unit,

STZ4

Bets up control circuits for peaking mode
of operation,
AR4

Sets up control circuits for automatic
operation,

USR A

USA 4 : Sets up circuit to GB-O; Sets up
USR helding circuit.

UST} ; UR4; Sets up clrcuits to ZSR,
PF, STZ, ER, and EXC.

Completes holding circuit for USR, Sets
up the 11,5 minute idle timeout circuit,

STX 4 ; STRB 4 ; Sets up circuit to PF
and STZ.

Shorts out portion of RE ST to provide
higher current to starter motor for
engine breakaway torque,

8T8} after 0.25 second timeout of STX,
STS interrupter contacts open; STX +
STS § ; Stepping switch steps tonext unit,

NOTE: Steps 2g, 2h, and 2i wiil be re-
peated until closed contacts of
stepping switch (STS8) 18 connec-
ted to a "ready to start" unit {a
unit whose USA and UR relays
are energized),

PF} { STZ 4 .

STY4 ; GS-14 ; GSS4:8TYA ;M1 };
and M2} ; STRCA; Sets up SEQ-O
circuit.,

Fig. 5=7 = Automatic Normal Plant Start For
Peaking Mode Of Operation (Sheet 1 of 4)
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Step

Procedure Or Condition

Status Or Statug Assumed As Result
Of Procedure Or Condition

1,

q.

2,

t.

STY |

(5-1 | (step k)

G55 | (step k)

STYA} (step k)

M1} and M2 | (step k)

ST {
STRC ! {step )
STRB |

STD | (step 1)

STR|

STRA| {step t)
GS-1 |

RE-2, in speed sensing panel,
closes when engine speed reaches
140 to 216 RPM.,

Opena circutt to STS coil, preventing 815
from stepping to next unit until a atart-
ing atternpt is made on the unit selected
by 8T8,

NOTE: 8TY contacts A and B have a 15
aecond time delay in operating,
If engine does not start within 15
seconds, & SEQUENCE fault will
be indicated on the annunciator
panel and STS will steptothe next
wit, The uwnit with a SEQUENCE
fault will he "locked-out" until
the annunciator is reset,

Holds fuel Injector racks at shutdown
position during initial cranking peried,

Elmitg travel of fuel injector racks to
approximately 1/3 rated load position
during starting,

Disconnects battery charger from hat-
tery during engine cranking, Battery
supplies cranking power, Battery charg~
er supplies power for control circuits,

Starting pinion engages with ring gear
causing ST to pick up.

NOTE: If ST does not pick up within 2
seconds after step j (pickup of
PF), 3TY will drop out causing
STS to step to the next unit,

Cranking power is applied to starting
motors,

STRB | and STD{ , after 1.2 second
timeout of STRC.

Inserts full resistance of RE ST instart-
ing circuit for soft eranking,

Starts 3 second timeout of soft cranking.
STR| and STRA | , after 3 second time-
out of 8TD,

Shorts out RE ST, applying full cranking
power to starter motors,

GS-1}

Permits fuel injector racks to advance
to idle speed position. Engine startsand
huilds up to idle speed.

ESR |

Fig, 5~7 — Automatic Normal Plant Start For

Peaking Mode Of Opera
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AUTOMATIC OPERATION

Step

Procedure Or Condition

Status Or Status Assumed As Result
Cf Procedure Or Condition

Y.

aa,
ab,

ac,

ad,

ae.

af,

ag,

ah,

ai,

aj.

ak,

ESR

He

Tt (step y)
ESF{ (step y)
UR| (step y)

STZ | (step y)

ST |

STY i and STD| (steps ac and ad)
USD{ (step y)

GS-II |

ETD{ (step ag

ER |

EXC{ (step ai)

IHC ) ;1 t: ESF| ;URY ;8T%| ;USD]
Opens circuit to immersion heater.
Activates shuiter control cireuit,

Sets up fuel oil transfer cireuit,

5TR { s STD | s 9TX } ; geiting up start~
ing control circuit for next unit,

8TY) ; 8T} . Current flow through M1
and M2 reverses causing pinion to re-
tract from ring gear, opening circuit
to ST,

M1 ; and MZ!, , algso starter motors are
disconnected from hattery,

Allows STS to gtep to next unit,

G8-11{ and ETD{ , after 90 second
timeout peried of USD,

NOTE: The 90 second timeout pertod of
USD is provided to hold engineat
idle during first 90 seconds of
running time,

Engine speedacceleratesfromidle speed
to approximately 6% above synchronous
speed,

NOTE: The acceleration period requires
approximately 8 seconds,

ER{ and EXC{, after 14 secondtimeout
period of ETD,

NOTE: The 14 second timeout period of
ETD permits engine speed to in-
crease to 6% above synchronous
speed before EXC and ER picks
up, However, excitation will be
applied at timeout of ETD, even
if engine ig not at desired speed,

Connects voltage regulator to MU bus
and to peaking load control box,

ERXt ; ERS{ ; ERY t, also static ex-
citer is connected to control power
transformer, Generator field is excited
from static exciter and voitage builds up,
energizing GV,

NOTE: A SEQUENCE normal lockout will
oceur if GV does not pick up
prior to the 10 second timeout
of ERX,

Fig, =7 — Automatic Normal Plant Start For
Peaking Mode Of Operation (Sheet 3 of 4)
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Step Procedure Or Condition Status Or Status Assumed As Result
Of Procedure Or Condition
al, ERS { Sets up circuit to low water pressure
switch (LAWS}) and te SEQ-O coil,
am| ERY { (step ak) Completes circuit to tow water pressure
gwitch (LWS) and to main bearing oil
pressure switch (MB2),

NOTE: An ENGINE fault willbe indicated
on annunciator panel and unit will
be locked~out, if LWSand MB2do
not pick up within the 45 second
timeout period of ERY,

3 SYNCHRONIZING AND LOADING
a,| Output of the MP unit and the MU Nefer to descripiion of the engine speed
bus voltage is applied {o the peaking| governor for description of synchro-
lead control box and the EG-A nizing the MP unif to the MU hus,
control box.
b,| MP unit is synchronized to MP unit circuit breaker closes, connec-
MU bus, ting MP unit to MU bus,

NOTE: A SBEQUENCE fault indication is
given, if the circuit breaker does
not close within 90 seconds after
ERS picks up (step ak).

¢,| Circuit breaker is closed, 52 VX picks up, aotivating the loading
connecting MP unit to MU bus, circuit,

NOTE: Refer todescription of the adjust-
able load reference sectionof the
peaking load control box for des-
cription of the loading circuit,

d.IMP unit is in loading process, At approximately 25% load, LLR is en-

ergized by clogure of GOV-RS, LLR
gserves to trip the unit circuit breaker
on unloading when the unit is being ghut
down, At customer's option, contacts of
LLR may also be uged to prevent auto-
matic loading at 25% load and provides
for manual control during the loading
sequence,

Fig, 5-7 — Automatic Normal Plant Start For
Peaking Mode Of Operation (Sheet 4 of 4)
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NORMAL STOP SEQUENCE FROM
PEAKING MODE, T'ig, 5-8

The sequence of events occurring during
a Normal Stop Sequence From Peaking

Mode is given in Fig, 5~8. Arrows are
used to indicate pickup and dropout of re-
lays. Anarrow pointing upward indicates
pickup of relay, An arrow pointing down-
ward indicates dropout of the relay.

Step

Procedure Or Condition

Status Or Status Assurned As Resulf

o m =~ ]

10
11
12

13
14

15

16

17

Stop Signal Given (Local or Remote)
USR |
USA )

usT |

Terminal 32 Open

Unit Unloads to Approximately 25%
GOV-RS opens

LLR|

BREAKER TRIP RELAY {

Unit CB opens

52V |

EXC]

Gs-I1 |

UST | times out
(11,5 minutes after step 4)

GS-1 §

OTT! times out
(15 minutes after step 2)

OTS §

USR|
USA | : Starts 15 minute timeoutof OTT |

UST | : USD | ; Opens circuil from ter-
minal 32 on peaking load control box,

Starts 11.5 minute idle timeout period

of UST }

Reduces load reference signal to zero,
resulting in untoading of the unit, Refer
to deseription of adiustable load refer-
ence section of the peaking load control
box.

GOV-IRS opens.

LLR |

BREAKER TRIP RELAY {
Unit eircuit breaker opens,
B3V |

EXC} ; GS-I1 |

Generator voltage drops to zero; Peaking
load control box and EG-A control box
loses control of governor.

Engine speed decreases to idle,

Gs-11}

Fuel injector racks go to shutdown posi-
tion,

NOTE: Lube oil circulating pump con-
tinues to run, Immersion heater
circuit operates to maintain en~
gine temperature al a predeter-
mined value,

NOTE: Steps 16 and 17 are applicable
only if engine fails to stop within
15 minutes after step 2.

OTS |

Overspeed trip mechanism operates to
cause immediate engine shutdown.

Fig. 5-8 — Normal Stop Sequence I'rom Peaking Mode

- 913 -




AUTOMATIC OPERATION

AUTOMATIC DEADLINE START,

Fig.5-9

The sequence of events occurring during
an Automatic Deadline Start is given in

Fig, 5-9, Arrows are used to indicate

pickup and dropout of the relays.

An

arrow pointing upward indicates pickup of

the relay,
indicates dropout of the relay,

Step

Procedure Or Condition

Status Or Status Asswned As Reagult
Of Procedure Or Condition

a,

e,

INITIATE DEADLINE START
Set M8 to AUTO

AR

Set PTD to DEADLINE

NOTE: Step ¢ is not reguived if
MU plant is equipped for
fully automatic operation,

Set Plant STOP/START
switch to START

NOTE: Step d is not required
if MU plant is equipped
for fully automatic operati

PSR| (Step Id)
USR{

OPERATION OF CONTROL
CIRCUITS DURING DEADLINE
STARTING SEQUENCE

52WS1 (step 1c)

USA t (step 1)
DLB}
LS

DLU{

DLT |

AR{
Bets up Automatic Control Circuits
52ws |

for fully autornatic MU plants:

52WS picks up through auxiliary contacts
{62h} of aystem circuit breaker. 52WIL
picks up through auxiliary contacts (52b)
of load circuit breaker, When breakers
are open, auxiliary contacts are closed.

PSR|

For fully automatic MU plants:

PSR picks up through contacts of relay
60, Contacts of relay 60 areclosed when
system voltage fails,

USR

Starting sequence proceeds as specified
in steps 2b through 2ai of Fig, 5-7,

Seta up circuit for DLBC, LS DLT, and
bLU,

NOTE: If MU plant is equipped for fully
automatic operation, 52WL has
also picked up step lc}, DLBC
will pick up., DL.BC has a 3 sec-
ond time delay in closing,

DLB} ; DLT} :DLUY ; LS},
DLBC | before 3 second timeout,

Limits travel of fuel injector racks to
approximately 1/3 rated load position
during engine starfing.

Sets up circuit to DLX coil, DLS coil,
MR coil, and DLZ coil,

Sets up control circuits to peaking load
control box and voltage regulator, DLT
also permits unit circuit breaker to re-
main closed when unit is operating at
less than 25% rated load.

Fig. 5-9 — Automatic Deadline Start (Sheet 1 of 3)

- 514 -

An arrow pointing downward




AUTOMATIC OPERATION

Step Procedure Or Condition Status Or Status Agsumed Ag Regult

Of Procedure Or Condition

g. | ETD{ (step 11) After 14 secondtimedelay, ER ¢ , EXC{;
DEX § .

h, | ER¢ Connects voltage regulator to MU bus.

i, EXC ERY §; ERX § ; ERS { , Exciter is con-
nected to control transformer in auxi-
liary switchgear cubicle,

NOTE: MU bus and control transformer
are dead until circuit breaker of
firgt MP unit ig clesed,

j. | BPLX ¢ DL3 ¢ after 0,25 second time delay.

k, | BL3}{ Deadline stepping switch steps fromunit
to unit untit a ready to excite unit (a unit
whose ERX and DLU relays are ener-
gized) is selected,

. | ERY ¢ Sets up circuit to EN-O coll after 45
seconds time delay,

m, | ERS{ Sets up circuit to SEQ-O coil after 90
seconds time delay.

n. | ERX } Sets up circuit to SEQ-O coil after 10
seconds time delay, Sets up circuit to
MR and DLZ. MR{ and DLZ} when unit
is selected by DLS.

o, | DLZ ¢ D1S| . Prevents DLS from stepping to
next unit,

p. | MR} FFC| . Sets upcircuitfrom peakingload
control box to unit breaker close, tie
breaker close, and other MP units,

q. | FFC{ Flashes generator field by connecting
battery to generator field.

r. | Generator Voltage Builds Up FFCO|{ ; GV} .

s, | GV ¢ Unit circuit breaker clogses connecting
the generator to the MU bus,

t. | FFCO | FFC}

u. | FFC} Battery is disconnected from the gen-

erator field, Generator excitation is
provided from the exciter,

NOTE: All other MP units are excited
from the MU bus, After voltage
buildg up the units will synchro-
nize to the MU bus voltage, as
established by the first unit, The
unit circuit breakers close, on
the MU bus, after synchronizing.

Fig, 5-9 — Automatic Deadline Start (Sheet 2 of 3)
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Step Procedure Or Condition Status Or Status Assumed As Result
Of Procedure Or Condition
v, | All Unit Circuit Breakers DLB
are closed on the MU Bus
w. | Manually Initiate Closing of the Load Circuit Breaker Closes,
Load Circuit Breaker
NOTI: Step w is not necessary
if MU plani is equipped
for automatically closing
the load cirecuit breaker,
Automatic operation for
closing the load circuit
bhreaker is given in steps
x through aa.
x, | DLB} DLBC }
v. | DLBC{ Load Circuit Breaker Cloges,
z, | Load Cirecuit Breaker is Closed 52WL § . Peadload is nowcomnected to
the MU plant,
aa. | 52WL | DLBC
3. DEADLOAD IS CONNECTED MU plant picks up deadload and holds

TO THE MU BUS

frequency.

Fig, 5-9 — Automatic Deadline Start (Sheet 3 of 3)
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SECTION 6
MANUAL OPERATION

The MU type power plant has heendesigned
for fully automatic operation, However, in
some special situationg, such as testing
and maintenance operations, it is degirable
o operate an MU unit under manual con-
trol. The manual controls also provide
backup protection so that a unit may be
operated even though the automatic cir-
cuitry is inoperative.

AUTOMATIC/MANUAL SELECTION

Selection of automatic operation or manual
operation is accomplished by setting the
manual selector (MS) to the desired posi-
tion, MS is a six position rotaryselector,
located onthe door of the generator switch-
gear cubicle within the outdoor switchgear
station. The MS selector has two auto-
matic positions, three manual positions,
and an OFF position, The two automatic
positions are marked "AUTO," The three
manual positions are marked "IDLE,"
"RUN," and "EXCITE," An MP unit may
be changed from automatic to manual
operation or from manual to automatic
operafion at any time, provided the selec-
tor 18 not turned throughthe OF'F position,
If the selector is turned through the OFF
position, the unit must be restarted before
operation can be resumed.

MANUAL CONTROLS

START PUSHBUTTON

A START pushhutton is located on the
engine control panel of each MP unit.
To start the engine manually, set MS fo
idle then press and hold the START
pushbutton until the engine starts. After
starting, the engine will run at idle speed
until MS is set to RUN or to AUTO,

STOP PUSHBUTTON

A STOP pushbutton is also located on the
engine control panel of each MP unit.
When the 3TODR pushbution is pressed, the
engine will unload and stop iimmmediately,
The 11.5 minute idle timeout is bypassed
when the STOP pushbutton is used to stop
the engine,

SPEED CONTROL

A governor control switch is located on
each generator switchgear cubicle, in the
outdoor switchgear station. The governor
control switch operates the motor driven
speed reference, located in the peaking
load control box, The motor driven speed
reference controls the speed setting of
the governor,

CIRCUIT BREAKER

A breaker control switch is located on
each generator switchgear cubicle in the
outdoor switchgear station, The breaker
control switch may be used fo trip the
circuit breaker at any time, The circuit
hreaker may algo be tripped mechanically
by pressing the PUSH TO TRIP trip rod
located on the circuit breaker inside the
generator switchgear cubicle, The
breaker conirol switch may be used to
close the circuit breaker only if the volt-
meter switch, located on the generator
switchgear cubicle, is furned on,

START/STOP SWITCH

A START/STOP switch is located on
each generator switchgear cubicle
in the outdoor switchgear station. The
START/STOP switch may be used for
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both manual and automatic operation,
depending upon the position of MS, If
MS is set to AUTO, the START/STOP
switch may be used for automatic op-
eration, If M3 iz sel to IDLE, the
START/STOP switech may be used for
manual operation, Whenthe START/STOP
switch is set to STOP, the unit will stop
immediately. The 11,5 minute idle time-
out pertod is bypassed.

Typically, these manual confrols areused
only for the desired portion of a loading
sequence, As an example the following
sequence might occur when it is desired
to synchronize manually.

1. Unit is given automatic start.

2. When voltage builds up operator turns
MS to EXCITE position, Unit will now
remain at approximaftely full speed
with generator excited until further
gignals are given to it,

3. Operator adjusts speed and voltage to
match that of system,

4, Operator closes circuit breaker at
moment of synchronism.

5. Operator returns MS to AUTOMATIC
position. Unit will now complete auto-
matic loading sequence,

MANUAL START, SYNCHRONIZING,
AND LOADING FOR PEAKING

The sequence of events occurring during
manual starting, synchronizing, and load~
ing for peaking mode of operation is given
in Iig. 6-1, Arrows are used to indicate
pickup and dropout of the relays. Anayrow
pointing upward indicates pickup of the
relay, An arrow pointing downward in-
dicates dropout of the relay,

MANUAL CONTROL FOR
DEADLOAD PICKUP

The sequence of events occurring during
manual starting, synchronizing, and load-
ing for deadline mode of operationis given
in Fig, 6-2, Arrows are used to indicate
pickup and dropout of the relays, Anarrow
pointing upward indicates pickup of the
relay. An arrow pointing downward in-
dicates dropout of the relay,
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Step Procedure Or Condition Statug Or Status Assumed As Result
Of Procedure Or Condition
1 MANUAL START

&, | Set MS to IDLE IRE |

b, | Press START pushbwiton on engine § USR}
control panel or set START/STOP
aglector, on door of gencrator
awitchgear cubicle, to STARE,

o, | USR [ Starting sequence proceeds as specified
in stepg 2b through 2ag of Autoratic
Normal Plant Start, Fig, 5-7. Engine
remains at 1dle speed.

2 INCREASE SPELD FROM IDLE
TO SYNCHRONOUS SPEED

&, | Set MS to RUN G8-111 after tirnecut of USD,

h, | G8-11¢ Fuel Injector racks move fo increase
engine speed to approximately synchro~
nous gpeed,

3 APPLY EXCITATION TO
GENERATOR FIELD

a, | Set MS to EXCITE ER{; EXC }.

b,] ER} Voltage regulator is connected to MU bus,

c.i EXCt ERS | : ERY }; ERX { : Exciter is con-
nected to control transformer located in
auxiliary switchgear cublole,

d.! ERS | Sets up eircuit for fast engine stop, by-
passing the 11,5 minute idle timeout
period, in cagse water presgure does not
build up to normal,

e.| ERY{ EN-O | causing fast engine stop, bypass-
ing the 11.5 minute idle timeout period,
if main bearing oll pressure and water
pressure does net build up to normal
within 45 seconds,

f. | ERX ¢ SEQ-0O | if generator voltage does not
butld up within 10 seconds after gener-

4 SYNCHRONIZE MP UNIT TO ator field s excited.
SYSTEM
a, | Use voltage control switch to Voltage of MP unit is matched with
match voltage of MP unit with system voltage,
system voltage,
b. | Use governor control awiteh (GCS) Frequency of MP unit is gynchrenized
and synchronizing lights to syn- with system frequency,
chronize frequency of MP unit
with system frequency,
¢.| Set VOLTAGE/FREQUENCY Sets up elrouit for closing cirouitbreale-
solector located on generator er,
switchgear cublele to one of the
three generator positions,

d, | Cloge MP unit circuit breaker at MP unit is connected to system,

proper lnstant, (Determine proper
instant by observing synchrenizing
lghts.)

e, | Use governor control switch (GCS) | MP unit is operating at rated load,

to adjust load on MP unit to rated
load,
Fig. 6-1 — Procedures FFor Manual Starting Synchronizing

And Loading For Peaking Mode Of Operation
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Step Procedure Or Condition Siatug Or Statug Aggumed As Result
Of Procedure Or Cendition
i MANUAL START
(Same as Peaking Moxle of
Operation, Refer to Fig, 6-1))
2 INCREASE SPEED FROM IDLY
TO SYNCHRONOUS SPEED
(Same as Peaking Mede of
Gperation, Refer to Fig. 6-1.}
3. APPLY EXCITATION TO
GENERATOR FIELD

a. | Set M3 te EXCITE ER{: BXC Y.

I, | ERY Voltage regwlator is connected to MU bua,
but MU bus is not excited,

¢. | BXCH ESR t : ERY ¢ ERX | Exciter is con-
nected to control transformer located in
auxillary switchgear cubicle, Excitation
will not bulld up because control trans-
former is not energized.

d.} ERS¢ Sets up clreuit for fast engine stop, by-
passing the 11,5 minute idle timeout
period, in case water pressure does not
build up to normal.

e, | ERY } EN-O f causing fast engine stop, bypass-
ing the 11.5 minute idle timeout peried,
if main bearing oil pressure and water
pressure does not build up to normal
within 45 seconds,

f. | ERX ¢ SEQ-O } if generator voltage does not
build up within 10 seconds after genera-
tor fleld is excited,

g. | Set and hold STOP/START switch FFCt

located on generator switohgear
cubicle, to START until clreuit
breaker ig c¢logsed In step }.

h.i FFC} Generator field is excited from battery
and generator voltage builds up.

i, { Set VOLTAGE/FREQUENCY Sets up circult for cloging circuitbreak-

selector, located on generator er.
switchgear cubicle, to one of the
three GENERATOR poaitions,

j. | Cloge MP unit cirouit breaker, Generator excitation ig maintained, by
when generator voltags builds exciter, from the contrel power trans-
up to approximately 75% of former located in the auxiliary switch-
rated voltage. gear cubicle,

4 ADJUST FREQUENCY AND
VOLTAGE OF MP UNIT
a, | Using governor control switch MP unit operating at requiredfrequency.
5

ﬁi:};;gusutl::zquency of MP NOTE:; The required frequency depends
1 : upon the load supplied by the MP
unit and the droop character-
iatics of the MPunit, The follow=
ing table applies to an MP unit

with 5% droop,

Fig. 6=2 = Procedures For Manual Starting Synchronizing
And Loading For Deadline Mode Of Operation (Sheet 1 of 2)
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Step Procedure Or Condition Strtus Or Status Assumed As Resulf
Of Procedure Or Condition
% of Rated Lond Required Frequency
to be supplied  Setting
by MP unit
20% 1% above rated frequency
40% 2% above rated frequency
60%, 3% above rated frequency
80% 4%, ahove rated frequency
100% 5% ahove rated frequency
b. 1 Using voltage control awitch, MP unit eperatingat rated output volkage,
adjust voltage to rated output with no load, MP wunit is connected to
voltage, MU hus,
5 MANUAL CONTROI FOR SECOND
AND SUCCEEDING MP UNITS
a, | Perform steps 1 through 4d of MP units are synchronized and connected
Fig, 6-1, for each of the second to the MU bus,
and succeeding MP units,
6 AUTOMATIC CONTROL FOR
SECOND AND SUCCEEDING
MP UNITS
a. | Set MS of each MP unit to AUTO Sets up automatic starling controf cir-
cuits,
b, | Issue start signal for each MP units start and synchronize to the
MP unit, MU bus voltage and frequency as esta-
bHshed by the first MP unit, After syn-
chronizing, the unit circuit breakers close
connecting the MP units to the MU bus,
NOTE: Set MS of each M Punitto EXCITE
as soonas the unit circuitbreaker
cloges,
7 APPLYING LOAD TO MU PLANT
a.| Ensure that load is lsolated Prevents MU plant from feeding inte
from system power lines. system power lines.
b.| Close load circuit breaker 52L. MU plant is connected to dead load.

Fig, 6~2 ~ Procedures For Manual Starting Synchronizing
And Loading For Deadline Mode Of Operation (Sheet 2 of 2)
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SECTION 7
DESCRIPTION OF ELECTRICAL DEVICES

This section of the operating manual con-
tains degcriptions of individual electrical
devices ag they are used in a typical MU
installation. No atfempt is made in this
gection to correlaie electrical devices or
to define sequences of operation., The
purpose of this section is fo provide a
bagis for primary understanding of the
equipment and to provide the casiest
means of back reference when operating
sequences are being traced, as inSections
5 and 6 of this manual,

The descriptions contained in this section
of the manual are of necessity general and
cannot cover all functions of a particular
relay or device, However, since the gen-
eral purpose of a given relay is common
to most MU installations regardless of
individual control options and user sup-
plied equipment, the descriptions will be
of value in familiarizing operators with
the control equipment,

Information relative to pickup and dropout
of thermal switches, speed switches, and
time delay relays is provided in Fig. 7-1,

A legend of relays and other electrical
devices is located in the appendix to this
manual,

MAJOR DEVICES

Kw LIMITER, Fig. 2-27

The purpose of the KW limiter is fo pro-
tect the generating unit from an overload,
when operating in deadline mode,

An AC frequency generator, mounted on
the front end of the engine and driven by
the camshaft, provides a frequency signal
to the KW limiter, The frequency of the
signal decreases when the engine speed

decreases due fo an overload, When the
frequency decreases, the KW limiter sup-
plies a signal to the voltage regulator to
decrease excitation voltage to the alter-
nator field, resulting in a decrease in
output voltage from the alternator. The
reduction in alternator ouiput voltage
results in maintaining rated speed and
full load output at 2 reduced vollage.

ANNUNCIATOR RESET PUSHBUTTON,
Fig. 222

The annunciator reset pushbutton, located
on the electrical control cabinet of each
generating unit, is provided for resetting
all fault indicating circuits of the gener-
ating unit, The fault indication will re-
appear, if the fault persists after the
reset pushbutfon is pressed,

A remote annunciator reset pushbutton is
provided, upon request from the customer,
If an engine fault is not indicated, the
remote znnunciator reset pushbutton re-
sets all fault indicating circuits except
the engine fault circuit, The remote
annunciator reset pushbutton is inopera-
tive, if an engine fault is indicated,

SPEED SENSING PANEL, Fig. 2-25

The speed sensing panel prevenis en-
gagement of the starting motor pinion
when engine is running and disconnects
starting motor after engine is started.
The speed sensing panel contains a solid
state regulated power supply, solid state
frequency sensing circuits, solid state
switches, a solid state amplifier, and two
output relays.

The regulated power supply operates{rom
the 120 volt battery, located in the MPA
unit, and provides 12 V DC for operation
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of the amplifier, solid state switches, and
the output relays, The engine mounted AC
frequency generator provides an input
signal to the solid state amplifier where
the signal is amplified and clipped, Out-
put of the golid state amplifier is a con~
stant vollage square wave signal whose
frequency is directly proporiional to en-
gine speed. The square wave signal is

applied to the solid state frequency sens-
ing circuit., The output of the solid state
frequency sensing circuit is a DC voltage
whose magnitude is directly proportional
to the frequency of the square wave input.
This DC voHage ig used to bias the solid
state switches. When the engine speed is
approximately 50 RPM, the magnitude of
the bias voltage is sufficient to operate

RELAYS

ANTI DROPOUT PICKUP

SWITCHES VALUE VALUR

40 OCX 60 Seconds

52 VM 4 Seconds

DLBC 3 Seconds

DILLX 0.25 Second

ERS 90 Seconds

ERX 10 Seconds

ERY 45 Seconds

ETD 14 Seconds

ETS 180° F, 200° F,

EFCO 85 Volts 90 Volts

FSR 120 Seconds

LOTS 85° I, 95° I,

1AWS 20 PSI 30 PSI

MB1 20 PSE 30 PSI

MB2 45 PSI 50 PSI

0OAD 90 Seconds

OLT 60 Seconds

OFT 15 Minutes

PR 2 Seconds

PSR 1 Second

RST 0.25 Seconds

STD 3 Seconds

STRC 1.2 Seconds

STX 0.25 Seconds

STY 15 Seconds

T 2 Seconds 15 Seconds

TB 170° F, 175° F,

TC 150° F, 125° T,

TS 70° I, 60° F.

USD 90 Seconds

UsT 11.5 Minutes

Z3SR 2 Seconds

GOV RS 1.50 to 1,48 Inch

(Rack Setting)

LOAD LIMIT 0.79 Inch
{Rack Setting)

SSP REL 0 RPM 40 to 50 RPM
{60 or 60 cycles)

S5P REZ2 175 RPM MIN, 140 to 210 RPM
(30 or 60 cycles)

Fig, 7-1 — Relay And Switch Settings For The
MP45 Generating Units
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the solid state switch which cnergizes
output relay REL, When engine speed is
approximately 200 RPM, the magnitude of
the bias voltage is sufficient to operate
the solid state switch which energizes
output relay RE2, Function of REL and
RE2 ig given in Fig, 7-2.

VOLTAGE REGULATOR, MAGNETIC
AMPLIFIER TYPE

A detailed description of the voltage
regulator is given in the applicable EMD
Maintenance Instruction,

RELAYS AND SWITCHES

27 LOW VOLTAGE RELAY,
Figs. 3=3 And 34

The low voltage relay 27 drops out if MU
bus voltage decreases fo approximately
87.5% of rated voltage, Dropout of relay
27 vresults in pickup of lockoutf relay 86.
When energized, relay 86 initiates a
normal shutdown sequence with lockout
protection. Refer to description of relay
86 for details.

40-0C, ALTERNATOR FIELD
OVERCURRENT RELAY, Fig. 226

The purpose of 40-OC is to energize
40-0CX, initiating unit shutdown, in case
excitation current fo the alternator field
rises to an abnormally high value., Ab-
normally high field current may result

from voltage regulator failure or from
manually increasing voltage output when
operating at full load and high KVAR,

The operating coil of 40-OC is located on
the penerator and governor control panel
and is conmected in series with the alter-
nator field.

40-0CX (TD), ALTERNATOR FIELD
OVERCURRENT AUXILIARY RELAY,
Fig. 215

The alternator field overcurrent auxiliary
relay 40-OCX trips the unit main circuit
breaker and energizes the GB-O relay
which results ina GENERATOR BREAKER
fault indication, and initiates a normal
engine shutdown,

The operating coil of 40-OCX is energized
by 40-OC in case excitation current tothe
alternator field rises to an abnormally
high value. An operating time delay of
60 seconds is provided to prevent 40-~-OCX
from operating on alternator field over-
current of a fransient nature.

52, MAIN CIRCUIT BREAKER

The main circuit breaker 52 connects the
generating unit to the MU bus,

A main circuit breaker is installedineach
generator switchgear cubicle of the out-
door switchgear station, The main circuit
breaker is a 3 phase electrically operated

RE2Z |140-210 RPM | 175 RPM MIN,

Output Pickup Dropout Relay Function
Relay Speed Speed
REl 40-50 RPM 0 RPM Indicates that engine is not yet rumning under

own power. Prevents engagement of starter
when engine is running, Ends overall timeout
cycle,

Indicates that engine is running under its own
power. Disengages starting motor after engine
has started,

Fig, 7-2 -- Function Of RE1 And RE2
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air circuit breaker with a rating of 1200
amperes at 4160 voltg, Interruptingcapa-
city of the circuit breaker is 350 MVA or
2560 MVA depending upon the particular
installation,

Handling tools are provided to withdraw
the circuit breaker from the generator
switchgear cubicle. The same {ools are
used for inserting the circuit breaker. A
guide track and locking mechanism are
provided to place the circuit breaker in
disconnect, test, or connect pogitions as
reduired. The breaker must be levered
into the connect position tolockitinplace,

52a, UNIT CIRCUIT BREAKER
AUXILIARY SWiTCH

Unit circuit breaker auxiliary switches
52a are open when the unit circuitbreaker
is open and closed when the unit circuit
bresker is closed. The closed contacts
set up control circuits.

52b, UNIT CIRCUIT BREAKER
AUXILIARY SWITCH

Unit circuit breaker auxiliary switches
52b are open when the unit circuitbreaker
is closed and closed when the unit circuit
breaker is open., The closed contacts
set up control circuits,

52TC, UNIT CIRCUIT BREAKER
TRIP COIL

When energized, the trip coil opens the
unit circuit breaker. The trip coil is
energized through operation of various
protective devices, manual switch opera-
tion, or in the normal shutdown procedure
when load falls to approximately 25% of
normal full load,

52V, AND 52VX, UNIT CIRCUIT BREAKER
AUXILIARY RELAYS, Figs. 2=25 And 26

These auxiliary relays are energized by
clogure of the unit cireuil breaker auxil-
iary switch 52a, When encrgized, 52V and
52VX issues g "unif bresker closed" sig-
nal to the control circuits,

52VM (TD), UNIT CIRCUIT BREAKER
AUXILIARY RELAY, Fig. 2-24

This auxiliary relay is energized by
clogure of 52V, This relay sets up the
circuit to the unit breaker trip relay
52TC, A four second ftime delay is pro-
vided to allow for pickup of relay 27
before 52VM contacts close,

52W, UNIT CIRCUIT BREAKER
AUXILIARY RELAY, Fig. 2-26

The 52W relay is used in the voltage
regulator circuit for voltage matching.
The relay is picked up by unit start relay
USA and remains picked up until the volt-
age is matched and the unit circuit breaker
is eclosed,

52WL, LOAD BREAKER RELAY,
Fig. 2=-27

The load breaker relay 52WL is used
only on the MPA units of MU plants
equipped for automatic deadline operation,

The load hreaker auxiliary switch 52b
closes when the load breaker opens,
Closure of 52b picks up 52W1L which sets
up the circuit to DLBC, DLBC is held in
the de-energized position by DLB until
all generating units are connected to the
MU bus. When all units are connected to
the MU bus, DLB drops oul causingDLBC
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to pick up and issue a signal for the load

breaker to close. When load breaker
clogses, B2WIL, drops out de-energizing
DLBC,

52WS, SYSTEM BREAKER RELAY,
Fig, 221

The system breaker relay 52WS is used
on the MPA units of MU plants equipped
for manual or automatic deadline opera-
tion,

The system breaker auxiliary switch 52b
closes when the system breaker opens.
Closure of 52b picks up 52WS which sets
up control circuits for deadline operation,

55, LEADING VARS RELAY,
Figs. 3—8 And 3-9

The leading vars relay 55 is a direc-
tional power relay connected to sense
leading VARS. Operation of relay 55
issues a trip signal to the unit circuit
breaker. Relay 55 operates when leading
vars increase above a predetermined
value,

As the generator field is reduced, either
deliberately or otherwise, the magnetic
coupling between the rotor and stator is
weakened which allows the generatingunit
to fall out of step, It continues to carry
load, but draws a high component of re-
active power from the power system. This
may be damaging to the generating unit
and may cause disturbances in the power
system, Relay 55 senses this condition
and issues a signal which results inopen-
ing of the unit circuit breaker,

59, OVERVOLTAGE RELAY, Fig. 3-8

The purpose of overvoltage relay 59 is to
sense an overvoltage condition and initiate

unit shutdown by energizing the generator
breaker fault relay GB-0O, Anovervoliage
relay is provided in each generator switch-
gear cubicle,

When an overvoltage condition is sensed,
the 59 relay initiates a normal shutdown
geqguence, with lockoui protection, and a
GB fault is indicated on the annunciator
panel, Shutdown of the generating unit
provides protection from an internal fault
and isolation of the unit, through noirmal
shutdown and lockout, protects the unit
from an external fault, The faull must be
corrected and the annunciator RESET
pushbution pressed before normal opera-
tion can be resumed.

67, REVERSE POWERRELAY, Fig. 3-8

The reverse power relay 67 senses a
reverse power condition and initiates unit
shutdown by energizing the generator
breaker fault relay GB-0O, A reverse
power relay is provided in eachgenerator
switchgear cubicle,

When a reverse power conditionis sensed,
the 687 relay initiates a normal shutdown
sequence, with lockout protection, and a
GB fault is indicated on the annunciator
panel, The fault must be corrected and
the annunciator RESET pushbutton pressed
before normal operation can be resumed,

86, LOCKOUT RELAY, Fig. 3-3

The lockout relay 86 initiates a normal
shutdown sequence and locks out all unit
circuit breakers when a fault is sensed
by undervoltage relay 27 or differential
current relay 87,

Lockout relay 86 is energized by dropout
of undervoltage relay 27 or pickup of
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differential current relay 87. When lock-
out relay 86 is energized, a normal shut-
down sequence with lockout protection is
initiated, The annunciator panel willindi-
cate a GBI fault, The annunciator RESET
pushbutton must be pressed and lockout
relay 86 must be veset before normal
operation can be resumed, The lockoub
relay 86 is located inthe auxiliary switch-
gear cubicle. The reset switch for the
lockoutf relay 86 is located on the front
panel of the auxiliary switchgear cubicle.

87, DIFFERENTIAL CURRENT RELAY,
Fig. 33

The differential current relay 87 protects
the MU installation, by initiating a normal
plant shutdown and lockout, when a ground
or phase fault is detected,

Differential current transformers are
used to sense the current output of the MU
installation and the current output of each
generating unit, During normal operation,
current output of the MU installation is
balanced by the current output of the
generator units, If a ground or phasefault
occurs within the MU installation, the
currents become unbalanced, The differ-
ential current relay 87 is connected to
the differential current transformers so
that the current unbalance will energize
the relay. Pickup of differential current
relay 87 causes lockout relay 86 fo pickup
initiating plant shutdown, Refer to de-
scription of lockout relay 86,

On special order from the customer,
individual unit differential current pro-
tection can be installed,

AR, AUTOMATIC RELAY, Fig. 225

The automatic relay AR sets up circuits
for automatically starting the generating
unit, The relay is energized only when
the manual selector is set to AUTO,

CS, CIRCUIT BREAKER CONTROL
SWITCH

The circuit breaker control switch CS
provides manual control of the generating
unit main circuit breaker. The switch is
centrally located on front of each gen-
erating unit switchgear cubicle, A window
in the switch position plate shows a flag
to indicate the last operation of the switch;
a red flag indicates that the switch was
last operated to the CLOSE position; a
green flag indicates that the switch was
lagt operated to the TRIP position. The
flags are nol necegsarily in agreement
with actual pogition of the circuitbreaker,
because other devices can also operate
the circuit breaker. The circuit breaker
can be locked open by setting CS to the
TRIP position then pulling out on CS to
latch it in the PULL FOR LAMP CUTQUT
position,

CAUTION: Under some circumstances the
breaker may close momentar-
ily before tripping and locking
out,

DLB, DEADLINE BREAKER RELAY,
Fig. 2-27

The deadline breaker relay DLB issues a
signal to the deadline breaker close relay
DLBC when the circuit breaker of each
available generating unit is closed on the
MU bus.

DLBC (TD), DEADLINE BREAKER
CLOSE RELAY, Fig. 2-27

The deadline breaker close relay DLBC
issues a signal to the outdoor switchgear
station auxiliary cubicle resultinginclos-
ure of the load circuitbreaker, The DLBC
relay has a 3 second time delayinclosing.

DLR, DEADLINE RELAY, Fig. 2-27

On installations equipped for automatic
deadload pickup: When the deadline relay

~ 706 -




ELECTRICAL DEVICES

DLR is de-~energized, in conjunction with
breaker operated switches and other
equipment provided by the customer, a
gignal is issued that results in operation
of a wvariety of auxilisry relays. The
number of auxiliary relays and their
functions are dependent upon the cus-
fomers equipment and options gelected.

The deadline relay DLR ig connected from
the bus metering power transformer to
system ground and is de-energized when
the MU bus is de-energized., When DLR
is de-energized the deadline sequence of
operation ig initiated. This includes clos-
ing the circuit breaker of first generating
unit to be excited onto the dead MU hus
without synchronizing,

If an attempt is made to start a unit with
the PTD (peaking, transfer, deadline)
switch set to DEADLINE, buf with a hot
bus, DLR will be energized and the circuit
breaker will not close without synchro-
nizing,

DLS, DEADLINE STEPPING SWITCH
RELAY, Fig. 2=27

The deadline stepping switch relay DIS
initiates the sequence for flashing the
generator field with battery voltage,

When a deadline start signal is given,
the deadline stepping switch relay DLS
steps from unit to unit searching for a
unit that is ready to be excited; i.e., a
unit whose ETD has timed out, When a
ready to excite unit is located, DLS
completes the circuit to the MR relay.
The MR relay energizes the FFC relay
which connects the battery to the gen-
erator field. When generator voltage
builds up, the FFCO relay energizes
cauging the FIF'C relay to drop out, dis-
connecting the battery from the generator
field.

DLT, DEADLINE RELAY, Fig. 228

Tn automatic deadline operation, the dead-
line relay DLT permits the unit circuit
breaker to stay in the closed position
when the unit is operating at less than
259, of full load.

DLYU, DEADLINE UNIT RELAY, Fig. 2-28

The deadline unit relay DLU sets up
enabling circuits for a deadline sequence
start when the MU busg is de-energized
and the system breaker is open.

DLX (TD}, DEADLINE EXCITATION
ENABLE RELAY, Fig. 2=27

The deadline excitation enable relay en-
ergizes DLS when the ETD relay, of any
unit, has timed ouf, This permits DLS to
start stepping from unit to unit until a
"ready to excite' unit is located, DLX hag
a 0.25 second time delay in closing.

DL.Z, DEADLINE RELAY, Fig. 2-27

The deadline relay DL7 removes power
from DLS when a '"ready to excite' unitis
selected, The DLZ relay also connects
input power from the MU bus to the KW
limiter after the unit circuit breaker
closes on the MU bus,

ER, EXCITATION RELAY, Fig. 2-26

When the ETD relay closes, the excitation
relay ER connects the voltage regulator to
the MU bus and the EXC relay connects
the static exciter to the control power
transformer, The voltage regulator and
static exciter regulates the output voltage
of the generator,

ERS (TD), EXCITATION RELAY, Fig. 225

The excitation relay ERS signals an EN-
GINE fault in case the low water pressure
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switch LWS fails to {rip within 90 seconds
after EXC relay operates, The ERS relay
also signals a SEQUENCT fault if the unit
circuit breaker fails to close within 90
seconds after FEXC relay operates. The
ERS relay has a 90 second time delay in
closing,

ERX (TD), EXCITATION RELAY,
Fig, 225

The excitation relay ERX signals a SE-
QUENCE fault, if generator voltage is not
sufficient toenergize the generator voltage
relay GV within 10 seconds after excitation
is applied to the generaftor field., The
excitation relay ERX has a 10 secondtime
delay in closing,

ERY (TD), EXCITATION RELAY,
Fig. 2-25

The excitation relay ERY signals an
ENGINE fault, if the main bearing oil
pressure switch MB2 fails to open within
45 seconds aflter excitation is applied to
the generator field,

ESF, ENGINE SPEED/FUEL
TRANSFER RELAY, Fig. 2-24

The engine speed/fuel transfer relay ESF
sets up the fuel transfer circuit to energize
the fuel transfer relays FTC1 and FTC2
when the fuel transfer switches are closed,
The engine speed/fuel transfer relay EST
is energized by ESR when engine speed
reaches approximately 200 RPM.

ESR, ENGINE SPEED RELAY, Fig. 2-25

The engine speed relay ESR is energized
by RE2 when engine speed is approxi-
mately 200 RPM,

The engine speed relay ESR initiates re-
moval of power from the engine cranking

circuit and de~energizes IHC when engine
speed increases to approximately 200
RPM., The ESR relay also provides for
the fuel transfer control circuit, crank-
case pressure shutdown capability, low
oil pressure shutdown capability, shutter
control circuit, and the idle time delay
circuit,

ETD (TD), EXCITER TIME DELAY
RELAY, Fig, 225

The exciter time delay relay ETD permits
engine speed to increase from idle to
synchronous speed hefore excitation is
applied to the generator field, The exciter
time delay relay ETD has a time delay
of 14 seconds.

ETI, ELAPSED TIME INDICATOR,
Fig. 2-22

An ETI is connected, through a potential
transformer, to the output of each gen-
erator, The purpose of the ETI is fo
indicate total operating time of the gen-
erating unit, The ETI indicates operating
time in hours and tenths of an hour,

ETS, ENGINE WATER TEMPERATURE
SWITCH, Fig. 29

The engine water temperature switch
protects the engine by initiating shutdown,
whenever an overtemperature condition
is detected,

The sensing element of ETS is ingtalled
in the temperature control manifold and
operates whenever water temperature in
the manifold is approximately 15° F,,
below boiling point, Water in the engine
ig approximately 15° F., higher than the
water in thetemperature control manifold.

EXC, EXCITER CONTACTOR, Fig. 2-26

Exciter contactor EXC energizes the static
exciter from the control power trans-
former, located inthe auxiliary switchgear
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cubicle, when the engine approaches syn-
chronous sgpeed, Excitation of BEXC is
controlled by exciter time delay relay
ETD,

FEC, FIELD FLASHING CONTACTOR,
Fig, 2-25

The field flashing contactor FIFC excites
the alternator field from the battery for
field forcing, when the generating unit is
preparing to operate into a dead line,

FECO, FIELD FLASHING CUTOUT
RELAY, Fig. 225

The purpose of FFCO is to de-energize
FFC, disconnectingbattery from the alter-
nator field, when field excitation can be
sustained by the static exciter with power
from the control power transformer,

FSR, FAST START RELAY, Fig. 2-28

The fast start relay is used only when the
generating unit is operating in dead line,
emergency start, mode. The purpose of
FSR is to bypass the 90 second idle delay
period during engine start-up., When SR
ig energized, the engines increase fosyn-
chronous speed 28 scon as oil pressure
permits,

The fast start relay. is energized by a
remote "emergency start'' signal. Upon
cusitomers request, provigions will be
made to energize FSR whenever a dead
load start signal is given,

FTCI AND FTC2, FUEL TRANSFER
RELAYS, Fig. 219

T'uel transfer relays FTC1 and FTC2
energize the fuel transfer pump motors.
The fuel transfer pumps transfer fuel oil
from the fuel oil storage tanks to the fuel
0il day tanks of the generating units.

When any genevating unit is running, the
engine speed/fuel transfer relay ESI is
energized and supplies power to the fuel
transfer switches FTSIL, FTSN, and I"TSH,
The fuel transfer switches, operated by
fuel level in the fuel oil day tank, controls
power to FI'C1L and FITC2 as required to
maintain proper fuel level in the fuel oil
day tanks,

ETM, FUEL TRANSFER PUMP MOTOR,
Fig. 24

The fuel transfer pump motor FI'M drives
the fuel transfer pumps, which transfer
fuel from the fuel oil storage tank to the
fuel oil day tanks of the generating units,

Two fuel transfer pumps, with motors,
are installed on the MPA unit of each MU
installation, During normal operation,
only one fuel transfer pump operates., The
second fuel transfer pump is provided for
bhackup operation,

FTSL, FUEL TRANSFER SWITCH-
LO¥ LEVEL, Fig. 2-4

The low level fuel transfer switch FTSL
is operated by a float mounted in the fuel
oil day tank of the MPA unit, When fuel
in the fuel oil day tank decreases to an
abnormally low level, the two sets of
normally open contacts on FTSL close.
One set of contacts, when closed, ener-
gizes FTC2, which operates to energize
the backup fuel transfer pump motor, The
second set of contacts, when closed,
energize the fuel transfer annunciator
relay, causing the FUEL TRANSFER an-
nunciator light to come on, indicating a
fault in the fuel transfer system, The fault
indication does not affect engine perform-
ance, but the fuel transfer system should
be checked to prevent engine shutdown due
to a lack of fuel,
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FTSN AND ETSH, FUEL TRANSFER
SWITCHES ~ NORMAL AND HIGH LEVEL,
Fig., 2-4

The normal and high level fuel transfer
switches I"I'SN and FTSH are operated by
a common float mounted in the fuel oil day
tank of the MPA unit,

When fuel in the MPA unii fuel oil day
tank decreases to approximately 5-1/2"
below the centerline of the float mounting
assembly, the normally open contacts of
FTSN close. Whenthe contacts are closed,
FTC1 is energized causing the fuelfrans-
fer pump to transfer fuel from the storage
tank to the fuel oil day tank,

Two gets of contacts are provided on
FTSH. When fuel level in the fuel oil day
tank is at the float mounting assembly
centerline, both sets of contacts are open
which prevenis operation of the fuel oil
transfer pump motors. When fuel level
decreases to approximately 3-1/2" below
the float mounting assembly centerline,
one set of contacts close to energize the
fuel transfer pump motor, If thefuellevel
should increase to approximately 3-1/2"
above the float mounting assembly cenfer~
line, the other set of contacts close
causing a FUEL TRANSFER faull indica-
tion on the annunciator.

GCS, GOVERNOR CONTROL SWITCH

The governor control switch GCS is pro-
vided for manually controlling the speed
of the diesel engine within the range of
approximately 56 cycles to 64 cycles, It
is used during manual speed setting, man~
ual synchronizing, and manual loading of
the generating unit while in peaking mode
or during transfer operation, The switch
is located on the door of each generating
switchgear cubicle, A remote governor
control switch can be provided upon re-
quest from the customer.

GN, GOVERNOR NEUTRAL RELAY

The governor neutral relay GN has a set
of normally closed contacts that permits
the engine speed governor toautomatically
control diesel engine speed., When GN is
energized, the confacts are openand engine
apeed must be controlled manually by
GCS. The povernor neutral relay is used
during manual resynchronization. The
relay is located in the outdoor switchgear
gtation within the local control box,

GOV RS, GOVERNOR RACK SWITCH

The governor rack switch GOV RS oper-
ates to initiate a normal shutdown when
load on the generating unit decreases to
approximately 25% of full load,

The GOV RS is a normally open, mechani-
cally operated, switchlocated inthe engine
apeed governor, When a generating unit
is in process of going on the line, the
GOV RS remaing open until the fuel racks
are at approximately 25% of full load
position, then GOV RS closes which ener-
gizes LLR allowing the circuit hreaker to
close and remain closed,

When load on the generating unit de-
creases, the fuel racks move toward the
low load position, When the fuel racks
reach a position equivalent to 25% of full
load, the GOV RS opens de-energizing LLR
which cauges fthe main circuit breaker
to open.

GOVERNOR TRANSDUCER

The governor transducer controls injec-
tion of fuel to the diesel engine, and
therefore the speed or load of the diesel
engine, by positioning the governor mech-
anisms that determine the position of fuel
injector racks, The governor transducer
exerts a force, on the governor mechan-
isms, that is directly proportional to the
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electrical signal, in millilamperesg, re-
ceived from the EG~A conirol box.

GS5=1, GOVERNOR SPEED SETTING
SOLENOID - IDLE

The governor idle speed setting solenoid
GS5-1 is energized during the firvst 4 sec~
onds of engine cranking. When GS-1 is
energized, the injector rack is held at the
fuel cutoff position, After 4 seconds of
engine crapking, GS5-1 is de-energized
aillowing the injector rack to advance to
the idle speed getting and injecting fuel
into the cylinders for starting.

GS-2, GOVERNOR SPEED SETTING
SOLENOID - FULL SPEED

When energized, the governor full speed
getting solenoid GS-2 advances the in-
jector racks to the full speed position,
Full speed posgition is approximately 6%
above synchronous speed, Whenthe engine
is near full speed, the electrical portion
of the engine speed governor reduces
engine speed to synchronous speed.

GV, GENERATOR VOLTAGE RELAY,
Fig. 2--26

The GV relay permits a SEQUENCE fault
to be indicated, if the relay is not ener-
gized within 10 seconds after excitation
is applied to the generator field. The GV
relay also initiates closing thefirstavail-
able generating unit circuit breaker when
operating in the deadline mode. The
operating coil of the GV relayis connected
to the generating unit metering potential
transformer,

IHC, IMMERSION HEATER CONTACTOR,
Fig. 2-26

The purpose of IHC is to apply power to
the immersion heater during engine shut-
down to maintain engine lube c¢il at a pre-
determined {emperature, The warmed

lube oil ensures proper lubrication when
starting a cold engine.

The THC operating coil is in series with
the immersion heater temperature control
awitch TC and with normally closed con-
tacts of the engine speed relay ESR, The
TC switch is closed, allowing IHC to be
energized, when lube oil temperature is
below a predetermined value, If the lube
oil temperature rises above this value, 1T'C
opens to remove power from the immer-
sion heater, Whentheengine is started and
the speed increases to approximately 200
RPM, the normally closed contacts of ESRR
opens and de-energizes IHC,

IRE, IDLE/RUN/EXCITE RELAY,
Fig. 2-26

The IRE relay sets up various circuits
for manual control of the generating unit,
The IRE relay is energized when the
manual selector is set to IDLE, RUN,
or EXCITE,

LLR, LOW LOAD RELAY, Fig. 2-26

The purpose of LLR is to cause the unit
circuit breaker f{o open when load on
the generating unit decreases to approxi-
mately 25% of full load, Operation of LLR
is controlled by the governor rack switch
GOV RS, Refer to description of GOV RS.

LTR, LOW OIL TEMPERATURE
RELAY, Fig. 2-25

The low oil temperature relay LTR issues
an engine start gignal when the lube oil
temperature decreases below a predeter-
mined value,

During shutdown, the immersion heater
operates to heat the lube o0il fo a pre-
determined temperature, If a fault devel-
ops in the immersion heater circuif or
during extremely cold weather the lube
oil temperature may decrease below the

- 711 -




ELECTRICAL DEVICES

predetermined value causing the low oil
temperature switch to close, energizing
LTR, When LTR is energized, an engine
start signal is issued. LTR also opens
the circuit to GS-1I, preventing the engine
speed from increasing above idle, The
engine will idle for 11.5 minutes after
fube oil temperature reaches the pre-
determined value. After the 11.5 minute
period, the engine will shut down unless a
plant stari signal was given during this
period. If a plant start siphal was issued,
the generating unit will come up to speed
and go on the line in a normal manner.

LTRA, LOW OIL TEMPERATURE
AUXILIARY RELAY, Fig. 2=25

The auxiliary low oil temperature relay
LTRA issues a low oil temperature fault
indication, when lube oil temperature de-
creases below a predetermined value,
The operating coil of LTRA is connected
in parallel with LTR and is energized by
clogsure of LOTS,

LOTS, LOY OIL. TEMPERATURE
SWITCH, Fig. 2-6

The low oil temperature switch LOTS
closes when lube o0il temperature de-
creases below a predefermined value,
Closure of T1.OTS energizes LTR and
LTRA causing an engine start signal, and
a low oil temperature fault indication, to
he igsued.

A lack of oil or a defective lube oil cir-
culating pump will also cause LOTS to
close, resulting in an engine start signal,
In the case of lack of oil, MB-1 will issue
an engine shutdown signal and an ENGINE
fault indication, due to low o¢il pressure,

LWS, LOYW WATER PRESSURE SWiTCH,
Fig. 2-9 And Fig. 2-19

The low water pressure switch LWS pro-
vides an BENGINE fault indication and

initiates engine shutdown in case of low
water pressure,

The LWS is located in the engine control
cabinet and is connected into the right
bank water pump outlet, LWS will actuate
to issue an ENGINE fault indication and
initiate engine shutdown, if water pressure
is not present within 45 geconds after
excitation is applied tothe generator field.

MBR, MAIN BEARING RELAY, Fig. 2--25

The purpose of MBR is to provide an
ENGINE fault indicationand initiate engine
shutdown, if main bearing oil pressure has
not reached a predetermined value within
90 seconds after engine speed reaches
200 RPM, The MBR also sets up the
ENGINE fault circuit to issue an ENGINE
fault and initiate engine shutdown if oil
pressure should drop below a predeter-
mined level at any time after the 90
second idle period or in case positive
crankease pressure occurs, When ener-
gized, MBR disables the unitengine start-
ing circuit,

MBX, MAIN BEARING AUXILIARY
RELAY, Fig. 2-25

The main bearing auxiliary relay MBX
nullifies the oil alarm delay relay OAD,
by setting up the ENGINE fault circuit as
soon as lube oil pressure is sufficient to
close MB-1, This permits the crankcase
pressure detector to initiate engine shut-
down as a result of low lube oil pressure
or positive crankcase pressure.

MB--|, MAIN BEARING OIL PRESSURE
SWITCH, Fig. 219

The main bearing oil pressure switch
MB-1 energizes MBR when oil pressure
to the main bearings builds up to a pre-
determined value, An ENGINE fault will
be indicated and engine shutdown will be
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initiated, if MBR is not energized within
90 seconds after engine speed reaches
200 RPM,

The MB-1 switch is located in the engine
control cabinet and is connected to the
lube o0il pressure monitor line, Fig, 2-6.

MB-2, MAIN BEARING OIL PRESSURE
SWITCH, Fig. 2--19

The wmain bearing oil pressure switch
MB~2 provides an ENGINE fault indication
and initiates engine shutdown, if oil pres-
sure to the main bearings does not build
up to a predetermined value within 45
seconds after excitation is applied to the
generator field.

The MB-2 switch is located in the engine
control cabinet and is connected to the
lube oil pressure monitor line, Fig, 2-6,

MR, MASTER RELAY, Fig. 2-28

The master relay MR is used only in the
deadline mode of operation, Purpose of
the master relay MR is to set up the unit
circuit breaker, of first available genera-
ting unit, for closing on the MU bus when
GV is energized,

The MR of a generating unit is energized
when DIL.S selects that unit to be the lead
unit, during deadline mode of operation,
(When MR of a unit is selected, DLS stops
stepping and the MR of all other generating
units are inactive,

MRG, MOTOR DRIVEN RHEOSTAT

The motor driven rheostat MRG with
associated control circuit is used to change
the generating unit from isochronous to
droop operation when transfering from
deadline mode to peaking mode of opera-
tion.

When operating in deadline mode, the
rtheostat is driven to the full resistance
position. In the fransfer modethe rheostat
is slowly driven to minimum resistance
position, This causes the engine speed
governor to change from isochronous to
droop operation,

MRV, MOTOR DRIVEN RHEOSTAT

The motor driven rheostat MRV is used
only in peaking mode, The voltage range
of the generating unit is set at the factory
by adjusting RH1, The operator can con-
trol the voltage within the set range by
using the voltage control switch. The
voltage control switch controls the motor
driven rheostat, This provides a means
of manual voltage matching and also a
means of controlling VARS from the gen-
erating unit,

MS, MANUAL SELECTOR, Fig. 3-8

The manual selector MS permits fhe
operator to manually select the operation
desired for the generating unit. It is a
six pole rotary selector, located on the
door of each generator switchgear cubicle,
in the outdoor switchgear station. The MS
has six positions; OFF, IDLE, RUN,
EXCITE, and two AUTO positions. Each
position energizes relays necessary to
perform the operation selected.

NLO, NORMAL LOCKOUT RELAY,
Fig. 2--25

The normal lockout relay NLO prevents
an engine start or initiates shutdown of a
generating unit, whenever a fault prevents
NLO from becoming energized,

The NLO is energized, allowing normal
operation, when protective relays GB, EN,
ET, and SEQ@ are set, If any of the above
named protective relays are tripped, NLO
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is de-energized. The generating unit is
locked out when NLO ig de-enevgized.

When tripped, the protective relays may
be reset by pressing the RESE'T pushbutton
on the annunciator panel, provided the fault
has been corrected. The relays may he
reset from a remote location, providedan
ENGINE fault is not indicated.

OAD (TD), OlL. ALARM DELAY
RELAY, Fig, 225

The oil alarm delay relay OAD prevents
a low oil alarm shutdown while oil pres-
gure 1s building up during the engine
starting sequence,

The operating coil of OAD is energized
by clogsure of ESR when engine speed
increases to 200 RPM, The confacts of
OAD close after a time delay of 90 sec-
onds, A low oil pressure shutdown will
occur if MBR is not energized, byclosure
of MB-1, prior toclosure of OAD contacts.
OAD contacts have a time delay of 90
seconds in closing,

OLT (TD), OVERLOAD TIMER RELAY
Fig. 2--28

During deadline mode of operation, the
overload timer relay OLT permits over-
loading of the generating unit for 60 sec-
onds without current limiting.

When an overload condition is sensed,
SC1 and SC2 picks up to energize OLT.
The contacts of OLT have an operating
time delay of 60 seconds. If the overload
continues for more than 60 seconds, the
normally closed contacis of OLT open to
activate the current limiting section of
the volfage regulator.

OTL, OVERSPEED TRIP LIMIT RELAY,
Fig. 225

The overspeed trip limit relay OTL en-
ergizes the ENGINT fault indication cir-
cuit which initiates engine shutdown, when
the engine overspeed trip lever is in the
tripped position,

When the engine overspeed trip lever
moves to the tripped position, the over-
gpeed trip Limit switch OTLS cleses en~
ergizing OT1L, When OTL contacts close,
EN-O is energized causing an ENGINE
fault indication and initiating engine shut-
down,

OTLS, OVERSPEED TRIP LIMIT
SWITCH, Fig. 213

The overspeed trip limit switch OTLS
energizes OTL, when the overspeed trip
lever moves to the tripped position, OTLS
is located at the upper front portion of the
engine, below the overspeed trip solenoid
and near the overspeed trip lever.

0TS, OYERSPEED TRIP SOLENOID,
Fig. 213

The overspeed trip solenoid OTS trips the
overspeed trip lever, following abnormal
operation of the master relay, loading
relay, or main circuit breaker auxiliary
relay.

Tripping of the overspeed trip lever
initiates an engine shuidown that is inde-
pendent of the governor and normal stop
circuits, The overspeed trip lever must
be manually reset before a sucessful start
can be made,

OTT, OVERSPEED TRIP RELAY
(OVERALL TIMEOUT), Fig. 225

The overspeed trip relay energizes the
overspeed trip solenoid OTS, initiating
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engine shutdown, if abnormal operation of
the master relay, loading relay, or main
circuit breaker auxiliary relay prevents
completion of the starting or stopping
cyele. The OTT contacts have anoperation
time delay of 15 minutes.

PE (TD), PINION FAILURE RELAY,
Fig, 225

The pinion failure relay PF initiates a
unit SEQUENCE normal lockout, if the
pinion does noi engage within 2 seconds
after PF is energized. The PF contacts
have an operation time delay of 2 seconds,

PFS, PINION FAILURE STEPPING
SWITCH, Fig. 2--25

The pinion failure stepping switch PFS
provides for three attempts at pinion
engagement hefore a SEQUENCE fault
indication is issued.

During a starting attempt, a pinionfailure
occurs if the pinion does not engage before
PF times out., When a pinion failure
occurs, STS steps to the next unii and
PFS steps to the next position of the PI'S
switch, After three pinion failures on the
same unit a SEQUENCE normal lockout
occurs,

PSR (TD), PLANT START RELAY,
Fig. 2-27

The plant start relay PSR energizes USR,
initiating an automatic starting sequence,
when the master selector is in AUTO
position, The PSR contacts have an oper-
ation time delay of 1 second,

PTD, PEAKING, TRANSFER,
DEADLINE SELECTOR

The peaking, transfer, deadline selector
PTD provides manual control for transfer

to different modes of operation, The PTD
selector is located in the local controlbox
of the outdoor switchgear station,

REI AND RE2, ENGINE SPEED RELAYS

The engine speed relays REL and REZare
contained in the speed sensing panel, For
description and operation of RE1and RIS2,
refer to description of the speed sensing
panel,

RHI, VOLTAGE RANGE ADJUST
TANDEM RHEOSTAT, Fig, 2--26

The voltage range adjust tandem rheostat
RH1 is set at the factory for the desired
range of voltage for peaking mode of
operation, The factory setting should not
he changed except by qualified maintenance
personnel,

RHZ, VOLTAGE RANGE ADJUST
RHEOSTAT

The voltage range adjust rheostat RH2 is
set at the factory for the desired range
of voltage for deadline mode of operation,
The factory setting should not be changed
except by qualified maintenance personnel.

RS, RESYNCHRON!ZING RELAY,
Fig. 227

During resynchronization, the RS relay is
picked up by closure of RST contacts,
When energized, RS disconnects terminal
11 (synchronizing reference input termi-
nal) of the EG peaking load control box
from the MU bus and connects ittosystem
voltage. The relay also sets up the "tie
breaker close" eircuit, energizes MRG,
and completes a circuit from MRG to the
motor driven speed reference in the EG
peaking load control box, Operation of
MRG changes the governor from isochro-
nous to droop operation.
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RSR, RESYNCHRONIZING RELAY,
Fig. 2=27

During resynchronizing, the RSR relay
ig picked up by DLI. when the governor
has been changed from isochronous to
droop operation, When energized, RSR
issues a signal indicating that the governor
is operating as droop governor and the
"tie breaker close" circuit is set up
by RSR.,

RST (TD), RESYNCHRONIZING
RELAY, Fig. 2.-27

The RST relay initiates resynchronizing
after power is restored to the system,
The relay operates automatically on MU
installations equipped with a 60 relay or
the relay may be operated by manually
setting the PTD selector to the TRANS-
FER pogition,

RSU, RESYNCHRONIZING RELAY,
Fig. 2-28

The RSU relay is picked up by closure of
RST contacts. During deadline operation
the speed reference from the EG peaking
load control box is supplied from the
RESET potentiometer, which is set at
60 cycles, and the motor driven speed
reference is disconnecied, During re-
synchronizing, RSU operates to supply
power to the circuit of the motor operated
speed reference and changes the reference
from the RESET pofentiometer fo the
motor driven speed reference,

SCI AND SC2, CURRENT RELAYS,
Fig. 2-28

Current relays SCl and SC2 sense load
current of the generating unit and energize
OLT in case an overload ocecurs,

If an overload persists for more than 60
seconds, OLT contacts close, activating

the current limiting section of the voltage
regulating unit, Current limitingwill con~
tinue as long as the overload is sensed.
When the overload 1s removed, SC2Z will
drop out, de-energizing OLT, permitting
normal operation without current limiting.

§S, START--STOP SWITCH, Fig, 3-8

The START-STOP switch 85 is used to
start or stop the generating unit from the
outdeor swilchgear station, A START-
STOP gwitch is located on each generator
switchgear cubicle, A remote START-
STOP switch can be provided uponrequest
from customer,

ST, STARTING CONTACTOR, Fig. 2-25

The starting contactor ST connects the
engine starting motors to the battery
located in the MPA unit, The starting
contactor ST is energized by STZ of the
generating unit selected by STS.

STD (TD), STARTING RELAY, Fig. 2-24

The starting relay STD ensures that
reduced voltage is applied fo the starting
motors during the first 4.2 seconds of
cranking,

During the first 1.2 seconds of cranking
STRB shorts out a portion of the starting
resistor to obtain high torque for initial
movement of the pistong, After the first
1,2 seconds of cranking, STRB contacts
open inserting more resistance in the
starting circuit for slow cranking, Slow
cranking continues for 3.0 seconds, then
STR contacts close shorting out all the
starting resistance and applying full bat-
tery voltage tothe starting motors. Apply-
ing reduced voltage to the starfingmotors
for 4.2 seconds results in slow cranking
during the first revolution of the engine,
The slow cranking prevents engine damage
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in case fluid ig {rapped in anengine cylin-
der, The STD contacts have an operating
time delay of 3.0 seconds. STD is ener-
gized by closure of STRC contacts,

STR, STARTING RELAY, Fig. 224

The purpose of starting relay STR is to
short out the starting resistor RE ST,
applying full battery voltage to the start-
ing motors, after the 4.2 seconds of slow
cranking, STR is energized by closure of
ST contacts.

STRA, STARTING AUXILIARY RELAY,
Fig. 2~25

The starting auxiliary relay STRA opens
the circuit fo idle solencid GGS-1 allowing
GS-1 to advance the fuel injectors to the
idle speed setting, after 4.2 seconds of
slow cranking, Prior to pickup of STRA,
GS-1 is energized holding the fuel injec~
tors at the fuel cutoff position, STRA is
energized by closure of STD contacts.

STRB, STARTING AUXILIARY RELAY,
Fig. 2-24

The starting auxiliary relay STRB shorts
out a portion of the starting resistor RE
ST to obtain high torque for initial move-
ment of the pistons, After 1.2 seconds of
high starting torque, STRC contacts open
de~energizing STRB and inserting full
starting resistance in the starting circuit
for slow cranking,

STRC (TD), STARTING AUXILIARY
RELAY, Fig. 2-24

The starting auxiliary relay STRC de-
energizes STRB ending the 1.2 second
high torgue cranking period and to ener-
gize STD, starting the 3 second slow
cranking period, STRC is energized by
closure of STZ and ST contacts, STRC

contacts have an operating time delay of
1.2 seconds,

STS, START STEPPING SWITCH,
Fig. 224

The start stepping switch ST completes
a circuit from the battery, located in the
MPA unit, through STY contacts and a set
of STS contacts to the starting circuit of
a "ready to start'" unit, It consisis of an
operating coil, an actuating lever, a set
of interrupter contacts, and six sets of
operating contacts., The starting control
circuit of each generating unit, in the MU
plant, is comnected to a different set of
the operating contacts. Only one set of
operating contacts can be closed at any
given time,

When STS picks up, the actuating lever
retracts and the interrupter contacts open,
When STS drops ouf, the interrupter con-
tacts close and the actuating lever is
released. Releasing the actuating lever
causes STS to step, closing the next set
of operating contacts. By picking up and
dropping out, STS steps from unit to unit
until the starting circuit of a "ready to
start'" unit is connected to the battery.

When a '"ready to start" unit is selected,
the immediate response contacts of STY
opens to prevent STS from stepping to the
next unit until a2 starting attempt has been
made on the selected unit, When the
selected unit has started and reaches a
speed of 200 RPM, STY drops out per-
mitting STS to step to the next unit, If the
starter pinion engages, butthe engine does
not start within 15 seconds, a SEQUENCE
fault is indicated and the unit is locked
out, STS steps to the next unit, If the
gtarter pinion does not engage within
2 seconds after the starting circuit is
energized, STY drops out closing the
immediate response contacts of STY which
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energizes STS permitting STS to step to
the next unit., This stepping sequence con-
tinues until all units are started or locked
out, A unit lockout, due to failure of
starter pinion engagement, does not occur
until after three attempts to engage the
pinion,

STX (TD), STARTING RELAY, Fig. 224

Starting relay STX provides a short time
delay in pickup of 8T8, permitting STY to
open before 5715 is energized., This delay
prevemts STS from stepping past a "ready
to start'" unit., The contacts of STX have
an operating time delay of 15 seconds,

STY (TD), STARTING REL.AY, Fig. 224

The STY relay has one set of immediate
regponse contacts and two sets of time
delay contacts, The purpose of the imme-
diate response contacts istoprevent pick-
up of STS when a "ready to start" unit is
located, One set of time delay contacts
initiate a sequence fault, if unit does not
start within 15 seconds after the unit is
selected for starting. The other set of
time delay contacts permits STS to step
to the next unit after 15 seconds of crank-
ing. The time delay contacts of STY have
an operating time delay of 15 seconds,

STYA, STARTING AUXILIARY RELAY,
Fig. 2-24

Starting auxiliary relay STYA disconnects
the control circuits and the battery charger
from the battery, and connects the control
circuits to the battery charger, during
starting, This prevents overloading the
battery charger, due to low terminal
voltage of the battery during starting, and
ensures sufficient voltage for proper oper-
ation of the control circuits,

STZ, STARTING CONTACTOR, Fig. 2-25

Starting contactor STZ sets up the pinion
engaging circuit, by energizing M1 and M2
coils which thrust the pinion mechanisin
into the ring gear completing the cireuit
to starting contactor ST coil, S1'7 also
sets up the SEQUENCE fault circuit and
the starting relay STY circuit.

The ST7 coil of only one unit can be
energized at any giventime. Theselection
of 817 is determined by 515,

T (TD), TIMER RELAY, Fig. 2-19

The timer relay T reduces over control
of the shutters, thereby preventing con-
tinuous opening and closing of the shutters.
It consists of an operating coil and two
sets of contacts, one set of confacts being
normally closed while the other set is
normally open, Both sets of contacts have
an operating time delay of 15 seconds
for pickup and a time delay of 2 seconds
for dropout, This arrangement provides
15 seconds for the temperature fo stabi-
lize between each 2 seconds of shutter
movement,

TB, SHUTTER CONTROL
TEMPERATURE SWITCH, Fig. 2-9

Shutter confrol temperature switch TB
controls operation of the shutters as
necessary to maintain water temperature
in the temperature control manifold within
the desired range of operating tempera-
ture,

TC, IMMERSION HEATER
TEMPERATURE CONTROL SWITCH

This switch TC energizes IHC, through
the normally closed contacts of ESR and
01, RESET, when water temperature in
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the temperature confrol manifold drops
bhelow a predetermined value., Refer to
description of IHC,

UR, UNIT READY RELAY, Fig. 2-25

The unit ready relay UR activates the
starting selection circuit, the pinion fail-
ure relay PI, the pinion failure stepping
awitech PFS, and the starting contactor
517,

USA, UNIT START RELAY, Fig. 225

The unit start relay USA activates the
starting control circuits, provided a nor-
mal lockout signal is not present, USA is
energized by pickup of NLO, LTR, or USR,
and AR or IRE,

USD (TD), UNIT START RELAY,
Fig. 2--25

The unit start relay USD has an operating
time delay which holds the engine at idle
speed for 90 seconds affer starting, then
picks up GS-II which causes engine speed
to increase slightly above 900 RPM.

USR, UNIT START RELAY, Fig, 2-15

The unit start relay USR picks up USA
when a start signal is received and drops
out USA when a stop signal or a normal
lockout signal is received. Operation of
USR may be controlled from a remote
START-STOP gwitch of by START-STOP
switches located in the unit and in the
ocutdoor switchgear station.

WARNING: After a start signal is re-
ceived, USR remains ener-
gized until the STOP push-
button is pressed, If the unit
is shut down by a fault signal,

the unit will automatically re-
start as soon as the fault is
corrected and the annunciator
RESET pushbutton is pressed,
unless the STOP pushbuiton
has been presged,

UST (TD), UNIT SHUTDOWN RELAY,
Fig. 2-25

Thig relay UST allows the engine to idle
for 11.5 minutes after a normal shutdown
signal is given, The idle period permits
gradual cooling of the cngine and turbo-
charger prior to shutdown., An engine
fault, engine overspeed trip, or a manual
stop signal overrides UST and causes the
engine to stop immediately, UST has an
operating time delay of 11.5 minutes.

ZSR (TD), ZERO SPEED RELAY,
Fig. 2-25

The zero speed relay ZSR is energized by
pickup of RE1 relay, on the speed sensing
panel, when engine speed increases to 40
to 50 RPM. After pickup, ZSR remains
energized through RE1 contacts and ZSR
contacts until the engine stops and RE1L
drops out,

Pickup of ZSR results in pickup of ZSRA.
The time delay contacts of ZSR keeps
7ZSRA energized for 2 seconds after ZSR
drops out, Relay ZSRA prevents pinion
engagement unless the engine is stopped.

ZSRA, ZERO SPEED AUXILIARY RELAY,
Fig. 2-25

The zero speed auxiliary relay ZSRA is
picked up by ZSR. Relay ZSRA prevents
any attempt at pinion engagement until at
least 2 seconds after the engine stops
turning.
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SECTION 8
ANNUNCIATOR OPERATION AND TROUBLE SHOOTING

This section provides a description of
annunciator operation and a check list of
arcas to be investigated and corrections
to be made in the event that operating
difficulties are encountered, No attempt
has been made to explain the normal
mechanical or electrical functions, For
such information refer to other sections
of this manual and to the Engine Mainte-
nance Manual,

ANNUNCIATOR

The annunciator, Fig, 2-22, is located on
a door of the Electrical Control Cabinet,
It contains neon bulb target lights that go
on when annunciator relays are tripped by
electrical or mechanical faults, Certain
fault lights are indication of conditions
that have caused the unit to shut down and
lock out, while other lights provide warn-
ing only.

Provision is made for remote annunciator
reset from the utilily system's control
location. Operation of the remote reset
pushbutton will reset all corrected faults
except, ENGINE, engine overspeed, and
manual STOP,

ANNUNCIATOR RELAY OPERATION

Each protective device, when actuated,
gives a signal to energize the operating
coil "O" (trip) of its own annunciator
relay, When actuating signal is removed,
the operating coil is de~energized, but the
relay remains latched in the tripped
position until the reset coil "R" is ener-
gized and the fault signal is removed.
The relay cannot be reset or it will not
remain reset if the fault has not been
corrected,

Certain annunciator relays, in addition to
giving a visual indication, will interrupt

the ecircuit to the normal lockout relay
NLO. When NLO is dropped out, the unit
will go off the line and the engine will
either stop immediately or will idle for
a timed period before total shutdown.

TROUBLE SHOOTING

Since most operating difficulties will be
detected by annunciator operation, trouble
shooting will usually start by observation
of the amnunciator indicator panel. The
operation of each annunciator target and
its possible causes will be described
individually, see Fig, 8-1,

1, Fuel Transfer - FT, is a fault that
causes an annunciator light display,
but brings about no action other than
the light signal, Actionthatdoes occur
when this fault is registered is caused
by the fault itself or by devices apart
from the annunciator,

2. Faults that cause normal lockout, or
shutdown and normal lockout with a
timed idle period before the engine
stops are:

a. Engine Temperature - ET,
b. Generator Breaker - GB.
¢, Sequence ~ SEQ,

3, Engine - EN, is a fault that will cause
an immediate shutdown and lockout,

DIFFICULTIES SIGNALED BY
THE ANNUNCIATOR

FUEL TRANSFER - FT

The FUEL TRANSFER light indicates an
abnormally high or low day tank level.
Trip of the ¥T relay causes the light fo
come on, but it does not affect engine
operation, The annunciator may be reset
when day tank level returns to normal,
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Posaible Causes Of Fuel Transfer Faulf:
tive,

1. Fuel level in day tank too high,
g, FPC contactor stuck closed,

FAULT SIGNALS AND SHUTDOWN SEQUENCE

ANNUNCIATOR
TARGETS

FAULT SIGNALS

NO STARTER PINION ENGAGEMENT
NO ENGINE START

NO GENERATOR VOLTAGE BUILDUP
50 GENERATOR OVERVOLTAGE

NO GENERATOR CIRCUIT BREAKER CLOSE

w

ENGINE COOLING WATER
TEMPERATURE EXCESSIVE

¥

PROTECTIVE RELAYING
27 UNDER VOLTAGE *
40-0C FIELD OVERCURRENT
55 LEADING VARS
67 REVERSE POWER
87 DIFFERENTIAL *
*86 LOCKOUT (MANUAL RESET) X

GB

ENGINE LUBE OIL PRESSURE - LOW

ENGINE COOLING WATER LEVEL - LOW

ENGINE CRANKCASE PRESSURE
EXCESSIVE (MANUAL RESET)

b, 'I'SN or IPT'SH float switch defec~

2, Fuel level in day tank too low,

NORMAL
SHUTDOWN
SEQUENCE

e =

NORMAL STOP
SIGNAL

5

INITIATES
NORMAL
SHUTDOWN
SEQUENCE

UNIT UNLOQADS
AT NORMAL
RATE

UNIT UNLOADED

ENGINE OVERSPEED
CENTRIFUGAL TRIPOUT

ENGINE OVERSPEED TRIP
(MANUAL RESET)

SOLENCID TRIPOUT
A

OVERALL TIMEOUT
NO BREAKER CLOSE - 15 MIN. AFTER START SIGNAL
NO ENGINE STOP - 15 MIN. AFTER STOP SIGNAL

FUEL TRANSFER DAY TANK
HIGH LEVEL OR LOW LEVEL

FT

¥

Fig, 8-1 — Fault Signals And Shutdown Sequence
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2. Both fuel pumps inoperative or not relay is tripped it will cause the light to
energized, come on and initiate a normal shutdown

b. Fuel transfer switch on the engine

seqguence,

control panel of the unit equipped Possible Causes Of Starting Failure:

with fuel transfer pumps may be in
OFT position or fuel transfer fuses
may be blown,

:E-o

¢, FTSN or FT8I.float switches defec-
tive,

d, Fuel transfer pump strainers or
filter may be plugged, A plugged
gtrainer or filter causes the motor
to become overloaded, A thermal
overload switch, locafed inside the
end housing of the motor will open
to de-energize the motor. Repeated 2,
overloading of the mofor may re-
sult in a burned out motor. The
thermal overload switch automati-
cally resets when temperature of
the switch returns to normal,

e. FTC contactor defective,

f. A valve in the fuel supply line may
be closed,

g. Main supply tank may be empty,

h, Fuel piping may be plugged, broken
or frozen, Plugged or frozen fuel
piping may result in failure of the
fuel oil transfer pump motor, due
to overload.

i. Pour point of fuel should be at least
10° F, lower than the lowest ex-
pected ambient temperature, Using
fuel with a pour point that is too
high may result in failure of the
fuel oil transfer pump motor, due
to overload,

SEQUENCE — SEQ

The SEQUENCE light indicates any ab-
normal condition existingduringthe start-
ing operation sequence. When the SEQ
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If enpine does not rotate —
a. Starting fuse blown or removed.

b. Defective cranking motor or sole-
noid,

¢, Starting sequence circuit fault.
Check starting sequence fuse and
relays,

d. Hydraulic lock, Cylinder filled with
fiuid,

If engine rotates, but does not fire —

a. No fuel supply to engine, Fuelshould
appear in the return fuel sight glass
(nearest the engine), but not in the
bypass sight glass, Check for plug-
ged fuel oil strainer or plugged
engine mounted fuel oil filters,
Check for normal day tank fuel
level, Refer to Section 2 and the
Engine Maintenance Manual for
more information on the fuel oil
system.,

b, Governor solenoid GS-1 energized.
Check for defective UST or STZ
relay,

Engine rotates slowly only, Check
for defective ST contactor, or de-
fective relays STD or STR. The
time setting of STD may be in-
correct,

c

d. Injector fuel control rack binding.

e, Emergency fuel cutoff valve closed.

-

f. Governor oil level low (not visible
in sight glass).

g, Governor accumulator booster oil
pump not operating.

h. Overspeed lever tripped. Checkfor
defective OTLS or OT1..
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Pogsible Causes Of Voltage Failuve:
1. No power {o the static exciter,
a, Controlunitbus de~energized (peak-
ing mode).

b. Deadline field flashing system
trouble (deadline mode),

¢. Controls not in correct position for
desired mode of operation (peaking
or deadline),

d. Control power circuit breaker trip-
ped,

e. Control power transformer
voltage fuse defective.

high

f. IMield excitation fuse in fuse panel
defective,

2, Exciter contactor EXC not closed,
a, Excitation relay ER on unit control
panel not picked up.
b. Engine speed relay ES-87 not picked
up'
3. Incorrect voltage regulator operation,
a, Voltage regulator fuse defective
(on regulator panel),

b. High or low voltage generator me-
tering power transformer fuses de-
fective, (Located in and above the
circuit breaker compartment,)

c. Faulty voltage regulator,
4, Static exciter faulty.
ENGINE TEMPERATURE — ET

The ENGINE TEMPERATURE light indi-
cates that the temperature of the coolant
leaving the engine is approaching the
boiling point while the engine is running
at full speed,

The ENGINE TEMPERATURE annunciator
relay brings the generating unit fo a nor-
mal stop and lockout afier a timed idle
period. The light goes out when the an-
nunciator is reset.

Pogsible Cauges Of An Engine Tempera-
ture Light:

1, Broken fan belis,
2. Radiator air passapges plugged.

3. Defective timer relay or shutter con-
trol temperature switch,

4, Defective shutter operation,
3, Plugged radiator core,

It is possible to reset the annunciator
while the engine is idlingbefore shutdown,
but no attempt should be made to place
the unit on the line until the cause of the
hot engine has bheen determined and cor-
rected,

GENERATOR BREAKER - GB

The GENERATOR BREAKER light indi~
cates that the 52 circuit breaker was
tripped open during operation under load;
that is, automatic unloading and dropout
of the master relay MR did not occur
before the breaker tripped open, If the
ENGINE light is displayed along with the
breaker light the unit will have undergone
immediate shutdown and lockout, and
trouble shooting should cenfer on the
cause of engine alarm,

Possible Causes Of Generator Breaker
Light With Normal Shutdown And Lockout:

1. Manual 52 circuif breaker control
switch tripduring automatic operation,

2. Differential relay 87 trip., Manual re-
setting of the 86 switch is required.

3. Reverse power relay 67 trip. Target
will appear on the 67 relay,
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4, Leading var relay 55 trip. Targetwill
appear on the 55 relay, This may
happen if generator excitation fails
during operation,

. Field overcurrent relay 40-0C pickup.

o

o

. Under voltage relay 27 pickup.

7. Overvoltage relay 59 pickup,

Pogsible Causes Of Engine And Generator
Breaker Lipght With Immediate Engine
Shutdown:

1, Engine oil pressure failure,
2. Cooling water pressure failure,

3. Excessive crankcase (oilpan) pres-
sure,

Tripping of the engine overspeed mech-
anism will also cause the generator
hreaker and engine light to come on and
immediate engine shutdown. This may be
caused by a true engine overspeed af
approximately 10% over synchronous
speed or by failure of the generating unit
to complete a normal sequence causing
pickup of the overspeed tripsolenoid OTS,
Overspeed trip action causes immediate
trip of the 52 circuit breaker and the unit
shuts down and remains locked out, The
overspeed trip lever located at the cam-
ghaft must be manually reset, before the
annunciator relay can'be reset,

Possible Causes Of True Engine Over-
speed Trip:

1. Sticking injector racks,

2, Improper governor operation,

a. GOV95 switch setfor toohighspeed,
causing overspeed when load is
suddenly dropped.

3, Air box flooded with lube oil,

Possible Causes Of Overspeed Trip Sol-
enoid Action:

1. Failure of 52 breaker to close within
a set time after engine start.

2, Failure of engine to stop within a set
time after a stop signal is given,

2. Injector rack stuck,

b, Unit shutdown timer UST or over-
gpeed trip time delay relay OTT
improperly timed,

3, Failure in the pesking mode to load
after a set time,

4, Improperly set ES87 pickup causing
failure of starting cycle completion,

ENGINE - EN

The ENGINE light indicates that one of the
following three faults has occurred.

1., True lube oil pressure failure,
2, Positive crankcase (oilpan} pressure,

3, Low water pressure.

When the engine annunciator relay trips,
the generating unit main circuif breaker
trips open and the engine sfops imme-
diately and is locked out, There is no
timed idle before shutdown and lockout,
The annunciator may be reset after the
engine has stopped, but the cause of the
shutdown should be determined before
attempting further operation.

WARNING: Do not open oil pan inspection
covers if a crankcase pressure
trip has occurred and there is
evidence of an overheated en~
gine, Hot oil vapors resulting
from a hot bearing or other
part can ignite with explosive
force if air is admitted to the
oilpan,
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Possible Causes Of Low Oil Pregsure:

1. Oi1 supply low - below dipstick "low"
mark with engine ruming, If the oil
level is checked with the engine stop-
ped a false reading will he obtained,

2. Broken or leaking oil line,
3, Fuel dilution of lube oil,
4, Plugged lube oil filters or strainers.

5. Plugged lube oil cooler resulting in
hot, thin oil,

6. Oil foaming.
Possible Causes Of Positive Crankcase
Pregsure:
1, Broken piston,
2, Broken piston rings.
3, Faully oil separator operation,
a, Plugged oil separator,
b. Leaking separator pipe,

c. Saturated oil separator (resulting
from oil foam due to excessively
high oil level in the oilpan).

d. Plugged or broken air box drain
line or crankcase ejector assembly,

4. Air box pressure in oil pan,
a, Missing orbrokenlower liner seals,
b. Broken top deck oil drain tube.
¢. Broken air box drain tube,

d. Loose, broken, or missing crank-
case bolt,

5, Oil pan explosion,

6. Faulty or improperly applied oil pres-
sure relief valve releasing oil on
crankcase pressure sensing dia-

phragm,

Pogsible Causes Of Low Water Pregsure;

1. Loss of engine water,
2. Cavitation at water pump inlet.
#. Plugged oil cooler,

h. Piping from water tank to pump in-
late plugged or disconnected,

3. Defective water pump.

DIFFICULTIES NOT SIGNALED BY
THE ANNUNCIATOR

Some operating difficulties may he en-
countered which do not result in an
annunciator fault indication, Some can he
detected before they become serious
enough to warrant annunciator operation,

Defective Annunciator System

A defect in the annunciator system can
creale unusual operation problems, TFor
example, a defective annunciator fuse will
prevent any target lights from lighling,
and the annunciator can not be reset.
However, this will not prevent a unit
lockout in the event of another operating
difficulty.

Annunciator system trouble can best be
prevented by periodic checks of the vari-
ous alarm circuits.

Lack Of Power

Should the engine start, respond to control,
and apparently function properly, yet does
not have proper power, a thorough check
of the following items should be made.

1. Insufficient fuel. Checkfuel oil system
for proper operation,

a. Return fuel sight glass (glassnear-
est engine) should be full, clear and
free of bubbles.
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b. Bypass sight glass should contain
no more than a trickle of fuel,

¢, Pour point of fuel should be at least
10° I*, lower than the lowest ex-
pected ambient temperature.

2, Insufficient air,

a., Body air filters clogged with leaves
or other maiter,

b, Engine air filters clogged.

¢, Faulty turbocharger operation, Ex-
cessive exhaust back pressure,

3. Improper governor settings and ad~
justments,

a. GOV 95 switch setting too low.
b. GOV RS switch setting too low.

4, Load computer improperly calibrated
(deadload operation),

EXHAUST SMOKE ANALYSIS

When engine is properly adjusted and is
operating at the recommended working
temperature, there should be no appre-
ciable exhaust smoke., However, when
first starting the engine or after a pro-
longed period of '"no load", blue or gray
smoke may be noticed, This will clear
up after a short time if operation is
normal, Continuous exhaust smoke should
be investigated as follows:

1. Black or gray exhaust smoke indicates
incompletely burned fuel,
a. Insufficient combustion air,

b. Excess fuel or irregular distribu-
tion. Check injector rack setting
and timing, or for faully injectors,

¢, Improper grade of fuel, A fuel that
iz too heavy does not completely
vaporize,

2, Blue exhaust smoke generally indi-
cates lube oil entering the cylinder
and being blown through cylinder dur-
ing scavenging period, Check for in-
ternal fuel or lube oil leaks. (Seenext
article on excessive lube oil congump-
tion,)

3. White exhausl smoke indicates mig-
firing cylinders, Check for thefollow-
ing:

a, I"aulty injectors.
b, Low compression,

¢. Injector timing. See Engine Mainte-
nance Manual for timing chart.

d, Exhaust valve clearance. See En-
gine Maintenance Manual.

e, Improper grade of fuel,

EXCESSIVE OIL CONSUMPTION

Some periods of high lube oil consumption
are normal, such as break-in period of
new power assemhlies. In these cases
added lube oil consumption will result
until the oil control rings on the new
assemblies have properly seated,
1. Lube oil leaks,
a, 0Oil lines and connections,

b. Gasket or seal leakage,

2. Oil control af cylinder,

a, 0il control rings worn, broken or
improperly installed,

b, Scored liners or pistons.,
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APPENDIX

LEGEND OF DESIGNATIONS FOR ELECTRIC
SWITCHGEAR AND CONTROL SYSTEM

Certain conventions are used to designate
devices that are auxiliary to a primary
or main device., These conventions take
the form of numeral or leiter prefixes
or suffixes to the primary designation,
The following is intended as a guide to
understanding the use of auxiliary desig-
nations.

Auxiliary Switch Designations
(Such as 52a)

{a) Switch closed when device is in
energized or operated position,

{b) Closed when device is in de-ener-
gized or non-operated position,

{aa2) Closed when operating mechanism
of main device is in energized or
operated position,

(bb) Closed when operating mechanism
of main device is in de~ehergized
or non-operated position,

When several auxiliary switches are pres-
ent on the same device, they shall be
designated as 152a, 252a, etc.

Auxiliary Relay Designations
(Such as 40-0CX, 52 VX)

The auxiliary relay is generally operated
by the basic relay contacts, or it is en-
ergized at the same time that the basic
relay is energized,

NOTE: The practice of identifying a relay
that operates in place of an avx-
iliary switch with the letiers CL
or OP is not followed,

The following list is provided to define
numeral and letter designations used on
the MU type power plant installation to
identify equipment. In general the desig-
nationg are in close agreement with in-
dustry standards, The designations appear
on MU wiring diagrams and on tapes
affixed to the specific equipment, Nole
however, that not all the designations
presented are in use on individual MU
installations, and that some installations
may use designations not shown in the
legend, Refer to the applicable wiring
diagram legend.

To aid in locating a particular piece of
equipment, the legend includes a letter or
zone number shown adjacent to the equip~
ment designation, This letter or zone
number identifies equipment location as
follows:

CB - Circuit Breaker

P ~ MP Type Generating Unit

SB -~ Switchgear Local Control Box

SC - Switchgear Cubicle

SP - Switchgear Cubicle Door Panel




APPENDIX

ZONE NUMBERS
(See Trig. "Zone Identification')

Zone 25 - Engine Control Panel
Zone 45 - Starting Panel
Zone B5 - Sequence Control Panel

Zone 85 ~ Sequence Conirol Panel

Zone 41 ~ Master Extra

Panel

Zone 51 - Unit Extra Panel

Zone 65 - AC Panel

Zone 95 « AC Panel Door

Door
v 5] & Eng. Cont. Panel
ol U]
w
4 I Batt, Chgr.

MP UNIT

ELECTRICAL CABINET-MP UNIT

== Panels m——— }EDOOI‘S%

51

41

55
45

65

85

95

ﬁ
“A” Or Master
Unit Only

ZONE IDENTIFICATION

LEGEND LOCATION DESCRIPTION

LEGEND LOCATION DESCRIPTION

AR 55 Automatic Relay
(O] Sp Circuit Breaker
Control Switch
DLB 41 Deadline Relay
DLBC 41 Deadline Breaker

Close Relay

DLR
DLS

DLT
DLU
DLX

41
41

51
51
41

Deadline Relay
Deadline Stepping
Switch
Deadline Relay
Deadline Relay
Deadline Relay

ii
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LEGEND LOCATION DESCRIPTION

LEGEND LOCATION DESCRIPTION

DLZ
EN

ER

ERS
ERX
ERY
ESEF

ESR
T

ETD

ETI

ETS

EXC
FFC

FFCO

FSR
FT

FTC-1

FTC-2

FTM

FTSL

FTSN

I'TSH

GB

GCS

GN

GOV RS

1
55

65
55

85

51
45

25
25

55

Sp

SB

Deadline Relay

Engine Annunciator
Relay

fixcitation Relay

Iixcitation Helay

Excitation Relay

Excitation Relay

Engine Speed/ Fuel
Transfer Relay

Engine Speed Relay

Engine Temperature
Annunciator Relay

Exciter Time Delay
Relay

Elapsed Time
Indicator

Engine Temperature
Switch

Exciter Contactor

Field IFlashing
Contactor

Field Flashing
Cutouf Relay

Iragt Start Relay

Fuel Transfer
Annunciator Relay

Fuel Transfer Relay

Fuel Transfer Relay

TFuel Transfer Motor
- Loow/Normal

Fuel Transfer
Switch - Low

Fuel Transfer
Switch - Normal

Fuel Trangfer
Switch - High

Generator
Breaker Annun-
ciator Relay

Governor Control
Switch

Governor Neutral
Relay

Governor Rack
Switch - Open
Above 200 KW

GS-1

ENE

GV

e

IR

LLR
LTR

LTRA

LOTS
LWS
MBR
MBX
MB-1
MB-2
MR
MS
NLO
OAD
OoLT
OTL
OTLS
OTS
OTT

PT
PFS

PSR

P

55
25
55
55
25
25
51
SPp
55
515}
51

55

55

55
55

41

Governor Solenoid
-Idle Speed

Governor Solenoid
~Bynchronous

Speed

Generator Voliage
Relay

Immersion Heater
Contactor

Idle/Run/Excitation
Relay

Low Load Relay

Low (0Oil) Temper-
ature Relay

Low (0il) Temper-
ature Auxiliary
Relay

Low Oil Tempera-
ture Switch

Low Water Pressure
Switch

Main Bearing Relay

Main Bearing Relay

Main BearingSwitch

Main BearingSwitch

Master Relay

Manual Switch

Normal Lockout
Relay

0Oil Alarm Delay
Relay

Overload Timer
Relay

Overspeed Trip
Limit Relay

Overspeed Trip
Limit Switch

Overspeed Trip
Solenoid

Overspeed Trip
Timer Relay

Pinion Failure Relay

Pinion Failure
Stepping Switch

Plant Start Relay

iii
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LEGEND LOCATION DESCRIPTION

LEGEND LOCATION DESCRIPTION

PTD
RIL1
RE2
RS
RSR
RST
RSU
SC1
sc2
SEQ
SS
ST
STD
STR
STRA
STRB
STRC
STS
STX
STY
STYA

STZ

TB

TC

UR

5B
S8P
s P
41
41

41

85
85
55
sP
55
45
45
55
5b
55
45
45
45
45

55
25

65

Peaking/Transfer/
Deadload Switch
Engine Speed Relay
Engine Speed Relay
Resynchronizing
Relay
Resynchronizing
Relay
Resynchronizing
Relay
Resynchronizing
Relay
Deadline Overload
Current Relay
Deadline Overload
Current Relay
Sequence Annuncia-
tor Relay
Start Stop Switch
Starting Contactor
Starting Relay
Starting Relay
Starting Auxiliary
Relay
Starting Auxiliary
Relay
Starting Auxiliary
Relay
Starting Stepping
Switch
Starting Relay
Starting Relay
Starting Auxiliary
Relay
Starting Contactor
Timer Relay
Shutter Control
Temperature
Switch
Immersion Heater
Temperature
Control Switch
Unit Relay

USA
Usp
USR
usr
VR
ZSR
ZSRA

27
40-0C

40~0CX

D2

52a

52b

H2TC
52V
52VM

b2VX

52W

b2WL
52WS

65
59
67

86
87

[ w5
) B

o
o

T oy 1
[ B o r R R 1

CB

CB

CB
55
45
65

65

41

85
85
85

SP
SP

Unit Start Relay

Unit Start Relay

Unit Start Relay

Unit Shutdown Relay

Voltape Regulator

Zero Speed Relay

Zero Speed
Auxillary Relay

Under Voltage Relay

Alternator Over-
current Relay

Alternator Over-
current Relay

Main Generating
Unit Circuit
Breaker

Breaker Auxiliary
Switch (Closed
when breaker is
closed)

Breaker Auxiliary
Switch (Closed
when breaker is
open)

Breaker Trip Coil

Breaker Relay

Breaker Auxiliary
Relay

Breaker Auxiliary
Relay

Breaker Auxiliary
Relay

Load Breaker Relay

System Breaker
Relay

Leading Var Relay

Overvoltage Relay

Reverse Power
Relay

Lockout Switch

3 Phase Differential
Protection Relay

iv
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TABLE OF FUSES AND CIRCUIT
BREAKERS

ELECTRICAL CONTROL CABINET

ZONE 45 - STARTING PANEL

FPUSE AMPERE

NUMBER  RATING CIRCUIT

'8, 19 30 Sequence Control

20 10 Start Control

21 15 Fuel Transfer
Control

#22, 1123 30 Fuel Transfer
Motor

24, I'25 70 Switch Gear

F26 400 Master Start

ZONE 556 - SEQUENCE CONTROL PANEL

10 Spare Fuse
F10 100 I'ield Flashing
F15 3560 Starting
F16 10 Control

ZONE 65 - GENERATORAND GOVERNOR
CONTROIL PANEL

1 15 Shutter Conirol
F2 15 Lights
6 Spare Fuse
4, F5, I'6 6 Potential
Transformer
7, 78, F9 1 Voltage Regulator
100 Spare Fuse
11, F12, F13 100 Exciter

OUTDOOR SWITCHGEAR
AUXILIARY SWITCHGEAR CUBICLE

QUANTITY AMP,

3 6 Bus Metering Potential
Transformer ~ low
voliage

3 1 E  Bus Metering Potential
Transformer - high
voltage

3 40 ¥ Control Power T'rans-

former ~highvoltage

GENERATOR SWITCHGEAR CUBICLE
2 30 Circuit Breaker
Closing

CONTROL CIRCUIT BREAKERS

RATING LOCATION

Control Power Circuit Breaker:

400 Amp. Outdoor Switchgear -
Auxiliary Switchgear Unit

Space Heater and Lights Circuit Breaker:

30 Amp, Outdoor Switchgear -
Auxiliary Switchgear Unit
Door

Circulating Pump Motor Circuit Breaker:

15 Amp, Electrical Control
Cabinet - Zone 85




GENERAL DATA

GENERAL E’)ATA

TYPE OF UNI'T o
60 N 60 50 N
SPECIFICATIONS Peaking Base l.cad Base Load
8 Pole Gen, 8 Pole Gen, 8 Pole Gen.
Ingine
Model 20645104
Type 2-Cycle, Turbocharged, "V"
Number Of Cylinders 20
Bore And Stroke 9-1/16 x 10 Inches
Total Displacement, Cu. In, 12,900
Compression Ratio 14.5:1
Rating, BHP, Nominal 3600** 3600%* 3050%*
Operating Speed, RPM 900 900 750
Lubricating System Full Pressure
Governor (Woodward) EGB-10
Weight, Pounds (Engine Only) Approximately 42,885
Synchronous Generator
Model A20 A20 A20
KW 21750 2500 2100
KVA 3440 3125 2625
Phase Three
Volts 4160 Wye/2400 Delta
Amperes 477/826 434/1751 365/632
Power Factor % Eighty
Field Excitation
No Load Amperes 39.2 39.2 55.0
Rated Load Amperes 105.1 97.67 120.79
Weight (Approximate) 18,100 18,100 18,100
Air Intake And Exhaust System
Air Intake Exhaust Driven Turbocharger
Air Intake Filter-Carbody Inertial Air Filter
Air Intake Filter-Engine Oil Bath

*10% overload permissible for any 2 hours out of 24,
**Minimum load restricted to 20% of full load rating.
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GENERAL DATA

GEMNERAL DATA

SPECIFICATIONS

TYPE OF UNIT

80 S
Peaking
8 Pole Gen.

60

RBase Load
8 Pole Gen.

50
Base Load

Supplies - Each MP Unit

Power Source

Control Transformer

Lube OQil - U.8, Gallons 466
Operating Range - Gallons 230
Cooling Water - Gallons 352
Fuel Oil - Day Tank - Gallons 130
Governor Qil Supply 2 U. S, Pints
Immersion Heater

Voltage 240
Heater Elements 15 KW
Lube Oil Circulating Pump 1 HP
Puinp Operation Continuous

Dimensions And Weight - MP Unit
Height - Shipping
- Installed
Width Over Eaves
Length - Installed
Approximate Weight
- Less Supplies
- With Supplies

12 ft. 0 in. Approx.
19 ft. 11 in. Approx,
10 ft. 4 in. Approx,
49 ft, 10 in. Approx.

128,300
136,000

Dimensions And Weight -

Outdoor Switchgear
Height - Installed
Width - Installed

Length

Weight (Ibs) - less aisle (Approx.)

Weight (Ibs) - including aisle
(Approx.)

9 {t. 0 in, Approx.
12 ft. 8 in, Approx.

MU1 MUZ2 MU 3 MU 4 MU 5
5! 2” 7' 4” 91 6!! llr 8” 13! 10”
6700 9700 12,700 15,700 18,700

8100 10,300 13,300 16,300 19,300
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Appendix E - Peakers Catalyst Alarm Response Process Map



<Process Name> <True North>

Peakers Catalyst Alarm Response Process Map - DRAFT
)

(Print on 11x17 paper’

P
52
i
z Dispatch operator Operator evaluates ~ yes - Continue operation
32 to Peaker site e asi
8§ —
i
H No
3
Sa // Report to SOC Document alarm
5 / that Unitisoutof “——f and responsein  —
g 2 / contral / operator log book.
Z o
g I
£
s Send maintenance
& ) Perform required report to Peakers
4 Is maintenance maintenance on unit inform operator of
3 required? Yes
< \
|
/ No
/" Dispatch PSi to
T — e 1. Update UCF
2 farm 2. Document all causes and
5o Initiate an corrective actionsin WO.
33 3. Close out environmental
o= Work Order.
g 4.Giveinformation to EM&R
1
= ROP Compliance
g
=
a
<
=
@
< Escalateto
L—————" CoporateEM&R
T
H
3 1f needed, drait
o report to MDEQ
<
=
o
T
P
zQ — p
g@ s Contact DO Substations: Make Arrangements to
[ 4 and Peakerstoreport Shut Down Unit.
£ alarm Contact Peakers
70
) ]
)
o —1{ ContactMISO
=
@ sor i < > - Embedded Test T - ouput /F Escalation aciity @ e
Process Name Process Owner Name Process Inputs Process Output Products Output Metrics Refer ence Documents
[ Pekers Catalys Alarm Response Process Map ] ]
ocess Flow Number ‘Subject Matter Expert (Name)

Revision Number Revision Date Key Stakeholders (Name)

o 6202012

Date Created/Revised: 7/26/11
Date Printed: 4/12/2013

Proprietary Information
Verify Current Version Prior to Use - Uncontrolled When Printed

EM&R Process Map

Version 1.0
Page 1of1



Appendix F - AST5100 Low Differential Pressure Transmitter









Appendix G - Durosense Thermocouple



DATA SHEET

|

" E

Customer | P.O.# Order # 1 ' ~ Part#
PEAKER SERVICES VARIES VARIES MTC-H-37522-U-12-C-8
B " DESCRIPTIVE DATA -
N CALIBRATION K
AGCURACY STANDARD LIMITS OF ERROR
JUNCTION _ UNGROUMDED
[ SHEATH DIAMETER 375"
ACTIVE LENGTH 12
SHEATH MATERIAL 304 55 -
PROCESS COMNECTION B W NPT
COLD END TERMINATION MINI HEAD WITH SINGLE TERMINAL BLOCK

TEMPERATURE RANGE / ACCURACY ﬁ.ﬁTA_

- TEMPERATURE RANGE STANDARD LIMITS  SPECIAL LIMITS
-3°F TO -165°F £ 2% | e
SBEF TO +32°F +4F | e
+32F TO +545°F £ 4°F +2°F
+B4E"F TO +2300°F + .75% + 0.4%

RECOMMENDED TEMPERATLIRE LIMITS

SHEATH DIAMETER

WIRE GAUGE

MAX. RECOMMENDED OPERATING TEMP,

TS 0D

13 ga_ (nominal)

2150°F




Appendix H - Procedure Responding to Catalyst Alarm



DTE Electric

Peaking Unit Organization
POLICIES and PROCEDURES

i—% -

Title: Responding to Peaker Trouble Alarm — Diesel Oxidation No: Env-01
Catalyst Alarm

Written By: Esmeralda Zamarron Date: 05/02/2013
Approved By: Nader N. Rajabian Date: 5/10/2013

1 REVISION HISTORY

No.

Revision Changes Revised By Authorization Date

1 1. Added 6.2.3 “Once an Alarmisreceived, Opertators must | E. Zamarron | N/A
document the following: Date and Time of Alarm,Alarm
Description, Actions taken to respond to alarm, Escal ation
steps taken to address alarm. If unit is shut down dueto
alarm condition, document what was done to bring the unit
back into service. Time and date when alarm was cleared
and backin service’ .

2. Corrected numbering on section 6.

3. Changed header to DTE Electric

5/30/2013

2 PURPOSE

The DOC (diesel oxidation catalyst) installed on al diesel generators located at DO sites were
installed in 2012-2013. The DOCs are designed to reduce the CO output of an EMD MP-45 by

70% or more.

The purpose of this procedure isto establish a process to respond to Diesel Oxidation Catalyst

(DOC) Alarm and ensure continuous compliance with air regulations.

3 SCOPE

Doc No. and Title: Responding to Peaker Trouble Alarm — Diesel Oxidation Catalyst
Alarm

Page 1 of 7

Date: 5/2/2013

VERIFY CURRENT VERSION ON PEAKER WEBSITE PRIOR TO USE - UNCONTROLLED WHEN PRINTED




3.1 The scope of this procedure covers the response to aDOC aarm. The procedure identifies
work groups from Distribution Operations, Generation Optimization, Peakers, and Peaker
Services.

4 DEFINITIONS

4.1 DOC - Diesel Oxidation Catalyst
4.2 SOC — System Operations Center
4.3 PSI — Peaker Services Inc.

4.4 MOC - Merchant Operations Center

5 RESPONSIBILITIES
5.1 DO Operations — operates units, determines source of alarms, maintains detailed operator logs.
5.2 SOC - Remotely start units and dispatch DO operators as needed.

5.3 Peaking Unit Organization— provide maintenance services for peaking units and documents
failures.

5.4 PSI — perform maintenance under the direction of the Peaking Unit Organization.
55 MOC - Update UCF and informs MISO.

5.6 Environmental Engineer — ensures ROP compliance for each peaking site.

6 PEAKER TROUBLE ALARM ISRECEIVED
6.1 SOC

6.1.1 SOC receives Peaker trouble alarm.

6.1.2 Dispatch operator to determine nature of alarm.
6.2 Operations

6.2.1 Arrivesat site goesto Control House PLC to determine if the alarm was caused by a
failure of the DOC system.

6.2.1.1 The control house PLC will display the DOC alarms along with the other
unit alarms.

6.2.1.2 ﬂ Select the F4 key, highlight the home screen option, and press enter
to view thelist of darms.

Doc No. and Title: Responding to Peaker Trouble Alarm — Diesel Oxidation Catalyst | Page 2 of 7
Alarm
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6.2.1.3 The DOC darm will list 3 pieces of information:

> Thedate and time of the alarm.
> The unit that has alarmed.
» The parameter that is out of bounds.

6.2.1.4 Anexampleof aDOC differential pressure alarm on unit 4 is shown below.
The alarm details are only accessible through the generator compartment
PLC.

6.2.2 Operator determinesthat DOC isin Alarm

6.2.2.1 Operator informs the SOC regarding the alarm.
6.2.2.2 Operator makes arrangements to shut down unit that isin alarm

6.2.3 Operator documents actions taken to resolve the issues prior to returning the unit back
to service.

6.24 Oncean aarm isreceived, operator must document the following in the operator log

book:
e Dateand Timeof Alarm
e Alarm Description
e Actionstaken to respond to alarm
o [Escalation steps taken to address alarm
e If unit is shut down due to alarm condition, document what was done to bring

the unit back into service.
¢ Time and date when alarm was cleared and back in service.

6.3 SOC

6.3.1 Contacts Peaker Group and MOC regarding the shut down and unavailability of unit
with DOC alarm.

64 MOC
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6.4.1

6.4.2

6.5 Peakers

6.5.1

6.5.2

6.5.3

6.54

6.5.5

6.5.6

6.6 PS

6.6.1

6.6.2

Updates UCF when SOC communicates that unit is unavailable due to DOC alarm.

Informs M1SO.

Creates environmental work order to document alarm event.
Contacts PSI to trouble shoot unit and perform maintenance.
Communicates alarm event to Environmental Engineer.

Updates UCF when alarm is resolved and unit is returned to service.
Closes out environmental work order.

Provides all documents and information on the DOC alarm and response to Peaker
Environmental Engineer.

PSI trouble shoots darm and performs maintenance activities to return unit to service.

Provides repair report to Peakers.

6.7 Peaker Environmental Engineer

6.7.1

6.7.2

Determinesif EM&R mitigation isrequired when alarm isinitially reported.

Files documentation on DOC alarm for ROP compliance.
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7 ProcessMap

@ o AP e Tre - Embedind Test |- o [ER

Doc No. and Title: Responding to Peaker Trouble Alarm — Diesel Oxidation Catalyst Alarm Page 5 of 7

Date: 5/2/2013

VERIFY CURRENT VERSION ON PEAKER WEBSITE PRIOR TO USE - UNCONTROLLED WHEN PRINTED



8 Viewing alarm datain the Generator Compartment Dynalco PLC Instructions

8.1 Background

Each unit has a PLC monitoring the temperature and differential pressure while the unit is
running. If the DOC is not within its temperature and pressure parameters, the PLC will generate
an aarm.

The PLC at the generator housing holds the official alarm record and all of the DOC's run data.
When the unit is running, the PLC displays cycles through the current DOC conditions.

When the unit is not running, the PLC display is as below.

8.2 Accessing Alarm Data

- Press the menu button.

Use directiona arrowsto highlight the darmicon. The resulting PLC display is
displayed below.

B press Enter to select the highlighted item. The resulting PLC display is displayed
below.

Use directiona arrowsto highlight the Active Alarms option.

- Press Enter to select the highlighted line. The resulting PLC display is displayed
below.
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Use directiona arrowsto highlight either the temperature or differential pressure alarms.

Press Enter to select the highlighted line. The resulting PLC display is displayed
below.

Use directiona arrowsto highlight select the alarm of interest.

- Press Enter to select the highlighted line. The resulting PLC display is displayed
below.
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