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Preliminary

Purpose:

The purpose of this document is to provide detailed application guidclines and recommendations
for the G-Drive Control System (GCS) for the QST30-G engines. A description of the system and unique
features are discussed.

Scope:

This document applies to the QST30-G engines with GCS only.

Background:

The Q8T30-G GCS module will provide common electronic tols (InPower) with the Q8X15,
(QSK23/45/60/78 G-Drive engines. The GCS module provides improved engine trouble shooting and
safety circuil capabilities.

The Q5T30 GCS Module though similar to the QSK23/45/60/78 is not interchangeahle.

Instructions for the GCS Electronic control module supplied from the factory and for field up fit o
the GCS Electronic control are included.

QST30-G GCS Upgrade Wiring Diagram — 4021371
-5 Ft. Extender hammcss - 3094140
-10 Fi. Extender hamess - 3094573

QS8TI0-G GCS Service Wiring Diagram — 4021346

QST30-G GCS Module Part Number — 4067777
Extensions harness required — WR 5010 1.5 meter length (3092195)
- WR 5011 5 meter length (4067898)
- WR 502 12 meter length (4067899)
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About the Manual

This manual contains information needed to understand, correctly operate and maintain your Generator Drive Con-
trol Systern as recommended by Cummins Engine Company, Inc. Additional service literature (Operation and
Maintenance, Shop Manual, Troubleshooting and Repair Manual, etc.) can be ordered by filling out and maiting the
Literature Order Form located in the back of this manual.

This manual does not cover base engine maintenance procedures. Refer to the Operation and Maintenance Man-
ual, Bulletin for the specific engine model far information.

This manual does not cover generator equipment maintenance or repair procedures. Consult the generalor equip-
ment manufacturer for specific maintenance and repair recommendations.

Both metric and U.S. customary vafues are listed in this manual. The metric value is listed first, followed by the U.S.
customary in brackets.

This document, and the information contained herein, is PROPRIETARY and shall not be disclosed, whole or in
part, to others in hard copy or electronic form, reproduced by any means, or used for any purpose other than a pur-
pose explicitly stated herein without written consent of Cummins, Inc.
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llustrations

Some of the illustrations throughout this manual are
generic and will not look exactiy like the engine or
parts used in your appilication. The illustrations can
contain symbols to indicate an action required and an
acceptable or not acceptable condition,

The illustrations included in this manual are intended
to illustrate procedures performed or location of par-
ticuiar items. :

The procedure performed or location of the item
described will be the same even though the illustra-
tions may vary.

Hlustrations showing connector contact positions for
connections to the Electronic Control Module (ECM)
are shown as viewed looking at the connector on the
ECM, not the interfacing connector of the wiring har-
ness.

Hlustrations showing connector contact positions for
connections to the inline connectors of the wiring har-
nesses are viewed looking at the corresponding con-
nector on the factory supplied engine or extension
wiring harness, not the connector of the interfacing

harness.

fllustrations
Page 7

CRANK ./ /

ECM Connector 03

Pin location #1 Pin location #13

\ /

'S QOO0 COOOOU O
Q0 O0000O0000Q

Pin location #14 Pin location #25

Connector Inline D

contacl position:
F: Gov Gain Adjust Return
E: Gov Gain Adjust Signal
D: Run Status
C: Run Supply
"B: Crank Supply
A: Crank Signal
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Acronyms and Abbreviations

A Ampere HPI-TP High Pressure injection-Time/Pressure.
AC Alternating Current Pressure is held constant while time is
ABO Area Business Organization - adjustable.
AEB Application Engineering Bulletin Hz Hertz
AMPS Amperes IEC International Electrotechnical Commission
AWG American Wire Gage P53 Ingress Protection - Dust-Protected &
BIT Built-In Test Spraying Water
B+ Battery Positive 1P54 Ingress Protection - Dust-Protected &
°C Degree Celsius Splashing Water
cSt Centistokes In Inch
CCOM Communication kg Kilogram
CTS Cooling Temperature Sensor kPa Kilopascal
cw Clockwise kW - Kilowatt
CcCcw Counterclockwise b Pound
CORS Continuous Qil Replacement System LCL Low Coolant Leve)
oC Direct Current LCP L.ow Coolant Pressure
PSR Data Set Ready LED Light-Emitting Diode
DTR Data Terminal Ready LOP Low Qil Pressure
ECM Electronic Control Module mA Milli-Ampere
EMC Electro-Magnetic Compatibility mw Milli-Watts
EMF Electro-Maotive Farce mm Millimeter
EMI Electro-Magnetic Interference N-m Newton-meter
EPA Environment Protection Agency NEC National Electric Code
EPROM  Erasable Programmable Read Only NEMA National Electric Manufacturers
Memory Association
EPS Engine Position Sensor Oo/M Owner-Operator Manual
E-STOP  Emergency Stop OEM Original Equipment Manufacturer
ESS Engine Speed Sensor OPS Qil Pressure Sensor
°F Degree Fahrenheit 0SS Over Speed Sensor
FSQV Fuel Shutoff Valve PC Personal Computer
ft (FT) Foot p-p Peak to Peak
GCS Generator-Drive Control System P/N Part Number
GND Ground psi Pounds Per Square Inch
GOEM G-Drive Original Equipment PT Potential Transformer
Manufacturer rpm(RPM)  Revolutions Per Minute
H,O Water RTU Remote Terminal Unit
HAT High Aftercooler Temperalure RXD Receive Data
HBF High Blowby Flow PWM Pulse Width Modutator
HCT High Coolant Temperature SCA Supplemental Coolant Additive
HFT High Fuel Temperature DC Top Dead Center
Hg Mercury TXD Transmit Data
HIT High Intake Manifold Temperature URL Uniform Resource Locator
HOT High il Temperature vV Volts
hp Horsepower VAC Volts-Allernating Current
HPI-PT High Pressure njection-PressurefTime. VDC Volts-Direct Current
Time is held constant while pressure is WWw World-Wide-Web

adjustable.
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InPower™
Configurable Feature

Electronic Control Module

The Electronic Control Module (ECM) is the “brain” of
the Generator-Orive Control System (GCS). The
ECM is a state-of-the-art electronic digital control de-
vice. The primary function of the ECM is to govern the
engine speed. The ECM hardware and software pro-
vides the following additional features:

+  Operator Controls Interface
+ Engine Monitoring using:
» MODBUS Serial Communications
Datalink
» Meter Drivers
* ' InPower™ Electronic Service Tool
= Engine Protection
+ System Fault Diagnostics
*  System Check-Out / Test

There are many features of the GCS that are config-
ured using the InPower™ electronic service tool, In-
Power™ is a packaged software application that
installs on a compatible PC. The configurable fea-
tures will be discussed in this manual, however, all
functions of InPower™ are not covered. Refer to the
InPower™ for Generator-Drive Control System Man-
ual for more detailed information about using InPow-
er™. Note that the PC that has the InPower™
software installed requires a separate service cable
to communicate with the ECM through the R3-232
service datalink connector on the Engine Harness.

| NOTE: All configurable fealures are disabled
| by default (the factory setting is “Disabled’).
| The customer must enable the features(s),
| using tnPower™, in order to make the fea-

lurefs) operational. The sleps required to
I enabre specific configurable fealures are
| described in the respeclive sections of this
| manual.

Electronic Control Module
Page 9
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ECM Electronic Interfaces

Service
Tool
Interface

Engine

.......

Geneyator—
Drive
Engine

QST30 Generator Drive Control System

i/ Electronic
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Tool Generator Q';O 0
Set 9%,
Controls -
> /Q
Customer
Interface 7
GCS
Electronic
Control
Module
Fuel System Alternator
Interface Interface

Y Alternator
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ECM Hardwired Interconnections

The illustration on page 10 shows the features imple-
mented via hardwired interconnections to the ECM,
including the on-module Diagnostic LED's and the
ECM mounting brackets.

This manual references the applicable ECM connec-
tors and pins where each feature requiring a hard-
wired interface to the ECM is implemented. Refer to
pages 27 through 31 for figures and schemalics
showing the external component wiring for the en-
gine..

There are pins on the ECM connectors that provide
an electrical ground (GND) for all hardwired interfaces
requiring a ground reference or signal return path.

A CAUTION A

| |
i !
| The use of the ECM ground (GND) pins is |
| required when implementing the hardwired |
| interfaces. The ground reference or signal |
| path for these interfaces must not be con- |
] nected directly to the battery posts or other |
grounding points, such as the engine block.
! Using the ECM GND pins is necessary fto I
| reduce the adverse effect of electrical noise on |
| the proper operation of the electronic features. |

The Electrical Interface Characteristics for the
hardwired interfaces are specified in Appendix H. All
customer connections to the ECM must comply with
these interface specifications in order to ensure prop-
er operation of the hardwired features. |
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ECM Hardwired Interconnections

[—m
I

o —— . —————

already implemented
with the G-Drive
Engine.

Lamp/Relay Driver
¥ Backup Start

Electronic Service
Tool Interface

Connector 03
{ » Switch Inputs Diagnostic LEDs
| > Alternate » Overspeed
: Frequency »Low Oil Pressure
i # Crank »High Engine Temp
{ » Adjustable Inputs ¥ Shutdown Alarm
» Droop »Warning Alarm
f
I » Freguency
| » Speed Bias Inputs Mounting Brackets
| »12.5V Bias
| »30.2VBias |
| » Meter Drivers Connector 02
} » Engine Speed |- > Engine Sensors
| »Oil Pressure ll | Connector 06 { » Fuel System
' » Coolant Temp » Modbus Py T T H Actuator Drivers
I 1 * |
{ » Lamp/Relay | | Communications = l gc;lor:;z::;: ?Ssain : » Fuel Shut-Off
I Drivers : : Datalink 1 Adiust " Solenoid Driver
; »Overspeed  } | » Switch Inputs i I N Rujr:j}s? lav Contact | » ECM Power &
I »Low Oil I »Run/Stop o elay | | Ground
l Pressure |1 * ldle/Rated ) | Status
! o e/mate i | Crank Relay X
- i |
L g:zst‘i‘:‘;o" K >§{”erge”cy || Contact Status |
[ I op t I
. . | . . t | » Slave Crank Relay i
: > ngh Englne [ : » DIBgnOStIC | I Contact Status I [m————————————
i }';emﬁ oh = | '::Ods' (Ftault : | > Battery Charger : I Interfaces/features to :
I E;e—in:eg'rem I : » F:jt out) : I Alternator Flashout § II be implemented by :
} > Co?nmon P % } Acknowledge ! } »ECM Power & : 'i the Customer. !
} h Hi i
} ‘Warning I ; » Starter Control | |_Ground | ' l_(PES_ Ed_O_u__ Te_)_ __1
| » Common i | (Crank Coil Driver) } » Engine Sensors Interfaces/feat
} Shutdown } | > Fail-to-Start 1 | »InPower™ nisrlaces/ieatures
! |
| |
' |
* [

Disconnect Status

{Solid QOutline)

* The features of ECM Connector 05 are accessible to the customer by making
the appropriate conections to Inline Connector D of the Extension Harmess
and Inline Connector E of the Engine Harness.
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ECM Dimensions

The ECM measures 228.0 x 182.5 x 129.7mm [8.98 x 7.19 x 5.11 in.], including the heat-sink. Refer to lhe section
“Installation” on page 14 for details and caulions before selecting a location for mounting the ECM.

Dataptate

P XAXAXIIN ESH HORRAXX
Bl XXAKXXAXK ECH CODE XXKXXXNX
S e 00000000
— s
L oo

emove and replace lhese
screws (4 locatiens) for fiush
mountng ECM. See page
14 for mare details.

h’,l 490185
4 #4.2mm

|~ Femovable
Mounting Bracket
{2 places)

4.59" 472
6.7 mm 120 mm
719
1825 mm

?

1.39°
35.3mm

™

A

LED display
¢ 10.39 > window
264 mm
- 11.10° »
282 mm
1,457
36.8 mm
51
128.7 mm
3.68"
92.9 mym
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Installation

I I
| To avoid personal injury, or death, it is impor- |
| tant that all electrical equipment be propery |
| grounded. All metallic parts that could becorme |
| energized under abnormal conditions must I
| also be properly grounded. |

The chassis of the ECM must be properly grounded to
provide prolection against EMI and to conduct any
fault current that may be imposed on the ECM. Typi-
cal requirements for grounding are given in the Na-
tional Electrical Code. All connections, wire sizes,
etc., must conform to the requirements of the electri-
cal codes in effect at the installation site.

Where to Mount the ECM

The ECM is supplied by the factory, with each enging,
as a kitied part and needs to be installed by the cus-
tomer.

A CAUTION A

I
Il The ECM must NOT be mounted directly to
the engine. It is the customer’s responsibility
' to provide proper mounting and ensure that
| the mounting method complies with all pub-
| lished environmental and application require-
| ments. See Appendix H listing applicable
| operating and environmental specifications.

The ECM includes brackets, already attached to the
ECM, for installing the ECM with the backside flush to
a mounting surface. See the figure on page 16 for de-
1ails of the bracket mounting hole locations and di-
mensions.

When the ECM mounting brackets are used to mount,
the ECM to a panel or some other structure, the ECM
must be adequately isolated lo prevent damage due
to vibration. If vibration isofators must be used lo en-
sure compliance with the ECM vibration require-
ments, be sure to follow all manufacturer guidelines
when selecting vibration isolators for use with the
ECM installation.

| NOTE: When vibration isclators are used, be |

| sure that specified radial and axial load fimits |

, of the isolators are not exceeded. Be sure to ;

I provide adequate strain relief by installing |
clamps and alfowing a sufficient bend radius

I on wiring harnesses, |
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A CAUTION A

-
I
| Close attention must be paid to the difference
| in the ambient cooling air requiremenits for the
| ECM and the heat-sink to prevent damage o
I the ECM. More importantly, pay attention to
the maximum expected surface temperature
' of the heat-sink o avoid personal injury. See
J Appendix H listing applicable operating and
| environmental specifications.

It is important that the location of the ECM allows ad-
equate airflow to provide proper cooling to the ECM
electronics. In some instances it may be necessary to
have the cooling vanes of the ECM heal sink protrude
through an opening in the contro! panel, exposing it to
ambient air. When using this means to install the
ECM, an opening must be cut in the mounting surface
and attachment holes drilled per the template on the
following page. Four (4) mounting screws must be re-
maved, two (2) from either side of the heat-sink base,
and replaced with screws of the same thread and size
but longer by the thickness of the mounting surface.
The replacement screws must have the appropriate
head to accommodate the holes drilled in the mount-
ing surface (i.e. countersunk or flat).

NOTE: The maunting brackets are nof used in |
this configuration and can be removed, how- i
ever, the bracke! attachment screws MUST
BE REPLACED in the ECM case in order to |
ensure proper protection against the environ- |
ment (i.e. dust and water ingress). I
Make sure there is no grease or dirt on the ECM
mounting surfaces, Properly tighten the 4 mounting
screws per the mounting screw size/grade torque rec-
ommendations to prevent mounting failures.

NOTE: To comply wiith IP53 and NEMA-3R
enclosure spray angle requiremenis, the ECM
must be mounted with the connectors facing
down. If the ECM is installed with the connec-
fors facing sideways (heat-sink up), the cus-
tomer must ensure thalt the instafiation
complies with IP53 and NEMA-3R require-
ments. The ECM must NEVER be installed
with the connectors facing up or with the heat-
sink vanes oriented horizontally (level to the
ground). The customer must also ensure that
there Is sufficient clearance for the wiring har-
nesses to be mounted to the ECM, and that
the harnesses are properly supported to pre-
vent undue siress or strain on both the har-
ness and ECM connectors.

Installation
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Grounding

In all applications, at the exception of Marine isolated
ground systems, the ECM sheet metal enclosure (ECM
Chassis Ground) must be connected to earth ground,
as well as to the Battery minus terminal. The earth
ground connection provides a return path for the EMI
noise, such as electrostatic discharge, applied to any
connector pins and diverted fo the ECM enclosure by
internal capacitors. The Battery minus connection to
earth ground prevents system noise referenced to Bat-
tery minus from entering the ECM via the EM! capaci-
tors.

The figure below suggests a way to implement thase
requirements. The ECM Battery Ground is connected
o the Battery minus terminal via the extension harness
and the INLINE (E) connector in the engine harness. A
separate wire connects the battery minus terminal to
the earth ground {the genset skid, in most cases). The
ECM mounting hardware (or a separate braided strap)
is used to electrically connect the ECM Chassis
Ground to the control panel. A separate wire connects
the control panel to the earth ground. For best perfor-
mance, aim at achieving the lowest possible imped-
ance between the ECM chassis ground and the earth
ground, and an impedance of less than 3 ohms be-
tween the ECM chassis ground'and the Battery minus
terminal.

ECM Chassis Grounding
Control Panel
Battery
ECM at - Bat +
Chassis ,-'
el o Skid
Braided
Slrap ) Braided rth Ground
Strap

—- Dashed line already in engine exlension hamess
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QST30 Generator Drive Control System

The customer is responsible for supplying a wiring
harness(es) that interfaces with the two 25-pin ECM
connectors, l[abeled 03 and 06, and the customer con-
nections at Inline connectors D & E. See the Wiring
Harnesses and Interface Connectors section on
page 19 for further details.

A “keying plate” is attached to the ECM on the side
with the connectors. This keying plate has keyways,
a polarizing feature, that mate with the backshells in-
cluded with the keyed connector kits supplied by the
factory with each engine. The keying feature of the
25-pasition connector assemblies built using the kits
is designed to prevent improper connection of the
customer supplied generator set interface harness to
ECM connectors 03 and 06. See Appendix F for de-
tailed instructions on how to assemble the keyed con-
nector kit parts.

The following chart will assist in identifying the inter-
facing wiring harness connectors:

Connector Keying
Number Polarization | -@Pel color
06 Key A Green
(25 position)
03 Key B Brown
(25 position)
05 Key A Green
(50 position)
02 Key D Orange
(50 position)
e e e .

NOTE: When attaching the keyed connectors |
to the ECM, the thumbscrews should be |
torqued to 0.79 - .90 N m [7-8 in-ib]. |

NOTE: Because the conneclors provided with
the keyed connector kits are a high quality part
using gold-plated terminals, the connectors
DO NOT have to be coated or packed with any
tvpe of protective lubricant or anii-corrosion

I
I
I
I
compaund. I

Connector 03
(Fuel Systems
Board)

Connector 06
(Base Board)

Connector 05
{Base Board)

Connector 02
(Fuel Systems Board)

Installation
Page 17
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Power Source

The ECM is designed to operate at a nominal 24
VDC. The ECM can operate normally within a range
of 18 to 35 VDC continuous and as low as 12VDC
during cranking.

A cauTion A

I |
| |
I Do not connect the ECM to a battery charger. |
I Due to the circuitry and method of operation of |
| the chargers, the governor will not function |
| properly. Connect the hattery charger fo the |
1 battery. |

Battery
Charger

A cautioN A

To avoid damage to the ECM, disconnect aff
electrical connections to the ECM and remove
the ECM from the generator sel prior fo using
any type of welding equipment that requires
electrical power to operale.

NOTE: To prevent loss of valuable diagnostic
information, such as Fault Codes and Snap-
shot Data, power must be available to the
ECM at all times during normal engine opera-
tion and for at least one minute following an
engine shutdown.
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Sleep Mode (Low Power Consumption)

The ECM is designed to enter a low power consump-
lion mode, also referred to as "sleep” mode, when
the states of all *‘wake-up” inputs become inactive.
When the wake-up inputs are in an inactive state the
ECM will go to sleep immediately, without delay. In
the sleep mode, the ECM consumes a small fraction
of the normal operating power o reduce the load on
the genset power supply or batteries. Although the
ECM may be sleeping, it will wake-up immediately
when any of the wake-up inputs become active and
be ready to start and run the engine,

The ECM will wake-up from sleep mode whenever
any one or more of the following wake-up signals are
aclive:

*  Run/Stop Switch input is set to “Run”.

*  Diagnostic Mode Switch input is set to "Fault
Ftash Out Enabled”.

*  Fault Acknowledge Switch input is set to
“Acknowledge”.

* Data Carrier Detect (DCD) on pin F of the R§232
Datalink connector is “active {the vaoltage is +3 to
+24VDC). This active stale occurs when a com-
puter running the INPOWER service tool is con-
nected to the engine RS232 Datalink and
communicating with the ECM.

*  The ECM will enter sleep mode whenever ALL
wake-up signals are inactive’AND there are no
unacknowledged or active faults. Following is a
list of canditions required for the ECM 1o go to
sleep:

*  Run/Stop Switch input is set to “Stop”.

* Diagnostic Mode Switch input is set to “Fault
Flash Out Disabled”.

*  Fault Acknowledge Switch input is set to "Not
Acknowledge™.

* Data Carrier Detect (DCD) input is “inactive” {the
voitage is less than +3VDC). This occurs when
the computer running the INPOWER service tool
is no longer communicating with the ECM.

*  No active fauits are present and all inactive faults
have been acknowledged.

Power Scurce
Page 19
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QST30 Generator Drive Control System
Positive / Isolated Grounding

When using a grounding method other than a nega-

tive ground system, where the electrical system

ground reference is not connected to Battery (-), the
following items must be taken into consideration to
prevent damage to the GCS or to other electrical sys-
tem components:

- Optical isolation devices are recommended for
interfacing to the RS-485 Modbus Communica-
tions and the R3-232 InPower Electronic Service
Tool datalinks. :

«  Apy Load $haring / Autasynchronization equip-
ment interfacing to the GCS must use the same
grounding method or be properly isolated electri-
cally.

» The starter, battery charging alternator, and all
wiring harnesses and components (i.e. protec-
tion diodes installed to prevent damage to relay
contacls or relay drivers) must be designed to
operale properly when connected using the
grounding method being implemented.
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Wiring Harnesses and
Interface Connectors

The QST30 engine is shipped with a factory mounted
Engine Harness and kit containing the ECM, Exten-
sion Harness, including the mate-with connectors,
contacts, and connector accessories (keyed back-
shells and hardware) required for interfacing with
ECM connectors 03 and 06. The Extension Harness
is 3.3 m [10ft.] in length. The customer is responsible
for manufacturing the harness required for interfacing
with ECM connectors 03 and 06.

A wiring harness that integrates the features of Inline
Connector E, and other option components pre-in-
stalled and detivered with the engine (i.e. Crank Slave
Relay, Starting Motor(s), and Battery Charging Alter-
nator) is supplied, and factory instalied, when certain
options are purchased with the engine. If these op-
tions are not purchased with the engine, it is the cus-
tomer’s responsibility to manufacture and install the
required wiring harness to interface with all required
engine electrical components. Al published applica-
tion guidelines, requirements, and practices must be
strictly followed.

The ECM has four connectors, two 50-pin Engine
ECM Connectors connectors (labeled 02 and 05),
and two 25-pin Customer ECM Connectors (labeled
03 and 06). Conneclors 02 & 05 are used primarily for
engine control related features. Connectors 03 & 06
are used primarily for customer control related fea-
tures.

The Engine ECM Connectors directly interface with
the Extension Harness. In conjunction with the Exten-
sion Harness, Engine Harness, engine maunted sen-
sors, and engine fuel system, these connectors are
used to provide engine sensor information to the ECM
and fueling control commands from the ECM to the
engine fuel system.

The Customer ECM connectors provide access to
customer features of the ECM. It is the customer’s re-
sponsibility to provide a harness that interfaces direct-
ly with these Custarner ECM Connectors.

-|
|
|
!
I
I
|
I
|
I
I
|
i
I
I
[
i

4

NOTE: The maximum length between ihe
ECM and the location for customer feature ter- |
minations (i.e. conirol panel, switches, potenti- I
omefers, speed bias signals, etc.) is 15.24d m !
[50 ft.], with the exception of the Modbus RS-

485 communications data bus. I

See the Modbus Communications Datalink section
on page 84 for further details. The conductor size to
be used for the customer generator set interface har-
nass terminations tg the Customer ECM Connectors
is 0.5 mm? [20 Ga.).

Wiring Harnesses and Interface Connectors
Page 21

Connector 03
Customer ECM
Connector

Connector 06
Customer ECM
Connector

Connector 05 /

Engine ECM
Connector

Connector D2
Engine ECM Connector
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Customer ECM Connector 06

Connector 03
{Fuel Systems
Board)

Connector 06 — WS
(Base Board)

Connector 05

{Base Board) {Fuel Systems Board)

Engine ECM Connector 02

QST30 Generator Drive Control System

Keyed connector kits are included with each engine.
The connector kits contain all of the necessary con-
nector hardware required for the customer to interface
with the two Customer ECM connectors. This in-
cludes the two 25-position mating connectors, a
grommet for each connector, the necessary quantity
of contacts, and the keyed connector backshells. The
connector kits do not include the wires, or the hard-
ware required to terminate the wires at the opposite
end of the wiring harmess (i.e. control panel termina-
tions). See the Installation section on page 14 for
further details about assembling the keyed connector
kits and installing the customer supplied generator set
interface harness.

The connector contacts provided in the keyed con-
nector kits accept 0.5 mm? [20 Ga.] size conductor
wire.

NOTE: The contacts included in the keyed
connector kits are a non-standard part meei-
ing high quality requirements. Substitute con-
' tacts MUST NOT be used.

The connector backshells provided with the keyed
connector kits have a polarized keying feature that,
when properly installed an the customer generator set
interface harness, prevents incarrect harmess con-
neclions to the ECM,

|  NOTE: The customer is required to build the
i generalor set interface hamess using the
| hardware provided with the factory supplied
I keyed connector kits. Warranty claims related

to the Customer ECM Connectors WILL-NOT
] be honored unless the connector kit parts are
| Used and assembled in accordance with the
I instructions supplied with the kits.

Engine ECM Connectors
Connector 02

Engine ECM Connector 02 {Fuel System Board Con-
nector) is a male 50-position D-subminiature plug with
pins. The mate-with female connector on the Exten-
sion Harness is a 50-position D-subminiature recep-
tacle with sockets.
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Connector 05

Engine ECM Connector 05 {Base Board Connector)
is @ male 50-position D-subminiature plug with pins.
The mate-with female connector on the Exiension
Harness is a b0-position D-subminiature receptacle
with sockets.

NOTE: Both connectors 02 and 05, which are
part of the factory supplied Engine Harness
assembly, have a keying feature that prevents
them from unintentionally being interchanged
with one another.

-
-

l
I
I
|

Customer ECM Connectors
Connector 03

Customer ECM Connector 03 {Fuel System Board
Connector} is a male 25-position D-subminiature plug
with pins. The mate-with female connector on the
customer supplied generator set interface harness is
a 25-position D-subminiature receptacle with sockets.

The following customer features are accessible via
hardwired interface to Connector 03:

»  Alternate Frequency Switch

«  Crank Switch

+  Droop Adjust

*  Frequency Adjust

« *2.5V Speed Bias

« +0.2V Speed Bias

- Engine Speed, Oil Pressure and Coolant Tem-
perature Meter Drivers

*  Overspeed (OS), Low Oil pressure (LOP) and
High Engine Temp (HET)} Shutdown Lamp/Relay
Drivers

+  Pre-LOP and Pre-HET Warning Lamp/Relay
Drivers

+  Common Warning Lamp/Relay Driver

»  Common Shutdown Lamp/Relay Driver

Connector 06 -

Custamer ECM Cannector 06 {(Base Board Cannec-
tor} is a male 25-position D-subminiature plug with
pins. The mate-with female connector on the custom-
er supplied generator set interface harness is a 25-
position D-submintature receptacle with sockets.

The following customer features are accessible via
hardwired interface to Connector 06:

+  Modbus RS-485 Communications Datalink

»  Run/Stop Switch

« Idle/Rated Switch

*+ Emergency Stop Swiltch

~ Diagnostic Mode Switch {Fault Flash Out
Enable)

Wiring Harnesses and Interface Connectors
Page 23

Engine ECM Connector 05

ECM Connector 03

Pin location #1 Pin location #13

\
7

o ooooooooooofg o
0000000000
»

Pin location #14 Pin location #25

ECM Connector 06

Pin location #1 Pin location #13

\ ' - /

N\

0 Qﬁpooooooooooo 0
QOO0 QO0QOQ0
»

Pin location #14 Pin location #25
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+  Fault Acknowledge Switch

»  Starter Conirol {Crank Relay Coil Driver)
«  Fail-to-Start Lamp / Relay Driver

« Backup Start Disconnect Status

NOTE: As mentioned prior, the factory sup- |
plied connectar kits for connectors 03 and 06
include backshells with a keying feature that, |
when properly installed on the customer gen- |
erator set interface harness, prevenis them |
from unintentionally being interchanged with I
one another.

Extension Harness

The Exiension Harness provides the means for
mounting the ECM off of the engine, elsewhere on the
generator set or some other remote location. This is
accomplished by extending the circuits from the En-
gine Harness Inline connectors, located near the en-
gine's flywheel housing, to ECM Connectors 02 and
05. The Inline Connectors comply with IPS4/NEMA-4
specifications.

The Extension Harness allows access to the following
customer features of ECM connector 05 via hardwired
interfaces to Inline Connector D:

» Inline Connector D
«  Governor Gain Adjust
= Run Relay Contact Status
« Crank Relay Contact Status

Engine Harness

The factory supplied Engine Harness allows access
to the following customer features of ECM connector
05 (including both connectors 02 and 05 for ECM Bat-
tery (+) and GND) via hardwired interfaces to Inline
Connector E and the 1-Pin Weather-Pack connector:

« Inline Connector E
+  Crank Slave Relay Coil
Supply Voltage
«  Crank Slave Relay Contact Status
*  ECM Power [Battery (+)]
+ ECM Ground [GND}
- Battery Charging Alternator Flashout

Further details discussing customer conneclions to
each Inline Connector follow,
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inline Connectors
Inline Connector A,B and C

Inline Connectors A, B and C contain wiring for timing
and fueling control actuators, the fuel shut-off sole-
noid driver, engine sensors, diagnostic mode enable,
and service tool RS-232 communications datalink sig-
nals. Pre-wired by Cummins, OEM wiring is prohib-
ited at these inline conneclors.

A CAUTION A

j

|

b No attempt should be made to bypass existing
' engine sensors or actuators or to operate the
| engine using 3rd party governor control sys-
| tems.

inline Connector D

The inling connector D requires customer supplied
wiring for Crank Relay contacts, Run Relay contacts,
and the Governor Gain Adjust potentiometer.

NOTE: The Run Relay contact connections
are only used when the battery charging alter-
nalor requires additional energy to turn-on
voltage regulation at low speeds. See the
description of the Alternator Flashout feature
oh page 27 for further details.

Inline Connectors
Page 25

Customer Supplied Wiring for Inline D

Run _LC
Relay —

Crapk T—————¢

Relay — |

Pins:
F: Gov Gain Adj. Return
E: Gov Gain Adj. Signal
D: Run Status
C: Run Suppiy
B: Crank Supply
A: Crank Signal
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OEM wiring for Inline E

INLINE (E)

{ Crank ‘
S B
farter SW elay Crank
' ®O—T$1—9 Siwe
K L@ ) o
r'e
Cirss
* €
Starter
) —(K) SW Protection
At dicde
K @
Sacy

VA

Notes:

Cummins offers oplions for purchasing a
battery charging alternator and / or starting
motor(s} with the engine. If either option is
purchased, the appropriate wiring harness-
es are included. If the customer has not pur-
chased either of these oplions and chooses
to install their own electrical accessories,
they must also provide the proper wiring har-
ness that interfaces to Inline Connector E.
*K" indicates relay and associated con-
tacts.

"D” indicates Charging Alternator
Flashout Terminal

QST30 Generator Drive Control System

Injine Connector E

The Q5T30 utilizes a 19 pin inline canneclor for crank
signal and status, Battery (+} and Ground (GND) con-
nections.

If either the optional battery charging alternator or op-
tional starter(s) are not purchased with the engine,
the customer must supply the required wiring harness
that interfaces with Inline Connector E and the cus-
tomer supplied device(s).

When using a customer supplied starter or alternator
the following electrical system ‘and controls related
application items must be considered:

+  Starter Motor(s)
- Starting system voltage
- Case grounded or case insutated
- Magnetic switch mounting
- Battery cranking capacity
- Special requirements for cold crank-
ing (i.e. additicnal battery capacity}
- Wiring and connections
> Cable Routing
> FElectrical grounding/bonding
> Cable size (voltage drops &
circuit resistance)
> Diode protection of relays and
relay drivers

/\ WARNING! A

!
: Due to the high Pull-In and Hold-In current
l draw of the typical starter motor solenoid, a
| magnelic swilch (also called Crank Slave
| Relay) is required. When using a magnetic
| swilch, a primary Crank Relay must be used lo
| power the magnetic switch (Crank Slave
j Relay)l. A protection diode, sometimes
I referred fo as a free-wheeling or fly-back
diode, must be instalfed in paraflel with the
' magnetic switch coil to prevent back-EMF
I from the coil causing damage lo the primary
| Crank Relay contacis.

- Alternator
- Cable Routing
- Electrical grounding/bonding
- Cable size (voltage drops &
circuit resistance)




Inline Connectors

Page 27 ' QST30 Generator Drive Control System

Battery Charging Alternator Flashout

The Alternator Flashout output provides baltery pow-
er (supplied through the Run Status input on pin 18 of
ECM connector 05) to the rotor windings of the battery
charging alternator when the Run Relay contacts at
connector Inline D (Pins C & D} are closed. The Flash
Status output {Allernator Flashout output) is used on
some battery charging alternators to provide the addi-
tional energy required to turn on the alternator voltage
regulator at low speeds.,

The customer can implement this feature by connect-
ing the battery charging alternator flashout terminal to
the appropriate pin of Inline Connector E. The con-
tacts of a Run relay must be connected to pins C& D
of Inline Connector D to supply battery power, through
the ECM, to the alternator flashout terminal when the
Run Relay is energized.

| NOTE: If the alternator flashout output is not
used, the Run Relay contact conneclions to
V' Inline Gonnector D DO NOT need to be made. |

Lo o ol |
NOt. ECM
a: . Connector
The Run Relay is Iniine A Flash Stat 05
to be supplied by us 03 *
the OEM. i R ) *
un
Run [ >D > Isizros] <18
Relay T
Contacts »C> <17
nine D <16
Inline E <33
<icx iniline C <50
<8< —E ia— <G < <49
20A fuse
<10< <B« <48
o <47
— rF .
Battery 4G
* Diode is interna! to ECM ¢
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Inline Connector D & E
Mating infarmation

Connectar

& Contact Mate—Wnr.l Description
. Part No.
Position
Inline D 12010875 |Packard Weather-Pack 6-
position Shroud
A&B 12124587 (3.0 mm? (12 AWG)
Weather-Pack Male Termi-
nal
Cthru F [12089040 0.5 mm? (20 AWG)
Weather-Pack Male Termi-
nal
Inline E HDP26- |Deutsch 19-Position
24-19SE ([Connector
1&2 1062-16- 0.8 mm? (12 AWG)
0122 Deutsch Female Terminal
3,8,10, |1062-12- 13.0 mm? (12 AWG)
12,14, 10166 Weather-Pack Female Ter-
16, 18 minal

* For all Packard Weather-Pack terminals, use the

cable seal specified on the corresponding manufac-

turer's drawing for each terminalk.

Page 28

Intine Connector Mate-With Information

Mating connector information for Inline connectors D
& E are identified at the left. Each conductor of the
mating connector should use the specified terminal
size and the cofresponding wire conductar size.

The following pages include figures showing the vari-
ous sensor connection locations on the wiring har-
nesses. Also included are figures, and schematic
diagrams, for the optional battery charging alternator
and starter system options available for purchase and
use with the respective engines.
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QST30 Generator Drive Control System
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QST30 Engine Harness

QST30 Generator Drive Control System

QST30 Engine Harness (Continued)
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QST30 Alternator and Starter Harness
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QST30 Alternator and Starter Wiring Schematic
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QST30 Engine Converter Harness
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QST30 OEM Converter Harness

Connector “B”

Harness Part # 4089188

Conneactor “03"
(Fuel}
Connector “06”
{Base)
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t

ECM

-

Back out ﬂ

1/2 10 3/4 turn

A o7
0.028 10 '0.042 inch
~J0-71 10 1.07 mm)

QST30 Generator Drive Control System

Magnetic Pickup Adjustment

The QST30 engine models us a magnetic pickup type
sensor, an electromagnetic device, mounted in the
flywheel housing for detecting engine speed. The fly-
wheel housing is set up with two magnetic pickup hole
locations. One of these two hole locations is used for
the GCS speed sensor.

The GCS speed sensaor is a dual-coil magnetic pickup
design that has two connectors, one for each coil.
Both coils must be connected to the engine harness
lo provide backup speed delection in the event that
one of the two coils fails.

To adjust the speed sensor, ensure that a ring gear
tooth is centered under the magnetic pickup hole. Ro-
tate the flywheel if necessary.

Screw the magnetic pickup in until it contacts the tar-
geted gear tooth. The magnetic pickup will screw in
very easily; do not use excessive pressure.

| NOTE: If the magnetic pickup does not turn I
with finger pressure, check the hole and mag-

| netic pickup threads. Chase threads with a tap |

I ir necessary. Using a magnet, remove any !

| chips created by the tap. I

Back the magnetic pickup out (counterclockwise} 1/2
1o 3/4 turn.

if a feeler gauge can be inserted between the magnet-
ic pickup and the flywheel ring gear tooth, back the
magnetic pickup out 0.71 to 1.07 mm [0.028 to 0.042
in.] from the gear tooth.

Tighten the jam nut on the flywheel housing. While
holding the magnetic pickup, iorque the jam nut to 34-
47 N-m [25-35 ft-Ib).

| A caution A |

| Jam nut over-torque will damage the magnetic |
| pickup. |
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When a ring gear tooth passes the magnetic pickup,
an AC voltage is induced producing the speed signal
for the ECM. One cycle is induced for each gear tooth.

The speed sensor is connecled to the ECM speed
sensor signal and return pins via extension harness
Inline connector A. The voltage generated by the
speed sensor should be between 2.5to 50 V,_, under
any running condition {(cranking or run speeds).

If the magnetic pickup signal is less than 2.5 Voo
when cranking the engine, screw the pickup in (clock-
wise) 1/8 o 1/4 turn,

NOTE: One of the two magnetic pickup con-
nectors can be disconnected in order to mea-
sure the speed sensor voltage at the sensor.
Be sure to re-connect the magnetic pickup
connector once all measuremems have been
completed.

Magnetic Pickup Adjustment
Page 37
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To battery + 5 amp fuse

’ Remote Emergency Stop

Ne ECM
Connector
NC 06
’—j.D_L <01
Emergency Stop
<25
]—'/' Run Stop <05
EJ{mﬂcknowledge b <24
. L <
['/ ldle / Rated ] 23
[ ‘J <07
Diagnostic Mode ]
‘ <08
<02
Backup
Start <06
Disconnect
Relay with 2 normally
open cantacts
r— - - - =
| | To Run/Stop
B+ I | 06-05

GOEM ‘ _L—'_—:;
Runl’Stopi 1
| ] To 06-08
i |
{ |

F—Aj-l B+

I To GOEM
L — — — — 4 auxiliary
equipment

I
B-|
|

QST30 Generator Drive Control System

Run/Stop Controls

The information in this section pertains to running or
stopping the engine.

Run/Stop

A Run/Stop input is provided to enable starting, run-
ning, and stopping the engine.

When used in conjunction with the Crank switch input,
when the Run/Stop inpi is in the “Run” state, the
ECM will enable the Starler Control and fueling con-
trol for slarling and rumning the engine. See the
Crank feature description on page 41 for further de-
tails.

in "Stop” state, the ECM will command the engine to
stop running and inhibif starting once the engine has
stopped.

To implement this feature, the customer supplies a bi-
slate signal, to pin 5 of ECM connector 06. Pin 8 of
ECM connector 06 is used to supply an electrical sig-
nal path to GND through the ECM.

When the switch is set in the position that connects
GND to the Run/Stop input, the ECM will enter the
"Run” mode {GND = Run).” When the switch input is
set in the position that opens the circuit connection,
disconnecting GND from the Run/Stop input, the ECM
enters the "Stop” mode (QOpen = Stop).

OEM Auxiliary'Equipment Control

In certain applications it may be necessary or conve-
nient to use the remote Run/Stop switch installed at
the genset control panel to activate auxiliary equip-
ment or devices installed by the OEM,

| NOTE: Muliiple hard-wired connections to |
| the same RuniStop signal input andior ECM |
| GND SHOULD NOT be made. The ECM Run/ |
| Siop circuit must be isolated from other con-
| nections made lo activate the operation of |
| such auxiliary equipmentldevices. |

One way this can be accomplished is by using a relay
with multiple sets of contacts, each set of contacts
used for switching the necessary signals for both the
ECM Run/Stop circuit and the OEM auxiliary equip-
ment/device(s).
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Local Emerge.ncy Stop

The Local Emergency Stop, or Local E-Stop, feature
is implemented by providing a normally-closed mo-
mentary bi-state signal, or switch, connected bewteen
pins 1 and 25 of ECM connector 06. This feature pro-
vides a means to immediately shutdown the engine
during an emergency condition by opening the Local
E-Stop switch located at the operator panel, interrupt-
ing power to the Fuel Shut-Off Valve and fuel system
actuator driver circuits of the ECM through pin 25 of
ECM connector 06 (Open = E-Stop).

| NOTE: DO NOT use the Emergency Stop for |
I normal or routine shutdowns. This switch is |
| for emergency stopping only. i

The engine Run/Stop state can also be controlled
electronically using InPower™. This is accomplished
by setting the Run/Sfap Command parameter to the
desired state.

NOTE: The RuniStop electronic trim setting |
and switch input are both used by the ECM to |
determine the operaling state of the engine. |
The electronic trim and swifch input must both |
be set to "Run” in order for the engine to be
able to start and run. If either the electronic I
trim or the switch input, or both, are set to I
“Stop” the engine will not start or run, I
I
I
|
|
I
|

if the customer prefers using the switch input
as the sole means of controling the engine
operating speed, the Run/Stop Command
parameter must be set to "“Run” at alf times.
The Run/Stop Command parametfer defaufts
fo “Run” on ECM power-up.

Remote Emergency Stop

Similar to the Local E-Stop switch, the Remote E-Stop
feature is implemented by providing a normally-
closed momentary bi-state signal, or switch, to pin 1
of ECM connector 06. This feature provides a means
to immediately shutdown the engine during an emer-
gency condition by opening the Remote E-Stop
switch located at a location remote from the operator
panel, interrupting power to the Fuel Shut-Off Valve
and fuel system actwator driver circuits of the ECM
through pin 25 of ECM connector 06 (Open = E-Stop).

The engine can also be electronically shutdown using
the InPower™ service tool. This is accompfished by
setting the Remote E-Stop Command parameter to
“Stop”.

Run/Stop Controls
Page 39

InPower™
Configurable Feature

Run/Stop Control
InPower™ Location:
Monitor
Controf
Starting / Stopping
RuniStop Command

Remote Emergency Stop
InPower™ Location:
Monitor
Control
Starting / Stopping
Remote E-Stop Command

A\ wARNING £i

The efectronic shutdown Remote E-
Stop Command does not cause bat-
tery power fo be physically discon-
nected from the ECM Fuel Shut-OF
Valve and fuel system actualor driver
circuits.  if application requirements
for the generator sel dictate that erner-
gency stopping of the engine must
absolutely prevent operation of such
fueling control circuits, the hard-wired
Emergency Stop inputs must be used.

— e o o v —— o = = o E— o=




Starter Control )
Page 40 QST30 Generator Drive Contro! System

Starter Control

5 amp fuse
To battery + P The Starter Controt featlure provides the means to

‘ /Remote Emergency Stop control the engine starter solenoid and the cranking
NC routine during engine start-up. The Starter Control

» | | ECM cranking routing is inftated hased on the state of the
Connector Crank and Run/Stop switch inputs. See pages 38 and

NC 08 41 describing the Run/Stop and Crank features for
r——.:_D_L <01 further details.
E

mergency Sto
geney P <25 Following is an operational description of the GCS
Starter Control feature. This description assumes

E/_ <05 that the starting circuit is connected as shown in the
Run Stop respective wiring schematics on page 33 and that the

- :' <24 Emergency Stop inputs and Backup Starl Disconnect

Fault Acknowledge ; are connected as shown at the left.
[/-ﬁ <23 The Run/Stop swiich must be placed in the "Run”
\dle / Rated j stale and the Crank Relay coil high side must be con-
- £ <Q7 nected to Battery (+) (i.e. the Local E-Stop, Remote
Diagnostic Mode 11 E-Stop and Backup Start Disconnect switches are all

’ <08 closed).

Sl Engine cranking is initiated by halding the Crank
1k <02 swilch in the “Crank” state. The Crank Cail relay
Backup ’ driver will immediately activate the Crank Relay
Start <08 driver output at pin 2 of ECM connector 06, providing
Disconnect [[__ a signal path to GND, which energizes the Crank
Relay coil. The Crank Relay will then provide power

; to the Crank Slave Relay (or magnetic switch) coil
closing the Crank Slave Relay contacts, which in turn
will supply power to the starter motor switch, causing
the starter motor to engage and o begin cranking the
engine.

Once the engine speed has reached a pre-pro-
grammed starler disconnect speed, the Crank Relay
coil driver will open, de-energizing the Crank Relay.
In turn, the Crank Slave Relay will de-energize and
ihe starter will disengage as the engine speed contin-
ues to ramp-up to either the idle or rated speed
depending upon the state of the Idie/Rated swilch
input. See the Idle/Rated Speedfeature description
on page 46 for further details.

| NOTE: Use of the GCS Starter Control feature
i is not required in order to start and run the

engine. If a customer supplied stariing system
| is used, the RuniStop switch must stifi be
' placed in the “Run” state in order to start and
I run the engine.
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Crank

A Crank switch input is provided lo command the
ECM to initiate the crank sequence to start the
engine, as explained in the previous section.

To implement this feature, the customer supplies a
bi-state (normally open) signal, or switch, to pin 3 of
ECM connecior 03. Pin 16 of ECM connector 03 is
used to provide an electrical signal path to GND
through the ECM. The Crank swich input must be
enabled, using InPower™, to make this feature
operational. This is accomplished by sefting the
Crank Switch Enable parameter to "Enabled”.

When the switch is set in the position that connects
GND to the Crank input, the input is in the "Crank”
state (GND = Crank).

When the switch is set in the position that opens the
circuit connection, disconnecting GND from the
Crank input, the input is in the "Not Crank” state
(Open = Not Crank).

When the Crank switch input transitions from the
"Not Crank™ state to the "Crank™ state while the
engine is not yet running, and the Run/Stop switch is
in the "Run” state, the ECM will initiate the cycle/con-
tinuous crank sequence. See the Cycie/Continuous
Cranking section following for further details.

There is no effect on engine operation when the
Crank switch input transitions from the “Crank” state
to the “Not Crank” state once the engine has already
slarted. K this swilch transiftion occurs prior to the
engine starting after the crank sequence has been
initiated the crank sequence will cease immediately.

Cycle/Continuous Cranking

The Starter Control feature allows the use of either cy-
cle or continuous cranking routines which are set-up
and selected using the InPower™ service tool.

The Continuous Cranking routine provides the ca-
pability to engage the starter only once for a config-
urable length of time. The Continuous Crank Engage
Time parameter allows the user to define how long
the starter will crank in an attempt to start the engine.

The Cycle Cranking routine provides the capability to
perform a maximum of seven starling attempts with
configurable starter engage and rest times. The Cycle
Crank Aftempts parameter allows the user to deter-
mine how many times the starter will attempt to start
the engine. The Cycle Crank Engage Time parameter
allows the user to defing how long the starter will
crank during each start attempt. The Cycle Crank
Rest Time parameter defines how long the starter will
wait, or rest, between starting attempts.

Starter Control

Page 41
ECM
Alternate Frequency COng;ctor
I <02
Crank / Frequency Return
<16
N.O.
. > <03
Crank Switch

ECM Connector 06

Pin location #5
{Run/Stop switch
input)

(Ground)

Pin location #8

) 7

00 OQOQCO00OQQQ00

o ooooboodoooocy O

InPower™
Configurable Feature

Starting Control
inPower™ Location:
Adjustrents
Starting
Crank Switch Enable

Cycle | Continuous Crank Select

Continuous Crank Engage Time

Cycle Crank Attempts
. Cycle Crank Engage Time
Cycle Crank Rest Time
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Speed Ramping
InPower™ Location:
Adjustments
Governor
ldle and Ramping
Starting to Rated Ramp Time

To battery + 5 amp fuse

’ Remote Emergency Stop

Ne ECM
Connector
NC 06
_v_D_L <01
Emergency Stop
<25

r-/e— Run Stop <05

. c
E_ﬂﬁ Acknowledge <24
. ’J <23

E'/ Idle / Rated )
*— fT <07

Diagnostic Mode L
b <08
N <02
Backup J
Start < <06
Disconnect E

QST30 Generator Drive Control System

Starting-to-Rated Speed Ramp

During starting with the Idle/Rated Switch fnput set to
"Rated", the engine will ramp-up (accelerate) to raled
speed at the Starling-to-Rated Speed Ramp rate.

If the ramp rate is set at or near 0 seconds, the engine
speed will accelerate to achieve rated speed as quick-
ly as possible based on the governor gain settings
and the generator set performance. The user can in-
crease or decrease the governor gain using the Gov-
ernor Gain Adjust feature described on page 48.

Backup Start Disconnect

The Backup Start Disconnect is implemented by pro-
viding a bi-state switched signal, or switch, between
pin 25 of ECM connector 06 and the high-side of the
Crank Relay coil.

This feature provides a means to manually disengage
the starter by removing power 1o the Crank Relay coil
when the Backup Starl Disconnect switch located on
the operator panel is “open” (Open = Inhibit/Disen-
gage Starter).

This feature is intended to save the starter from dam-
age in case the Starter Control feature does not auto-
matically disengage the starter when the engine
reaches the required start disconnect speed. See the
Starter Control feature description on page 40 for
further details.

Backup Starting Systemns

The GCS Starter Control feature can be imple-
mented for use as either the primary or secondary
starting system where backup starting control is
required. :

| NOTE: If the GCS Starter Control feature is
| used as part of a backup starting system, it is

the customer’s responsibility to ensure that the
l GCS Starter Conltro! feature is set-up in the
| correct manner to avoid interference with the
I proper function of either of the starfing sys-
| tems.
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Pre-lubrication System Integration with GCS
Starter Control features

The pre-lubrigcation system is compatible for use with
1he GCS Starter Control feature. For the Stanter Con-
trol feature to work properly when the pre-lubrication
system is installed, the ECM Crank switch input and
engine starter must be correctly wired to the pre-lubri-
cation system swilch/timer. Also, the system wiring
will be different depending on the type of application
for which the generator-drive engine is being used
{i.e. Emergency or Non-Ermergency power applica-
tions).

| NOTE: In order for the GCS Starter Control |
I feature to work properly during either a contin- I
uous or cycle cranking sequence the batteries
1 must be adequately charged and of sufficient 1
! ampacily to provide the necessary electrical |
| power and voltage to the pre-fube pump, |
| starter(s) and ECM throughout the complete |
| Starting cycle. Lack of sufficient power and |
l voltage will prevent the Pre-Lub system and [
Starter Contro! features from functioning prop-
! erly. I
| I
| J
| I
i I
I f

The OEM is responsible for conducting the
necessary testing to ensure that the batteries,
with a nominal charge, are capable of provid-
ing adequate power and voliage to the pre-
fubrication pump, starter(s) and ECM.

Emergency Start Pre-Lube Cycle

When the pre-tubrication system is installed to oper-
ale in conjunclion with the GCS Starter Control fea-
ture in an emergency application, where engine
cranking must cccur immediately upon receiving a
crank command, activation of the Crank switch will ini-
tiate both the engine cranking sequence and the pre-
lubrication cycle simultaneously.

If the pre-lubrication system is used to perform pre-lu-
brication of the engine prior to performing an engine
exercise cycle, but not prior to performing an emer-
gency start, the OEM should revise the design as nec-
essary to prevent the pre-lubrication function from
interfering with an emergency start sequence. The
design should also allow the engine to exit an exer-
cise cycle, without stopping the engine, and immedi-
alely operate as i would normally during an
emergency condition.

Starter Control
Page 43
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NOTE: The OEM is responsible for ensuring
that an exercise cycle can be interrupted or

QST30 Generator Drive Control System

I I
| | ECM
the pre-lubrication function can operate with- Connector
| out adversely effecting the emergency starting ; 03
| and operating capability of the engine. | <16
L e e = = 4 -
T » - <03
N.O. Crank Signal
ECM
Connector
06
> 1> |No Connection <01
<<
»>2 > 5A Fuse 25
Crank
<1< Relay
L <2< *— I_l <()2
—<3= Switch / Timer
<4< L <06
—l <5<
<g <
Inline (D)
_LEngine
— Ground >B > | Crank Supply
= A > | Crank Signal
7 Ty
Starter
+ Inline (E)
( < D < [Crank Status
L :
< C < |Crank Signal
Crank 9
Slave
Relay
<1<
]
—] <2< —*——d—'—r'—-f)——l _fl\ < B < | Bat. Supply
&
Pressure < A < | Bat. Ground
Switch
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Non-Emergency Start Pre-Lube Cycie
When the pre-fubrication system is installed to operate in conjunction with ECM
the GCS Starter Control feature in a non-emergency application, activa- Connector
tion of the Crank switch will initiate the pre-lubrication cycle prior lo crank- 03
ing. Once the pre-lubrication cycle is complete, the switch/timer will Return <16
energize the relay and apply an active "Crank" level signal input to the R1
ECM and initiate the engine starting sequence. N <03
b b Crank Signal
>1> @ ECM
N.C. -l Connector
52> ___:IF J 06
Prelube/ — <01
Crank
Switch <
5A Fuse 25
Sl Crank
Relay
<2< 1 - <02
<3< Switch / Timer
N Battery _,.I\_A.\__— <08
H< 5 < - +
-0 [»)
< B < L
Inline {D)
| Engine
"— Ground > B> | Crank Supply
= A > | Crank Signal
Ah ok
Starler
+ T Inline (E}
[ < D < |Crank Status
< C < [Crank Signal
<1<
<2< — 1—p—J L < B < | Bat. Supply
Pressure < A < | Bat. Ground
Switch

II For the Non-Emergency starting set-up a relay must be used to convert the pre-lubrication output of the switch /
timer signal to a signal level that is compatible with the ECM Crank Switch input at connector 03. It is the OEM's
responsibility to instalt switch / timer output to Crank Switch input conversion relay.
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ECM Connector 06

Pin location #8
(Ground)

/

e QOO 0000 COOOOO0 0O
QO OOO00 OO 000

i
Pin location #23 {idle/ /
Rated switch input)

InPower™
Configurable Feature

Idle/Rated Speed

InPower™ Location:
Menitor
Control
Starting / Stopping
Idle { Rated Command
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Idle/Rated Speed

An |dle/Rated speed input is provided to allow control
of the engine speed.

To implement this feature, the customer supplies a
bi-state signal, or switch, to pin 23 of ECM connector
06. Pin 8 of ECM connector 06 is used to provide an
electrical signal path to GND through the ECM.

When the switch is in the pasition that connects GND
to the Idle/Rated input, the ECM enters the "Idle”
speed mode (GND = Idle). Upon transition to the Idle
speed mode, the generator set speed will ramp from
the current speed to the idle speed. See the Rated-
to-ldle Speed Ramp fealure description on page 47
for further details regarding transitions from rated to
idle speed.

When the switch input is set in the position that
opens the circuit connection, disconnecting GND
from the Idle/Rated input, the ECM enters the
"Rated” speed mode (Open = Rated). Upon transi-
tion to the Rated speed mode, the generalor set
speed will ramp from the current speed up tfo the
rated speed. See the Idle-to-Rated Speed Ramp
feature description on page 47 for further details
regarding transitions from idle to rated speed.

If the Idie/Rated switch inpul is set to "Rated"” prior to
starting the engine, the rate at which the engine will
ramp-up to rated speed is determined based on the
Starting-to-Rated Speed Ramp setting. See the
Starting-to-Rated Speed Ramp feature description
on page 42 for further details.

The idle/Rated speed can also be controlled elec-
tronically using InPower™. This is accomplished by
setting the Idle / Rated Command parameter to the
desired state.

NOTE: The Ildle/Rated electronic trim setling
and swilch input are both used by the ECM fo
determine the operating speed of the engine.
The electronic trim and switch input must both
be set to "Rated” in order for the engine to
operate at rated speed. If either the electronic
trim or the switch input, or both, are sef lo
“Idle” the engine will operate at idle speed.

If the customer prefers using the switch input
as the sole means of controffing the engine
cperating speed, the Idle / Rated Command

. parameter must be set fo “Rated” af all times.
The 'Idle / Rated Command parameter
defaults fo “Rated” on ECM power-up.
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Idle Speed Adjust

The engine idle speed can be set between a minimum
and maximum limit pre-programmed in the ECM.
This is accomplished by setting the Engine Idle Speed
parameter to the desired idle speed using InPower™.

Idle-to-Rated Speed Ramp

When the engine is at idle speed and the |dle/Rated
switch Input state transitions from "ldle” to "Rated”,
the engine speed will ramp-up (accelerate) to rated
speed at the Idle-to-Rated Speed Ramp rate.

If the ramp rate is set at or near 0 seconds, the engine
speed will accelerate to achieve rated speed as quick-
ly as possible based on the governor gain settings
and the generator sel performance. The customer
can increase or decrease the governor gain using the
Governor Gain Adjust feature described on page
48.

Rated-to-ldle Speed Ramp

When the engine is at rated speed and the Idle/Rated
Switch Input state transitions from "Rated” to "ldle",
the engine speed will ramp-down (decelerate) 1o idle
speed at the Rated-to-Idle Speed Ramp rate.

If the ramp rate is set at or near 0 seconds, the engine
speed will decelerate to achieve idie speed as quickly
as possible based upon the governor gain settings
and the generator sel performance. The customer
can increase or decrease the governor gain using the
Governor Gain Adjust fealure described on page
48.

Idle/Rated.Speed
Page 47

InPower™
Configurable Feature

Idle Speed Adjust
InPower™ Location:
Adjustments
Governor
Idle and Ramping
Engine Idle Speed
Idle to Rated Ramp Time
Rated to Idle Ramp Time
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Governor Gain Adjust - Inline D

Pins:
F: Gov Gain Adjust Return
E: Gov Gain Adjust Signal

(@]

When using.a potentiometer:-

pD

P x15.6613|+0.05
| Reor 870K

Gain=

. OR - . T
When using'a variable -\?oltagef:

Vi, -
Gain = m e g 95 0.05
Where:

RP‘;?' =Potentiomatar Resislence (W)
W= Slgnll laput Voitage EV}

Examplas' .
RW = 1333 W
. 13360 .
Gain=s |2 » {56613 |+.0.05 =" 5.028
ain = [13360 ZE700- ]

Vin= T 58&31 B4
r1.58821 v

Gain'= laameezv ™

x9. 95] 0.05=5025
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Performance, Frequency and Droop
Controls

Governor Gain Adjust

An adjustable signal input is provided to adjust the
governor gain. The governor gain is adjustable from
0.05 {least amount of gain) to 10.00 {highest amount
of gain).

The customer can implement the Governor Gain
Adjust feature by connecting one side of a 5kQ
potentiometer to the analog ground at pin F of the
Inline D connector, the other side is connected 1o pin
E of the Inline D connector, and the wiper is also con-
nected to pin E of the Inline D connector.

A potentiometer with a smaller resistance can be
used to improve the adjustment sensitivily. Using a
smaller resistance potentiometer will also decrease
the adjustment range.

This feature can also be implemented by supplying a
0 to 3.177 VDC variable voltage to pin E of the Inline
D connector, using pin F of the Inline D connector as
a GND reference.

A caution A

When using a variable voftage input, the volt-
age must not exceed 5 VDC.

I f
I |
! I
l I

The governor gain setting is directly proportional to
the potentiometer resistance, or input voliage. As
the resistance increases, the gain increases. The
amount of gain can be calculated using the formulas
shown at the right.

The Inline D conneclor is located on the Extension
Harness. See the Wiring Harnesses and interface
Connectors section on page 21 for further details
about the Extension Harness.
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The governor gain can also be set by changing a trim
value electronically using InPower™_  Either the
patentiometer or the electreonic trim may be used to
determine the governor gain, but not both simulta-
neously.

NOTE: A selection must be set to either “Pot”
or "Trim”, using InPower™ fo tell the ECM
whether a potentiometer is being used for this
feature, or if the electronic {rim governor gain
setting is to be used.

if a potentiometer is used the signal input must
afso he enabled, using InPower™, after the
“Pot” selection is set-up.

A CAUTION A

Governor Gain feature can cause unstable
engine operation. The customer is responsi-
ble for performing any necessary system and
generator set fests to ensure that this feature

| |
I {
I I
| Improper configuration or adjustrent of the |
| I
I I
| I
| has been properly set-up. |

Performance, Frequency and Droop Controls
Page 49

InPower™
Configurable Feature

Governor Gain Adjust
InPower™ Location:
Adjustments
Governor
Gain and Droop
Governor Gain Adjust

Governor Gain Adjust Select

Governor Gain Adjust
InPower™ Location:
Adjustments
Features
Inputs .
Governor Gain Adjust Pot Enable
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ECM Connector 03

o ooooooooooooo/ o

OO0 0000 CCOQO0O

iy

Frequency
Adjust

Pin Iolalion #14 Pin location #24
{(Analog Ground) {Droop Adjust)
5 ECM
FQOP Connector
Adjust a3

B P . -y
W2

Droop / Frequency Return

<14

% Droop = [

%.Droop = [

“Where!

(Rpot +28700)
OR
\' 2}

Y7662 f

R-Fol = Fntéﬁ.tibhﬁéglé}?ﬁési'st.a'r(ic‘:_é‘{\."\f)
Vi # Signal- [npiit Voltags (V) |

Exgples:

x

Ry = 2500, W

. p80D.
-%:0m0p = 5550 +2850)

16:74.57.36%

Viu= 158831V

* %-Drogp =

458831 . :
2 17662°"% 1000% =5.00%
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Droop Adjust

An adjustable signal input is provided to control the
governor speed droop. The speed droop is adjust-
able from 0 to 10%.

The customer can implement the Droop Adjust fea-
ture by connecting one side of a 5k} potentiometer
to the analog ground at pin 14 of cannector 03, the
other side connected to pin 24 of connector 03, and
the wiper also connected to pin 24 of connector 03.

This feature can alse be implemented by supplying a
0 to 3.177 VDC variable voltage to pin 24 of ECM
connector 03, using pin 14 of ECM connector 03 as a
GND reference.

A cauTtioNn A

When using a variable voitage input, the voit-
age must nof exceed 5 VDC,

The droop adjust setting is directly proportional to the
potentiometer resistance, or input voltage. As the
resistance increases, the droop increases. The
amount of droop can be calculated using the formula
shown at the left.
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The speed droop can also be set by changing a trim
value electronically using InPower™. Either the
potentiometer or the electronic rim may be used fo
determine the speed drocop, but not both simulta-
necusly.

| NOTE: A selection must be set to either "Pot” |
| or “Trim”, using InPower™, to tell the ECM |
whether a potenitiometer is being used for this
! feature, or if the electronic trim droop setting [
| fs to be used. _ t
I If a potentiometer is used, the signal input l
| must also be enabled, using InPower™, after |
| the “Pot” selection is set-up. ' |

A CAUTION A

Improper configuration or adjustment of the
Droop feature can cause undesireable engine
speed varfation. The customer is responsible
for performing any necessary system anhd gen-
erator set tests to ensure that this feature has
been properly set-up.

Performance, Frequency and Droop Contrels
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InPower™
Configurable Feature

Droop Adjust
InPower™ Location:
Adjustments
Governor
Gain and Droop
Droop Adjust
Droop Adjust Select

Droop Adjust
InPower™ Location:
Adjustments
Features
Inputs
Droop Adjust Pot Enable
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FREQUENCY

61.8—
61—
60_

58—

0

—-—
] 50% 100%
PERCENT RATED KW LOAD

. 51.5 -

FREQUENCY

52 —

51 —

o
<@
1
1

s
w
f

T [
0 50% 100%
PERCENT RATED KW LOAD

So1 = S - (=52 X (S,Sy)

Where:

Sal = Speed at Available kW Load
S = Speed at Full kW Load

S = Speed at No Load

Exampie:

Available kW Load = 400

Rated kw = 50

Speed at Full kW Load = 1800
Speed at No Lo?odo= 1854

S = 1854 - ({ tmOr X (1854-1800))
8, = 1811 RPM

FREQUENCY [HZ)

51.51
51

50 :

|
49 — I
|

0 T [
0 50% 100%
PERCENT RATED KW LOAD

Droop engine-generator sets which are to operate at
60Hz full-load, must have the engine no-load gov-
erned speed adjusted to:

+ 61.8 Hz (1854 RPM) for 3% Speed Droop
»  63.0 Hz (1890 RPM) for 5% Speed Droop

Droop engine-generator sets which are to operate at
50Hz full-load, must have the engine no-load gov-
erned speed adjusted to;

«  51.5 Hz (1545 RPM) for 3% Speed Droop
« 52,5 Hz {1575 RPM) for 5% Speed Droop

| NOTE: Speed adjustments to obtain desired |

| no-load rated speeds must be made using the
Frequency Adjust feature (see the Frequency

| Adjust section on page 56).

Percent Speed Droop on the engine-generator sel
can be verified by noting no-load and full-load speeds
and using the Speed Droop formula found at right.

When full-load kW is not available, to calculate what
the Droop Governed speed should be under the avail-
able load, use this formula.

Isochronous Mode

For Isochronous Speed operation, the Droop setling
needs to be set at 0%.

The Droop setting can be adjusted using the InPow-
er™ electronic service tool, or a variable analog sig-
nal as described in the Droop Adjust section on page
50.

Page 52
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Dual Governing Dynamics

Some generator drive applications require different gain
or droop settings for the same installation. A typical

example is a Standby Generator Set which is also used
for Peak shaving, which may have the following needs:

Standby or Stand Alone

Peak Shaving or Grid
{Utility) Parallel

Righ Governor Gain — for
fast transient response

Low Governor Gain — for
smooth leading changes

Minima! or no Governor
Speed Droop — for con-
stant frequency at all load

High Governor Speed
Droop — for droop method
load control

levels

As explained above, the input range for the Droop Adjust
and Governor Gain Adjust signals is 0 to 3.177 volts. A
2.BTKW resistor is installed within the control and is con-
nected between each input and an internal 5 VDC power
supply. This circuit design is what allows the use of a po-
tentiometer {variable resistor) to be used to provide the
voltage input. Figure 1 shows a simplified equivalent cir-
cuit for Speed Droop. Figure 2 shows a simplified equiv-
alent circuit for Governor Gain.

As the resistance on the potentiometer is reduced the
voitage provided to the corresponding signal input is
reduced. The control interprets the lower voltage input
as a command lo use a corresponding lower gain or
droop in its contral algorithms. This is also explained in
further detail in the Governor Gain Adjust section on
page 48 and the Droop Adjust section on page 50.

Maximum Range Governor Gain and Gover-
nor Droop Implementation

Figure 3 shows a very simple method of implementing a
dual Governor Droop. Figure 4 shows a very simple
method of implementing a dual Governor Gain. This tech-
nique utilizes a set of "form C" relay or switch contacts
{one normally open and one normally closed contact shar-
ing a common connection) io select between two potenti-
ometers. An advantage of this scheme is that both
potentiometers can be independently set anywhere within
the adjustment range.

QST30 Generator Drive Control System

+5voll

Analog Input

Sk Ohm

FJ\W Droop Adjust Signal

ECM Connecior 03

<24

<14

Inside ECM

+«— >

Figure 1: Simplified Equivalent Circuit for Remote Droop
Adjustment

+5 Valt

5

Anglog Inpul

5k Ohm .
Cenneclor Inline D

I—J\m Gain Adjust Signal <E
<F

+—] >

External Conneclions Inside ECM

Figure 2: Simplified Equivalent Circuit for Remote Gain
Adjustment

Swilch or 5 Ohm

Relay +5 Volt

. 2780 Chm
ECM Connector 03
D just Si
ropp Adjust Signal 4 >

Analog Input

5k Ohm

<14

4—| —# Inside EGM

External Connegtions

Figure 3: Maximum Range Dual Droop Implementation

Switch or 5 chm
Relay +5 Volt
] 2780 Ohm
5k Ohmn Cannector Inhna D

Gawn Adjust Signal <E

<F

—_— Analog Input
Extemnal Connections 44— [P  Inside ECM

Figure 4: Maximum Range Dual Gain Implementation
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A disadvantage of this scheme becomes apparent if
there is a failure of either one of the relay contacts.
For a failure that causes an abnormatly high resis-
tance on the enabled droop input, the control uses a
default droop value of 0%. For a failure mode that
causes an abnormally high resistance on the
enabled gain input, the control uses a default gain
value of 1.0. If the failure condition is present for
more than 1 second a warning fault is detected and
reported for the corresponding input, For example,
suppose the normally closed contacts fail to close.
When the relay or switch is in the normal mode, there
is no potentiometer connected to tha input. The
ECM recognizes this as an abnormal condition and
applies the default value in its control algorithms.
Afler one second the ECM reports a warning fault. If
this faulty behavior could cause a problem with the
application, the Optimal Failure Mode Governor Gain
and Droop Implementation scheme described below
should be utilized.

A second disadvantage is that there will be a
momentarily high or low signal provided to the input
when the switch or relay changes state. Switches
and relays are typically produced to perform in one of
two manners: Make-before-Break and Break-before-
Make.

If a Make-before-Break relay is used, the two potenti-
ometers will be momentarily connected in parallel.
The equivalent resistance is much less than either
value, so the input is momentarily provided with a
signal which is much less than either desired setting.
If this very low signal could cause a problem with the
application, then the Qptimal Failure Mode Governor
Gain and Droop Implementation scheme described
below should be utilized.

If a Break-before-Make relay is used, then for a
moment neither potentiometer is connected to the
input. In this case, the controt will use the corre-
sponding droop default value (0%} or gain default
value (1.0) while both sets of contacts are open. If
this performance could cause a problem with the
application, then the Optimal Failure Mode Governor
Gain and Governor Droop Implementation scheme
described below should be utilized.
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Optimal Failure Mode Governor Gain and Droop
Implementation

Figure 5 provides an implementation scheme for droop
governing that avoids the undesirable failure mode and
switch transition performance described for the previous
scheme. Figure 6 is the same technique applied to the
Gain input.

A single set of switch cantacts is used to determine
whether the signal presented to an input is determined
by only one or by both of the potentiometers. The poten-
tiometer that is always connected is termed the Limiting
Potentiometer and the switch potentiometer is referred to
as the Reducing Potentiometer,

The Limiting' Potentiometer is always connected, so the
maximum resistance {without a wire break) that is ever
provided to the input is the setting of the Limiting Potenti-
ometer. The Reducing Potentiometer is connected when
the switch or relay contacts are closed. Since it is only
connected in parallel with the Limiting Potentiometar, it
serves to reduce the equivalent resistance when the
switch or relay contact is closed. The equivalent resis-
tance (Rqquiv) i equal to the product of the two potenti-
ometers’ setting divided by the sum of the two
potentiometers’ settings:

Requiv = (R1 " R2)/(Rq1 + Ry),
where R, is the Reducing Potentiometer resis-
tance in ohms, and R, is the Limiting Potentiom-
eter resistance in chms.

The formula given in this manual can be used to deter-
mine the actual gain or droop setting for various potenti-
ometer settings. Table 1 is derived using the formula in
the Droop Adjust section on page 50 and provides the
droop adjustment range for several Potentiomeler values.
Table 2 is similarly derived gain ranges from the formula
in the Governor Gain Adjust section on page 48. As the
tables show, the adjustment range for the mode where
the potentiometers are connected in parallel is not as
wide when only the Limiting Potentiometer is connected.
Mote that the Second Adjustment Range is calculated as-
suming the Limiting Potentiometer is set to its highest val-
ue. Ifit is set to a lower value, the Second Adjustment
Range is similarly reduced. -

QST30 Generator Drive Control System

Reducing

Switch or Sk Ohm

Ralay
+5 Vol

2780 Ohm
ECM Connector 03

Limiting
Sk O

S

Droop Adjusl Signal <24
<14

——  Analog Input

“— >

£xtemnal Conneclions Inside ECM

Figure 5: Sample Optimal Failure Mode Dual Droop Im-
plementation

Reducing

Switch or 5k Chm

Relay

A

+5 Vot

2780 Cten
Connector Infine D f
Gain Adjust Signal

i e

-———  Analog Input

Inside ECM

>

External Conneclicns

Figure 6: Sample Optimal Failure Mode Dual Gain Imple-
mentation
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Ry R, Primary {Limiting) Droop Maximum Second
{Ohms) (Ohms) Adjustment Range (Reduced) Droop Adjust-
ment Range
500 500 0-1% 0-05%
500 1000 0-1% 0-0.7%
500 2000 0-1% 0-08%
500 5000 0-1% 0-09%
1000 1000 0-2% 0-1.0%
1000 2000 0-2% 0-1.3%
1000 5000 0-2% 0-17%
1000 10,000 0-2% 0-1.8%
2000 2000 0—~4% 0-2.0%
2000 5000 0-4% 0-29%
2000 10,000 0-4% 0-~33%
2000 20,000 0-4% 0-36%
5000 5000 0-10% 0~ 5.0%
5000 10,000 0-10% 0-87%
5000 20,000 0-10% 0-8.0%
5000 50,000 0-10% 0-9.1%

Table 1: Maximum Adjustment Ranges
for Optimal Failure Mode Dual Droop Circuit

Page 56
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R, R, Primary (Limiting) Gain Maximum Second {(Reduced)
(Ohms} (Ohms) Adjustment Range Gain Adjustment Range
500 500 0.05-237 0.05-1.30
‘500 1000 0.05-2.37 0.05-1.68
500 2000 0.05-237 0.05-1.97
500 5000 0.05-2.37 0.05-2.19
1000 1000 0.05-4.10 0.05-2.37
1000 2000 0.05~-4.10 0.05-3.00
1000 5000 0.05-4.10 0.05-3.57
1000 10,000 0.05-4.10 0.05 - 3.82
2000 2000 0.05-6.48 0.05-4.10
2000 5000 0.05-6.48 0.05-525
2000 10,000 0.05-6.48 0.05-5.80
2000 20,000 0.05-6.48 005-6.12
5000 5000 0.05-10.0 0.05-7.34
5000 10,000 0.05-10.0 0.05 - 8.47
5000 20,000 0.05-10.0 0.05-917
5000 50,000 0.05-10.0 0.05-8.65

Table 2: Maximum Adjustment Ranges
for Optimal Failure Mode Dual Gain Circuit




QST30 Generator Drive Control System

Switch or
Relay 5y,
—_— +5 Vol
% Limiting 2780 Ohm
_ Sk Ohm ECM Connector 03
! I Droop Adjusl Signal <24
<14 .
—  Analog Inpul

Exiernal Connections Inside £CM

[

Figure 7: Sample Droop/lsochronous Switch Selection

Generator Paralleling
Breaker Breaker
StandbyEmerg.
Loads
Generator
Set

Figure 8: Sample Appli'cation One-Line Distribution Diagram

+5 Volt

Gain Lmiting 2780 Ohim
Sk Ohm Cennector Inline O
A i ; Gain Adjust Signal
<E
Paralieling Reduting
Breakee 5k Ohm <F

Aux Contacls

L
+5 Valt

Dreop Limiting ’ 2760 Ohm
Sk Ohm ECM Connector 03
AX AL oessngumsen [

>

— Anglag Input
L |
+— —»

Analog Input

External Connections Inside ECM

Figure 8: Sample Application Wiring
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Special Case: Droopf/lsochronous Switch Selec-
tion :

Some applications may require the engine’s operat-
ing mode to be Droop/lsochronous, based on a
switch or relay contact state. Figure 7 provides a
method of implementing this.

This circuit is merely a specialized case of the circuit
in Figure 5 with the value of the Reducing Potentiom-
eter set to zero Ohms. When the switch or relay
contact is closed, shorting the Droop Adjust Signal at
pin 24 to the signal return at pin 14, the controller's
input is supplied a zero volt signal, which is inter-
preted as a command to control the engine with a
droop value of 0%.

A Sample Application: Droop/lsochronous and
Dual Gains

An example application of where the dual gain and
droop / iscochronous selection is needed is a gener-
ator set which is used both as an emergency
standby generator and in parallel with a utility grid for
peak shaving. Figure 8 is a one-line diagram of the

elecirical distribution.

In this sample application, two sets of auxifiary con-
tacts provided by the paralleling breaker aré used to
determine the engine’s operaling mode. Figure 9

-shows how the remote Gain and Remate Droop

inputs are wired.

When the set is operating as a standby generator
set, the paralleling breaker is open. One set of auxil-
iary contacts commands the engine to operate in iso-
chronous mode (droop commanded to zero) and
gain set by the Limiting Potentiometer setting. This
allows a responsive gain setting with no droop for the
stand-alone operation.

When the set is paralleled with the utility grid, the .
paralieling breaker is closed. In this state the engine
is commanded to operate with speed droop and a
lower gain selling {defined by the equivalent resis-
tance of the two gain potentiometers connected in
parallell. The speed droop allows for manual load
confrol and the lower gain setting provides for
smooth load operation while the generator set is par-
alleled o the utility grid.
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Frequency Adjust

An adjustable signal input is provided to adjust the gen-
erator set frequency. The frequency is adjustable
within +9Hz of the rated operating frequency.

The customer can implement the Frequency Adjust o QOO 000OD0CCD O o
feature by connecling one side of a & KQ potentiometer 000000000 QO0
A

to the analog ground at pin 14 of connector 03, the

ECM Connector 03

M
other side connected to pin 23 of connector 03, and the
wiper also connected to pin 23 of connector 03. Pin lobation #14
in loCation i i
This feature can also be implemented by supplyinga 0 (Analog Ground) E_.'?;;Sg::g; ii?ust)

lo 3.177 VDC variable voltage to pin 23 of ECM con-
nector 43, using pin 14 of ECM connector 03 as a GND

reference.
F T T s e e | .
ECM
A CAUTION A Droop Conmector
Adjust 03

| |
| |
| NOTE: When using a variable voltage input, the | ———\N\}\_/\T—j— <24
| voltage must not exceed 5 VOC. |

L e e e e e e — — — 4 »————J\/\W— <23

The frequency adjust setting is directly proportional to
. . - D F € Re
the potentiometer resistance, or input voltage. As the roop / Frequency Return] 44
resistance increases, the frequency increases. The Frequency
amount of frequency change can be calculated using Adjust

the formuia shown at the left.

The governor frequency is adjustable by +9Hz using a
combination of both a remote mounted potentiometer

and the frequency adjustment trim which can be set Root
using InPower™. AFreq = [ P * 9.444Hz] —3Hz
The potentiometer allows an adjustment range of (Rpot +2870(2)
+3Hz, while the frequency adjustment trim allows an OR
additional adjustment range of 16Hz.
\V2
AFreq = | — " _ x@Hz|-3Hz
3.17662 V
Where:
R, = Potentiometer Resistance (W)
Vin = Signal nput Voltage (V)
Examples:
Roor = 1667 W
7F *——1667—.\»(9444H 3Hz = 0.5H
?Frequency = 1567 + 287D . z z = 0.5Hz

¥V, = 1.OSRET V

1.05887
?Freqguency = W X 6Hzl -3Hz = 1H=
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InPower™
Configurable Feature

Frequency Adjust
inPower™ Location:
Adjustments
Governor
Freguency

Frequency Adjust

Frequency Adjust
InPower™ Location:
Adjusiments
Features
lnputs
Frequency Adjust Pot Enabie

Frequency Adjust
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NOTE: The Frequency Adjust feature is differ-
ent from the Droop Adjust and Governor Gain
Adjust features in that both the potentiometer
and the efectronic trim can be used simulta-
neously. The effect of the potentiometer set-
ting and the efectronic trim selting is additive.

For example, if the potentiomeler were setf to
provide a +3Hz adjustment and the electronic
irim where set fo +4Hz, the overall frequency
adjustment would be equal to +7Hz. Using
another example, if the potentiometer where
set to provide a -1Hz adjustment and the elec-
tronic trim where set to +6Hz, the overall fre-
quency adjustment wouid be equal to +5Hz.

If a potentiometer is used, the signal inpuf
must be enabled, ysing InPower™. This is
accomplished by setling the Frequency Adjust
Pot Enable parameter {o "Enabled”.

A CAUTION A

improper configuration or adjusiment of the
frequency adjust feature can cause the engine
to operate at the jncorrect speed. The cus-
fomer is responsible for performing any neces-
sary sysfem and generafor set tests {o ensure
{hat this feature has been properly set-up.
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Alternate Frequency

An Alternate Freguency input is provided to aliow
selecting between one of two generator set fre-
guency setlings.

To implement this feature, the customer supplies a
bi-state signal, or switch, to pin 2 of ECM connector
03. Pin 16 of ECM connector 03 is used to provide an
electrical signal path to GND through the ECM.
________________ -
NOTE: The alternate frequency selection fea- |
ture is only enabled for engines that have
been rated for dual speed operaiion. For I
engines rated for a single operating speed, the |
Alternate Frequency input is non-operational
and no connection needs to be made (o this |
input. f

| NOTE: The ECM will use separate 50Hz and
I 60 Hz engine overspeed shufdown protection
| thresholds associated with the respective

selection of the frequency determined by this
f switch. The dual overspeed threshold feature
[ s dependent on the version of control soft-
[ ware in the ECM. See the Engine Protection
| section on page 65 for further details.

—— e o e o —— —

When the swilch is set in the position that opens the
circuit connection, disconnecting GND from the Alter-
nate Frequency input, and the engine is not running,
the ECM will transition to the "Primary” {or "Normal’)
frequency setting (Open = Primary/Normal). Upon
engine start-up, and after being commanded to run at
"rated” speed, the engine speed will ramp-up to the
speed specified for the Primary frequency setting.

When the swilch is.set in the position that conpects
GND to the Alternate Frequency input, and the
engine is not running, the ECM will transition to the
"Secondary” {or “Alternate"} frequency setting (GND
= Secondary/Alternate). Upon engine start-up, and
after being commanded to run at "rated” speed, the

engine speed will ramp-up to the speed specified for”

the Secondary frequency setting.

y NOTE: if the frequency selection using the

Alfernale Frequency inputf changes whife the
: engine is running, the selected frequency sei-
! ting will not take effect until after the engine is
| shut down and re-started.

The frequency settings for the Primary/Secondary
states of the Alternate Frequency input can be re-
versed (e.g. Primary = 50Hz [/ Secondary = 60Hz
changed to Primary = 60Hz / Secondary = 50Hz) us-
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Alternate Frequency Switch

Primary

Secondary

ECM

Connector

Alternate Frequency 03

i

[—‘ - <02

Crank / Frequency Relurn
quency <16

T ] I N.O.

— [ <03

Crank Switch

InPower™
Configurable Feature

Alternate Frequency
InPower™ Location:
Adjustments
Gavernor

Frequency
Alternate Freguency Select
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ing InPower™. This is accomplished by setting the
Alfternate Frequency Select parameter to either "60Hz
Primary" or "50Hz Primary”.

The Aiternate Frequency setting can also be con-
trolled electronically using InPower™. This is accom-
plished by setting the Afternate Frequency Select
parameter lo either "60Hz Only” or “50Hz Only".
These setlings effectively disable the Alternate Fre-
quency switch input, by overriding the switch setting.
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Load Sharing / Autosynchronization

The ECM provides two types of speed bias inputs mak-
ing it compatible for use with off-the-shelf isochronous
load share and synchronizing equipment (i.e. Waood-
ward and Barber-Colman speed governing and load
sharing controls).

| NOTE: The speed bias signal and the signall

| return conductors must be protecied from EMI )

| by a common shield. One end of the shield must |
be attached to GND and the other.end musi be

I left open-ended (not attached to GND). The '

' open-end of the shield must terminate as close

[ as possible to the connector of the interfacing |

| device. To accommodate grounding the shield at |

| the ECM end of the interface a shield ground is !

| provided at ECM connector 03, pin 20. It is
highly recommended that the shield be termi-

I nated at the ECM, which provides a common

| fow impedance shield ground point. |

!

The ECM provides a +5VDC (+2%) supply voltage at
pin 6 of connector (3. This supply voltage is to be used
as the signal reference for both the +2.5V and 20.2V
speed bias signals. The supply is rated to pravide the
specified voltage at 50mV
25mA max. current.

p-p

*2.5V Speed Bias

This speed bias signal input is provided for interfacing
with compatible speed governing and load share con-
trols (typically Woodward). The ECM expects a +/~- 2.5V
signal offset by the 5V (Ref}. Therefore, the absalute
value of the voltage present at 03 pin 11 in relation to
ground should range from 2.5V to 7.5V. The 2.5V
speed bias signal represents a full scale speed bias
control range of +3Hz.

The customer can implement this feature by supplying
the proper speed bias signal to pin 11 of connector 03.

3.2V Speed Bias

This input is provided for interfacing with the Barber-
Colman DYN2 ILS control or other compatable devices.
The ECM expects a +/- 0.2V .signal offset by the 5V
(Ref). Therefore, the absolute value of the voltage
present at 03 pin 10 in relation to ground should range
from 4.8V to 5.2 V. The £0.2V speed bias signal repre-
sents a full scale speed bias control range of £7.38Hz.

The customer can implement this feature by supplying
the proper speed bias signal to pin 10 of connector 03.

QST30 Generator Drive Control System

ECM
Connector
.~ WoodWard Frequency Bias  ~ 11
Load _ 5V (Ref) { ] Igm
Share [~ Return(Spd.BIAS) | } 1
Equipment BIAS Shield 2§
OR ECM
Connector
03
~Barher Colman Frequencty Bias 10
Load i 5V (Ref} { 6
Share ] 8Y {Supply) * o1
Equipment |\ Return {Spd BIAS) Wi 12
BIAS Shield 20

"Note: The 8V (Supply) is only used with Barber -Coiman analog [oad
share equipment.

max. ripple voltage, and

ECM Connector 03

Pin location #6
(+5VDC) L

G0O000BOOCOOC0O0
000 COoO0QAQC o000

\Pin location #20
{Shielded Ground)

ECM Connector 03

Pin location #12
{Speed Bias Return)

Pin location #11
{2.5V Speed Bias)

J
i

0 CQ0O000QQO0OQO0O0O0 ")
QOO0 OVOODOOODO

ECM Connector 03

Pin focation #10 Pin location #12

(0.2V Speed Bias) {Speed Bias Return)
™~ '
O Q0000 0ODOOO O
OO0 0000 OO0000

!
Pin location #1
(+8vDC)
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InPower™
Configurable Feature

L oad Sharing / Autosynchronization
InPower™ Location:
Adjustrents
Features
inputs
Frequency Bias Select

Barber Colman Frequency
Bias Enable

Woodward Frequency Bias Enable

Load Sharing / Autosynchronization
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In addition to the +5VDC reference supply voltage,
the ECM also provides a +8VDC (£5%) power supply
at pin 1 of connector 03. This supply voltage is provid-
ed as a means to power the electronic circuits on an-
alog load share equipment. The supply is rated to
provide the specified voltage al 50mVp, max. rippte
voltage, and 15 mA max, current.

Speed Bias Input Type

The type of speed bias input to be used is selected,
using InPower™. This is accomplished by setting the
Frequency Bias Select parameter to either "Barber
Colman” or "Woodward”, depending on which speed
bias input is being used.

Once the type of speed bias input to be used is select-
ed the speed bias input must be enabled, using in-
Power™, to make this feature operational. This is
accomplished by setting either the Barber Colman
Frequency Bias Enable parameter or Woodward Fre-
guency Bias Enable parameter to “Enabled”, depend-
ing on which speed bias input is being used.

NOTE: The Load Sharing / Autosynchroniza-
tion feature will nat operate unfess the carre-
sponding speed bias input is enabled, and the
type of speed bias selected is the same as the
speed bias input being used.

If the speed bias input is not used, the Fre-
quency Bias Select parameter should be set to
“None”.
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Engine Protection

The engine protections shown to the left are user con-
figurable, within pre-programmed fimits, using (nPow-
er™_ The InPower™ software will hot aflow settings
outside the minimum and maximum ranges estab-
lished for your engine.

.,
!
!
|
I
f
I
I
!
|
|
|
J
|
|
|
|

My

Abbreviations:

! )
I 1
| LOP Low Ol Pressure i
| HOT  High Oil Temperature . |
! LCL tow Coolant Level ;
LCP Low Coolant Pressure
I LCT Low Coolant Temperature !
[ HeT High Coolant Temperature [
L HFT High Fuel Temperature |
1 HIT High Intake Manifold Temperature !

NOTE: When the engine coolant temperature
is less than the LCT Warning Threshold when
the engine is running, a Commaon Warning
will be activaled to signal that a Low Coofant
Temperature condition exists.

| |
| |
| |
| |
| |
| The Engine Cold Waming Threshold is
) intended for use when block heaters are |
instalffed. When the engine coolant tempera-

V' ture is less than the Engine Cold Warning l
I Threshold prior to starting the engine, a |
| Common Warning wiil be activated to signaf |
| thatan Engine Cold Waming condition exists, |
| |
| i
1 |
] l
| |
! |

Selting the Engine Cold Warning Threshold at
too high a level can cause nuisance Engine
Cold Warning faults. The customer is respon-
sible for properly setfing the Engine Cold
Warning Threshold al the proper level, depen-
dent upon whether block heaters are being
used, or are not used,

1 NOTE: ECM calibrations created from later |
versions of software have changed from using
l a single overspeed engine protection shui- '
' down threshold for both 1500 rpm and 1800 |
| rpm rated to using individual protection thresh- |
| olds for each speed. This allows the operator |
|- 1o set the overspeed shuldown profection ]
I speed dependent on the engine's rated oper- l
ating speed. If the software calibration that is
I instalfed in the ECM supports the dual over- !
| speed threshold seitings, both overspeed |
| threshold parameters will appear in the InPow- |
i |

T

er'™ engine protection adjustments menu.

Engine Protection
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inPower™
Configurabie Feature

Engine Protection

InPower™ Location:
Adjustments

Engine Protection Adjustments
Engine Cold Warning Threshold
LOP Warning Threshold Table
LOP Shutdown Threshold Table
HOT Warning Threshold
HOT Shutdown Threshold
LCL Warning Threshold
LCL Shutdown Threshold
LCP Warning Threshold Table
LCP Shutdown Threshold Table
LCT Warning Threshold
HCT Shutdown Threshaold
HCT Shutdown Threshold
HFT Warning Threshold
HFT Shutdown Threshold
HIT Warning Threshold
HIT Shutdown Threshold
Overspeed Shutdown Threshold

Dual Overspeed Thresholds
inPower™ Location:
Adjustments
Engine Protection Adjustments
Overspeed Shutdown Threshold
(50 Hz)
Overspeed Shutdown Threshold
(60 Hz}
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inPower™
Configurable Feature

Shutdown Override
InPower™ Locatibn:
Adjustments
Features
Shutdown Override
Shutdown Override Enable
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The switch for the Low Coolant Level (LCL) engine
protection is mandatory and must be installed. A
customer opiion for- this swilch is available from
Cummins for use with these engines. See the Cum-
mins G-Drive Sales Handbook or contact your local
Cummins distributor for further details and ordering
information. Also, see the Miscellaneous Applica-
tion Requirements and Infermation section on
page 88 for further details about the Coolant Leve!
switch.

Shutdown Override

The ECM can be configured to allow continued en-
gine operation while most shutdown faults are active,
Even when enabled, the Shutdown QOverride feature
does not allow engine operation while overspeed or
loss of engine speed faults are active, or while the
ECM detects that the Local E-Stop, Remote E-Stop,
or Backup Start Disconnect switches are in an “open”
state. All other shutdown faulls are overridden when
this feature is enabled.

The Shutdown Override feature is enabied using the
Cummins InPower™ electronic setvice tool. This is
accomplished by setting the Shutdown Override En-
able parameter to “Enabled”.

A warning A

|

|

| The Shutdown Override feature prevents the

| ECM from shutting down the engine, even

' when engine-damaging conditions  are
present. Damage done to the engine or the

| GCS while in Shutdown Override mode is

| NOT covered by the engine warranty.

I

|

|

1

|

|

This feature should only be used in applica-
fions where engine damage is an acceptable
trade-off for keeping the engine running.

NEVER use this feature to disable "nuisance”
alarms. Ali alarms are to be treated as real
until the root-cause is determined.

An external switch can also be used to impiement the
shutdown override feature. The schematic diagrams
on page 67 describe two different means to imple-
ment the external shutdown override control.

| NOTE: in order for the external Shutdown
Override fo operaile, the Shutdown Override
Enable parameter must be set to “Enabled”
| using InPower™.

i
!
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Local ECM
Emergency Stop Connector
NG 06
Bs g I P <p1 |Local E-Stop +
[}
ECM Connector | gg;‘f;} T 9+ <25 |Local E-Stop -
03
—'I ! l" Backup
_E ' Start Dis-
| - { Remaote connect
Shutdown l Emergency Stop Switch
Relay Override H ___N__CE._D_.___J
Driver 1 l'
Supply | <02 |Crank Cail
13= : Driver
Common Override E
Shut-  [08>- o Start Di
N i T <0 2 isable
Down orma 6 Status
With this design, the Shutdown Override lamp will
Shutd(?wn only illuminate when a Shutdown condition is ac-
Override tive. .
Switch
Local ECM
Emergency Stop Connector
NC 06
B+ —1D_t_ <01 Local E—Stﬂp +
ECM Connector ' |shut- . <25 | Local E-Stop -
B+ 1 Down
03 L
| l—T Backup
. i Start Dis-
— | Remote connect
el Shut-Down | Enéergency Stop Switch
elay Override | el
Driver =I! ] # _LD"—
Supply | <02 |Crank Coil
13 T Driver
Common
Shut- 08>—-——0/'9 § Start Disable
Down 101 T l<p6 | Status
| o Override
L2 Normal
With this design, the Shutdown Override lamp will
Shutdown iluminate whenever the Shutdown Override switch
Override is in the "Override" position.
Switch
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ECM
Connector
06
03
FAIL TO START ECM
Connector
03
RELAY DRIVER SUPPLY
13
COMMON WARNING
09
COMMON SHUTDOWN
<08
HIGH ENGINE TEMP
<07
LOW OIL PRESSURE
<19
OVER SPEED
<04
PRE-HIGH ENGINE TEMP
<25
PRE-LOW OIL PRESSURE
<15

NOTE: There is a small amount of leakage
current {approximately 0.3mA) from the LED |
Lamp drivers when the drivers are inactive, or
tumed “off”. A suitable LED | Lamp must be
selected by the QOEM to prevent the LED |
Lamp from dimly ifluminating due to the leak-
age current. :
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Alarm Lamp/Relay Drivers

Eight (8) output drivers are provided to annunciate
that specific engine protection alarm conditions have
occurred. Each output can be used to drive either a
tamp or a relay. The following alarm drivers are pro-
vided:

Engine Shutdown Alarms

Drivers are provided for annunciating three En-
gine Shutdown Alarms for the following condi-
tions:

+ High Engine Temperature {HET)
* Low Qii Pressure (LOP)
+ Overspeed (0S)

A condition that causes an HET, LOP or OS En-
gine Shutdown Alarm will activate the relay or
lamp connected to the respective lamp/relay driv-
er output.

Common Shutdown Alarm

A driver is provided for annunciating a Common
Shutdown Alarm. The Common Shutdown Alarm
activates when:

« Any Engine Shutdown Alarm condition is
active

» The Local or Remote Emergency Stop Input is
activated (either or both of these switches is
“open”}

Engine Warning Alarms

Drivers are provided for annunciating three En-
gine Shutdown Alarms for the foilowing condi-
tions:

» Pre-High Engine Temperature (HET)

* Pre-Low Qil Pressure (LOP)

* Fail-to-Start

A condition that causes a Pre-HET or Pre-LOP
Engine Warning Alarm will activate the relay or
lamp connected to the respective lamp/relay driv-
er output. The Fail-to-Start cutput activates when
the engine fails to start after the number of start
attempts configured using the Cycle/Continuous
Cranking feature have expired without success-
fully starting the engine. See the Cycle/Continu-
ous Cranking section on page 41 for further
details.

Common Warning Alarm

A driver is provided for annunciating a Common
Warning Alarm. The Common Warning Alarm ac-
tivates when any Engine Warning Alarm condition
is active.

Each lamp/relay driver is rated to handle a maximum
continuous vollage equivalent to Battery (+) and
200mA maximum continutous sink current.
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The lamp/relay driver outpuls are implemented by
making the appropriate connections to ECM connec-
tor 03, except for the Fail-ta-Start driver output, which
is at ECM cannector 06.

The Relay Driver Supply voltage is supplied by the
ECM at pin 13 of ECM connector 03.

The lamp/relay drivers and driver supply voltage diag-
nostics must be enabled in order for the ECM to prop-
erly diagnose and report any lamp/relay driver faults.
This is accomplished by setling the corresponding
driver, or the driver supply, diagnostic parameters to
“Enabled” using InPower™,

NOTE: The ECM lamplrelay driver diagnos-
l tics are capable of defecting an open or short
I circuit condition. In order for the open circuit
| diagnostic to properly funciion, the lampirefay
| load must draw between 2 to 200 mA current
| at +24 VDC. A load drawing less than 2mA
| Wil be diagnosed and reported as a driver
| open circuit fault. If any lamp or relay driver
| load draws less than 2mA, the respective

driver diagnostic should be disabled to prevent
i nuisance open circuit faufts from being
| reported.

———— o e e o — o — —

Fault Diagnostics

The following information is not intended to take the
place of similar information provided in the engine
Troubleshooting and Repair Manual (Cummins Bulle-
tin No. 3666393). If there are discrepancies between
the infarmation in this manual and the information in
the Troubleshooting and Repair Manual, the Trouble-
shooting and Repair Manual takes precedence,

Diagnostic LEDs

There are five diagnostic LEDs located on the side of
the ECM that are visible through the display window.
Following is a description of the condition being
reported when the respective LED is illuminated:

Overspeed - this red LED indicates that
an overspeed shutdown fault bhas
occurred. ’

Low Oil Pressure - this red LED indicates
that an engine Low Oil Pressure shutdown
fault has occurred.

High Engine Temperature - this red LED
indicates that a High Coolant Temperature
or a High Intake Manifold Temperature
shutdown fault has occurred.

Common Shutdown - this red LED indi-
cates that a shutdown fault, other than
those identified above, has occurred.

Common Warning - This yellow LED indi-
cates that a warning fault has occurred.

Fault Diagnostics
Page 63

InPower™
User Configurable Feature

Alarm Lamp/Relay Driver Diagnostics
InPower™ Location:
Adjustments
Features
Relay Drivers

Relay Driver Supply
Diagnostic Enable

Fail to Start Driver
Diagnostic Enable

Common Warning Driver
Diagnostic Enable

Common Shutdown Driver
Diagnostic Enable

HET Driver Diagnostic Enable
LOP Driver Diagnostic Enable

Overspeed Driver
Diagnostic Enable

Pre-HET Driver Diagnostic Enable
Pre-LOP Driver Diagnostic Enable

Diagnostic LED Display Window
(*ocated on the side of the ECM)

O
203
t
b
A

Overspeed
Low Oil Pressure
High Engine Temp

Common Shutdown

Common Warning
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RS252
DATALINK

9-Pin Connector

[ 5]
Fo
A >
G >
D>
H >
B>

>
£ >

RING INDICATOR
CARRIER DETECT
DATA SET READY
REQUEST TO SEND
DATA TERMINAL READY
CLEAR TO SEND
RECEIVE

TRANSMIT

GROUND

Enable).

Pin location #7
(Diagnostic Mode \ (Ground)

ECM Connector 06
Pin location #8

/

|

o looo ooobooooo? o
CoC 000 OO0C0D0
To battery + 5 amp fuse
Remaote Emergency Stop
M. ECM
Connector
NC 06
<01
Emergency Stop’
<25
r/-f Run Stop <05
A 2
I_'F/au'lt Acknowledge <24
|—'/f Idle / Rated <23
— - : <07
Diagnostic Mode 1
. <08
—N; <02
Backup
Start [ : <08
Disconnect
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Service Tool Interface

A 9-pin circular connector is accessible on the
Engine Hamess to provide a means of connecting
the PC to the ECM so that the InPower™ electronic
service tool can be used. Refer to the QSX15,
QST30, QSK45, and QSKE0 Generator-Drive Con-
trol System Troubleshooting and Repair Manual for
further details.

Fault Codes

The ECM can record and report certain detectable di-
agnostic condilions. These conditions are recorded
as fault codes, which can be used to assist in trouble-

" shooting engine and control system faifures. Referto

the QSX15, QST30, QSK45, and QSKE0 Generator-
Drive Control System Troubleshooting and Repair
Manual for further details.

Fault codes recorded in the ECM memory can be ac-
cessed in three different ways:

= Diagnostic Mode (Fault Flash Out)

«  Cummins InPower™ Electronic
Service Tool

+  Modbus Communications Datalink

Diagnostic Mode

A Diagnostic Mode input is provided to allow a means
of placing the ECM into the diagnostic mode. When
the ECM is in the diagnostic mode, fault codes are vi-
sually displayed, or "flashed out”, using the Common
Warning and Common Shutdown LEDs on the ECM.
See the Fault Flash Out section on page 72 for fur-
ther details.

To implement this feature, the customer supplies a
bi-state signal, or switch, to pin 7 of ECM connector
06. Pin.8 of ECM connector 06 is used to provide an
electrical signai path to GND through the ECM.

When the switch is set in the position that connects
(GND to the Diagnostic Mode input, the input is in the -
"Fauilt Flash Out Enabled” state (GND = Fault Flash
Out Enabled).

When the switch is set in the position that opens the
circuit connection, disconnecting GND from the Diag-
nostic Mode input, the input is in the “Fault Flash Out
Inhibited" state (Open = Fault Flash Out Inhibited).

The diagnostic mode can also be enabled by remov-
ing the protective covers from the Diagnhostic Mode
Enable connectors on the Engine Harness, and plug-
ging the two conneclors together (the Diagnostic
Mode Enable connectors are opposite genders).
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Once the diagnostic mode has been enabled, the
Common Warning LED will flash once signifying the
start of a new fault code, and then the fault code will
flash out on the Common Shutdown LED. See the
Fault Flash Qut section on page 72 for further de-
tails.

NOTE: The Run/Stop input must be set fo the
“Stop” state in order to enter the Diagnostic
Mode. If the Run{Stop input state changes to
“Run” while the ECM is in the Diagnostic
Mode, the ECM will immediately exit Diagnos-
tic Mode and any fault flash out in process will
terminate.

The Cummins InPower™ electronic service tool can
also be used to read the fault codes. Refer to the In-
Power™ for Generator-Drive Control System Manual
for detalled instructions on how to use InPower™ to
read fault codes.

A third means of reading the fault codes is available
via the Modbus communications datalink. See the
Modbus Communications Datalink section on page
84 for further details.

Fault Diagnostics
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Diagnostic LED Display Window
(located on the side of the ECM)

)

Common Shutdown
LED (Red)

Common Warning——H

LED (Yellow)
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InPower™

User Configurable Feature
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wer™ Location:
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Fault Flash Qut

When the ECM is in Diagnostic Mode, the Common Shutdown and Commeon Warning LEDs are used to display the

QST30 Generator Drive Control System

fault codes of the currently active shutdown and warning faults.

These active fault codes are flashed out in the following method:

1. The first active fault code is flashed out 3 times consecutively.
2. If there is more than one active faull code, the process advances to the next fault and flashes aut its code 3
times and so forth until all of the active faults have been displayed.

3. If the Fault Flashout mode is still active after all faults have been displayed, the process starts over again with

the first active fault.
4. This cyclical display of active faults continues while Diagnostic Mode is active.

Following is a graphic depiction of the fault code flash out sequence for a 3-digit fault code:

ON

OFF— .
I
I

o 1]

OFF ———
Start|100's |2 sec
first |digit |pause
code|count

Common Warning LED
{(indicate the start of a new fault code)

I JL I TL

Common Shutdown LED

11

10’s
digit
count

.

2 sec
pause

2sec |First Start

1's Second
digit | pause |repeat of |repeat of | next
count code code code

The above example shows the LED flash-out
sequence for reporting fault code 221,
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Fault Acknowledge

- A Fault Acknowledge input is provided {o allow a
means of acknowledging the Common Warning and
Common Shutdown lamp/relay driver outputs and
Common Warning and Common Shutdown Diagnos-
tic LED’s that activate due to a fault condition. This
feature is also used to acknowledge a shutdown con-
dition and allow a re-start of the engine after it has
shutdown due to an Emergency Shutdown condition.

To implement this feature, the customer supplies a
normally open momentary bi-state signal, or switch,
connection to pin 24 of ECM connector 06. Pin 8 of
ECM connector 06 is used to supply an electrical sig-
nal path to GND through the ECM.

When the switch is actuated, momentarily connecting
GND to the Fault Acknowledge input, the ECM will
extinguish the indication of warning and shutdown
conditions being displayed by the lamp/relay drivers
and the diagnostic LED's (GND = Acknowledge,
Open = Not Acknowledge).

NOTE: The Waming (Pre-Alarm) indications
can be acknowledged when the engihe is
stopped or while the engine is still running.
The Shutdown (Alarm) indications can only be
acknowfedged when the engine is slopped
and the RuniStop switch is in the "Stop” state.

|

|

|

|

|

| When a shutdown alarm condition is recog-
| nized by the ECM, the user must acknowledge
| this afarm before the engine can be re-started.
I

|

i

|

I

I

Activation of the Faull Acknowledge Input
does not clear fault codes. The Cummins
InPower™ Elgctronic Service Tool must be
used to clear fault codes. Refer to the QSX15,
QST30. QSK45, and QSK60 Generator-Drive
Conirol System Troubleshooting and Repair
Manual for details.

—— — oy — —— — — — = — et m— —

The Fault Acknowledge feature can also be activated
electronically using InPower™ . This is accomplished
by setting the Fault Ackrowledge Command parame-
ter to “Acknowledge”. The ECM will automatically
reset this parameter to “Not Acknowledge” after it
has been activated.

Fault Diagnostics
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Fault Acknowledge
InPower™ Location:
Monitor
Control
Starting / Stopping
Fault Acknowledge Command
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NOTE: Ejther the electronic trim, the switch
input, or the MODBUS Fault Acknowledge bit
can be used to acknowledge faulf conditions.
See the Modbus Communications Datalink
seclion on page 84 for further information
about the MODBUS communications datalink
and the MODBUS Fauft Acknowledge bitl
parameler.

The Fault Acknowledge Command paramefer
defaults to “Not Acknowledge” on ECM power-

up.

—_— e - e e e o e —

Snapshot Data

Snapshot data allows the relationship between the
fault condition and the state of the ECM inputs and
outputs, at the time the condition occurred, to be cap-
tured and viewed to assist in troubleshooting. When
a fault code is recorded in the ECM, a “snapshot” of
data is also recorded by the ECM.

The snapshot data is read using the Cummins InPow-
er™ electronic service tool. Refer to the InPower™ for
Generator-Drive Control System Manual for detailed
instructions on how to use InPower™ to read snap-
shot data.

NOTE: To prevent loss of valuable diagnostic
information, such as Fault Codes and Snap-
shot Data, power must be available to the
ECM at alf fimes during normal engine opera-
tion and for at least one minute following an
engine shutdown.
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System Check-Out / Test

Built-in Test

The following Built-In Tests are provided for the pur-
pose of checking specific ECM electronic features:

+  Lamp/Relay Driver Start-Up Test
+  Stationary Test
»  Cranking Test

The Lamp/Relay Driver Start-Up Test is automatically
performed whenever the engine is started. It is also
the first test conducted in the seguence of tests per-
formed during the Stationary and Cranking Tests.
The Stationary and Cranking Tests are initiated using
InPower™ . This is accomplished by setting the Built
In Test Command toggle parameter o the desired
state, either “Test-Stationary” or “Test-Cranking”.

When the Stationary Test is initiated the Outputs Test
and Fuei Shut-Off Test, as described on page 76, will
be performed seqguentially.

When the Cranking Test is initiated the Outputs Test,
Fuet Shut-Off Test, and Starter Test, as described on
page 76, will be performed sequentially.

The Stationary, Cranking, or Fuel Rack Position tests
can be aborled at any moment when commanded to
do so using the Cummins InPower™ electronic ser-
vice tool. This is accomplished by setting the Built In
Test Command toggle parameter to “Test-Abort".
The Built In Test Command toggle parameter will au-
tomatically reset to “Test-Abort” once the Stationary
or Cranking Test is completed.

While conducting either the Stationary or Cranking
test, the slandard ECM diagnostic routines are per-
formed. If any faults are detected during this time, the
faults are recorded and reported using the means de-

scribed in the Fault Diagnostics section on page 69.

System Check-Out / Test
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InPower™
Configurable Feature
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Built-In Test

InPower™ Location:
Test
Self Test
Built In Test Command




Systern Check-Out/ Test .
Page 76 QST30 Generator Drive Control Systern

Lamp/Refay Driver Start-Up Test

The Lamp/Relay Driver supply voltage at connector
03 is normaily on when the ECM is powered. During
engine start-up the ECM will turn this supply voltage
off for a 1.5 second interval as a means of testing the
lamps/relays driven by the supply. Any Lamp/Relay
Driver output that is active during this test will extin-
guish/de-energize during the 1.5 second test dura-
tion.

Analog Output Test Profile Outputs Test

During the Outputs test all meter drivers, lamp/relay
1mA drivers and diagnostic LEDs will be exercised. The
meter driver output test will respond according to the
Analog Qutput Test Profile shown to the right. The
Lamp/Relay drivers and LEDs will respond according
to the Discrete Output Test Profile shown to the right.
Note that the Outputs Test for the lamps/relay drivers
and the L.LEDs are performed first, followed by the
meter drivers test.

0 mA

I
I
I
I
1
4

0 2
Time (seconds)

Fuel Shut-Off Test

Immediately following the Output Tests, the Fuel
Shut-Off Test will be initiated. During this test, the
F30 driver will respond according to the Discrete Out-
Active / Open put Test Profile shown to the right. Also, the fueling
actuators are de-energized while this test is being
conducted. :

Discrete Qutput Test Profile

Starter Test

The Starter Test will be performed immediately follow-
Inactive / Close ing the Fuel Shut-Off Test, only when the Cranking

0 Time {seconds) 2 Test is being performed. For this test, the Crank Re-
lay driver output will respond to the Discrete Qutput
Test Profile shown to the right.

The Starter Test will cause the engine fo crank
for 2 seconds, although the engine will not
start. All barring devices should be removed
from the engine and personnel should be a
safe distance away from the engine prior {o ini-
tiating the Starfer Test.

— e o — —
— - — — o —
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Fuel Rack Position Test

The Fuel Rack Position Test is used to check the fuel
rack driver and position sensor circuitry. InPower™
can be used to move the fuel rack position and the re-
sults can be measured. The position test capability is
emabled by setting the Buift-In Test toggle parameter
to the “Test - Manual” state.

F—— — — = — = = — — — = — - = — a Fuel Rack Position Test
NOTE: The control sysfem will not enter the
Test - Manual state if the engine is not run-
ning. If the engine is not running and the con-
trol system is in the Test - Manual, and the
engine is started, it will exit the Test - Manual
state immediately and discontinue the Rack
Pasition Test

InPower™ Location:
Test
Fuel System Test
Built-in Test
Fuel Rack Position Override

L= - — = = = - = 4 Command #1

The Fuel Rack Position Overdrive Command #1 and Fuel Rack Position #1

Fuel Rack Position COvertide #2 parameters are used Euel Rack Position Override
to command the desired rack position of the corre- -
sponding fuel pump while in the Test - Manual state. Command #2

The Fuel Rack Position #1 and Fuel Rack Position #2 Fuel Rack Position #1

monitor parameters report the rack positions as deter-
mined by the rack position sensor of the respective

pump.
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InPower™
Configurabte Feature
Meter Drivers Test
InPower™ Location:
Test
Outputs

Meter Drivers
Coolant Temp
Coolant Temp Meter Override

Coolant Temp
Meter Override Enable

Engine Speed
Engine Speed Meter Override

Engine Speed
Meter Override Enable

Qil Pressure
Qil Pressure Meter Override

Qil Pressure
Meter Override Enable

QST30 Generator Drive Control System

Additional Test Capabilities

The GCS provides the following additional test capa-
bilities. These test functions are set-up using InPow-
erm, :

NOTE: These tests require that the normal
inputfoutput signal levels be manually over-
riden by the user.

Once testing is complete, be ceriain that afl
override enables are set back to “Disabled” to
ensure that the ECM is using the actual engine
sensor signals and controlling the meter and
lampirelay drivers to the actual output levelf
State.

Override enables will default back to “Dis-
abled” when the ECM is powered off and back
on.

Meter Drivers

The normal analog meter driver outputs can be over-
riden to command a specified test output level. This
is accomplished by setting the respective meter over-
ride enable command to “Enabled” and setting the
override value to the desired meter output driver cur-
rent.
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Lamp/Relay Drivérs

The state of each Alarm LLamp/Relay Driver output
can be averriden individually. This is accomplished
by setting the respective driver override enable com-
mand to “Enabled” and setting the override value to

the desired driver cutput state,

Lamp/Relay Drivers
Page 79

Lamp/Relay Drivers Test

InPower™ Location:

Test

Outputs
Relay Drivers
Common Shutdown

Common Shutdown
Driver Override Command

Common Shutdown
Driver Override Enable

Common Warning

Common Warning
Driver Override Command

Common Warning
Driver Override Enable

Fail to Start

Fail to Start
Driver Override Command

Fail to Start
Driver Override Enable

HET Shutdown
HET DriveriLED Override Command
HET DriveriLED Override Enable
LOP Shutdown
LOP Driver ILED Override Command
LOP DriveriLED Override Enable
Overspeed

Overspeed DriveriLED
Qverride Command

Overspeed DriveriLED
Override Enable

Pre-HET Warning
Pre-HET Driver Qverride Command
Pre-HET Driver Override Enable
Pre-LOP Warning
Pre-L.OP Driver Override Command
Pre-LOP Driver Override Enable
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Test

Engine Protection Verification Test

InPower™ Location:

Fault Simulation

Engine Protection Tests

Cooalant Pressure

Coolant Pressure Override Command

Coolant Pressure Override Enable
Coolant Temp
Coolabt Temp Override Command
Coolant Temp Override Enable
Fuel Temp »
Fuel Temp Override Command
Fuel Temp Override Enable
Intake Manifold Temp

Intake Manifold
Temp Override Command

Intake Manifoid
Temp Override Enable

Qil Pressure
Oil Pressure Override Command
Oil Pressure Override Enable
Qil Temp
Oil Temp Override Command
Oil Temp Override Enable
Overspeeding
Overspeed Shutdown Threshold
Engine Speed
Reference Override Command
Engine Speed
Reference Override Enable

Accel Ramp for Engine
Speed Override

Decel Ramp for Engine
Speed Override

QST30 Generator Drive Control System

Engine Protection Verification

The normal sensor values used by the ECM to per-
form engine protection can be overriden to simulate a
specified test signal level. This is accomplished by
setting the respeclive engine sensor override enable
command to “Enabled” and setting the override value
to the desired sensor input level.




QST30 Generater Drive Control System

InPower™
Configurable Feature

Reset Fuel Consumption
InPower™ Location:
Adjustments
Reset History Counters
Fuel

Reset Fuel Consumption

Power Limiter
InPower™ Location:
Adjustments
Features
Power Limiter
Power Limiter State
Power Limiter Enable

Continuous Scale Factar

Misceltaneous Outputs / Capabilities
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Miscellaneous Outputs /
Capabilities

Reset Fuel Consumption

The ECM stores the total cumulative amount of fuel
used by the engine in non-volatile memory. There is
also a second fuel consumiption counter, called Fuel
Consumption Since Reset, that stores the amount of
fuel consumed since this counter was last reset. The
Fuel Consumption Since Reset counler can be reset
to zero using InPower™. This is accomplished by se-
lecting the Reset Fuel Consumption toggle parame-
ter.

Power Limiter

The Power Limiter feature provides the capability to
select a power limit best suited for the specific appli-
cation in which the engine is being used (i.e. standy,
prime, or continuous power applications). This is ac-
complished by setting the Power Limiter State param-
eter to the desired selection (Standy, Limited Time
Prime, Unlimited Time Prime, or Continuous) using
InPower™.

The Power Limiter feature must be enabled in order
make the feature operafional. This is accomplished
by setting the Power Limiter Enable parameter to “En-
abled” using InPower™. Once enabled, the engine
power is limited by the maximum fueling that the fuel
system is commanded to deliver to the engine based
on limits pre-programmed in the ECM.

When the Power Limiter State is set to “Continuous™
the Coniinuous Scale Factor parameter can be used
to control the maximum amoumt of continuous pawer
that the engine is capable of providing. This is ac-
complished by setting the Continuous Scale Faclor to
avalue between 0 and 1, representing the percentage
{between 0 and 100%) of the total engine continuous
rated power capability.

NOTE: There is only a scale factor for use
with confinuous power applications.  For
engines used in standby or prime-time appli-
cations, the Power Limiter feature uses pre-
programmed fueling limits and the Continuous
Scale Factor parameter setting has no effect.

!
|
I
|
I

Pre-Start Priming

The QST30 generator drive engine is equipped with
an electric fuel lift pump that is controlled by the ECM.
The Pre-Start Priming feature of the GCS provides a
means to prime the fuel system prior to starting the




QST30 Generator Drive Control System Page 82

engine. When the Pre-Start Priming feature is en-
abled, the fuel lift pump will start the priming cycle, be-
ginning to pump fuel when either the Run/Stop switch
changes from “Stop” to "Run” or when the Crank
switch input becomes active, and run for a specified
period of time prior to engaging the starting system.

The reason for having-either the Run/Stop switch or
the Crank switch initiate the priming cycle is so that if
engine cranking is not performed for a while after the
Run/Stop switch has been set to "Run”, the priming
cycle will be performed again when Cranking is initiat-
ed to ensure the fuel system is primed for starting.

The Pre-Start Priming feature must be enabled in or-
der to make the feature operational. This is accom-
plished by setting the Pre-Start Priming Enable InPower™
paramter to “Enabled” using INPOWER™. The Configurable Feature
amount of time that the fuel lift pump wil run prior to
the starting system engagement can be adjusted by
setting the Pre-5tart Fuef Priming Time parameter to
the desired period.

If the Pre-Start Priming feature is not enabled, or the
Pre-Start Fuel Priming Time value is set to 0 seconds
when the feature is enabled, the GCS will engage the
starting system immediately after the Crank switch is
activated, without delay,

Reset Fuel Consumption
InPower™ Location:
Adjustments
Features
Fuel Lift Pump
Pre-Start Priming Enablie
Pre-Start Fuel Priming Time
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Engine Monitoring
c ECM Analog Meter Drivers ) )
ong:ctor Drivers are provided for driving analog meters to

Engine Speed monitor the following three engine parameters:

<18
« Engine Speed

) ( ’a) Qil Pressure_ | 5o + Qil Pressure
» Coolant Temperature

Coolant Tem

<21 These parameters can be monitored by interfacing
with the respective meter driver outputs and meter
driver return input of ECM connectar 03.

Meter Driver Retum <17

NOTE: The lype of meter selected for use with
this feature must have a 0 to 1 mA meter

i {
1 . j |
1 mA | movement, with an impedance nolt greafer |
than 100 ohms. The lower the impedance, the :
Actual ' higher the accuracy of the indication will be. A
Meter Engine I . . . . |
Driver Spoed meter with a 50 ohm impedance will provide
Output | an accuracy of approximately 1.2%. |
Current L o o e e 9
@ 700 .39 mA — }~ ——————— 1
RPM : The meter drivers are configured using InPower™
i to set the parameter trim values for the lower and
| P
oA ! upper parameter limits corresponding to G and 1 mA
" ORPM  T0ORPM (800 RPM driver current levels. For example, the figure at the
Engine Speed 4 Engine Speed M left is a graph depicting the driver respense when
"”T":;;i"(‘)"kslfﬂc Meter Full Scale configured to monitor the Engine Speed, using 0 and
1800 RPM as the trim values.
InPower™

Configurable Feature

Analog Meter Drivers
InPower™ Location:
Adjustments
Features
Meter Drivers
Engine Speed Meter Zero Scale
Engine Speed Meter Full Scale
Oif Pressure Meter Zero Scale
Oil Pressure Meter Full Scale
Coofant Temp Meter Zero Scale
Coolant Temp Meter Full Scale
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Modbus Communications Datalink

The ECM contains data that can be read using a remote device communicating with the ECM via Modbus protocol
on a two-wire half-duplex RS-485 serial communications bus. In this arrangement, the remote device is the master,
and the ECM is a stave, supplying data to the master when requested. For further details refer to the Modbus mas-
ler-siave technique described in the Modbus Protocol Reference Guide {(Modicon Document No. PI-MBUS-300).
The Modbus Protocol Reference Guide can be found on the World-Wide-Web (WWW) at the Schneider Automation
Inc. web-site. The document is accessible on-line using Universal Resource Locator (URL):

hitp:liwww.moedicon.comitechpubsftechpubnew/pi_mbus_300.pdf
The following engine and ECM information can be monitored using the Modbus datalink:

Engine Sensor Parameters

* Fuel Rack Position (Left & Right Banks)

+ Engine Speed

*  Coolant Temperature

»  Qil Pressure

* Barometric Pressure

«  Intake Manifold Pressure (Left & Right Banks)
* Intake Manifold Temperature (Left & Right Banks)
» Coolant Pressure

*  Fuel Supply Pressure

+  Qil Temperature

*  Fuel Temperature

+  Coolant Level

= CENTINEL Oil Make-Up Tank Level

Switch Input States

+ Idle/Rated

* Run/Stop

+ Remote Emergency Stop

Adjustabie Input Settings

»  Frequency Adjust Pot

+«  Droop Adjust Pot

»  Governor Gain Adjust Pot

Speed Bias Inputs
+ 0.2V Speed Bias Signal
+ 12.5V Speed Bias Signal

Lamp/Relay Driver States
+  Common Shutdown
»  Common Warning

Actuator Driver States
«  Fuel Shut-Off Solenoids

Fault/Diagnostic Data

«  Active Warning Fault Events

+  Active Shutdown Fault Events
+ Most Recent Fault Events
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Engine Monitoring

' Other GCS/ECM Data
» Battery Voltage
»  Operator Interface Mode
+  Engine Running Time
« ECMOn-Time
- Base Frequency
+ Base Speed
+  Final Speed Reference
» Estimated Torque
* Load Profile Menitor
*  Fuel Consumption Rate
»  Cumulative Fuel Consumption

The customer can implement the RS-485 physical interface by connecting the shielded twisted-pair serial comimu-
nications bus wires RS485+ and RS485- (pins 21 and 18 respectively) and the bus shield (pin 20} of ECM connector
06.

The Modbus operates at a communications rate of 9600 baud. At this data rate, the maximum specified bus length
of 4000 ft. [1219m] can be achieved. Ifthe ECM is connected at either end of the communications bus, Term 1 and
Term 2 (pins 22 and 19 respectively} of ECM connector 06 are to be jumpered by shorting these two pins together.
If the ECM is not connected at either end of the bus, Term 1 and Term 2 should be leff unconnected.

For further details regarding RS-485 implementation and applications, refer to Electronic Industries Association
Standard EIA-485, "Electrical Characteristics of Generators and Receivers for use in Balanced Digital Multi-Point
Systems”. Additional information can be found on the WWW at the B&B Electronics Manufacturing Company web-
site. Refer to the "RS-422 and RS-485 Application Note" accessible on-line using URL:

http:liwww.bb-elec.comibb-eleclliterature/tech/485appnote. pdf

The information following provides specific details required to implement the digital portion of the Modbus Interface.
Please refer to Modicon’s Modbus Protocol Reference Guide for further details not inlcuded in this manual

The Modbus interface supports the Remote Terminal Unit (RTU)} mode message framing only. The communications
parameters are set at 1 start bit, 8 data bits, no parity and 2 stop bits. The ECM slave device address is 1.

Modbus register data available for all engine models is defined in Appendix A. Appendix B defines the register data
available for only the QSX15 model engine. Appendix C defines the register data available for only the Q3K45 and
QSKB0 model engines. Modbus register parameters are identified as either Signed (S) or Unsigned (U} in the Type
column of the respective tables. Where signed values are used, the value is a 18-bit 2's complement number. The
maximum amount of register data the ECM can return in a slave response is 16 registers. The maximum length of
the entire message must not exceed 256 bytes.

Appendix D defines the bit data available via the Modbus for all engine models. The maximum amount of bit data
the ECM can return in a slave response is 32 bits (specified as "inputs”, per the Modbus Protocol Reference Guide).
The maximum length of the entire message must not exceed 256 bytes.

Supported Modbus exception codes are defined in Appendix C, and supported diagnostic sub-functions are defined
in Appendix D.
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QST30 Generator Drive Control System
First Time Engine Start

Prior to starting the engine for the first time the follow-
ing Engine Check and Functional Test procedures
should be performed.

Engine Check
Perform the following checks:

»  Verify nominal battery voitage

= \Verify there are no active faults

= Using inPower™, verify the following critical sen-
sors are indicating a normal value {with engine
not running)
» Boost Pressure
* Fuel Pressure
= Oil Pressure
» Coolant Temperature

+  Manually check that the Qil Level is normal

= Manually check that the Coolant level is normal

If any problems or abnormal conditions are observed,
perform any necessary troubleshooting and repairs
prior to performing the following functional test,

Control System Functional Test

Perform the following control system tests in the se-
quence shown. Verify by observation that the expect-
ed system/engine response occurs during each test.
These tests are déscribed in detail in the Built-In Test
section on page 75 of this manual.

= Stationary Test
» Cranking Test

If any test fails to produce the expected result, per-
form any necessary troubleshooting and repairs prior
to attempting to start the engine for the first time.
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Engine Starting

Prior to starling the engine for the first time, the En-
gine Check and Control System Functional Test
procedures described on page 86 should be per-
formed.

To start the engine, the Run/Stop input musl be set to
the "Run” state first. Then to engage the starter and
crank the engine, the Crank input must be held in the
“Crank” state until the engine staris and is running on
its own power. The control system will automatically
disengage the starter once the engine speed has in-
creased above a pre-programmed starter disconnect
speed. If the starter faifs to automatically disengage,
the Backup Start Disconnect switch should be used to
disengage the starter. See the Backup Start Discon-
nect section on page 42 for details.

The control systern is designed so that it can be pro-
grammed by the cusltomer to prevent damage lo the
starter due to over-cranking. The maximum cranking
time can be programmed using InPower. See the Cy-
cle/Continuous Cranking section on page 41 for de-
tails. When the specified crank engage time has been
achigved, the control system will automatically disen-
gage the starter.

QST30 Generator Drive Control System
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Miscellaneous Application Requirements
and Information '

Customer Supplied Coolant Level Switch

The Engine Harness has a provision for installing a
customer supplied Coolant Level Switch. The Cool-
ant Level Switch interface connector on the harness
is a Deutsch 4-position connector (Deutsch P/N
DTQO6-45 with a P/N W4 S wedge insert) using 0.969 -
1.442 mm? sockets {16-18 AWG; Deutsch P/N 1062-
16-0122).

A Coolant Level Switch that is compatible for use
with the engine can be purchased from Cummins.
See the Cummins G-Drive Sates Handbook or con-
tact your local Cummins distributor for further details
and ordering information.

NOTE: Use of the Coolant Level Switch is i
mandatory and must be instalfed. The cus- l
tormer is responsible for performing a test to

ensure that this feature is set-up correctly and I
that a fow coolant level is being properly |
detected and reported. }

CENTINEL™ Continuous Oil Replace-
ment System (CORS)

The CENTINEL™ CORS feature, when used in con-
junction with a CORS oil burn/make-up valve and an
il make-up tank, blends used engine oil with digsel
fuel and provides fresh oil to the engine. The blend
rate, the rate at which used oil is added to the fuel to
be burnt during combustion and fresh oil is added
back to the cil sump, is controlled by the CORS fea-
ture algorithm based on the engine’s operating duty
cycle. Refer to the appropriate sections of the CEN-
TINEL™ Master Repair Manual (Cummins Bulletin
No. 3666231} for further details about the “Burn with
make-up” system installation and operation.

There is also a "Burn-onky” version of the CENTI-
NEL™ system that does not use a make-up oil tank.
This version requires that the operator add oil to the
engine at regular intervals since there is no fresh oil
supply to make-up the engine oil that is burned.
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NOTE: The burn-only version uses the same
engine wiring harness that has the make-up tank
olf level sensor connection, bul it is not connected
to the make-up tank oif jevel sensor. To prevent
nuisance low oif level faults in the burn-only sys-
tem, the make-up oil level sensor connector on the
wiring harness must be jumpered. Refer fo ihe

appropriate sections of the CENTINEL™ Master
Repair Manual {Cummins Bulletin No. 3666231)
for further details about the “Burn-onfy” system
installation and operation.

The factory default for the CORS User Trim Enable set-
ting is dependent upon whether the customer has
ordered the CENTINEL CORS option with the engine. If
the option was ordered, the CORS valve will be installed
on the engine during manufacture and the ECM trim set-
ting for the CENTINEL CORS feature will be enabled,
otherwise, the trim setting will be disabled. See the
Cummins G-Drive Sales Handbook or contact your local
Cummins distributor for further details and ordering infor-
mation.

NOTE: Engines buift prior to the availability of the |
CENTINEL CORS feature will not have the neces- |
sary calibration andlor engine wiring harness con- |
nectors to work with the CENTINEL oil burn/make- |
up valve. See the Cummins G-Drive Sales Hand-
book or contact your local Cummins distributor for |
further details and ordeting information. Il
|
!
|

The CENTINEL CORS MUST NOT be instailed on
engines that are to be operated in California and
other focations where regufatory agencies have
restricted the use of such oif burning systems.

When there is a CENTINEL CORS failure or the make-
up oif tank level sensor detects that the oil in the make-
up tank is low, the ECM will inhibit the oil burn/make-up
cycling of the valve and the appropriate fault will be
reported.,

The ECM will maintain a count of missed oil burn/make-
up cycles, or pulses, while a CENTINEL CORS faultis
active. If the cause of the fault is repaired in a timely
manner the ECM will re-activate the valve and increase
the blend rate to catch up with the amount of fresh oil
that was missed, until the proper amount of fresh oil has
been replaced. M the faull persisis too long the CORS
can not catch-up even if the fault were to be repaired and
the ECM will report a specific fault requiring an oit
change be performed to completely replace the engine
ail with fresh ail.

QST30 Generator Drive Control System

Centinel™ Continous Oil Replacement
System (CORS) InPower™ Location:

Adjustments
Features
CORS
CORS User Trim Enabe
Oil Changed
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If an oil change is reguired due to an extended CORS faull
condition, after the gil change has been accomplished it is
necessary for the operator to reset the number of missed
puises in order for the CORS feature to function normalty.
This is accomplished using InPower™ by setting the O/
Changed parameter to “Reset”. The ECM will automati-
cally set this parameter back to "Not Reset” after it has
been Reset indicaling thal the number of missed pulses -
has been reset.

Differences Between the GCS and FCG
Systems

Instaliation Differences

There are several controller installation and design spec-
ification differences between the "old" G-Drive Fuel
Control Governor (FCG) module and the "new " G-Drive
Control System (GCS) module that must be considered
by the OEM.

Engine Harness and OEM Connections

The G-Drive Fuel Control Governor (FCG) module
and the G-Drive Control System {(GCS) module use
two different types of connector systems.

The FCG module has two 40-pin Deutsch connec-
tors, Connector A and Connector B respectively.
Connections between the engine harness and the
control module are made using a factory supplied
wiring harness that mates with Connector A of the
module. The QEM is responsible for building the wir-
ing harness to access the features available by wir-
ing to Connector B. Further details are described in
the Q8T30 Generator Orive Fuel Control Governor
application manual, Cummins Bulletin #3666323.

The GCS module has two 50-position D-Sub connec-
tors (Connectors 02 and 05) and two 25-position D-
Sub connectors (Connectors 03 and 06). Connec-
tions between the engine harness and the control
module are made using a factory supplied wiring har-
ness that mates with the two 50-position D-Sub con-
nectors, Connectors 02 and 05, The OEM is
responsible for building the wiring harness to access
the features available by wiring to the two 25-position
D-Sub connectors, Connectors 03 and 06. The mat-
ing connectors and associated parts are supplied
with the engine to be used in the manufacture of the
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OEM wiring harness 1o these two 25-position connec-
tors. See the Installation seclion on page 14 for fur-
ther details.

Module Orientation

The Generatar Drive Control System (GCS) module
is required to be installed with the connectors facing
down and the cooling fins of the heat-sink oriented
vertically in order to comply with IP53/NEMA-3R
requirements and provide adequate cooling far the
module. See the Installation section on page 14 for
further details. '

Specification Similarities and Differences

The following tables provide a listing of both the sim-
ilarities and differences between the GCS and FCG
module design specifications. The differences may
require that the OEM make changes to accommo-
date the new GCS control module. The "QST30
GCS Vs FCG Differences” table provides an applica-
tion recommiendation or guideline in the last column
of the table. The OEM is responsible for ensuring
their installation and design meets the intent of each
recommendation and guideline.

QST30 Generator Drive Control System
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Specification

NEW
G-Drive Control System
{GCS) module
(Ref. Cummins Bulletin
#4000195)

oLD
Generator Drive Fuel
Control Governoer mod-
ule
(Ref. Cummins Bulletin
#3666323)

Comments

Governor Mode

Isochronous to 10% Droop

Isochronous to 10% Droop

Operating Voltage Range

+18 to +35V0C

22 0t0 34.0VDC; 24 VDC

The GCS module has a

(Convertible to Positive or
Isotated Ground)

(+12vDC Minimum during | Recommended wider Operating Voltage
engine starting) Range.
Ground Polarity Megative Ground (-) Negative The GCS module is com-

patible for use with a Posi-
tive or Isolated Ground as
well as a Negalive Ground
system.

Relative Humidity

0-95% non-condensing

0-95% non-condensing

Case Metal

Sheet Steel - Housing
Aluminum - Heat Sink

Die Cast Aluminum

The difference in package
metal is not a significant
difference with regard to
the application or installa-
tion of the module provid-
ing all other application
guidelines and installation
recommendations are Tol-
lowed.

Voltage Surge Protection

per EN61000-4-5 and
+63VDC supply surge
voltage

80 vDC, 10mS transient

There is nothing that
changes with the installa-
tion or application due to
the difference in module
surge protection.

Reverse Polarity Protec-
tion

+28vDC Maximum

Yes

The GCS module is capa-
ble of withstanding an
applied reverse voltage of
+28VDC.

High Voltage Protection

+35VDC Maximum Con-
tinuous

35vDC for 24 hours con-
tinuous

The GCS module is capa-
ble of withstanding a con-
tinuous applied vollage of
+35vDC.
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QST30 GCS Vs FCG Differences

QST30 Generator Drive Control System

Specification

NEW
G-Drive Control System
(GCS) module

oL
Generator Drive Fuel
Control Governor mod-

Application Recommen-

rent

(Ref. Cummins Bulletin ule dation/Guideline
#4000195) (Ref. Cummins Bulletin
#3666323)
MNominal Operating Cur- 8.0A @ +24VDC 3.5A @ 24VvDC Battery power supply and
rent return cables must be
sized appropriately for the
Maxirmum Operating Cur- 10A @ +24VDC 4.5A @ 24VDC PProp Y

larger current demand of
the GCS module.

Quiescent Current Draw

60mA (nominal) -
Sleep Mode
350mA (nominal) -
Ready Mode
[ECM On & Engine
Running]

30mA

Ambient Operating Tem-
perature

Module Housing
Temperature:

-40 to 168 deg. F
[-40 to 70 deg. C}

Module Heat Sink
Temperature:

~40t0 140 deg. F
[-40 to 60 deg. C]

-40 10 185 deg. F
[-4C to 85 deg. C}]

The GCS moduie must be
instafled where the maxi-
mum operaling tempera-
tures are not exceeded.
This may require that the
installation be changed to
provide an adequate cool-
ing environment.

Storage Temperature

-67 to 176 deg. F
[-55 to 80 deg. (]

-40 to 185 deg. F
[-40 to 85 deg. C]

The storage temperature
range for the GCS moedule
is not as wide. Storing a
GCS module may require
different provisions in
order to comply with the
storage temperature
requirements.

Dimensions

228 mm x 182.5 mm X
129.7 mm
[8.9Bin.x7.19 in. x
5.11in.]

204 mm x 227 mm x 46 mm
[80in.x89in. x1.8in]

Aithough the depth of the
GCS module is not as
great, both the height and
width of the GCS module
are greater. The GCS
module mounting holes
[are located differently.

r

A
| NQTE: These differences may require the GEM make | |

changes to accomodate the new GCS conirol modtule.
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QST30 GCS Vs FCG Differences (continued)

NEW C oLD
G-Drive Control System Generator Drive Fuel
Specification - (GCS) module Control Governor mod- i Application Recommen-
(Ref. Cummins Bulletin ule dation/Guideline
#4000195) {Ref. Cummins Bulletin
#3666323)
| These differences require
that the installation be
changed to accommodate
the mounting and space
requirements of the GCS
module.

Weight 4.15 kg [9.16 Ibs] 2.7 kg [6.0 Ibs] The GCS module is
heavier. This may require
that the installation be
changed to accommodate
the heavier weight.

Hard-Wired OEM Inter- See OEM Wiring

faces Changes section below

for further details.

r— -  —-""=-""—-"""""7—-"7V"= — — == = = 3
| NOTE: These differences may require the OEM make | ‘
changes to accomodate the new GCS control module.

Field Conversion of a GCS Module to an Engine Currently Using the FCG Module

An existing engine that uses the FCG can be converted so that it will operate using the new GCS module, The folfow-
ing application information provides specific details about the conversion process. All applicable recommendations
and guidelines in the last column of the “QST30 GCS Vs FCG Differences” on page 93 must be followed. The OEM is
responsible for ensuring their instaliation and design meets the intent of each recommendation and guideline.

Field Conversion Parts and Instructions

Cummins Parts Announcement T8D includes specific information about the parts available for purchase that are
needed and instructions fo upfit a GCS module o a genset currently using the FGCG module. The OEM or customer
should ebtain a copy of the Parts Announcement and read it prior to making any design or installation changes required
to upfit the genset with a GCS module. Pages 34 and 36 are diagrams of the Engine Converter and OEM Converter
Harness available for converting an existing engine. See the Parts Announcement for further details.

OEM Wiring Changes
Due to design differences between the GCS and FCG modules the OEM wiring will need lo change if certain features

of the FCG used in the current genset control system are to operale properly once the GCS module is upfit to the
genset.
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Diagnostic Mode Connectors

This diagnostic shorting plug on the engine harness is removed to power the FCG module allowing service tool
communications with the module when the Run Switch is off. The diagnostic shorting plug on the engine harness is
not used with the GCS module. Instead, the OEM adapter harness has two 1-pin, opposite gender weather-pack
connectors that are used to initiate the diagnostic mode of the GCS module. When the two 1-pin connectors are
‘plugged into one another, the GCS module will enter diagnostic mode while the engine is not running (the Run/
Stop swilch is set to “Stop”).

While in diagnostic mode, the Common Warning and Common Shutdown LED’s on the side of the ECM will flash-
out a sequence indicating which faulls are active. Diagnoslic mode terminates when the plug is disconnected from
the mating connector or when the engine starts and the diagnostic mode connectors are still plugged into one
another. See the Diagnostic Mode section on Page 70 if this manual for further details.

Also, the analog Rack Pasition Voltages are not output from the GCS module to the Diagnostic Connector. of the

Engine Harness, but are available for monitoring electronically using the INPOWER ™ service tool.

Run/Stop Switch

The Run Signal fﬁput of the FCG requires that one terminal of the Run/Stop switch be connected to B+. The B+
connection from the Run/Stop switch must be disconnected from B+ and connected to engine ground in order to
work properly with the GCS module Run/Stop swiich input.

Common Warning and Alarm Drivers

The Commeon Alarm Shutdown Relay and Common Warning Relay outputs are replaced by low side drivers
{Active = Ground, Inactive = Open} in the GCS module. This requires that the OEM interface to these connections
be changed so that the |pad on these low-side drivers is no greater than 200 mA at +24 VDC for each driver oul-
put. The OEM may need to install external relays in order to comply with the driver rating limitations of the GCS
maodule.

Speed Adjust Potentiometer

Due to the difference in the circuitry that processes the Speed Adjust input potentiometer signal, the potentiometer
connections lo the GCS module must be checked to insure that the adjustment results in the desired speed
response (i.e. clockwise adjustment = increase speed & counter-clockwise adjusiment = decrease speed). If the
response is opposite than the desired response, the circuits to the end terminals of the potentiometer will need to
be reversed.

Emergency Stop

If an Emergency Slop switch is required for the application, the switch must be wired so that the activation of the
Normally-Closed switch interrupts Baltery {+) power to both pins 1 and 25 of GCS ECM Connector 06. The normal
state of the switch (closed) applies constant Battery (+) power to these two pins. If an Emergency Stop Switch is
not used, Battery (+} power must be connected to both of these two pins in order for the system to control engine
fugling. The engine will not run unless there is power to both pins. The circuit must also be protected using a 5A
fuse and a reverse-current protection diode, whether an Emergency Stop switch is installed or not.

QST30 Generator Drive Control System
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Appendix A: Modbus Register Data’

Parameter Function Register Total Read/ | Scaling | Type Eng Range
Code Address number | Write Units
(Decimal) of bytes

Engine Speed 04 30001 2 Read 8 5 rpm >0
Only

Coolant Temperature 04 30002 2 Read 64 S IF -40 to 302
Only

Ol Pressure 04 30003 2 Read 64 g |psia 0o 120
Only

Battery Voltage 04 30004 2 Read 64 S |volts 010 40
Only

Frequency Adijust Pot 04 30005 2 Read 80 S |Hz 3103
Only

Droop Adjust Pot 04 30006 2 Read 256 S % 0o 10
Only

Barometric Pressure 04 30007 2 Read 64 S in.Hg 13.2t0 32.6
Only

Engine Running Time 04 30008-30009 4 Read 10 U  [sec 0 to 200,000,000
Only

ECM On Time 04 30010-30011 4 Read 1 U lsec 0 to 789,000,000
Only

Base Frequency 04 30012 2 Read 80 U Hz 50 to 60
Only

Base Speed 04 30013 2 Read & U hpm 1000 to 3600
Only

Final Speed Reference 04 30014 2 Read 8 - U Iipm >0
Only

Estimated Torque 04 30015 2 Read 1 S -t 0to 11,952
Only

+0.2V Speed Bias 04 30016 2 Read 80 S |Hz +7.38
Only

+2.5V Speed Bias 04 30017 2 Read 80 s Hz +3
Only ’

Fuel Consumption Rate 04 30018 2 Read | 100 U lGaliHr.  |0to 600
Only

Cumulative Fuel Con- 04 30019 to 30020 4 Read 100 v Gal. 0 to 10,000,000

sumption Onily

Governor Gain Adjust 04 300214 2 Read 256 U NfA 0.05t0 10.0

Pot Only

1. The maximum amount of data the ECM can retum in response to a Read Input Registers request (Function Code 04) is 16 registers.
The maximum length of an entire message must not exceed 256 bytes.
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Parameter Functian Register Total Read/ | Scaling | Type Eng Range
Code Address number | Write Units
{Decimal) of bytes
.|Active Warning Fault D4 30033- 32 {total) Read
Events List? 30048 Only
Fauit Code 2 each 1 v INA 0 to 3999
Active Shutdown Fault 04 30048- 32 Read
Events List? 30064 Only
Fault Code 2 each 1 U VA 0 to 9999
Most Recent Fault 04 30065-30316 | 504 (total) | Read
Events List® Only
Fauit Code 2 each 1 U |wA 0 to 9999
Fault Count 2 each ? U Iva 0 ta 65535
Time Stamp (last 4 each 1 U |sec 0 to 789,000,000
occurrence, ECM
on time}
Time Stamp (last 4 each 10 U |sec 0 to 200,000,000
occcurrence, engine
running fime)
Fuel Rack Position 04 30545 2 Read 128 S mm -5791023.3
{Left Bank) Only
Fuel Rack Position 04 30546 2 Read 128 S  lmm 57910233
(Right Bank} Only
Intake Manifold 04 30547 2 Read 64 S |psia Oto 153
Pressure Only
{Left Bank)
tntake Manifold 04 30548 2 Read 64 5 psia Oto 153
Pressure Only
(Right Bank}
Intake Manifold 04 30549 2 Read 64 s |°F -40to 302
Temperature Only
{Left Bank}
Intake Manifold l 04 30550 2 Read 64 S °F -40 to 302
Temperalure Only
(Right Bank)
Coolant 04 30551 2 Read 64 S |psia Qto75
Pressure ) Only
Oil Temperature 04 30552 2 Read 64 S |°F -40to 302
Only
Fuel Supply Pressure 04 30553 2 Read 64 S psia Oto 75
Only
Fuel Temperature 04 - 30554 2 Read 64 -] ‘F -40 to 302
Only

a. The Active Warning and Active Shutdown Fault Events Lists each consist of 16 Fault Codes.

b. The Most Recent Fault Events List consists of 42 records of fault data. Each record consists of 12 bytes containing data for
the Fault Code. Fault Code, Fault Count, ECM On-Time Time Stamp, and Enging Running Time Stamp. The Fault Count is
the number of occurences for the respective Fault Codes.
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|
|
Parameter Function Register Total Read/ | Scaling | Type Eng Range
Code Address number | Write Units
{Decimal) of bytes
|
‘ \ oad Profile Monitor® 04 30317-30336 | 40 {Total) Read
[ (50Hz Log) Orlly
Range #1 04 30317-30318 | 4 each 10 U lmin 0 to 200,000,000
(0% to 10% joad)
| Range #2 04 30319-30320 | 4 each 10 U \min 0 to 200,000,000
’ (> 10% to 20%
load)
Range #3 04 30321-30322 | 4 each 10 U min 0 to 200,000,000
(>20% to 30%
foad)
Range #4 04 30323-30324 | 4 each 10 U |min 0 to 200,000,000
(> 30% to 40%
load)
Range #5 04 30325-30326 | 4 each 10 U |min 0 lo 200,000,000
(> 40% to 50%
foad)
Range #6 04 30327-30328 | 4 each 10 U |min 0 to 200,000,000
(> 50% to 60%
load)
Range #7 04 30329-30330 4 each i0 U |min 9 to 200,000,000
(> 60% fo 70%
foad)
Range #3 04 30331-30332 4 each 10 U {min 0 to 200,000,000
(> 70% to 80%
foad)
Range #9 04 30333-30334 | 4 each 10 U lmin 0 to 200,000,000
{> 80% to 90%
ioad)
Range #10 04 30335-30336 | 4 each 10 U \|min 0 to 200,000,000
(> 90% to 100%
oad)

a. The Load Profile Monitor is a record consisting of percentile Ranges #1 through #10. Each range consists of 4 bytes desig-
nating the amount of time (in minutes) that the engine has been operating in the respective load range.
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Parameter Function Register Total Read/ | Scaling | Type Eng Range
Code Address number | Write Units
{Decimal) | of bytes
Load Profile Monitor® 04 30337-30356 | 40 (Total) | Read
(60Hz Log) Only

Range #1 04 30337-30338 4 each 70 U imin o ta 200,000,000
{0% to 10% load)
Range #2 04 30339-30340 | 4 gach 10 U |min 0 fo 200,000,000
(> 10% to 20%
foad)
Range #3 04 30341-30342 | 4 pach 10 U |min  |0to 200,000,000
{(»20% to 30%
foad)
Range #4 04 30343-30344 4 each 10 U min 0 to 200,000,000
> 30% to 40%
load)
Range #5 04 30345-30346 | 4 each 10 U |min 0 to 200,000,000
(> 40% to 50%
foad)
Range #6 04 30347-30348 4 each 10 U |min 0 to 200,000,000
(> 50% to 60%
jload}
Range #7 04 30349-30350 | 4 each 10 v lmin 0 to 260,000,000
(> 60% to 70% :
load}
Range #8 04 30351-30352 4 each 10 U |min 0 to 200,000,000
(> 70% to 80%
ioad)
Range #9 04 30353-30354 4 each 10 U |min 0 to 200,000,000
(> 80% to 90%
load)
Range #10 04 30355-30356 4 each 10 U min 0 to 200,000,000

a. The Load Profite Monitor is & record consisting of percentile Ranges #1 through #10. Each range consists of 4 bytes desig-
nating the amount of time {in minutes) that the engine has been operating in the respective [oad range.
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Function Coilfinput Total
Switch Name Code Address number Read/Write States
{Decimal) of bits

Shutdown QOverride 01 (Read) 00001 1 Read / Write Enabled = 1

05 {Write) Disabled =0
Fault Acknowledge® 01 {Read) 00002 1 Read /Write | Acknowledge = 1

05 (Write) Not Acknowledge =0
Idie/Rated Switch State 02 10001 1 Read Only Rated =1, Idle = 0
Run/Stop Switch State 02 10002 1 Read Only Run=1Stop=0
Remote Emergency-Stop Input 02 10003 1 Read Only Stop =1, Not Stop =0
Coolant Level Switch State® 0z 10004 1 Read Only Low =1, Normal =0
Common Shutdown Lamp/Relay 02 10005 1 Read Cnly Driver On =1
Driver Command Driver Off =0
Common Warning Lamp/Relay 02 10006 1 Read Only Driver On =1
Driver Command Driver Off =0
Fuel Shut-off Valve Driver State 02 10007 1 Read Only Driver On =1

' Driver Off =0
Operalor Interface Mode 02 40008 - 4 Read Only See Table Below
10011

CENTINEL Oil Make-Up ‘02 10012 1 Read Only Low Qif Level = 1

Tank Level

Not Low Qil Level = 0

a. The Fault Acknowledge command is 2 momentary signal and should be held in the “acknowledge” state for no
longer than 0.5 seconds when acknowledging a fault condition.

h. The Caoolant Level Switch is to be supplied by the customer. The control system must be set -up to read the
Coolant Level Switch signal. See the Customer Supplied Coolant Level Switch section on page 101 for fur-

ther details.

Emergency Stop

Bit No. B A 9 8

Off 0 0 0 0
Ready 0 o 0 1
Fault Flashout 0 0 1 0
Non-Running Test 0 0 1 1
Starting 0 1 0 0
Idle 0 1 0 1
Rated 0 1 1 0
Normal Stop 0 1 1 1
1 0 0 0

1 0 0 1

Watchdog Test

The maximum amount of data the ECM can return in response to: i) a Read Coil Status request {(Function Code 01) is 32 coils,
if)y a Force Single Coil request (Function Code 05} is 1 coil, or iii} 2 Read Input Status request (Function Code 02) is 32 inputs.

The maximum length of an entire message must not exceed 256 bytes.

A
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Appendix C - Supported Modbus Exception Codes

Code

Name

Description

01

lilegal Function

The function code received is not valid

0z

Negal Data Address

The data address received in the query is not a
valid address

03

lllegal Data Value

A value contained in the query data field is not a
valid value for the stave
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Appendix D - Supported Modbus Diagnostics

Sub-
Function Name Description
Code
00 Return Query Data The data passed in the query data field is to be returned (looped back) in the
response. The entire response message should be identical to the query.
01 Restart Communica- | The slave’s peripheral port is to be initialized and restarted, and all of its communi-
tions Option cations event counters are to be cleared. If the port is currently in Listen Only
Mode, no response is returned. If the port is not currently in Listen Cnly Mode, a
normal response is retumed. :
04 Force Listen Only Forces the ECM into Listen Only Mode. This isolates it from the other davices on
Mode the network, allowing them to continug communicating without interruption from the
addrassed slave. No response is returned.
The only function that will be processed after this mode is entered will be the
Restart Communications Option function (function code 08, subfunction 01)
10 Clear Counters and Clears all counters and the diagnoslic register,
Diagnostic Register
11 Return Bus Message | The response data field retumns the quantity of messages that the slave has
: Count detected on the communications system, since its last restart, clear counters opera-
tion, or power up.
12 Retum Bus Commu- The response data field returns the quantity of CRC errors encountered by the ECM
nication Error Count since the its fast restart, clear counters operation, or power-up.,
13 Return Bus Exception | The response data field returns the quantity of Modbus exceplion responses
Ermor Count returned by the ECM since the its last restart, clear counters operalion, or power-
up.
14 Return Slave Mes- The response data field returns the quantity of messages addressed to the ECM, or
sage Count broadcast, that the ECM has processed since its last restant, clear counters opera-
tion, or power-up.
i5 Return Slave No The response data field returns the quantity of messages addressed to the ECM for
Response Count which it did not return a response (neither a normal response nor an exception
response), since its last restart, clear counters operation, or power-up
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Appendix E - Electronic Device Usage

Device Type/Description

Comments

_ Sensors
Fuel Rack Position
Barometric Pressure
Coolant Level

Coolant Pressure

Coolant Temperature
Engine Speed Sensor (ESS)
Fuel Supply Pressure

Fuel Temperature

Intake Manifold Pressure
intake Manifold Temperature
QOil Pressure

Oil Temperature

CENTINEL Continuous Qil Replacement
System Oil Make-Up Tank Level

Switch inputs
Run/Stop
tdle/Rated
Crank
Alternate Frequency’
Diagnostic Mode
Fault Acknowledge

Control/Service/Safety
Discrete Inputs

Emergency Stop {Local & Remote)
' Run Refay Contact Status

Crank (Slave) Relay Contact Status

Backup Start Disconnect Status

Diagnostic Mode Enable

Adjustable inputs
Governor Gain
Speed Droop
Frequency

Speed Bias/Synchronizing/
Fuel Governing Inputs

+/- 0.2V Signal

+/- 2.5V Signal

Torque Contral Signat -

Both left & right bank rack positions

INSTALLATION OF THE COOLANT LEVEL SENSOR IS MANDATORY. Provi-
sions are in QST30 wiring harnesses to connect customer supplied sensor.

Sensor has redundant main/backup coils {both are wired to the ECM}

Both left & right bank pressures
Both feft & right bank temperatures

Two one-pin connectors (opposite gender) are plugged together to enable Diag-
nostic Mode

For use with Barber-Colman compatible governing and load share equipment

For use with Woodward compatible goveming and load share equipment
For use with Un-interruptable Power Supply (UPS) system applications
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Device Type/Description

Comments

Drivers

Lamp/Relay Drivers
Common Warning
Common Shutdown
High Engine Temperature
Low Qi Pressure
Overspeed
Pre-High Engine Temperature
Pre-Low Oil Pressure
Fail-fo-Start

Meter Drivers
Engine Speed
Oil Pressure

Actuator Drivers
Fuel Pump Rack
’ Fuel Shut-Off Valve Solenoid
Starter Controf (Crank Coil Relay}
Fuel Lift Pump

Coolant Temperature

CENTINEL Continuous Oif
Replacement Valve

Miscellaneous Outputs

Baltery Charging Aliernator
Field Flash Qut

Serial Communications Datalinks
RS3-232 Datalink
(Service Tool Interface)

MODBUS RS-485 Datalink
(Customer Interface)

Bath left & right fuel pump racks
Both left & right bank FSQ’s
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Appendix F - Keyed Connector
Backshell Assembly Instructions

Each keyed connector kit includes the following
parls:

*  Keyed Backshell
{2 halves — includes colgr-coded connector iden-
tification label on each half}

»  Backshell Fastening Screws (Qty. 2)

»  Thumbscrews (Qty. 2)

»  Wiring Harness Strain Relief Clamp (Qty. 1)

«  Strain Relief Clamp Fastening Screws (Qty. 2)

- Connector Grommet Seal (Qty. 1)

+  Connector Terminals (Qty. 30)

QST30 Generator Drive Control System

+  Sealing Plugs (Qty. 30}
»  Terminal Insertion/Extraction Tool {Qty. 1}

Required tools (not included in kit):

*  Wire Strippers

»  Standard Screwdriver

»  Terminal Crimp Tool (and required accessories,
i.e. positioner)

Following are the instructions explaining how to
assemble the 25-position connector together with the
wiring harness and the keyed connector backshell.

1. Position the connector grommet seal on the
backside of the connector (the side that the har-
ness conductors will be terminated to at the con-
nector).
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2. Strip 4.3 to 5.1 millimeters (0.17 to 0.20 inches)

of insulation fram the ends of the wire hamess
conductors,

Using the appropriate terminal crimping appara-
tus, crimp the connector terminals onto the
stripped, bare ends of the wire harness conduc-
tors. Use a crimp tool with frame style M22520/
2-01 per MIL-C-22520, or equivalent. A hand-
held or pneumatic crimp tool can-be purchased
from Daniels Manufacturing Corporation {P/N
AFMB8 for hand-held, P/IN WAZ7F for pneumatic)
atong with the terminal positioner {Part No. K13-

1 for use with 0.5 mm? [20 AWG] terminals).

NOTE: Carefully read and follow all of
the manufacturer's instructions for the
specific crimp tool being used for this
procedure. The AFMS8 crimp tool from
Daniefs  Manufacturing  Corporation
requires that the correct positioner be
used and that the crimp tool selector
knob is adjusted to the correct setting for
the terminal size being used. ’

Once all conductors to be used are crimped onto-
connector terminals, insert each terminal into the
correct cavily of the connector. Because the
grommet seal is covering the conneclor, each ter-
minal will first have to be inserted through the cor-
responding cavity of the grommet seal. The .
terminail can be installed by using a small amount
of pressure to push the terminal into the connec-
tor cavity. There will be a quiet “click” or "snap”
sound when the detents in the connector cavity
engage, indicating that the terminal is properly
seated in the connector cavity.
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NQTE: If for any reason a terminal must |
be extracted from a connector cavity |
after it has already been installed, use |
the extraction tool provided in the kit to

do so. -The terminals are a rear-side |
removal type. I

. The grommet seal must have a sealing plug
inserted in the unpopulated cavity positions in
order to provide adequate protection against
debris and water intrusion. Insert a sealing plug
into each open cavity position an the back
{exposed) side of the grommet.

Ensure that all terminals are properly seated into
each of the connector cavities. Applying a small
amount of farce to try and pull the harness con-
ductor attached to the terminal out of the connec-
tor cavity can check this. f the terminal is
improperly seated, it should easily pullout of the
connector cavity. If the terminal is properly
sealed, there should be resistance when pulling
on the conductor and the terminal will remain
seated in the connector cavity.

When all harness conductors have been inserted
into the connector and properly seated, piace the
connector into one half of the keyed backshell,
laying the harness bundle as shown in the dia-
gram.

8. Place the strain relief clamp over the hamness

bundie and attach it to the backshell half using
the two strain relief clamp screws provided.

QST30 Generator Drive Control System
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9. Place the two thumbscrews into the proper loca-
tions of the backshell half.

10. Finally, place the second half of the backsheil in
place, fitting it to the first half of the backshell to
cover the exposed grommet seal and harness
sirain relief clamp and fasten the two backshell
halves together using the two backshell fasten-
ing screws provided.

NOTE: When attaching the keyed connectors .
to the ECM, the thumbscrews should be |
| torquedio 0.79 - 0.90 N m (7-8 in.-lbs.).
L - - — - — — e = — w— — = — |
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Appendix G - Component Manufacturers’ Addresses

NOTE: The following list contains addresses and telephone numbers of suppliers of accessories used on Cummins en-
gines. Suppliers can be contacted directly for any specifications not covered in this manual.

Alternators

Robert Bosch Lid.

P.O. Box 28

Broadwater Park

North Orbital Road
Denham

Uxbridge

Middlesex UD8 SHG
England

Telephone; 01895-833633

Butec Electrics
Cleveland Road

Leyland

PR5 1XB

England

Telephone: 01744-21663

C.AV. Electrical Equipment
P.0.Box 38

Warple Way

London -
W3 7SS

England

Telephone: 01-743-3111

A.C. Delco Components Group
Civic Offices

Central Milton Keynes

MK 3EL

England

Telephone: 01908-66001

C.E. Niehoff & Co.

2021 Lee Street

Evanston, 11 60202
Telephone; (708) 866-6030

Delco-Remy America

2401 Columbus Avenue
Anderson, In 460118
Tefephone: (317) 646-3528

Leece-Neville Carp.

400 Main Street

Arcade, NY 14009
Telephone: (716) 482-1700

Coolant Level Switches

Robertshaw Controls Company
P.O. Box 400

Knoxvilte, TN 37901
Telephone: (216) 885-1773

Connnector Contact Crimp Tools
& Accessories

Daniels Manufacturing Corp.
526 Thorpe Rd.

Orlando, FL 32824
Telephone: (407) 855-6161

Connnector Contact Insertion &
Removal Tools

Aiconics, Inc.

13100 Kirkham Way #206
Poway, CA 92064
Telephone: (858) 513-2115

Electric Starting Motors

Butec Eleclrics
Cleveland Road
Leyland

PR5 1XB
England

" Telephone: 01744-21663

C.AV. Blectrical Equipment
P.O.Box 36 '
Warple Way

L.ondon

W3 755

England

Telephone: 01-743-3111

A.C. Delco Components Group
Civic Offices

Central Milton Keynes

MKS 3EL

England

Telephone: 01908-66001

Delco-Remy America

2401 Columbus Avenue
Anderson, IN 46018
Telephone: (317) 646-3528

Leece-Neville Corp.

400 Main Street

Arcade, NY 14009
Telephone: (716) 482-1700

Nippondenso Inc.

2477 Denso Drive

P.O. Box 5133

Southfield, Mi 48086
Telephone: (313) 350-7500

Electronic Switches

Cutler-Hammer Products
Eaton Corporation

4201 N. 27th Street
Milwaukee, WI 53216
Telephone: (414) 448-6600

Electronic Switches (continued)

Cutler-Hammer Products
Eaton Corporation

4201 N. 27th Street
Milwaukee, W1 53216
Telephone: (414) 443-6600

Gauges

AlS.

Dyifon Industrial Estate
Ystrad Mynach

Hengoed

Mid Glamorgam

CF8 7XD

Telephone: 01443-812791

Yokogawa Electric Corporation
9-32

Nakacho 2-chome Musashino-shi
Tokyo, 180-8750

Japan

Telgphone: 81-422-52-5535

Grasslin U.K. Ltd.

Vale Rise

Tonbridge

Kent

TNG 1TB

Engiand

Tetephone: 01732-359888

lcknield Instruments Ltd.
Jubilee Road
Letchworth

Herts

England

Telephone: 04626-5551

Superb Tool and Gauge Co.
21 Princip Street
Birmingham

B4 61E

England

Telephone: 021-359-4876
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Gauges (continued)

Kabi Electrical and Plastics
Cranborne Road

Potters Bar

Herts

ENG 3JP

England

Telephone: 01707-52444

Datcom Instruments

P.O, Box 128

East Petersburg, PA 17520
Tetephone: (717) 569-5713

Rochester Gauges, Inc.
11616 Harry Hines Blvd.
P.0. Box 29242

Dallas, TX 75229

Crompton Instruments Lid.
Freebournes Road

Withan Essex

CM8 3AH

England

Telephone: 44(0) 1376 512601

In-Line Connectors

Pioneer-Standard Electronics, Inc.

5440 Neiman Parkway
Solon, OH 44138
Telephone: (216) 349-1300

Deutsch

Industrial Products Division
37140 Industrial Avenue
Hemet, CA 92343
Telephone: (714) 929-1200

Ladd industries, Inc.

4849 Hempstead Station Drive
Kettering, OH 45429
Telephone: (937) 438-2646
{B00)223-1236

Load Share/
Synchronizing Controls

Woodward Governors Ltd.
P.O.Box 15

663 /664 Ajax Avenue
Slough

Bucks

SL14DD

England

Telephone: 01753-26835

Appendix G - Component Manufacturers’ Addresses

Load Sharef
Synchronizing Controls
{continued)

Woodward Governor Co.
P.O. Box 1519

Fort Collins, CO 80522
Telephone: (303) 482-5811
{800) 523-2831

Barber Colman Co.

1354 Clifford Avenue
Loves Park, IL 61132
Telephone: {815) 637-3000

United Technologies
Diesel Systems

1000 Jorie Blvd.

Suite 111

QOak Brook, IL 69521
Telephone: (312) 325-2020
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Appendix H - Operating, Electrical & Environmental Specifications

Operation
Governor Mode ... Isochronous to 10% Droop
Governor Gain Adjust .........ccooen 0.05 to 10.00
Frequency Adjust Range ........cocoovieeee e +9Hz (+3Hz Using External Pot,
+6Hz Using InPower™)
Speed Bias Reference Voltage ... +5VDC (+2%); 50mV, ,y Max. Ripple
+2 5V Speed Bias Signal ... S 5.0V £ 2.5V (+3Hz full scale)
+0.2V Speed Bias Signal ... 5.0V + 0.2V (x7.38Hz full scale)
Minimum Mag Pickup Speed Signal Input..................... 1.5V, @ 200 rpm,
6.5V, @ 1800 rpm
Power
Nominal Operating Voltage ... +24VDC
Cperating Voltage Range ..o, +18 to +35VDC (+12VDC Minimum during
engine starting)
Maximum Continuous Voltage .........c.cco.oiiinnnnn, +35vVDC
Ground Polarity ......ccooiiviiiior e eee e Negative Ground {Convertible to Positive or
Isolated Ground; See the Positivellsolated
Grounding section on page 20 for further
details)
Nominal Qperating Current............ccocvvveeccmercccieneen 8.0A @ +24VDC
Maximum Operating Clrment.......ooicvecceec i, 10.0A @ +24VDC
Sleep Mode Operating Current........coceevvec 60mA (nominal)
Ready Mode Operating Current. ... 350mA (nominal)
[ECM On & Engine Not Running]
Environmental
Ambient ECM Housing Operating Temp.........cccceeerueen. -40° t0158°F [-40° to 70°C]
Ambient ECM Heat Sink Operating Temp. .........c..coeeee. -40° to 140°F [-40° to 60°C]
Maximum ECM Heat Sink Surface Temperature........... 167°F [75°C] @ 140° F {60°C] ambient
air temperature
Storage TeMPerature. ..o ieieeree s iiee e v e -67° to 176°F [-55° to 80°C]
Vibration Limits ... 20-100Hz, 93.6mm/sec;
100-200Hz, 6g
Relative Humidity ............coocoovri e 0-95% Non-Condensing
Salt Fog RESIStaNt....ooceevioeeieeteeeeeas e 150 Hours, 5% salt @ 95°F
Radiated IMmMunity ........cccooreriioeeeeeeee e per ENV50140, 10V/m
Conducted Susceplibility...............oo per ENV 50141, 10V/m
Radiated EMISSions ...t per EN55011
Electrical Fast Transient (EFT) ..., per EN61000-4-4 (Level 3)
Mounting {(Off engine)........cccoooooiiiiiii e, IPS53/NEMA-3R {with connectors

facing down}
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Physical
Dimensions (Including Heat Sink; ... ...coooooiiiiieen.e. 2280mm X 1825 mm X 129.7 mm
excluding mounting brackets) .....c..oooviiii . (8.98in. X 719in. X 5.1t in.}
Weight .. 4.15kg [9.16 Ibs.]
Housing Metal ... e, Sheet Steel
Heat Sink Metal...........oooooii e Aluminum

Protection

Voltage Surge Protection ...............c..covceineeee oo per ENB1000-4-5 and +63 V DC supply
surge voltage

Reverse Polarity Protection ..., +28VDC Maximum
High Voltage Protection ...l +35VDC Maximum Continuous
Electrostatic Discharge (ESD) .........cocoovvveeceee per EN61000-4-2 (8kV direct contact,

15kV air discharge)

Standards Compliance

CE e e e Low Voltage Directive (73/23/EEC),
) . ENS0081-2, END0082-2
NEMA ..o e 3R {ECM Housing)
IEC e IP53 (ECM Housing),
IP54 (Harness Inline Connectors)
CSAY ettt C282-M (1989)
NFPAT et 76A

Electrical Interface Characteristics

Lamp/Relay Driver Supply

Supply Voltage.........ccoooriiioeee e +24VDC Nominal, +35VDC Maximum
Maximum Supply Current ............occoo i 1.5A
Maximum Supply Impedance...........ooocuueennn.. e aaes 0.502

Lamp/Relay Drivers

DIVEE TYPE ot e e Low-Side {switched GND/Open})

Priver Voltage Rating........ccocoeeeve i +24VDC Nominal, +35VDC Maximum
Maximum Sink Current (Driver On)........ccoooniieiceL, 200mA

Maximum Leakage Current (Driver Off)_........................ 0.3mA

Maximum Driver Impedance (Driver OnYy....................... 1Q

QOpen Circuit Fault Current (Driver On) ...l < 2mA (See Alarm LampiRelay Drivers

section on page 79 for further details.)

The Generator-Drive Control System is suitable for use with generator products intended to comply with the specified
standards,
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Electrical Interface Characteristics (Continued)

Analog Meter Drivers

QST30 Generator Drive Control System

Output Curremt .. ..o e 0tc1mA

Maximum Meter Load Impedance ........cccooiieciicn 1000

Qutput Accuracy (@ 100Q meter load)..................oveeee. < 10.5% of Full Scale

Qutput Resolution (@ 100Q meter load) .............cccceenen. < 0.5% of Full Scale

Analog (Adjustable) Inputs

Nominal Input Voltage Adjusiment Range ..................... 010 3.177VDC

Maximum Input Voltage ........ccoeerereiii e 5vDC

Maximum Potentiometer Resistance ................ooo e 5KQ + 5%

Remote Potentiometer Specifications (Recommended)

ReSISIANCE v ieevievimeeeer oo eerssiissmser e ennennn e DKEL £ 5%

LINEATIHY -..oeeiviee ettt seaaen e 0.25%

TEAVED oot e e st 360° x 10

Power Rating ........ccooeeie e 2.5mW minimum @ 70 °C (158 °F]
Insulation Rating .........cccooiiimaaaann 1000M G @ 500VDC
Dielectric SIrength. .o 100V RMS

Operating Temperature. ...........o.ccocviveeoeereoeeeeeeeeseen. -55° to 105°C [-67° to 221 °F]

Speed (Frequency) Bias Reference & Voltage Supply
5VDC Reference Voltage..........ccc.coiiiivvrremveeen e, +5VvDC *

2%; 50mV,,_, Maximum ripple volt-

age; 25mA Maximum Current

BVDC Supply VOltage ... +3VDC *

S5%,; 50mV|D_p Maximum rippie voli-

age; 15mA Maximum Current

Switch Inputs

Maximum Source Current...............ccooiiiiimnen s 100mA {when input is connected to
signal GND return)

Input Voltage{measured @ signal input) _...................... +5VDC when ECM is in Sleep Mode or
B+ (approx. 24VDC) when ECM
is notin Sleep Mode

Switching Threshold.......... e eeeea e e +2.5vVDC
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Appendix | - Electrical Symbols
Name ' Symbol

Battery -+
I

Alternator

(Frequency ‘@‘
Source)
Resistor J\/W

Variable 3 Terminal  — "\ N\o—
Resistor Device |
(Potentiometer)

2 Terminal

Device %

Terminal Strip l !

Switches:
{N.O.) o © oo
Normally Open N
(N.C.} O "0

Normally Closed

Transfer C\' 0)
G O
Transfer O O
3 position o
Relay Contact;

(N.O)
Normally Open ’—‘ ‘_

(N.C.) :i ’
Normally Closed

QST30 Generator Drive Control System

Name

Transfer

Capacitor

Fuse

Circuit Breaker

Jumper Wire

Coil

Magnetic Core

Transformer

Variable Reluctance

Magnetic Pickup

Female Contact

Male Contact

Symbeoel

1

SO
o O
(Y1

M
Ui
N
1 >
<_
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Name

Shields:
Shielded Wire

Shielded Pair

Crossing of Conductors
{wires) not Connected

Junction of Connected
Conductors (wires)

Grounded
Chassis or Frame
Connection

Symbaol

RN
S

=
BN

+
——
_JF

Condugcting connection to a chassis
or frame, of equivalent chassis con-
nection of a printed wiring board.
The chassis or frame (or equivalent
chassis connection of a printed wir-

ing board) may be at a different po- -

tential than the earth or structure in
which this chassis or frame (or print-
ed wiring board) is mounted.

Direct Conducting Connection to Cir--

cuit Return

Conducling connection to a structure
that services a function similar to that
of an earth ground {that is, a structure
such as a frame of an air, space or
land vehicle that is not conductively
connected to earth.)

Appendix | - Electrical Symbols
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Name
Earth Safety Ground

**  This symbol may be used in
ptace of symbol for direct con-
ducting connection to circuit
return to indicate a ground
gonnection having a specified
protective function (e.g., for
protection against electrical
shock in case of a fault).

**  Raf. Electrical and Electronics
Graphic Symbols and abbrevi-
ated name.

Symbol
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Glossary of Power Terms

A.C. -- See Alternating Current,

Alternating Current - Electrical current which repeatedly
varies from zero t0 a positive maximum value to zero to a
negative maximum value and back to zero at a periodic rate.
Since the applied voltage continually reverses paolarity, the
resultant current flow alternates in direction within the cir-
cuit.

Time

Alternating Current = |
Applied Voltage = V

AMP -- An abbreviation for the term Ampere.

Ampere -- The unit of measure of electrical current flow.
One ampere of current will flow when one volt of electrical
potential is applied across one ohm of resistance.

Auto-Transformer -- A transformer of single coil construc-
tion in which both the primary and secondary connections
are made on the same coil but use different taps.

Bi-State -- Refers lo the type of eletrical device, or the sig-
nal supplied by such a device, that has two discrete and mu-
tually exclusive states. For example, a two-position toggle
switch is a bi-state switching device that is either 'open’ or
‘closed’.

B- - Symbo! used to designate the negative polarity of a
D.C. voitage supply.

B+ - Symbol used to designate the positive polarity of a
D.C. voltage supply.

Capacitance -- The property of a device which resists
changes in voltage. In an A.C, circuit, a capacitive load will
cause the voltage to lag behind the current flow. Stated
more conventionally, the current leads the applied voltage.
A capacitive load is, therefore, a leading power factor load
(see Power Factor).

+
Time
0 j U ~
-  Alternating Current Leading Applied

Voltage Caused by Capacitive Load

Capacitor -- A device possessing the property of capaci-
tance. A typical capacitor consists of two conducting sur-
faces separated by an insulating material. A capacitor
stores electrical energy, blocks the flow of D.C. and permits
the flow of A.C. to a degree largely dependent on the
capacitance and the frequency of the applied A.C. ’

Circuit -- An electrical path through which an electric cur-
rent may flow from a voltage supply to a load and retum. A
closed or complete circuit is one where current is flowing.
An open circuit is where the path has been disrupted, such
as an open switch or circuit breaker, thus stopping current
flow.

Circuit Breaker -- A protective device for opening a circuit
where current flow exceeds a predetermined value,

Circulating Current -- Also called Cross Current. Current
which flows between paralleled generators, most apparent
with no external load on the paralleled generators. Circulat-
ing current is caused {1) by unequal excitation of the gener-
ators (reactive current, which may be reduced by changing
the vaoltage regulator adjustment or connections); and (2)
by unequal power from the engines that are driving the
generators real current (and power) which can be elimi-
nated by governor adjustments.

Conductor ~ A wire cable, bus, or other device intended to
distribute current from the supply to the load. Technically, a
conductor is any device which will permit the flow of cur-
rent.
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Contactor -- A device for opening and closing an electric
circuit. Contactors are normally used in motor circuits
where large amounts of current are controlled,

Cross Current -- See Circulating Current.

Cross Current Compensation -- A term, no longer
approved, for a ¢ircuit arrangement that made paralleled
generators share the reactive component of load current
in proportion to the generator ratings. The circuit arrange-
ment could also essentially eliminate the reactive compo-
nent of circulating current flowing between paralleled
generators (See Reaciive Differential (Cross Current)
Compensation and Reactive Droop Compensation).

Current {Electrical, Symbol |} - The rate of transfer of
electricity from one point to anocther. Current is usually a
moavement of electrons, but may also be a movement of
positive ions, negative ions, or holes. Current is usually
measured in amperes.

Cycle 00 - A complete set of events before repetition
occurs. In alternating current or voltage, a cycle starts at
zero, continues o a maximum positive value returns to
zero, continues to a maximum negative value, and is com-
pleted at zero.

-4——— 1 Cycle

+
m Time
0

= Typical Alternating Current
or Voltage Cycle

D.C. -- See Direct Current.

Glossary of Power Terms
Page 117

Diode -- A two terminal solid-state device which permits
current to flow in one direction, but not in the other. In
alternating current circuits, a diode will permit one half
cycle to flow but will resist the flow of the opposite half
cycle of current. Thus, alternating current is converted to
direct current by a diode.

Anode | Cathode

_bl
Diade
Direct Current (B.C.} - An electric current that fows in
one direction only. Conventional direct current is defined
as flowing from positive to negative in the circuit outside
the source (example; a battery or combination of dicdes).
Conventional current flows in the direction of the arrow

through a diode. Electron flow and U.5. Navy desighated
current flow in the opposite direction.

0 Time

Direct Current |
Applied Voltage V

Distribution Panel — A conirol panel containing circuit
breakers, transfer switches, and other control devices
which distribute the electrical power, such as from a gen-
erator set to the loads.

Double Pole Switch —~ A switch which has two sets of
contacts which operate on two independent circuits at the
same time,

Typical Double Pole Switch Shown as a
Single Throw Type in the “Off” Position
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E -- Symbol used to represent electrical potential (voltage).

Earth Ground -- An intentional connection made between
the earth and the metallic frame of electrical equipment as
a means 1o eliminate possible vollage hazards to person-
nel. Earth Ground also serves, in some cases, 10 reduce
electrical interference in sensitive circuits such as television
and radio equipment.

EMI - An abbreviation for the term electromagnetic inter-
ference which is sometimes caused by SCR type devices
and evident in radic and television aperation.

Energy -- The capability of performing work.

Frequency -- The number of complete cycles of alternation
current per unit of time. Typically, frequency is expressed in
cycles per second or Hertz (HZ).

Frequency Droop —~ A decrease in steady state frequency
output of a generator caused by an increase in load. This
decrease in frequency from the no load frequency is
expressed as a percentage of the full load frequency or:

_ (Fy - Fr) X 100

Fr
Where: % Fppqp = Percent Frequency Droop
Fu = No Load Frequency
Fr; = Full Load Frequency

%Fﬂmop

A three percent frequency droop may be used to provide
governor stability and for load sharing between paralleled
generator sets. '

Frequency Meter -- An instrument deigned to measure the
frequency of an alternation current system.

Gain -- The increase in signal power that is produced by an
amplifier, usually given as the ratio of output to input volt-
age, current, or power. In generator set systems, a low gain
setling on the electric governor or voltage regulator pro-
vides a relatively small signal to correct variations of fre-
quency or voliage. The frequency andfor voltage may
wander or be slow in recovering to stable conditions after a
load change. A high gain setting provides a relatively large
signal to correct variations of frequency andfor voltage. If
the gain is set too high, the electric governor or voltage reg-
ulator may over-correct.

Q5T30 Generator Drive Control System

This may produce unacceptable hunting of the frequency
and/or valtage.

Gate -- The third terminal of an SCR to which a voltage
must be applied before the SCR will conduct.

Governor - A device which controls engine speed and
thus the generator output frequency.

Ground -- A connection, either accidental or intentional,
between an electrical patential and the earth or some con-
ducting body serving in place of the earth.

Heat Sink — A device which absorbs heat from electrical
devices such as diodes and SCR’s and dissipates the heat
to the surrounding air. '

Heriz -- A term equivalent to cycles per second {See Fre-

quency).

Hunting --

steady state conditions are not reached, particularly after a
load transient change.

I -- Symbol used to represent current.

Impedance - The opposition to the flow of alternating cur-

rent.

Oscillation in frequency or jin voltage where

Induced Voltage -- The voltage which is produced by rela-
tive motion between a wire and a magnetic field.

Inductance -- The property of a device which resists
changes in current. In an A.C. circuit, an inductive load will
cause the current to lag behind the applied voltage. Stated
more conventionally, the current lags the applied voltage.
An’inductive load is therefore a lagging power factor load
(see Power Factor).

v

Time

v

Alternating Current Lagging Applied
Voltage Caused by Inductive Load
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Inductor - A device possessing the property of induc-
tance. An inductor stores electrical energy, passes D.C.,
and oppaoses the flow of A.C. to a degree largely dependent
on the inductance and the frequency of the applied A.C. A
typical inductor consists of a coll of wire.

In Phase -- Alternating currents or voltages are in phase
with respect to each other ¥f they cross through zero and
reach their positive and negative maximum values
together.

Insulation -- A non-conductive material such as rubber or
plastic intended to prevent current from flowing. Techni-
cally, insulation is any material which stops the flow of cur-
rent.

Isochronous -- As it applies to engine governors, main-
taining constant steady state speed regardless of the load
within the rating of the engine. Thus, a generator set is said
to be isochronous if the frequency remains the same
regardiess of load.

Normally Closed (Symbol N.C.) -- As applied to a mag-
netically operated device such as a valve or the contacts of
a relay, Normally Closed indicates that the valve or the
relay contacts are closed when no power is supplied 10 the
operating magnet. )

Normally Open (Symbol N.O.} -- As applied to a magneti-
cally operated device such as a valve or the contacts of a
relay, Normally Open indicates thal the valve or the relay
contacts are open when no power is supplied to the operat-
ing magnet.

Ohm -- The unit of measure of electrical resistance. One
ohm of resistance will allow a current of one ampere lo flow
with an applied potential of<one voit.

Ohmmeter -- An instrument for measuring electrical resis-
tance.

Ohm's Law - A fundamental law expressing the relation-
ship between voltage, current, and resistance in electrical
circuits. The law states that E = IR or voltage is equal to
current times resistance.

Open Circuit -- 1) A circuit that does not provide a com-
plete path for the flow of current. 2.} A condition of an elec-
trical circuit caused by the breaking of continuity of one or
more conductors of the circuit; often an undesired condi-
tion. 3) An arrangement of conductors and. equipment that
depends upon lack of continuity for operation, as open-cir-
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cuit telegraphy; a circuit in which continuity is incomplete or
interrupted.

Oscillogram -- The permanent record produced by an
oscillograph, or a phatograph of the trace produced by an
oscilloscope, :

Oscillograph -- A measurement device for determining
waveform by recording the instantaneous values of a quan-
tity such as voltage as a function of time.

Oscilloscope -- An instrument primarily for making visible
the instantaneous value of one or more rapidly varying
electrical guantities as a function of time or of ancther elec-
trical or mechanical quantity.

Oscilloscope Dual Beam -- An oscilloscope in which the
cathode-ray tube produces two separate electron beams
that may be individually or jointly controlled.

Parallel Connection -- An electrical cannection in which
the input of one element is connected to the input of
anather element. The output connections are similarly con-
nected together thus providing two or more paths for cur-
rent to flow.

Parallel Connection

Parallel Operation -- The method by which two or more
generators having the same voltage and frequency charac-
teristics are connected to a common load.

Permanent Magnet Generator -- A generator which uses
permanent magnets to create a magnetic field. As applied
to Cummins Generators; a permanent magnet generator,
within the main generator, supplies the power to the volt-
age regulator which in turn supplies the power to the
exciter field. The permanent magnet generator still supplies
power during a short circuit of the main generator. This per-
mils the main generator to sustain high short circuit cur-
rents. The output of the permanent magnet generator is
electrically isolated fraom the main generator outpul and is
not adversely affected by main generator output waveform
distortion such as from SCR type loads.
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PMG -- See Permanent Magnet Generator.

Polarity -- An electrical term which indicates the direction
in which current flows in a conductor. In a direct current
system, current flows in the same direction. In an alternat-
ing current system, current changes direction as the polar-
ity of the A.C. voltage source changes.

Potential -- Another term to indicate voltage.

Potential Difference -- The difference in voltage between
two points in a circui.

Power — Defined as the rate of performing work. Mechani-
cal power is measured in horsepower or kilowatts. Electri-
cal power is measured in kilowatts.

Power Factor -- The ratic of the true power (KW) require-
ments of a load to the apparent power (KVA) requirements
of a load. The combined loads applied to a power source
may have a resistive, capacitive, or inductive effect.

Resistive loads such as incandescent lighting or resistive
heating elements cause no shift in the voltage/current wave
forms and are, therefore, unity (1.0) power factor loads.

Inductive and capacitive loads, however, cause the vollage
and current waveforms to shift with respect to one another.
These types of lpads are commonly called power factor
loads (i.e., the power factor is less than 1.0).

See INDUCTANCE and CAPACITANCE for more informa-
tion.

Power factor is frequently multiplied by 100 and expressed
as a percentage.
The formula for power factor is:

True Power (KW)
Apparent power (KVA)

FPower Factor =

R -- Symbo! used to represent resistance.

Reactive Differential (Cross Current) Compensation --
A circuit arrangement for operating generators in parallel
with no generator voltage droop. Reactive Differential Com-
pensation is accomplished by a differential interconnection
of the secondaries of the generator currert transformers
used for Reactive Droop Compensation. This arrangement
is not often used and is very difficult to set up when paral-
leling generators of different capacities.

QST30 Generator Drive Control System

Reactive Droop Compensation -- A circull arrangement
that creates a droop in generator output voitage that is pro-
portional to the reactive load current. This circuit arrange-
ment makes the paralleled generators share the reaclive
component of the load current in proportion to the genera-
tor ratings. It also can essentially eliminate the reactive
component of circulating current which may flow between
paralleled generators. The Reactive Droop Compensation
arrangement is commonly called the Generator Paralleting
Module.

Relay -- An electromechanical device having a magnetic
ceil which, when energized, opens or closes several sets of
contacts.

Resistance -- Opposition to the flow of current.

Resistor {Symbol R} -- A device or component designed
to have a definite amount of resistance. Resistors are used
in circuits to limit current flow or to provide a voltage drop.

Resistor, Fixed -- A component which is used to control
voltage and current by introducing a constant resistance of
known value into the circuit.

Resistor, Variable -- Similar to a fixed resistor except the
resistance value can be adjusted. The voltage adjust rheo-
stat is a variable resistor.

Rheostat -- A variable resistor.

Series Connection -- An electrical connection in which the
input of one element is connected to the output of another
element providing only one path for current to flow.

Series Connection

Short Circuit -- An abnormal connection (including an arc)
of relatively low resistance, whether made accidentally, or
intentionally, between two points of different potential in a
circuit. Equipment, not protected by fuse or circuit break-
ers, may be damaged by a short circuit.

Shunt Trip -- An electromechanical device which, when
energized, frips the main line circuit breaker.
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Single Pole Switch -- A switch which has only one set of
contacts.

_

Typical Single Pole Switch Shown as a
Single Throw Type in the “Off° Position

Single Throw Switch -- A switch which opens a set of con-
tacts in one switch position and closes the contacts in the

other position.

Typical Single Throw Switch Shown as
a Single Pole Type in the “Off" Position

Speed Droop -- A decrease in steady state speed of an
engine due to an increase in applied load. This decrease in
speed from the no load speed is expressed as a percent-
age of full load speed or:

(Sni - Se) X 100

Sk

Where: %Spqe = Percent Speed Droop
8¢y, = Full Load Speed

Sy = No Load Speed

%SDroop -

Solenoid - An electromechanical device which when ener-
gized, acts on a mavable core or plunger in the center of
the energizing coil to perform mechanical work.

Solid-State - A term which applies to electronic devices
which are constructed using semiconductor material. Such
devices include transistors, SCR’s, and diodes.

Stability -- Freedom from undesired variations or oscilla-
tion. In generator set systems, the generator set is stable if
it can maintain or quickly re-establish steady state condi-
tions of voltage and frequency after a sudden toad change.

Surge Suppressor -- A device capable of conducting cur-
rent in either direction in the presence of high transient voli-
ages thus protecting devices that could otherwise he
damaged.

Synchronism -- The condition where two or more genera-
tors are operating at the same frequency and output volt-
age and are in phase with one another. ~

Synchronizing -- The procedwe of matching the fre-
quency, phase rotation, voltage, and phase relationship of
one generator to another for purposes of paralleling the
units onto a common bus.

Synchronous — A generator whose output frequency is
directly related (proportional) to the speed of the engine

Glossary of Power Terms
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driving the generator.

Tachometer -- An insirument for measuring the rate of
rotation expressed in revolutions per minute.

Temperature Drift -- A change in the value of a compo-
nent caused by changes in operaling temperature,

Terminal -- A mechanical device for making electrical con-
nections. '

Thyristor (SCR} -- A Siticon-Controlled Rectifier is a struc-
ture with an external connection (gate) to one of the inter
layer. With no gate current, the SCR characteristic is that of
a four-leve! diode:

Transformer -- Frequently, a device using a laminated iron
core with a primary and secondary winding. A transformer
changes some level of input (primary) voltage or current to
a proportional output (secondary) voltage or current (see
Current Transformer and Potential Transformer).

Transient -- A temporary change from the steady state
conditions.

V -- Symbol used to represent voltage.

Velt -- The unit of measure of electrical potential {voltage).
One volt of electrical potential will force a current of one
ampere to flow through a resistance of ane ohm.

Voltage -- Electrical potential or pressure which forces cur-
rent to flow through a circuit.

Voltage Dip -- A temporary reduction in voltage generally
resulting from an increase in load.

Voltage Droop -- A decrease in steady state voltage of a
generator due to an increase in load applied. This decrease
in voltage from the no load voltage is expressed as a per-
centage of the full load voltage or
(Vi - Ve X 100
VL

% vaap -

Where: % Vpoqp = Percent Voltage Droop
V. = No Load Voltage
Vg, = Full Load Voltage

Voltage Droop Compensation -- A system which permits
paralleled generators to share the currents of a load in pro-
portion to the generator set ratings.

Voitage Regulator -- A device which controls the voltage
output of a generator at a preset value regardless of the
amount of load applied.

Voltmeter -- An instrument designed to measure electrical
potential or voltage.
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Service Literature Ordering Locations

Region Ordering Location
United States and Canada Cummins Distributors
or

Contact 1-800-DIESELS
(1-800-343-7357)

U.K., Europe, Mid-East, Africa, Cummins Engine Co., Ltd.
and Eastern European Countries Royal Oak Way South
Daventry

Northants, NN11 5NU, England

South and Central America Cummins Americas, Inc.
{excluding Brazil and Mexico) 16085 N.W. 52nd. Avenue
Hialeah, FL 33104

Brazil and Mexico Cummins Engine Co., Inc.
International Parts Order Dept., MC 40931
Bax 3005 .
Columbus, IN 47201-3005

Far East (excluding Cummins Diesel Sales Corp.
Australia and New Zealand) Literature Center
8 Tanjong Penjuru
Jurong Industrial Estate
Singapore

Australia and New Zealand Cummins Engine Company Pty, Ltd.
Z Caribbean Drive
Scoresby, Victoria 3179
Australia

Obtain current price information from your local Cummins Distributor or (for U.S.A. and Canada) by calling Cummins Toll
Free Number 1-800-DIESELS (1-800-343-7357).
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Literature Order Form

Use this form for prompt handling of you literature order.

Literature Crder Form

om | Number publication Quantity | R0 | Amount
1 $ $

2

3

4

5

6

Order Total

Contact your Cummins distributor for prices and availability.

Page 123

For problems with literature orders {for U.S.A. and Canada), contact 1-800-DIESELS (1-800-343-7357). All other loca-

tions contact your local Distributor.

Prices subject to change without notice.

Please cut on dotted fine

Literature Order Form

Use this form for prompt handling of you literature order.

1 $ $
2
3
4
5
6
Order Total |

Contact your Cummins distributor for prices and availability.

For problems with literature orders (for U,S.A_ and Canada), contact 1-800-DIESELS (1-800-343-7357). Al other loca-

tions contact your local Distributor.

Prices subject to change without notice.

Mail the Literature Order Form along with your ship-to address to your nearest Cummins distributor.
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FROM;

Name:

Street Address:

City: State/Province: Zip/Postal Code:

Country:

SHIP TO: (Name and address where literature is to be shipped)

Name:

Street Address:

City: State/Province: Zip/Postal Code:

Country:

Please cut on dotted line

Mail the Literature Order Form along with your ship-to address to your nearest Cummins distributor.

FROM:

Name:

Street Address:

City: State/Province: Zip/Poslal Code:

Country:

SHIP TO: (Name and address where literature is to be shipped)

Name:

Street Address:

City: State/Province: Zip/Postal Code:

Country:
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BC VOLTAGE

NPUT SIGHALS

GROUNDS, SHIELDS AND RETURNS
OUTPUT SIGNALS

DATA LINKS

NOTE: SOME OF THE CIRCUITS SHOWN HERE Wil NOT
BE ACTIVE IM ALL APPLICATIONS. CONSULT THE
EQUIPMENT MANUFACTURER'S LITERATURE 70
DETERMINE WHICH CIRCUITS ARE USED.

OEM RESPONSIBILTY

INL

REPRESENTS FEMALE PIN < i____._mf‘.ff’"l,wi“_“f‘s_s__ T T T T T TyTsoe !
> = - @ D- CONNECTOR 06
FALL TO START FAIL TO START Co CTOR 03 FAIL_ TO START <5
RELAY DRVER SUPPLY RELAY DRMVER SUPFLY _”j R
FUSE o
COMMON WARMING ﬁ COMMON WARNING " EMERGENGY STOP »
CONNON SHUTDOWN __@ COMMON SHUTDOWN o
HIGH EMGINE TEMP _.@ HIGH ENGINE TENP "
o7 EMERGENCY STOP -
LOW il PRESSURE @ LOW Ol PRESSURE 9
INLINE A o RUN_/ SToR cos
PRE-HIGH ENGINE TEMP  pre—woH ENGINE TEMP - [ <
PRE-LOW ORL PRESSURE FRE—LOW ONL PRESSURE - I o »
GROGP ADJIST WJ ] oroor apusT s I
@ | = IORE /RATED 23
FRETUENCY ADNUST L)1 mEcuDNGY ADVST SIGNAL .
@ £RO0F EQUENCY RETURN e DIAGHOSTIC MODE _
<07
COMMON_RETURN o8
ALTERNATE FREQUENCY ALTERMATE FREQUENGY SIGNAL 0
CRANK/FREQUENCY RETURN " : h— TERM 1 2
CRANK SWITCH Emi ZRANK SWTCH SIGNAL RS—485/ [ TERM 2 <19
- a3 NOD BUS RS485+ 2
INTERFACE RS485- "
ENGIHE SPEED METER ENGINE_SPEED - o -
Ne BACKUP START [HSCONNECT | ecs
O, PRESSURE NETER _@ Ol PRESSURE 2 :'—EL‘, -
l i CRANK_SIGNAL 02
COOLANT TEMPERATURE WETER COOLANT_TEMPERATURE - ) iy
METER ORVER RETURN . |"l h
/) WOODWARS_FREQUENGY BIAS . ?
COMMON 12
BARBER COLWAN FRECUENCY BUS SIGHAL o i
Sumb Gmove s gemon o (| i
BY SURPLY FOR BARBER COLMAN o
v FOR_GARBER COLMAN & WoOrWARD [ o

©00000)

@@ @
@oo®
ERCROROIKE

®eeo®

® 0

Bulletin 4021346

Cumaming Engine
Company, Ina.

)
R

T
@)

RUN RELAY ==

INL

STARTER

“j

[
=

QST30 Generator Drive Control System
Wiring Diagram
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D-SUB
‘CONNECTOR 05

ENGINE HARNESS INLINE (A) EXTENSION HARNESS
E MAMFOLD Ty INTAKE MANTOLD TEMPERATURE | SIGNAL {LEFT BANK) el HIAKE MAMFOLD TEMPERATURE 1 SIGHAL (LEFT_SANK] " o7
TEMPERATURE D]H@:Hjmﬂﬁmmmmnm(mm ” | INTAKE MANIFOLD TEMPERATURE | RETURN (LEFT BANK) I(c N
OR 1 (LEFT BANK) >8 >0 i 06 | TOR
S 35| SOOLANT TEWPERATURE SIGHAL 5| CODLANT TEWPERATURE SKGHAL con
g TEMPERATURE :D]]M[_mm TEMPERATURE RETURM o7 COLANT TEMPERATURE RETURN ¥ s
75| INTAKE WANFOLD PRESSURE 1 +5 VDO SUPPLY (EFT_BANK} 135 NTAKE MANIFOLD PRESSURE 1 +5 VOC SUPRLY (LEFT BAMK) -
€ WAIFOLD 3 3 5| WTARE MANFOLD RESSURE 1 SIGNAL (LEFT BANK) gy | NEAKE MANIFULD PRESTURE 1 SICNAL (LFFT BANK} —de2a
SSURE SENSOR 1 > 7 p|—PHINE MANFOID PRESSURE 1 RETURN (LEFT BANK) _ >15 > INTAKE_MANFOLD PRESSURE | RETURM {1FFT pAnk) 0
1 BaNK) COoL
575} CL PRESSURE +5 VOC SUPPLY 10| 2L PRESSURE +8 VDT SUPPLY LEVEX
RESSURE 5 3 »—OL PRESSURE Siohal 119} Ol PRESSURE SIGHAL i 22 S
07 5 p 5| O PRESSURE RETURN 12| Qi PRESSURE RETURN
INTAK
DAGNOSTIC MODE ENASLE RETURN 17| PAGHOSTIC WODE EWARLE RETURN TEMP!
NOSTIC MODE I [ 5] DAGHOSTIC MODE ENABLE SIGNAL - 15| BAGNOSTIC MCDE ENABLE SIGNAL 225 [ (RGH
- — ¥
’_J; RING INDICATOR 18 RING INDICATOR 43 %
‘ ¢ > CARRIER OETECT o105 CARRIER DETECT <12
® _ Q@ o) EATA SET REAUY + a5 5| DATA_SET READY caz
2 @ © ® ¢ HEQUEST TD SEND 221 REGUEST TO SEND sl | T
UNK @ ® a DATA_TERMINAL READY 523  PATA TERMINAL READY <31 SENS
® © a ;ng:tro SEND oy :ELEC;RVETO SENO <28
Fil
g8 2l 40
oL {
: £ o] TRANSMT h >0,  TRANSHT A <18 | SWirc
Res2a2 £ »|~ GROUND h T A “
DATA LINK \‘f 4 -
l >m>@“‘w‘° F3]
<] ENGINE SPOED SENSOR | SGNAL N 3gy3| EROINE SPEED SENSOR | SIGHAL (<o | PRES
' 3 »| EMGINE SPEED SENSOR 1 RETURN 202 ENGINE SPEED SENSOR 1 REFURN [l | O
\E tPEED “ 5 5 o] EHGME SPEED SCHSOA 7 SiokAL b 3o CHEHE SPEED SENSUA 3 SKHAL P s
oR 4 4 y|ENGIME SPEED SENSOR 2 RETURM | 4| HGINE SPEED SENSOR 2 RETURN I¥l -
< - '
FURL
FLASH STATUS 2oy | LASH STATUS o | T
CRANK STATUS CRANK_STATUS
>305|———=F <ol
D) B
GOVERNOR GAIN ADSUST RETURN GOVERNOR GAIN ADMJST RETURM {a e | oo
GOVERNUR GAN ADWUST Sicnal GOVERNOR GAN ADJUST SIGNAL I‘H cos | FRES
RUN_STATUS RUN_STATUS '
RUN SUPPLY RUN_SuPPLY
CRANK SUPPLY CRANK SUPPLY
CRANK_SIGHAL CRANK_SIGHAL
E INLINE PRES
) g s (© a0
] SENS
CRANK STATUS F3t
CRANK SIGNAL w3 CRAPK - SIGNAL 33
- 49
BATTER! SUPPLY 10_AWF Iﬁ } 3 g | BATTERY SuppLy <50
BATTERY_GROUND 4 g > BATTERY GROUND <ad
BATTERY GROUMND 5 »]  BATERT GROWND -
BATTERY SUPPLY _ﬁ% . o »|__BATTERY SupeLy caa | cam
~BATIERY GROUND ‘ by
BATTERY SUPPLY % - <48
Iy
FUEL SUPPLY PUMP GROUND
FUEL SUPPLY PUMP {
FUEL SUPPLY PUMP SUPPLY
FUEL_SUPPLY PUMP RELAY RETURM|
FUEL SUPPLY PUMF I
FUEL SUPPLY PUMP RELAY SIGMAL 4 3| FUEL SUFPLY PUMP RELAY SIGNAL
> X FUEL SHUTOFF WALVE | SIGMAL {LEFT BANK)
w § 3| FUEL SHUTOFF VALVE 2 SIGNAL (RIGHT BANK)
»5 5| CEMNEL ACTUATOR SUPPLY
>P- H_@TER RELAY SIGHAL
FUEL RACK ACTUATOR POSTION 1 Fwh_SUPPLY o v 2| FUEL RACK aCTUATOR POSTION 1 Py SUPPLY N
FUEL RACK ACTUATOR POSITION 1 PwM RETURN Y| U >l FUEL RACK ACTUATOR POSTION 1 FWh RETLIRN Hi
FUEL RACK ON SEMSOR | MEASURED SIGNAL FUEL RACK POSTION SENSOR 1 MEASURED SIGNAL m
PUNP | FUEL RACK POSTTION SENSOR 1| MEASURED I w
LEFT BANK FUEL it Pack POMON | DONHOL Soe R 2 F i saCk eosmON 1 CoMNON_SigNAL ]
RACK_PO 3 o7 sl FUEL RAGK POSITION | REFERENCE SIGNAL |
» A 5= SHIELD GROUND
FUEL RACK ACTUATOR POSTTION 2 PYAM SUPPLY A 5 1 b FUEL RACK ACTUATOR POSITION 2 PWM_ SUPPLY Jry
RACK_ACTUATOR 2 P RETURN Ik%] - FUEL RACK ACTUATOR PCSITION 2 PWM_RETURN TRl
SENSOR 2_MEASURED FUEL RACK POSITION SENSOR 2 MEASURED SIGNAL
RIGHT BANK FUEL PUMP > K >
ol FUEL 3ACK _POSTION [} CCMMON SIGNA, { 5t ol TUEL PACE POSTON T SouOA it “"It
N i R
>N > FUEL RACK POSINON 2 REFERENCE SIGNAL
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NTROE COMMECTOR

¥

D~3UB .
CONNECTOR 02

7, FUEL SUPPLY TEMPERATURE SiGhaL
. I:Eﬂ@:lg;;[ FUEL SUPPLY TEMPERATURE RETURN
I SENSOR

A CIL. TEWPERATURE SiGMNal
ruRE :ﬂ@jﬂ;} OlL_TEMPERATURE RETURN

. LEVEL DONNECTOR

ENGINE HARNESS EXTEMSION HARMESS
5] TORGUE CONTREL SIGNAL, o
INLINE (B)
23-PIN
S S1 COOUNT LEVEL 45 VDC SUPRLY, e, o <] COOUANT LEVEL +5 VO SUPPLY <o
L n 5| CODLANT LEvEL LoW SiotAL s - | _cooDNT TEvEL tow SIGRAL ear
0 o] CODLANT YEVEL HiGH signaL Y2 ;( TOGLANT LEVEL HICH SKGNAL s
- & o] COPUMIT LEVEL RETURN s < b <| Co0ANT LEVEL RéTuRM <
o SS] WIAKE MANFOLD TEMPERATURE SENSOR 2 SIGNAL (RIGHT BANK) < 14 [ NTAKE WANIFOLD TEMPERATURE SENSOR 7 SIGNAL (RIGHT Bani) (™) <xs
: 5 | NTAKE NANIFOLD TEMPERATURE SENSOR 2 RETURN (RIGHT BANK) ¢ 4 <|INTAKE WANFOLD TEMPERATURE SENSOR 2 RETURN (RaGHT k] =
< cl_PUEL SUPPLY TEWPERATURE oA o
L <] FUEL SUPPLY TEMPERATURE RETURN I
OIL TEWPERATURE SIGHAL I
M< oL IU <M
<HC <
Tﬂ-';__ LT
) QI LEVEYL HinH SIGMAL ‘:’T <0< Git LEVEL HIGH SIGNAL 28
o a 5| Ot LEVEL 1OW s cp ol O tEEL Low l <1
20 o) OL LEVEL +5 YOG SUPELY -
)E>,$ LEVEL RETURN RN
51 INTAKE MANIFOLD PRESSURE SENSOR 2 +5 VDG SUPPLY BANK)
5 3 o] INTAKE WANFOLD_ PRESSURE SENSCR 2 SIGMAL (IGHT AARK) o <|/NFAKE WANIFOLD PRESSURE SENSOR 2 SIGNAL (RIGHT BANK) s
5 2 5| INTAKE MAMFDLD PRESSURE SENSOR 2 RETURN (RIHT BANK)
S5 FUEL SUPPLY PRESSURE +5 YOC SUPFLY ¢ <|_YSENSOR B +5 vDC SUPPLY s
PR FULL SUPPLY PRESSURE SIGNAL . FUEL ’Sy?PLY PRESSURT SIGRAL <20
5 2 »] FUEL SUPPLY PRESSURE RETURN
51 COOLANT PRESSURE +5 VDO SUPPLY < <|_VSENSOR & +5 voC SURPLY <
5 3 o] COBUANT PRESSURE SKotL < o ] COPLANT PRESSURE SIGHAL P
+ 2 »| COOUANT PRESSURE RETURN
=751 BAROMETRIC AR PRESSURE 45 YOO SUPPLY
53 BARODMETRIC AIR PRESSURE SiGHAL T BAROMETRIC AR PRESSURE SIGNAL <27
+ 2 5| BAROMETRIC AR PRESSURE_RETURN « <|_versor_reum i P
>8> CENTINEL OfL LEVEL SENSOR RETURN
o ] CERTRIEL GIL [EVEL SENSOR SGRAL o <|_CENUNEL Ol LEVEL SENSOR SiGMAL <4l

[—_—.___~<10
<1

BATIERY GROUND
———<®
BATTERY GROUMD <5
BATIERY SUPPLY :‘:‘:
<17
<33
<43
<50
FUEL SUPPLY PUMP RELAY SIGNAL <
] FUEL SHUTDFF VALVE | SIGHAL (LEFT BAMX) a3
FUEL SHUTOFF YALVE 7 SIGHAL - (RIGHT BANK) Pt
CENTRVEL ACTUATOR_SUPPLY <08
MEATER RELAY SIGNAL <18
FUEL RACK ACTUATOR POSTION 1 PWM SUPPLY f :;i
| <32
FUEL RACK ACTUATOR POSITION § PWM_RETURN f iy
FUEL RACK PQSE!M SEHOOR 1 WMEASURET CIOHAL <08
FUEL, RACK_POSITION 1 COMMON SIGHAS, <1
__ FUEL_PACK POSION 1 REFERENCE SIGNAL <os
SHIELD GROUND <oa
FUEL FACK ACTUATOR FOSTION 2 PWM SUPPLY f :::
<44
FUEL RACK ACTUATOR POSMON 2 PWM_RETURN i o
FUEL RACK POSITION_SENSOR 2 MEASURED SIGNAL P
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Speéifications

Electronic Components
' A WARNING A

This diagram is provided as a diagnostic tool for trained, experienced technicians only. Improper trouble-
shooting or repair can result in severe personal injury or death or property damage. See important instructions
in service manual.
ELECTRICAL SPECIFICATIONS
DATA LINK ECM CONNECTOR
Transmit wire to receive wire (loaded) * Retaining capscrew torque = 1 Nem {9 in-Ib]

* 5010150 VDC
Transmit wire to receive wire (unloaded) SHORT CIRCUIT TO EXTERNAL VOLTAGE

- OK if loss than 25.0 VDC * OKifless than 1.5 VDC
ALL CONTINUITY CHECKS AL e onrs T0 GROUND
* OK {no open circuity if less than 10 Q * OK (na short circuit) if more than 10M Q
5-VDC POWER SUPPLY All other circuits , ’
@ ECM * 0K (no short circuit) if more than 100k Q

* 47510 5.25 VDC

SENSOR SPECIFICATIONS

NOTE: To convert to.gauge pressure an all psia pressure sensors subtract the barometric pressure from the absolute
pressure. '
INTAKE MANIFOLD/COOLANT PRESSURE SENSOR BAROMETRIC (AMBIENT) AIR PRESSURE SENSOR

Torque = 14 Nem [124 in-Ib] . Torque = 23 Nem [204 in-Ib]
Pressure (kPa) Pressure {psia} Voltage (VDC) Pressure (kPa) Pressure {psia) Voltage (VDC)
4] 0 Dt 0.5 a5 8.5 0.44 t0 0.56
103 i5 1.26 t0 1.34 55 8.0 107 to 1.19
207 30 2.06 to 2.14 . 63 10.0 1.9 to 2.03
310 45 2.86 10 2.94 83 12.0 27410 2.88
414 60 3.66 10 3.74 96 14.0 3.60to 3.72
517 75 4.46 10 4.56 10 16.0 4,44 10 4.56
ALL TEMPERATURE SENSORS OIL AND FUEL PRESSURE SENSOR
Torgue = 15 Nem {123 in-ib) Torque = 14 Nem {124 in-lb]
Temperature Temperature [°F] Resistance () Pressure (kPa) Pressure {psia) "Voltage (vDC)
°C) 0 15 0.92 10 1.08
0 32 30K to 36K 207 30 1.42 to 1.58
25 77 9K to 11K 414 60 2.42 10 2.58
50 122 3K 10 4K . &2 20 3.42 10 3.58
75 167 1350 to 1500 827 120 4.42 to 4.58°
100 212 600 to 675

ENGINE SPEED SENSOR
Torgue = 34 to 47 N+m [25 to 35 f{t-ib]
First Coil Resistance = 750 to 1100 Q
Second Coil Resistance = 1100 to 1500 £

FUEL SHUTOFF
Resistance = 28 to 32 Q

RACK ACTUATOR
Coil Resistance = 0510150 -

RACK POSITION SENSOR
Resistance Value = 17 to 23 Q (between pins for Rack
Pasition Measure signal and common signal and between
pins Rack Position Reference signal and commaon signal)




QST30 FAULT CODE INFORMATION

FAULT LAMP

CODE ACTION REASON EFFECT (Only when fault code is active)

111 Shutdown Engine Control Module - Critical internal fail- Engine will not start.
ure. ‘

115 Shutdown En%ine Speed/Position Sensor Circuif - Lost Engine is shut down and can not be run.
both of two signals from the magnetic
pickup sensor.

121 Warning  Engine Speed/Position Sensor Circuit - Lost No action is taken by the ECM.
one of two signals from the magnetic pickup
sensor. '

122 Warning Intake Manifold Pressure Sensor #1 Circuit - No action is taken by the ECM. Possibie loss
Shorted high (left bank). of performance.

123 Warning Intake Manifold Pressure Sensor #1 circuit - No action is taken by the ECM. Possible loss
Shorted low (left bank). of performance.

128 Warning Intake Manifold Pressure Sensor #2 circuit -  No action is taken by the ECM. Possible loss
Shorted high (right bank). of perfarmance.

129 Warning intake Manifold Pressure Sensor #2 Circuit - No action is taken by the ECM. Possible loss
Shorted low (right bank). of performance.

135 Warning Engine Qil Pressure Sensor Circuit - No engine protection for oil pressure.
Shorted high.

141 Warning Engine Qil Pressure Sensor Circuit - No engine protection for oil pressure.
Shorted low.

143 Warning Engine Qil Pressure Low - Warning. Voltage Calibration-dependent engine shut down oc-
signal indicates oil pressure has dropped curs, or no action taken by ECM. Pre-Low oil
below the warning thrashold for low oil pres-  pressure relay driver is energized.
sure.

144 Warning Engine Coolant Temperature Sensor Circuit  No engine protection for coolant tempera-

- Shorted high. ture. Possible white smoke.

145 Warning Engine Coolant Temperature Sensor Circuit  No engine protection for coolant tempera-
- Shorted low, ture. Possible white smoke.

146 Warmning Engine Codlant Temperature High - Warn- Calibration-dependent engine shut down oc-
ing. Voltage signal indicates coolant tem- curs, or no action is taken by ECM. Pre-High
perature has exceeded above the warning engine temperature relay driver is energized.
threshold for high coolant iemperature.

151 Shutdown Engine Coolant Temperature High - Critical.  Engine will shut down. High engine tempera-
Voltage signal indicates coolant temperature ture relay driver is energized.
has exceeded the shutdown threshold for
high coolant temperature.

162 Warning Engine Coolant Temperature Low - Warning. No action is taken by ECM. Possible hard
Voltage signal indicates coolant temperature starting.
has dropped below the warning threshold
for low coolarit temperature.

153 Warning intake Manifold Temperature Sensor #1 Cir- No engine protection for intake manifold tem-
cuit - Shorted high (left bank). perature. Possible smoke at engine start-up

and no-load operation.

154 Warning Intake Manifold Temperature Sensor #1 Cir- No engine protaction for intake manifold tem-
cuit - shorted low (left bank). perature. Possible smoke at engine start-up

and no-load operation.

155 Shutdown Intake Manifold Temperature #1 Migh - Criti-  Engine will shut down. High engine tempera-
cal. Voltage signal indicates intake manifold  ture relay driver is energized.
temperature has exceeded the shutdown
threshold for high intake manifold tempera-
ture (left bank).

159 Warning Intake Manifold Temperature Sensor #2 cir-  No engine protection for intake manifold tem-
cuit - Shorted high {right bank). perature. Possible smoke at engine start-up

and no-load operation.

1681 Warning Intake Manifold Temperature Sensor #2 Cir- No engine protection for intake manifold tem-
cuit - Shorted low (right bank). perature. Possible smoke at engine start-up

and no-load operation.

166 Warning Rack Position Sensor #1 Circuit - Shorted No action is taken by the ECM. Engine could

high (left bank).

possibly run rough.




FAULT LAMP

CODE_ACTION REASON EFFECT (Only when fault code is active)

167 Warning Rack Position Sensor #1 Circuit - Shorted No action is taken by the ECM. Engine couid
low {left bank). possibly run rough.

168 Warning Rack Actuator Position #1 Circuit - Open Engine will shut down.
circuit (left bank).

169 Warning  Rack Actuator Position #1 Circuit - Shont Engine will shut down.
circuit {left bank),

171 Warning Fuel rack actuator position 1 circuit - data Performance could possibly be sluggish or
incorrect (left bank). slow to respond.

174 Warning Rack Actuator Position #2 Circuit - Data in-  Performance could possibly be sluggish or
correct (right bank). slow to respond.

179 Warning Rack Position Sensor #2 Circuit - Shorted No action is taken by the ECM. Engine could
high (right bank). possibly run rough.

181 Warning Rack Position Sensor #2 Circuit - Shorted No action is taken by the ECM. Engine could
low (right bank). possibly run rough.

182 Warning Rack Actuator Position #2 Circuit - Short Engine will shut down.
circuit (right bank).

183 Warning Rack Actuator Position #2 Circuit - Open Engine will shut down.
circuit (right bank),

197 Warning Engine Coolant Level Low - Warning. Volt- No action is taken by the ECM. Fault Code
age signal indicates low radiator ¢oolant 146, 151, 228, and/or 233 could possibly
level. also be logged.

212 Warning Engine Qil Temperature Sensor Circuit - No engine protection for oil temperature.
Shorted high.

213 Warning  Engine Qil Temperature Sensor Circuit - Na engine pratection for oil temperature.

_Shorted low.

214 Shutdown Engine Qil Temperature High - Critical. Volt- Engine will shut down.
age signal indicates oil temperature has ex-
ceeded the shutdown threshold for high oil
temperature.

219 Warning  Engine Oil Level #2 (remote) Low - Mainte-  Centinet™ system is disabied.
nance. Low oil level is detected in the re-
mote oil reservoir used in the Centinel™ sys-
tem.

221 Warning  Barometric Ppressure Sensor Circuit - No action is taken by the ECM. Possible loss
Shorted high. of performance.

222 Warning Barometric Pressure Sensor Circuit - No action is taken by the ECM. Possible loss
Shorted low. of performance.

223 Warning Engine Oil Burn Valve Solenoid Circuit - ECM turns off the Centinel™ actuator supply
Shorted low. The Centinel™ actuator circuit  voltage, and the Centinel™ system is dis-
is open or shorted. abled.

228  "Stutdown Engine Coolant Pressure Low - Critical. Volt- Engine will shut down.
age signal indicates coolant pressure has
dropped below the shutdown threshold for
low coolant pressure.

231 Warning Engine Coolant Pressure Sensor Circuit - No engine protection for coolant pressure.

. Shorted high.
232 Warning Engine Coolant Pressure Sensor Circuit - Mo engine protection for coolant pressure.
) Shorted low.

233 Warning Engine Cooiant Pressure Low - Warning, Calibration-dependent engine shutdown oc-
Voltage signal indicates coolant pressure curs, or no action is faken by the ECM.
has dropped below the warning threshold
for low coolant pressure. :

234 Shutdown Engine Speed High - Critical. Voltage sighal  Engine will shutdown. Overspeed relay driver
indicates engine speed has exceeded the is energized.
shutdown threshold for engine overspeed.

235 Shutdown Engine Coolant Leve! Low - Critical. Voltage  Engine will shut dawn.

;signlal indicates very low radiator coolant
eval.
253 Shutdown Engine Oil Level #1 Low - Critical. Voltage Engine will shut down.

signal indicates very low ubricating oil level
in the engine.




FAULT LAMP
CODE _ACTION

REASON

EFFECT (Only when fault code is active)

254 Shutdown  Fuel Shutoff Valve Circuit - Shorted low. Low Engine will shut down.
voltage detected at the fuel shutoff valve
signal pin, or the resistance of the solenoid
has dropped below specified threshold.

261 Warning Fuel Temperature High - Warning. Voltage Calibration-dependent engine shut down oc-
signal indicates fuel temperature has ex- curs, or no action is taken by the ECM.
ceeded the warning threshold or high fuel
temperature.

263 Warning E_U%I Temperature Sensor Circuit - Shorted  No engine protection for fuel temperature.

igh.

265 Warning ruel Temperature Sensor Circuit - Shorted No engine protsction for fuel temperature.
ow.

2686 Shutdown  Fuel Temperature High - Gritical. Voltage Engine will shut down.
signal indicates fuel temperature has ex-
ceeded the shutdown threshold for high fuel
temperature.

343 Warning Engine Control Module - Warning internal Mo action is taken by the ECM. Possible loss
hardware failure. Errar internal to the ECM.  of performance.

415 Shutdown Engine Qil Pressure Low - Critical. Voltage  Engine will shut down. Low oil pressure relay

, signal indicates oil pressure has dropped driver is anergized.
below the shutdown threshold for low oil
_Eressure.

421 Warning Engine Qil Temperature High - Warning. Calibration-dependent engine shut down oc-
Voltage signal indicates oil temperature has  curs, or no action is taken by the ECM.
exceeded the warning thresheold for high oil
temperature.

422 Warning Engine Coolant Level Sensor Circuit - Data  No engine protection for coolant level.
incorrect. Voltage detected simultaneously
on both the coolant level high and low sig-
nal pins - or - no voltage detected on sither
pin.

471 Warning Engine Oil Level #1 Low - Warning. Voltage Calibration-dependent engine shut down oc-
signal indicates low lubricating oil level in curs, or no action taken by the ECM.
the engine. .

488 Warning Intake Mapnifold Temperature #1 High - Calibration-dependent engine shut down oc-

‘ Warning, Voltage signal indicates intake Curs, or no action is taken by the ECM. Pre-
manifold temperature has exceeded the High engine temperature relay driver is a
warning threshold for high intake manifoid energized.

: temperature.

581 Warning Fuel Supply Pump Pressure Sensor Circuit - No action taken by the ECM. Possible loss of
Shorted high. performance.

582 Warning Fuel Supply Pump Pressure Sensor Circuit - No action taken by the ECM. Possible loss of
Shorted iow. performance.

1211 Shutdown Fuel Shutoff Valve #1 Circuit - Root cause Engine will shut down.
not know (left bank).

1212  Shutdown Fuel Shutoff Valve #2 Circuit - Root cause Engine will shut down.
not known (right bank).

14M Waining Generator Ouiput Frequency Potentiometer - The frequency adjustment feature witl be dis-
Shorted high. abled and a default value of zero will be

used. Possible loss of performance.

1412 Warning Droop Adjust Potentiometer - Shorted high.  The droop adjustment feature will be dis-
abled and a default value of zero will be
used. Possible !oss of performance.

1413 _ Shutdown Controller Configuration Error. Engine will not start.

1416  Warning  Faif to Shutdown. The operator has enabled the user-engaged
engine shutdown override feature. No engine
protection features are working.

1417  Warning Controller will not Powerdown. The ECM can not power down from some

unknown condition. Possible drain on bat-
tery.




FAULT LAMP
CODE _ACTION

REASON

EFFECT (Only when fault code is active)

high.

1418  Warning Gain Adjust Potentiometer - Shorted high. The gain adjustment feature will be disabled
and a default value of zero will be used. Pos-
sible loss of perfarmance.

1424  Warmning Relay High Side Driver Diagnostic has de-  The user interface panel lamps will not func—

tected an error. tEl%n correctly. No action is taken by the
M.

1425 Warning  Common Shutdown Relay Driver Diagnostic  The shutdown panel lamp will not function

has detected an error. correctly. No action is taken by the ECM,

1426 Warning  Common Warning Relay Driver Diagnostic  The warning panel lamp will not function

has detected an error. correctly. No action taken by the ECM,

1427  Warning Overspeed (OS) Relay Driver Diagnostic has The overspeed panel lamp will not function

detected an error. correctly. No action taken by the ECM.

1428 Warning Low Qil Pressure (LOP) Relay Driver Diag-  The low qil pressure lamp will not function

nostic has detected an error. correctly. No action is taken by the ECM.

1429 Warning High Engine Temperature (HET) Relay The high engine temperature panel {amp will

Driver Diagnostic has detected an error, not Ifztgction correctly. No action is taken by
the ECM.

1431 Warning Pre-Low Oil Pressure Relay Driver diagnos- The Pre-Low oil pressure panel lamp will not

tic has detected an error. function correctly. No action is taken by the
ECM. /-
1432  Warning Pre-High Engine Temperature Relay Driver  1he Pre-High engine temperature panel
Diagnostic has detected an error. lamp will nat function correctly. No action is
taken by the ECM.
1433  Shutdown Operator interface Mode Transition to Emer- Engine will shut down and will not restart
gency Stop {due to E-Stop). until the emergency stop switch has been
teset.

1434  Shutdown Operator Interface Mode Transition to Emer- Engine will shut down and will not restart

- gency Stop (due to remote E-Stap). until the remote emergency stop switch has
been reset.

1435 Warning Engine Cold - Potential starting problem. No action is taken by the ECM. Possible
hard starting.

1438  Warning Fail to Crank. No action is taken by the ECM, aithough the
engine will not start.

1443  Shutdown Battgry #1 Voltage Low - Critical. Battery is  Engine will not start.

dead.
1473 Shutdown The ECM Waltchdog has failed. Enging will shutdown.
1479  Warning Faii to Start Relay Driver Diagnostic has de- The fail to start panel tamp will not function
__tected an error. correctly. No action is taken by the ECM.

2297 Warning Fuel Supply Pump Driver Diagnostic has Priming pump is disabled. Possible loss of

detected an error. performance.

2974  Warning Rack Position Sensor #1 Circuit - Shorted No action is taken by ECM. Engine could

high. possibly run rough,

2975  Warning Rack Position Sensor #2 Circuit - Shorted No action is taken by ECM. Engine could

possibly run rough.
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