e

TD 11-720-B

™

Model B

MOTOR COMMAND SYSTEM
USER’S MANUAL

@ Trip Reset

Westinghouse
1Q-2000

Alarm

Function -

© values

Set Points

® run Step Cycle

LA B

Program Step Seert

(®) Westinghouse

CONTROL DIVISION

Effective April, 1985




TD 11-720-B 102000

NOTE

All possible contingencies which may arise during installation, operation, or maintenance, and
all details and variations of this equipment do not purport to be covered by these instructions.
If further information is desired by purchaser regarding his particular installation, operation or
maintenance of his equipment, the local Westinghouse Electric Corporation representative should
be contacted.

Effective April, 1985

Copyright
©

1985

Westinghouse Electric Corporation
Control Division
Asheville, NC 28813

Aa

First Printing: February, 1986




1Q2000 TD 11-720-8

TABLE OF CONTENTS

Ak ]

#N

Sec./Par. Title Page Sec./Par. Title Page
1 Description.. ... .. .. ... ... ... .. ... ... 4 5.1.3.5 Jam Function.......... . ... .. ... ... . 31
1.0 General ....... ... .. .. ... . ... ... ... 4 5.1.3.6 Temperature Effects .......... ... ... ... 31
1.1 Features and Options . . . ... ... ... ... .. 6 5.1.4  Typical Motor Protection Curves....... ... 31
1.2 Specifications . ....... ... ... ... ... .. ... 6 5.1.5 Motor Current .. ...................... 31
1.3 Hardware Familiarization ... ....... .. .. .. 6 5.1.5.1 Negative Sequence Currents ... ... .. ... 31
1.4 Useof Manual. ............ .. ... .. ... 8 5.1.5.2 Positive Sequence Currents . ......... . .. 31
1.5 Level of Repair ..................... ... 8 5.2 Motor Control. . ................ ... ... 31
1.6 Factory Correspondence. . ............ ... 8 5.2.1 MotorStarting . ....................... 35
2 Functional Theory .. . ... . ... . ... ... .. .. 9 5.2.2 Long Acceleration Starting ............ .. 36
2.0 General . ....... ... ... ... . .. 9 5.2.3 MotorStopping ....................... 36
2.1 Sensing Inputs ... ... ... ... ... ... 9 5.3 AC Line Interruptions . ................. 36
2.1.1 RTD Modute ..................... ... .. 9 5.4 Control Signal Wiring . ................. 36
2.1.2 ControlLines....................... .. 10 5.4.1 Discrete Inputs .......... ... ......... 36
2.2 Protective Functions .. .. ............. .. 10 5.4.2 OutputContacts ...................... 40
2.2.1 Load-Associated Protection. ... ... ..... .. 10 5.4.3 Interposing Relays. . ................. .. 41
2.2.2 Rotor Temperature Protection . .. ...... ... 10 5.5 Wiring Considerations . ................. 41
2.3 Tue RMS . ... ... .. .. 11 5.5.1 RTD Wiring ......... ... ... ........ 42
2.4 Motor Control Functions . .. ........ .. ... 12 56.2 Grounding ........... ... ... ... ... ... 43
2.5 Metering Functions . .. ................. 12 55.3 WireRouting...................... ... 43
3 Installation ........ .. .. .. ... ... .. .. 13 5.6 Environmental Considerations .. ......... 43
3.0 General ............ ... .. ... ... ... ... 13 6 Setpoint Value Considerations ... ... ... 44
3.1 Ampgard Schematic .. .............. ... 13 6.0 General ............................. 44
3.2 Wiring Plan Drawings . .............. ... 13 6.1 Winding Temperature .................. 44
3.3 Wiring Guidelines . ........ ... ... ... .. 13 6.2 Motor Bearing Temperature .......... ... 45
3.3.1 Wire Routing . ........................ 13 6.3 Load Bearing Temperature . ......... ... . 45
3.3.2 TypesofWire............... .. ... ... 13 6.4 Ground Fault............ ... ......... 45
3.3.3 Grounding ............. ... ... 15 6.5 Instantaneous Overcurrent . ... ... ... ... 45
3.4 Wiring Checklist .. ............ .. .. ... 17 6.6 Locked Rotor Current ............. ... .. 45
4 Startup ... ... ... ... ..., 20 6.7 Long Acceleration .. ... ....... ... . ... 48
4.0 General ..... ... .. ... ... ... . ... ..., 20 6.8 Jam L 48
4.1 Operator Panel Description .. ... ... ... .. 20 6.9 Underload Start. .. ........ .. .. ... .... 49
4.1.1 RUN/PROGRAM Keyswitch ... ..... ... .. 20 6.10 Underload Run . ........... ... ..... ... 49
4.1.2 FUNCTION Window ................... 21 6.11 Ultimate Trip ......................... 49
4.1.3 VALUESWindows . .................... 21 6.12 Overvoltage .. ........ ... ... ... .. ... 49
4.1.4 ADJUST Pushbuttons .. ... ............. 21 6.13 Undervoltage . . .................... ... 49
4.1.5 STEP Pushbutton ......... ... ...... .. 22 6.14 Pre-start Timer ... ... .. ... ... .. ... 50
4.1.6 CYCLE/SELECT Pushbutton .......... .. 22 6.15 Pre-run Timer ........ ... ... ... .. .. 51
4.1.7 RUN, PROGRAM LEDs . ............. .. 22 6.16 Pre-stop Timer............ .. ... ...... 51
4.1.8 SET POINTS Pushbutton, LED . ... .. .. .. 22 6.17 Incomplete Sequence .. ........... ... .. 51
4.1.9 TRIPALARMLEDs ................... 22 6.18 Anti-backspin. ....... ... ... L. 53
4.1.10 RESET Pushbutton ... ... ... ... ....... . 22 6.19 Anti-recycle, Min . ... ... ... .. 53
4.2 Initial Programming and 6.20 Time Undervoltage .. ........ .. .. . .. .. 54
Sequencing Checks ............... .. 23 6.21 Post-start Timer .. ......... ............ 54
4.2.1 Power Off. ... ... ... ... .. .. .. ......... 23 6.22 Post-stop Timer .. .......... ... ..... ... 54
4.2.2 Control Power Only.................. .. 23 6.23 Start Counts/Hours .. ..... ... .. .. .. . .. 55
4.3 Entering Setpoints. . .. .............. ... 23 6.24 Open/Unbalance Phase ....... ... ... ... 55
4.3.1 Setpoint Record Sheet .. ............ ... 23 6.25 Fullload Current ... ........... .. .. .. .. 55
4.3.2  ValueEntry .......... . ... .......... 24 6.26 Current Transformer Ratio ......... . .... 56
4.4 Initial Control Checkout . ............. .. 25 6.27 Potential Transformer Ratio ........... .. 56
4.5 Initial Motor Startup . .............. . ... 26 6.28 Starter Class . ..................... ... 56
4.6 Initial Main Power-on ............ . ... . 26 7 Monitoring and Troubleshooting .. ... ... 59
5 Application Considerations ............ 27 7.0 General ........ ... .. ... .. ... 59
5.0 General .......... ... ... ... ... ... ... . 27 7.1 Panel Operations .. .......... ... ... . .. 59
5.1 Motor Protection .. .................... 27 7.1.1 Normal Operational Reporting . .......... 59
51.1 Overload Protection without RTDs . ... .... 27 7.1.2 Reviewing Setpoints .. ... ... ... . ... .. 59
5.1.2 Overload Protection with RTDs ... ....... 27 7.1.3 Monitoring Characteristics . ....... . . .. .. 59
5.1.3 Protection Curve . .............. ... .. .. 28 7.1.4 Internal Diagnostics . .......... ... . ... 62
§.1.3.1 Instantaneous Overcurrent . . .. .. ... ... . 28 7.2 Malfunction Isolation
5.1.3.2 Allowable Locked-Rotor Current, ofthe Starter ... ........... . ... .. ... 62 (
Time.... ... .. ... .. 30 7.2.1 Panel Operating ................... ... 62
5.1.3.3 Ultimate Trip . ... .......... ... ....... 30 7.2.1.1 Alarm Conditions .. ........... ... .. .. 62
5.1.3.4 Underload Function ... .......... ... . .. 30 7.2.1.2 Trip Conditions . ........ ... ... ....... 63




TD 11-720-B 102000

Sec./Par. Title Page Sec./Par. Title Page
7.2.2 Panel Inoperative . ................. ... 66 8.2 RTD Module Replacement . ... ... ... ... 68

8 Unit Replacement . ... ... ............ 67 8.3 1Q-2000 Chassis Replacement. ... ... . ... 68
8.0 General ........... ... ... . ... . ... 67 8.4 Terminal Identification. . .. ... ... ... ... 68
8.1 Processor Module Replacement ....... .. 67

LIST OF FIGURES

Figure Title Page Figure Title Page
1.1 1Q-2000, Model B, Installed 5.4 Motor Protection Curve (without RTDs). .. .32
in Ampgard Enclosure ................ 4 5.5 Motor Protection Curve (with RTDs) ...... 33
1.2 1Q-2000 Typical Installation .............. 7 5.6 Motor Start Cycle Events Diagram .. ... .. 34
1.3 IQ-2000 Chassis . . ................c... 8 5.7 Motor Stop Cycle Events Chart . ....... .. 37
2.1 System Overview (Simplified) ............ 9 5.8 Three Wire Momentary Pushbutton
2.2 Symmetrical Components, Rotor . .. ...... 10 Control with Time Delay Undervoltage
2.3 Symmetrical Components . ............. 1 Function ........... ... ... ... ..... 38
2.4 Positive Sequence Currents . .. .......... ih| 5.9 AC Interrupt Events Flow Chart. ... ... ... 39
2.5 Negative Sequence Currents . .. ...... ... 11 5.10 RTDWiring.......................... 43
2.6 Current Sampling Techniques ........... 12 6.1 Long Acceleration Events Diagram .. ... .. 48
3.1 Ampgard Schematic .. ................. 14 6.2 Pre-start Events Diagram ... ............ 50
3.2 Wiring to Draw-Out Panel .............. 15 6.3 Pre-run Events Diagram................ 51
3.3 RTD Wiring (3-lead type) . .............. 16 6.4 Pre-stop Events Diagram . .............. 52
3.4 Two-Lead RTD Wiring. . ................ 17 6.5 Incomplete Sequence Events
3.5 Typical Grounding Plan ................ 17 Diagram........................... 52
3.6 Jumper and Field Wiring .. ............. 18 6.6 Time Undervoltage Timing ............. 53
3.7 Ampgard Internal View . ... ........ ... . 19 6.7 Post-start Events Diagram .............. 54
4.1 Operator Panel with Manual 6.8 Post-stop Events Diagram .............. 55
References ........................ 21 6.9 interposing Relay Wiring . .............. 57
4.2 Setpoint Record Sheet (Typical) ......... 24 7.1 Display/Run Sequence Relations . ....... 60
4.3 Winding Temperature Displays .......... 25 7.2 Reviewing Message .. ................. 60
5.1 Rotor Temperature Tracking............. 28 8.1 IQ-2000 Chassis .. .................... 67
5.2 Motor Protection Curve ................ 29 8.2 Terminal Designations .. ............... 69
5.3 Underload and Jam Protection .. ........ 30
LIST OF TABLES
Table Title Page Table Title Page
1.A IQ-2000 Feature and Benefits . ........... 5 6.8 Setpoint Record Sheet. . ........... .. .. 46
1.B Communication Arrangements ........... 5 6.C Starter Classes . ...................... 57
1.C Specifications . ............ .. ... ... 6 6.0 Relay C1 thru C4 Functions ............ 58
5.A Input Circuit Characteristics. .. .......... 39 7.A Monitoring Operation .................. 61
5.B Input Terminal Description .. ............ 40 7.8 Troubleshooting: Alarm Conditions ... .. .. 62
5.C Momentary and Maintained Input 7.C Troubleshooting: Trip Conditions ......... 63
Terminals . ............ ... ... ... ..., 1 7.D Troubleshooting: Operator Panel
5.D Control Function Relay Contacts . ... ..... 42 Inoperative. ........................ 66
6.A Setpoint Function Index . .. ............. 44



TD 11-720-B 102000

Sec./Par. Title Page Sec./Par. Title Page
7.2.2 Panel Inoperative .. ................... €6 8.2 RTD Module Replacement . ... . . .. . . .. 68

8 Unit Replacement . ... ................ 67 8.3 {Q-2000 Chassis Replacement. . .. .. .. .. 68
8.0 General ........... ... ... . .. ... 67 8.4 Terminal Identification. . . ..... ... .. .. .. 68
8.1 Processor Module Replacement ... ...... 67

LIST OF FIGURES

Setpoint Function Index . .. ............. 44

Figure Title Page Figure Title Page
1.1 1Q-2000, Model B, Installed 5.4 Motor Protection Curve (without RTDs). .. .32
in Ampgard Enclosure ................ 4 5.5 Motor Protection Curve (with RTDs) . ... .. 33
1.2 1Q-2000 Typical Installation .............. 7 5.6 Motor Start Cycle Events Diagram ....... 34
1.3 1Q-2000 Chassis . . .. ..........cooon... 8 5.7 Motor Stop Cycle Events Chart . ...... ... 37
2.1 System Overview (Simplified) ............ 9 5.8 Three Wire Momentary Pushbutton
2.2 Symmetrical Components, Rotor . ........ 10 Control with Time Delay Undervoltage
2.3 Symmetrical Components . ............. 11 Function ....... ... ... ... ... .. ... 38
2.4 Positive Sequence Currents . ... ......... ih| 5.9 AC Interrupt Events Flow Chart. ... ... ... 39
2.5 Negative Sequence Currents . .. ......... 1 5.10 RTDWiring........... .. .. ... ... 43
2.6 Current Sampling Techniques . .......... 12 6.1 Long Acceleration Events Diagram .. ... .. 48
3.1 Ampgard Schematic . ................ .. 14 6.2 Pre-start Events Diagram .. ......... .. .. 50
3.2 Wiring to Draw-Out Panel .............. 15 6.3 Pre-run Events Diagram ... ........... .. 51
3.3 RTD Wiring (3-lead type) . .............. 16 6.4 Pre-stop Events Diagram ............... 52
3.4 Two-Lead RTD Wiring. . ................ 17 6.5 Incomplete Sequence Events
3.5 Typical Grounding Plan ................ 17 Diagram................... ... ..., 52
3.6 Jumper and Field Wiring .. ............. 18 6.6 Time Undervoltage Timing ............. 53
3.7 Ampgard Internal View .. .. ......... ... 19 6.7 Post-start Events Diagram ............ .. 54
4.1 Operator Panel with Manual 6.8 Post-stop Events Diagram .............. 55
References .......... ... ... ... .... 21 6.9 Interposing Relay Wiring .. ............. 57
4.2 Setpoint Record Sheet (Typical) ......... 24 7.1 Display/Run Sequence Relations ........ 60
4.3 Winding Temperature Displays .......... 25 7.2 Reviewing Message . .................. 60
5.1 Rotor Temperature Tracking............. 28 8.1 1Q-2000 Chassis . ..................... 67
5.2 Motor Protection Curve ................ 29 8.2 Terminai Designations .. ............... 69
5.3 Underload and Jam Protection . ......... 30
LIST OF TABLES
Table Title Page Title Page
1.A 1Q-2000 Feature and Benefits . ........... 5 6.B Setpoint Record Sheet. ... ............. 46
1.8 Communication Arrangements ........... 5 6.C Starter Classes ... .................... 57
1.C Specifications . ............ ... ... ... 6 6.D Relay C1 thru C4 Functions ............ 58
5.A Input Circuit Characteristics. . ........... 39 7.A Monitoring Operation .................. 61
5.B Input Terminal Description . . ............ 40 7.8 Troubleshooting: Alarm Conditions .. ... .. 62
5.C Momentary and Maintained Input 7.C Troubleshooting: Trip Conditions ......... 63
Terminals .. .......... ... .. .. . ... 41 7.D Troubleshooting: Operator Panel
5.D Control Function Relay Contacts . ... ..... 42 Inoperative. ........................ 66
6.A



102000

TD 11-720-8

Section 1

DESCRIPTION

1.0 General — The 1Q-2000™ is a microprocessor-
controlled, motor command system that is made available in
a single, integrated package. It is designed for use with the
Ampgard® Motor Control Assembly, and other types of start-
ers. (See Figure 1.1)

This manual describes the Model B version of the 1Q-2000,
as described more fully in Paragraph 1.4.

With respect to motors, the 1Q-2000 has 3 primary functions:
¢ Protection
* Monitoring
¢ Contro!

A unique protection algorithm utilizes 3-phase motor current
information and stator winding temperature data to protect
both the stator and rotor from damage due to thermal over-
loads. The protection scheme utilizes the concept of positive
and negative unbalance sequence currents, coupled with dig-
ital thermal modeling, to predict rotor temperature and remove

Figure 1.1 — 1Q-2000, Model B, Installed
in Ampgard Enclosure

motor power before the thermal limits are exceeded. The var-
ious protection schemes result in the maximum utilization of
the motor.

The monitoring features include extensive instrumentation,
including current, voltage, watts, frequency, power factor,
elapsed time, and number of operations.

The control feature replaces the discrete relay logic for pre-
start, post-start, pre-stop and post-stop timing functions and
various enabling signals. Now programmable logic, under the
control of the microprocessor, can perform these operations.
This permits a single 1Q-2000 to be easily programmed for
a simple across-the-line starter or a complex starter such as
a reduced-voltage start, reversing style, by means of simpie
pushbutton “‘user friendly” programming techniques.

Also included are numerous adjustable alarm and trip
parameters. Extensive self-diagnostics are provided, includ-
ing contactor report-back status signals which enhance sys-
tem reliability. [n instances when motor conditions exceed the
programmed setpoint values, an alarm and/or trip condition
is automatically initiated. The alarm condition causes a red
LED on the Operator Panel to light. (See Table 7.B.) It also
closes the internal Alarm Relay. Contacts from it are user-
accessible for connection with external signaling devices, if
desired.

The trip condition causes the main contactor(s) to open, there-
by stopping the motor. (See Table 7.C.)

The 3 primary functions are actually composed of 28 sepa-
rate functions, all of which are supplied as standard software
and resident in permanent memory. A complete listing of these
is given in Table 6.A. More detailed explanations are contained
in Table 6.B. These functions were chosen to cover most fea-
tures required by a wide variety of motor starters.

In instances where a particular function is not required by the
application, it can be easily “programmed out,” yet it remains
passively resident in the software should it be required later.

Since the I1Q-2000 is a basic-mode! product with very few op-
tions, individualizing for an application is performed in the
field by the user/OEM by means of a simplified programming
technique. Users enter the setpoint values for each function
through the Operator Panel. (See the cover of this manual.)
A simple grouping of pushbuttons allows the setpoints to be
quickly entered. (There is no need to learn a specialized lan-
guage.) An interactive alphanumeric display screen shows the
entries and clearly indicates the function being specified.
Once the fixed “menu’ of functions is worked through, the
setpoints are “permanently” loaded into the 1Q-2000. They
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Table 1.A
1Q-2000 FEATURES AND BENEFITS

Feature

Benefit

* Micro-processor based
control

e All 28 setpoint functions
available in all units

e Undesired functions are sim-
ply programmed out

¢ Single model unit

¢ Nonvolatile memory

¢ Man-readable programming

* Setpoints easily determined

¢ Simplified Operator Panel

* Display window shows a
number of diagnostic
conditions

* Ease of startup

e' * Auxiliary contacts

* Keylock mode switch

e Communication data port

¢ Reliable service without need for numerous discrete components

* Allows for wide-spread standardization of control types regardiess of
parameters or starter types

* No extra costs for unwanted features
* |n-field removal or reactivation of functions

* Low inventory of spares possible
* Quick, inexpensive interchangeability during maintenance

¢ No lost programs nor special back-up batteries

¢ No special language to be learned
* Setpoint values easily written with everyday numbers

* Motor manufacturer's data and a knowledge of the application are sufficient

No elaborate, complex keyboard
¢ Functions and diagnostic messages displayed in man-readable format

* Install and maintain without extra and special test equipment

Low time-to-assemble factor
¢ Fast program entry

* Allow for additional process operations beyond the basic motor start-
ing/stopping

* Allow for external warning devices when approaching setpoint thresholds

* Provides protection against program tampering while aliowing the monitoring

of programmed setpoints
* Minimizes shut-downs Yor noncritical reasons

* All metering data, trip data, status annunciation, setpoints and diagnostic data
is available for remote analysis

Table 1.B
COMMUNICATION ARRANGEMENTS

Communication Type

Description

Single Device RS-232C

A direct connection to an RS-232C compatible device where the 1Q-2000 acts as a slave.
A COM 21 Communication Card plugs directly onto the Processor Module.

Communication to
any computer

A Local Area Network, INCOM?® is formed by 2 or more 1Q-2000s connecting to a Trans-
lator Box. The Translator Box is a slave to the main computer. In this arrangement the
COM:-22 Communication Card is plugged into the Processor Module of each 1Q-2000.
These cards are wired together using a shared non-shielded twisted pair to form a local
area network. The twisted pair is wired to a Translator Box containing a COM 23 Com-
munication Card which provides an RS-232C port.

Communication to an IBM-
‘ compatible personal computer

A Local Area Network, INCOM is formed by 2 or more 1Q-2000s connecting to a per-
sonal computer via a shared non-shielded twisted pair of wires. The personal computer
acts as a master. In this arrangement the COM 22 Communication Card plugs into each
Processor Module. A COM 25 Communication Card is used in an expansion slot of the
personal computer.
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remain stored through power outages, or until new program-
ming entries change the values.

The 1Q-2000 is factory-shipped in any of the following ways:

¢ Mounted in the low-voltage compartment of the
Ampgard® enclosure

¢ For installation by an original equipment manufacturer
in @ new motor command system

¢ For installation by the Westinghouse Engineering Serv-
ices Department into an existing motor starter

* For installation by an end user in a motor starter

1.1 Features and Options — A list of features and benefits
is given in Table 1.A. Since the IQ-2000 is a standardized pack-
age, there are very few options. Those currently available are:

* RTD Module option, which is required if resistance tem-
perature devices are used to monitor motor and load or
motor bearing temperatures. The RTD Module is offered
for 10-ohm, 100-ohm, and 120-ohm applications.

e Ground Fault Transformer option, which provides input
current signals. (Its ratio is always 50:5))

¢ Potential Transformers option, which provides incom-
ing AC line phase and level information.

e Communication options, which provide communication
of motor data to a remote device such as a computer or
programmable controller. The communication options are
described in more detail in publication number TD-11-730.
In all cases a Communication Card will be installed in-
side the 1Q-2000. Table 1.B lists and describes the 3 types
of communication arrangements available.

1.2 Specifications — The specifications for the 1Q-2000
motor command system are listed in Table 1.C.

1.3 Hardware Familiarization — The purpose of this Para-
graph is to familiarize the user with the main hardware
features of the 1Q-2000. A complete description of the Oper-
ator Panel and the functions of each pushbutton is given in
Chapter 4.

The 1Q-2000 mounts in an optional enclosure, as shown in
the typical installation of Figure 1.2. Observe the Figure and
note the following explanation keyed to the callouts of the
Figure:

1. The enclosure is a Type 1.

2. Cable connecting the Processor Chassis to the Oper-
ator Panel

3. Terminal block TB-A
4. Terminal block TB-B

5. Terminal block TB-R for connections to optional RTD
Module

6. AC line fuse

7. Terminal block TB-P for the P1, P2, and P3 AC line
connections

8. Additional terminal block. When the 1Q-2000 is in-
stalled by Westinghouse, this is assigned the desig-
nation TB. The TB terminal block is not part of the
1Q-2000 hardware.

The various components of the 1Q-2000’s Processor Chas-
sis are shown in Figure 1-3. Observe the Figure and note the
following:

¢ The front cover of the 1Q-2000 consists of a hinged ac-
cess door. (A screw secures it to the Chassis.)

Table 1.C
SPECIFICATIONS

Input Power Requirements
120 VAC (£15%)
Frequency
50/60 Hz (@

Power Consumption
Processor: 60 VA
RTD Option: 6 VA

Communication Card: 5 VA

Current Transformer ‘‘Burden’
0.003 VA
Operating Temperature

-20° to 70°C =
(-4° to 158°F)

Storage Temperature

-20° to +85°C
(-4° to +185°F)

Humidity

‘0 to 95° R.H.
noncondensing

Fuses
Processor: 4 amp, 250 V sio-blo
Enclosure

Type 1

1 Factory set; specify with order

2 The operating temperature range of the external
face of Operator Panel is limited to 0° to 55°C (32°
to 131°F). This is not subject to the internal temper-

ature rise of the starter.
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Legend:
1. Type 1 enclosure

2. Cable connecting Operator
Panel and Processor
Chassis

*
4
»
»n§g
E]
n
x
-
£l

.mo’ nut.‘\

SN

‘““'“ R Eef.m

3. TB-A
4. TB-B
5. Optional RTD, TB-R

6. AC line fuse, 4 amp, 250 V
slo-blo

7. AC line connections P1, P2,
P3

8. Terminal Block TB

Figure 1.2 — 1Q-2000 Typical Installation
7
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Optional RTD Module

Hinged access dopr

\

i

s . .
Processor Module

[ Cable to Operator Panel
M RS-232C Communication Cable

. aets t,. ,

@ Cutouts in the top of the chassis accept these connectors.

Screw securing access door
.
b}

e

ocal Area Network, INCOM -
0 wire connection to TB-A

Communication Card

) § T BTV

Figure 1-3 — 1Q-2000 Chassis

* The optional RTD Module, when used, mounts inside of
the hinged access door.

¢ The Processor Module mounts inside the Chassis on the
back panel.

¢ The Communication Card piugs into connectors locat-
ed on the Processor Module.

1.4 Use of Manual — This manual is designed for use dur-
ing installation and troubleshooting and, if necessary, unit
replacement for the 1Q-2000 Model B. (Note: For specific in-
formation on the 1Q-2000, Model A, refer to Instruction Leaf-
let number TD-11-720.)

This Manual contains information of specific importance for
the user application engineer who is planning the motor con-
trol system and who is determining the setpoint values for
Model B.

The manual is broad enough in scope to form the basis of
new employee familiarization, refresher training sessions, and
ongoing maintenance.

It is strongly advised that the application engineer carefully
read Chapters 2 thru 7 before beginning the application’s Wir-
ing Plan Drawings and Setpoint Record Sheet. installation
teams should carefully read all of Chapter 4 before starting
final installation. Maintenance personnel should be familiar
with Chapters 7 and 8 before attempting to service the
1Q-2000.

1.5 Level of Repair — This manual is written with the assump-
tion that only board-level troubleshooting will be performed.
If the cause of a malfunction is traced to a board, it should
be replaced with a spare (refer to Section 8, Unit Replace-
ment). It should then be returned to Westinghouse for facto-
ry repairs.

1.6 Factory Correspondence — All correspondence with
Westinghouse, whether verbal or written, should include the
“firmware revision” alphabetical letter preceding the
STARTER CLASS setpoint display. This alphabetical letter ap-
pears in the Function Window when the starter class setpoints
are displayed, as described in Paragraph 7.1.3. The firmware
revision alphabetical letter is used by Westinghouse to iden-
tity the specific 1Q-2000 type being discussed.
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2.0 General — The 1Q-2000 is a microprocessor-based sys-
tem that controls from 1 to 4 contactors associated with a mo-
tor starter. This Chapter describes how the hardware and
software function together to control, monitor and protect the
motor.

The description is divided into the following areas:
¢ Sensing inputs (Par. 2.1)
* Protective functions (Par. 2.2)
¢ Motor control functions (Par. 2.4)

¢ Metering functions (Par. 2.5)

Section 2

FUNCTIONAL THEORY

2.1 Sensing Inputs — The 1Q-2000 receives information
about motor current, line voltage and ground fault current as
well as control inputs such as motor starting and stopping
commands. (See Figure 2.1.) Optionally, RTD inputs supply
temperature data. The motor current is derived from 3 sepa-
rate current transformers which monitor each of 3 phases of
the AC line to the motor. Optionally, 3 phase potential trans-
formers may be used to monitor the line voltage being sup-
plied to the motor.

2.1.1 RTD Module — The optional RTD Module supplies in-
formation on the winding temperature from up to 6 RTDs
embedded in the stator windings of the motor. In addition,

L L2 13 / \\
= T —_ Processor Module \
N ’M \ Main A
MIiml T \  contactor ,
N | / I
N - I
J—f = Interposing r/— |
Current E_ E & relay MX
transformer LL driver )
qj_ Cl1 =— /
= -
Ground I cd .
transformer C2 /= interposing
(optional) T C3 &= relay
_~—
C4 —=_
Potential
transformer
(optional)

Represents an RTD

/

Motor

RTD Module (optional)

Communications Module
(optional)

Figure 2.1 — System Overview (Simplified)

9
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RTDs associated with the motor bearings and load bearings
can aiso be monitored. The motor RTDs are used to supply
information for both the winding and rotor temperature pro-
tection function and the temperature monitoring function.

2.1.2 Control Lines — Monitoring of the signal lines from the
machine or process associated with the starter is performed
by the input monitoring area of the Processor Module. (This
is not shown in Figure 2.1.) These lines include the report-
back signals as well as the start and stop command lines.
These lines are used by the motor control area to enable and
disable both the main contactor(s) and the auxiliary relays.

2.2 Protective Functions — Protective functions utilize mo-
tor conditions such as current and temperature on an ongo-
ing basis and first initiate an alarm condition, where
appropriate, and finally a trip condition. These conditions per-
form the following functions:

¢ Alarm condition energizes the Alarm Relay. Its contacts
are used external to the 1Q-2000 for control or reporting
purposes.

¢ Trip condition removes the power from the motor and ac-
tuates a Trip Relay. The contacts of the Relay are used
external to the 1Q-2000 for controlling or reporting
purposes.

When a trip condition occurs, the control stores the
metering functions such as motor current, temperature,
etc. This “picture” is maintained for use by maintenance
personnel until the RESET pushbutton is depressed.

The 1Q-2000, Model B, is able to maintain the metering data
prior to a trip condition for a minimum of 12 hours after AC
power is removed.

The fauit monitoring performed by the 1Q-2000 can be divid-
ed into the following types:

e Load-associated protection (Par. 2.2.1)

¢ Rotor-temperature protection (Par. 2.2.2)

2.2.1 Load-Association Protection — The value of the mo-
tor current is used to detect the instantaneous overcurrent,
jam and underload setpoint functions. Information from the
load bearing RTDs is compared with the setpoint values to
initiate an alarm and/or a trip condition. (Note: all the setpoint
functions are described in detail in Chapter 6.)

2.2.2 Rotor Temperature Protection — Each motor design
has a specific damage curve usually referred to as its 12T curve
(current squared multiplied by time). In AC motors, the cur-
rent balance between phases is of major concern because
of the additional heating associated with an unbalance. This
current unbalance is caused mainly by a voltage unbalance,
the result of single phase loads on the three phase system,
and motor winding unbalance.

With larger horsepower motors, the design is usually rotor
limited. it therefore becomes important to determine the to-
tal heating effect on the rotor. For analysis, the motor can be
considered to have two rotors. (Refer to Figure 2.2.) One is
the effect resulting from balanced current and the other the
effect of unbalanced current. If perfect current balance exist-
ed in each phase of the motor current, then the |, first com-
ponent used would be the line current squared with no error
in the heating projected from this current. This positive com-
ponent of current generates the motor output torque, work.

The second component of current is the negative sequence,
represented as l,. It is a three phase current with a reverse
phase rotation from that of the AC source. This component
of current generates countertorque to the motor output torque,
negative work. Because the torque generated, I, does not
leave the rotor, it is absorbed as heat and therefore has a more
significant effect on the rotor heating than the |,. Thus any
three AC currents can be represented by the addition of I
plus |,.

=5

N
J/

12 = |12 + K|22

Figure 2.2 — Symmetrical Components
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Figure 2.3 — Symmetrical Components
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Figure 2.4 — Positive Sequence Currents

ls —120°

l; - 240°

~
/

Figure 2.5 — Negative Sequence Currents

1

Using vector analysis to determine the positive sequence, one
rotates phase B in the positive direction 120° and phase C
in the positive direction 240° (Refer to Figure 2.4.)
The result of 1| = Lo+ (I + 120° + (I + 240°)

3

The negative sequence is determined by rotating phase B in
the opposite or negative direction for 120° and phase C ro-
tated in the negative direction for 240° (Refer to Figure 2.5.)
Thus the formula for I, becomes
= b+ (lg - 120° + (I, - 240°)

3

12

Prior to the use of a microprocessor in the motor command
system, there was no practical way of determining the total
effect of the positive and negative sequence on a continu-
ous basis. Therefore, less than adequate assumptions had
to be made. This resulted in nuisance tripping and actual or
near-actual motor burnouts. The 1Q-2000 microprocessor uses
a unique, patented system for determining these values. Ev-
ery 120° within each AC line cycle the instantaneous current
in each phase is detected. Thus in 1 cycle the microproces-
sor has 9 readings of current. (Refer to Figure 2.6.)

The current square, as used in the calculation of the rotor heat,
is:

R =12 + K2

Here I,2 is weighted by K (usually 6) because of the dispropor-
tional heating caused by the negative sequence.

With the use of a microprocessor, the effects of both the posi-
tive and negative sequence are accurately taken into account.
Their combined effect is incorporated into a “rotor protec-
tion algorithm.” The algorithm is really a microprocessor-
based program which effectively keeps track of the tempera-
ture of the rotor.

It is not necessary to pick an arbitrary phase unbalance set-
point to trip the motor. As long as the combined effect of the
positive and negative sequence does not approach the mo-
tor damage curve, the motor is allowed to be utilized.

2.3 True RMS — If the line current sampling were always tak-
en at exact intervals of 1207 all the samples would be taken
from the same point on the waveform, and the current moni-
tored would have to be a true sine wave. Realistically, the cur-
rent monitored at the motor is shaped similar to a sine wave,
but it has many harmonics superimposed on the basic sine
wave. These are caused by the addition of power factor cor-
rection capacitors, solid state drives and adjustable-speed
drives backfeeding into the electrical system of the entire
plant.

Therefore, to obtain true RMS (root mean square) current, the
line current sampling is delayed after every cycle of data ac-
cumulation by 10 degrees. Only after 12 individual sets of data
are collected — 36 pieces of data for each phase — does
the microprocessor actually caiculate and monitor the RMS
current and separate it into its positive and negative
components.
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Thus using the 10° delayed sampling method, together with
the rotor protection algorithms, the 1Q-2000 is capable of com-
bining the effects of time and RMS current (positive and nega-
tive sequence) into a single protective system. The addition
of the optional Resistance Temperature Detection (RTD)
Module is aiso factored into the rotor protective algorithm.
This results in a multi-dimensional model allowing full motor
utilization.

12

First Set of Data

0° 120° | 240°
L L, by
le, le; ley
ley bea bes

Second Set of Data

370° | 490° | 610°
b hs b
le las los
lea les les

Three |; Calculations Using First Set of Data
Ly + g + I
Ly + g + g
e + 15 + I

Iy =
h
Iy

Three I; Calculations Using First Set of Data

Il = Iy + by + 1
2= ly, + g + Iy
la =1, + Iy + Ig,

Figure 2.6 — Current Sampling Techniques

2.4 Motor Control Functions — The motor control function
receives the “command” inputs to start and stop the motor,
and coordinates the energizing and de-energizing of the con-
tactor(s) and auxiliary control relays.

2.5 Metering Functions — The control calculates and dis-
plays the instantaneous and accumulated values obtained by
monitoring characteristics such as motor current, ground cur-
rent, RTD temperature values, etc. (Chapter 7 describes the
monitoring capabilities of the control in detail.)
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3.0 General — This Chapter describes general wiring and
wire-routing procedures to be followed by the electrical instal-
lation crew when installing the 1Q-2000 and its associated
Ampgard starter with a motor and its related machine or proc-
ess equipment. The information listed here builds on earlier
chapters in this manual and wili be unnecessarily difficult un-
less they are read first.

3.1 Ampgard Schematic — When the starter is supplied by
Westinghouse, the wiring between the Ampgard starter and
the 1Q-2000 is factory installed. Each specific hardware con-
figuration is shown on a unique Ampgard Schematic shipped
with the unit. (A typical Ampgard Schematic is shown in Fig-
ure 3.1.) The drawing is for a Class 11-202 induction, full-
voitage, non-reversing unit.

When the motor starter is not supplied by Westinghouse, an
equivalent electrical scheme is developed by the retrofitter,
or original equipment manufacturer.

3.2 Wiring Plan Drawings — It is necessary for the customer
application engineer to develop a suitable wiring ptan for use
by the instalation team. It must reflect the control lines to the
1Q-2000 or between the 1Q-2000 and its associated machine
or process equipment. In this manual the wiring plan is called
“wiring plan drawings,’ although individual companies will
probably have different terminology. Whatever the term, these
drawings detail all customer wiring which must be performed
in the field after the Ampgard and its associated 1Q-2000 is
shipped from Westinghouse.

The Ampgard Schematic shows all the control input and out-
put lines for the application; the wiring plan drawings list the
designations of these lines.

Note: in cases of “retrofits” where the 1Q-2000 is shipped
separately without an Ampgard starter, the wiring plan draw-
ings must list the:

* Wiring between the 1Q-2000 and interposing relays
¢ Main contactor(s) wiring
¢ Potential, current, ground current, and power transformer
wiring
In short, it must list all of the wiring that is normally document-
ed by the Ampgard Schematic.

3.3 Wiring Guidelines — The following wiring guidelines must
be observed by the electrical installation crew when install-
ing the 1Q-2000 and connecting it with its associated machine
or process equipment.

13

Section 3

INSTALLATION

3.3.1 Wire Routing — When routing wires between the Amp-
gard or other starter and the associated machine or process
equipment, follow these guidelines:

DANGER
Insure that the incoming AC power and all “foreign”
power sources are turned OFF and locked out before per-
forming any work on the motor starter or 1Q-2000. Failure
to observe this practice can result in serious or even fatal
injury and/or equipment damage.

Guideline 1 — All user-installed control lines and the RTD
conductors connecting with the draw-out panel must be care-
fully coiled and secured to the factory-instalied low-voltage
conductors. (See Figure 3.2.) This coil of conductors provides
a quantity of slack required for draw-out panel movement. The
coil is positioned behind the panel as the panel! is pushed
into the enclosure. In order to make the coil, bundle the con-
ductors neatly with tie-wraps, or equivalent means.

Once wiring is complete, insure that the coil is properly posi-
tioned and that it is able to clear any obstruction that may
exist as the draw-out panel moves in and out.

Guideline 2 — Do not route control or RTD conductors
through the high-voltage compartment of the motor starter.
If it is necessary to do so, consuit the applications depart-
ment, Westinghouse Control Division, for specific instructions.

Guideline 3 — Separate the low-voltage (120 VAC) from the
high-voltage (440 VAC, or higher) conductors as much as pos-
sible. In general, maintain a minimum distance of 1.5 ft. (45
cm) between the two types.

3.3.2 Types of Wire — The following guidelines list the gener-
ally acceptable types of conductors and wiring practices used
in the industrial environment. For specific types of wire, con-
sult your application engineer.

Guideline 4 — Any low-volitage control wiring routed out of
the motor starter cabinet should be at least AWG No. 14
stranded copper wire.

Guideline 5 — The wiring between the RTD Module con-
tained in the starter cabinet and the RTDs in the motor must
be AWG No. 18 3-conductor, shielded cable. (See Figure 3.3))
Use Belden No. 8770, or equivalent. Note: in cases where the
leads from the motor or other resistance temperature devices
provide only 2 leads each, connect 2 conductors from the RTD
Module to one of these leads. Follow Figure 3.4 carefully when
selecting the 2 conductors to tie together. Also it is important
to connect the 2 conductors as close to the motor as possible.
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TB-B N Movement
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To bottom service entry
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\
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B
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L TB-A
E TB-B

B —

Wire coiled behind panel

e . W G o W

b) draw-out panel retracted

0 Wire cables to loop behind panel in an

unobstructed location.

Figure 3.2 — Wiring to Draw-Out Panel

Guideline 6 — Connect the shield and drain wire from RTD
cables to the common terminals on the RTD Module, as
shown in Figure 3.3. Note: connect the shield only at the RTD
Module. Use shrink tubing or electrical tape to insure that the
shields do not make accidental contact with ground or other
terminals at the RTD end.

3.3.3 Grounding —A typical grounding plan for a starter is

15

shown in Figure 35. Note carefuily these guideline before
making grounding connections.

Guideline 7 — Install an “equipment grounding conductor”
between the motor starter’s ground stud (or grounding bus)
and a suitable plant grounding bus or to earth ground. Con-
sult the local application engineer or the wiring plan draw-
ings for information on specific gauges.
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Do not connect cable’s shield and drain wire
Connect cable’s shield and drain wire here. at this end. Use tape to insulate.
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{1 Each shielded cable’s conductors must be connected on IQ-2000 as shown.
@ Use of 3-lead RTDs is recommended.

RTDs must not be grounded at the motor, and no common connections between RTDs should be made at the 1Q-2000
or the motor.

@ If motor or load bearing RTDs are used, they must be the same ohmic value and material.

[ During the monitoring operation, the load bearing and motor bearing temperatures are displayed in the A and B VALUES
windows, as listed here. (See Monitoring, Paragraph 4.15.)

Figure 3.3 — RTD Wiring (3-Lead Type)
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CAUTION
. The 2 leads that are connected together must be wired

to the correct terminals on the RTD Module. (In this case,
they are No. 2 and 3. See Figure 33 for other terminal

identifications.)

D

—+—
\.l.d

(

Figure 3.4 — Two-Lead RTD Wiring

3.4 Wiring Checklist — Complete the following checks on
the field-installed wiring before applying AC power for the first
time.

Each item contained in the checklist also has a smail box at
its immediate left. The box is intended to be used to provide
verification that a specific step has been performed. Follow
these checks in sequence.

T When the Ampgard isolating switch and the high-voltage
door are open, the step-down control transformer is ac-
cessible. Remove the plug from the receptacle to disable
the secondary circuit, as shown in Figure 3.7.

Alternately, with starter motors other than the Ampgard,
disable the secondary circuit to remove AC power to the
IQ-2000 and the low-voltage control circuit of the motor
starter.

O Verify that all “foreign” external power sources are dis-
connected from the starter cabinet.

[l

Open the access door to the low-voltage compartment.
Examine the wiring terminals of the draw-out panel. Look
for foreign material, pieces of wire, screws. Check screws
for tightness.

=

—

Verify that the field-installed wiring is exactly as shown
on the wiring plan drawings.

If the application contains an RTD Module, verify that the
cable shields are wired to the correct terminals, as shown
in Figure 3.3. Also verify that the shield drain wires are
insulated with tape or shrink tubing so they cannot ground
nor cause shorts.

Verify that unused RTD Module inputs, if any, are jum-
pered out. Each set of 3 unused inputs must be jumpered.
For example, if the 2 load bearing RTDs, as shown in Fig-
ure 3.3, are not used, jumper terminals 29, 30 and 31. Also
separately jumper terminals 26, 27 and 28.

Be sure that cable shields and drain wires are not con-
nected at the RTD end. They are to be cut short and in-
sulated.

In some cases there may be factory-installed jumpers be-
tween the terminals as shown in the solid jumpers in Fig-
ure 3.6. it is necessary to determine whether or not there
should be jumpers installed. Consult the wiring plan draw-
ings to determine if any jumpers should be in piace or
removed for each application.

Motor starter

Incoming o- —0 L1 T1 00—
3-phase {c‘r —0 L2 T2 o0—]
AC supply \ o— —0 L3 T3 0—]

Motor starter grounding

L

stud or bus

Grounding electrode conductor j/

=

Suitable earth ground or plant ground bus

Figure 3.5 — Typical Grounding Plan (simplified)
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Note: when an external device, such as a limit or pres-
sure switch. is to be wired between the terminals, as
shown in Figure 3.6, the factory-installed jumper must be
removed.

Move the draw-out panel in and out to make sure that wir-
ing to the panel does not bind or scrape in such a way
that the insulation is damaged.

Verity that there are no stray strands of wire which could
cause shorts.

Turn the Keyswitch to the Program mode prior to ener-
gizing the starter with temporary control power (test pow-
er). The 1Q-2000 as shipped from the factory has no
programmed setpoints. It must be field calibrated as
described in Section 4, STARTUP.

With an Ampgard starter, temporarily plug the control pow-
er receptacle, as shown in Figure 3.7, into a 120 VAC ex-
tension cord receptacle. Using a meter, check polarity and
verify that 120 VAC (+15%) is present.

Alternately, when a motor starter other than an Ampgard is
used, temporarily connect 120 VAC (+15%) to the iQ-2000
AC power P1/P2/P3 terminal strip, where:

P1 = Gnd
P2 = AC lo, L2, Gnd
P3 = AC hi, L1

Be sure there is no possible path for the 115 volt test power

19

to back feed through the control transformer or potential trans-
formers.

The application is now ready to be started up as detailed in
Chapter 4. Do not start the motor at this time. Wait until the
setpoints have all been entered into the control and the Amp-
gard or other starter is sequenced with the external 120 VAC
used as temporary control power (test power).

Figure 3.7 — Ampgard Internal View
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Section 4

STARTUP

4.0 General — This chapter describes the 1Q-2000's Opera-
tor Panel and. explains setpoint entry procedures. it is
designed primarily to assist with the starting up of a system.
Detailed explanations of available setpoint functions, their
ranges and features, are contained in Chapter 6, “‘Setpoint
Value Considerations.” Therefore, Chapter 4 is designed
primarily for the individual responsible for the startup, and
Chapter 6 is designed primarily for the engineer in charge
of the specific application.

Note that the setup cannot be performed without a compietely
and correctly filled in Setpoint Record Shest, which is shown
in Table 6.B.

CAUTION
Do not attempt to startup an 1Q-2000 or to enter setpoints
without a completed and validated Setpoint Record Sheet.
Equipment damage could result if incorrect data is entered.

The information contained in this chapter is organized into
6 major groupings:

e Operator Panel description (Par. 4.1)
¢ |nitial AC power-on checks (Par. 4.2)
* Entering setpoint values (Par. 4.3)

¢ Initial controi checkout (Par. 4.4)

¢ Initial motor startup (Par. 4.5)

¢ |nitial main power-on (Par. 4.6)

4.1 Operator Panel Description — The Operator Panel is
primarily controlled by the RUN/PROGRAM keyswitch which
provides 2 modes of operation:

* Run Mode. When the keyswitch is in the RUN position,
normai operation of the motor, reviewing of programmed
setpoint values, and monitoring of setpoint values may
all be performed. Additionally, electrical characteristics,
including the actual values of many functions, can be
monitored.

* Program Mode. When the keyswitch is in the PROGRAM
position, the programmed setpoint values can be dis-
played and/or modified. In this mode, starting and run-
ning of the 1Q-2000 is inhibited.

Note: when the motor is running, turning the keyswitch
to the PROGRAM position will not cause the program
mode to be initiated until the motor is stopped.

20

In general, all Operator Panel operations may be divided into
3 types:

* Programming Setpoints. In this operation, the setpoint
values for the various functions are entered. When
programming setpoints, it is necessary to place the
RUN/PROGRAM keyswitch in the PROGRAM position.

* Reviewing Setpoints. In this operation, the previously
programmed setpoint values can be monitored. When
reviewing setpoints, the RUN/PROGRAM keyswitch is
normally placed in the RUN position. The programmed
setpoint values may also be reviewed when the motor
is not running and the keyswitch is in the PROGRAM
position. (See Paragraph 4.1.5 for details on the review-
ing operation.)

* Monitoring System Characteristics. In this operation,
actual electrical characteristics are displayed, according
to a predetermined list, in the FUNCTION window of the
Operator Panel. The actual values associated with these
selected functions will be displayed. When monitoring
characteristics, the RUN/PROGRAM keyswitch must be
in the RUN position. (Refer to Chapter 7 for a complete
description.)

In the following paragraphs the function of each switch, push-
button and indicator is listed and explained. Refer to Figure
4.1 where an Operator Panel is shown.

4.1.1 RUN/PROGRAM Keyswitch — 1Q-2000 operations are
controlled by a 2-position keyswitch labeled RUN/PROGRAM.
The key may be removed when it is in the RUN position. The
selected position determines the operations the control will
perform. These are:

¢ Run. With the switch set to RUN, the 1Q-2000 enters the
run mode which controls normal operation of the motor
including starting, running and stopping. This is also the
normal position for the reviewing of programmed set-
points or the monitoring of electrical characteristics.

When switching from PROGRAM to RUN, there is a de-
lay of 5 seconds after which the message CALC SET-
POINTS is displayed for 15 seconds. After this delay the
RUN indicator lights, and the motor can be started when
an external start command is received by the 1Q-2000.

¢ Program. With the keyswitch set to PROGRAM and the
motor stopped, the control enters the program mode
which allows the programming of setpoint values. The
PROGRAM LED indicator lights when this mode is
entered.
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Figure 4.1 — Operator Panel with Manual References

4.1.2 FUNCTION Wihdow — The FUNCTION window dis-
plays the following information:

* Names of setpoint functions. (Note that these can be dis-
played in either the run or program mode.)

* Names of selected electrical characteristics. These in-
clude motor current or line voitage. (The numerical values
are displayed in the VALUES window.)

* Error and status messages. (A complete listing of mes-
sages is given in Chapter 7, Troubleshooting.)

4.1.3 VALUES Windows — There are 3 numerical VALUES
windows on the operator Panel. These are labeled with the
letters A, B and C and, aiso, with the titles TRIP, ALARM and
TIME. The information displayed is:

* Trip, alarm and time setpoint values entered when in the
programming mode.
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* Trip, alarm and time programmed setpoint values being
reviewed when in the run mode.

* Selected electrical characteristics and their numerical
values can be displayed when a monitoring operation
is performed in the run mode.

¢ Trip, alarm and time setpoint values that cause the
trip/alarm condition to be displayed in the run mode. In
this instance, the SET POINTS LED indicator on the
Operator Panel lights to indicate that the values displayed
are setpoint values.

4.1.4 ADJUST Pushbuttons — The setpoint values may be
raised or lowered by means of the upper and lower ADJUST
pushbuttons, respectively. The control must be in the program
mode to modify the setpoint values. The numerical values will
increase or decrease continuously until the pushbutton is
released.
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When a specific setpoint function is first displayed, all relat-
ed numerical values in the A, B and C VALUES windows are
aiso displayed. Press the SELECT pushbutton once, and only
the A window displays a value — which can then be modi-
fied by means of one or the other ADJUST pushbuttons. Press
SELECT again, and the B window displays a value, if one is
called for by that function.

4.1.5 STEP Pushbutton — the 2-function STEP pushbutton
is used in all 3 operations, as described here:

e Programming. When in the programming mode,
depressing the STEP pushbutton causes the various set-
point functions to be sequentially advanced and dis-
played. (The sequence is identical to the listing in the
Setpoint Record Sheet.)

¢ Monitoring. When in the run mode, each time the STEP
pushbutton is depressed, a new characteristic is dis-
played: the name is in the FUNCTION window, and the
numerical values are in the VALUES windows. The dis-
play will continue until the STEP pushbutton is depressed
or an alarm, trip or stop condition occurs.

Note that the selected characteristics appear according
to a fixed order. (A complete listing is shown in Table 7.A.)

¢ Reviewing. When in the run mode, depressing the SET
POINTS pushbutton once and the STEP pushbutton
once causes the programmed setpoint values to be dis-
played. The first values displayed relate to the first func-
tion in the fixed sequence, which is always winding
temperature. Depressing STEP repeatedly advances the
display through the list noted on the Setpoint Record
Sheet.

£ach setpoint function is displayed for up to 4 seconds.
if the STEP pushbutton is not depressed again, the
1Q-2000 automatically terminates this reviewing function.

4.1.6 CYCLE/SELECT Pushbutton — The function of the CY-
CLE/SELECT pushbutton varies with the type of operation be-
ing performed. Each operation is listed in the following
paragraphs.

s Programming Setpoints. When in the programming
mode, first depress the STEP pushbutton to initiate the
display of a setpoint function. At this time all programmed
setpoint values that apply are displayed in the VALUES
window. Then depress the CYCLE/SELECT pushbutton
so that only a single value will be displayed. (This is
necessary when modifying previously programmed
values.) After the first time the pushbutton is depressed,
only the VALUES window labeled TRIP contains a dis-
play. After a second depression, the ALARM window dis-
plays a value. After a third, the TIME window illuminates.

Once an individual value is displayed, it can be changed.
Depress the upper or lower ADJUST pushbuttons in or-
der to increase or decrease the value.

In the case of a function with a single setpoint, it is not
necessary to press the CYCLE/SELECT pushbutton. De-
press the appropriate ADJUST pushbutton immediately
to modify the value.
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¢ Monitoring. When in the run mode, depress the
CYCLE/SELECT pushbutton to cause the 1Q-2000 to
sequence through each electrical characteristic. Each of
these will be displayed for approximately 6 seconds. After
all characteristics have been displayed, the sequencing
stops.

4.1.7 RUN, PROGRAM LEDs — The red RUN and PRO-
GRAM LEDs indicate which mode is active. if AC line power
is applied but neither of these indicators lights, an alarm or
trip condition has occurred.

4.1.8 SET POINTS Pushbutton, LED — The SET POINTS
pushbutton is used only in the run mode. Depressing it is a
necessary precondition for using the STEP pushbutton to se-
quence through the setpoint functions. Press STEP repeat-
edly to advance through the sequence. (The SET POINTS
pushbutton is not used in the programming mode.)

The red LED associated with the SET POINTS pushbutton
lights after the SET POINTS pushbutton is depressed.

Setpoint functions are each displayed for approximately 4 se-
conds. Unless the STEP pushbutton is depressed again within
this time, the monitoring operation ceases.

To automatically review all setpoints, depress the SET POINTS
pushbutton and then depress the CYCLE pushbutton. The
setpoint functions, along with their respective setpoint values,
will be sequentially displayed for approximately 4 seconds
each in the order listed in Table 6.A.

If a trip or alarm condition occurs, the setpoint function which
initiated that condition is displayed in the FUNCTION window.
Also, the associated programmed values are displayed and
the red SET POINTS LED lights.

4.1.9. TRIP, ALARM, LEDs — The red TRIP and ALARM
LEDs are used to indicate that the actual value of a function
equals or exceeds its trip or alarm programmed setpoint val-
ue. These LEDs function in the run mode.

When one of these conditions occurs, the specific setpoint
function which initiated the condition is displayed in the
FUNCTION window. Also, the programmed setpoint value is
displayed in the VALUES window. At this time the red SET
POINTS LED lights, thereby indicating that the displayed
values are the setpoint values.

In the case of an alarm condition, the Alarm Relay will ener-
gize until the actual value drops below the programmed val-
ue. As it passes through the setpoints, the alarm condition
automatically clears, and the Alarm Relay is de-energized.

In the case of a trip condition, the motor enters a controtied
stop cycle. Once the actual vaiue is lower than the setpoint,
the motor can be restarted by first depressing the RESET
pushbutton and then one of the application’s START push-
buttons.

4.1.10 RESET Pushbutton — The RESET pushbutton is used
to manually reinitiate operation after the actual trip value falls
below the programmed setpoint value.

Depressing the RESET pushbutton may not, in many in-
stances, immediately cause resumption of operation. For ex-
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ample, if the trip condition results from the rotor temperature
accumulator sensing an overtemperature level, the RESET
pushbutton will have no effect on the motor until the rotor tem-
perature drops below 75% of the trip setpoint value. (The ro-
tor temperature is monitored in the temperature storage
accumulators.)

4.2 Initial Programming and Sequencing Checks — Before
entering any setpoint values, the following hardware checks
must be performed.

DANGER

The following start-up procedures must be performed only
by qualified personnel who are familiar with the 1Q-2000
and its associated controlled motor and machines. Fail-
ure to observe this caution can result in serious or even

fatal persona! injury and/or equipment damage.

These initial checks only need to be performed once — just
before initial AC power is applied at installation. Note that a
box appears to the left of each check. As each item is com-
pleted, mark it off in the corresponding box in order to avoid
skipping one.

The following checks are divided between those to be per-
formed with the main power off but with control power avail-
able, and those with the main power on just prior to starting
the motor.

4.2.1 Power Off — With the incoming AC line power locked
off at the starter's isolation switch, perform these checks:

O

O

Verify that the isolation switch on the starter cabinet is in
the OFF position.

Verify that there is no possibility of backfeeding of con-
trol power through the control transformer or potential
transformers, thereby resulting in high voltage being pres-
ent on the primary side of the transformers.

Puil the draw-out panel out of the enclosure. Verify that
all items from the checklist in Chapter 3, Paragraph 3.4
have been performed.

Place the Keyswitch in the PROGRAM position. Failure
to do so can result in a trip condition. (At this point, the
only way to recover from a trip condition is to remove and
restore AC power while the Keyswitch is in the PROGRAM
position.)

When using an Ampgard starter, temporarily plug the con-
trol power receptacle, as shown in Figure 3.7, into a 120
VAC extension cord receptacle. Using a meter, check
polarity and verify that 120 VAC (+15%) is present.

Alternately, with a motor starter other than Ampgard, tem-
porarily connect 120 VAC (+15%) power to the 1Q-2000.

This action insures that the “low-voltage control circuit”
also has 120 VAC applied. Note: the low-voltage control
circuit refers to any low-voltage circuitry associated with
the coil of the motor's contactor.
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4.2.2 Control Power Only — These checks are to be per-
formed when control power is first applied to the 1Q-2000 but
without power being available to the motor.

CAUTION
The 1Q-2000 is a solid state device. Do not use a megger
or perform high potential testing on the connections as-
sociated with the unit. Failure to comply will result in equip-
ment damage.

O Insert the key into the RUN/PROGRAM keyswitch. Turn
it to the PROGRAM position.

3 Verify that 120 VAC (+15%) is available at terminals T8-
P2 and TB-P3. (See Figure 3.1(a), middle left-hand area.)

(0 Observe the Operator Panel. The red TRIP and ALARM
indicators should be OFF. If either is ON, refer to Chap-
ter 7, Troubleshooting.

At this point the PROGRAM LED shouid light, and the
FUNCTION window should display the message WIND-
ING TEMP. (If they do not, refer to Section 7,
Troubleshooting.)

4.3 Entering Setpoints — This discussion of setpoint value
entry is divided into 2 parts:

e Setpoint Record Sheet (Par. 4.3.1)
¢ Value entry (Par. 43.2)

4.3.1 Setpoint Record Sheet — Locate the Setpoint Record
Sheet for the specific 1Q-2000 being started up. This sheet
should be filled in and made available by the application en-
gineer. (A blank sheet is shown in Figure 4.2, but refer to
Chapter 6, Table 6.B.)

DANGER
Do not attempt to enter any values without using the ap-
propriate Setpoint Record Sheet. Improper operation
and/or personal injury could result if this procedure is not
foliowed.

Before entry, refer to the Sheet and note the following:

* A total of 28 functions and their associated setpoint
values are shown on the Sheet. Not all 1Q-2000s require
all functions; thus it may be unnecessary to enter the
full number available. (With the single exception of PT.
Ratio, any value may appear for an unused function since
no field device will be wired into the control.)

* The name of each function is sequentiaily displayed in
the FUNCTION window in the same order as they ap-
pear on the Sheet.

* Some functions require that 3 setpoint values (trip, alarm
and time) be entered. Others require only 1 or 2.

¢ In some cases values other than 0 may already be
factory-entered. It may thus be necessary to increase or
decrease these numbers to match the desired setpoints.
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4.3.2 Value Entry — The following steps are to be foilowed
in order to enter setpoint values.

Step 1 — Turn the RUN/PROGRAM keyswitch to the PRO-
GRAM position. At this time the FUNCTION window displays
the message WINDING TEMP. If any setpoint values were
previously entered, they will be shown in the VALUES win-
dows. (See Figure 4.3.) If not, zeroes will be shown.

Step 2 — if a function other than the winding temperature
setpoint function is to be modified, repeatedly depress the
STEP pushbutton until the desired function is displayed.

Step 3 — It is necessary to depress the CYCLE/SELECT
pushbutton once to display and allow modification of the trip
value. Note: if the function does not have a trip setpoint vai-
ue associated with it, the alarm value will be displayed. If the

setpoint function has only one value associated with it, the
CYCLE/SELECT pushbutton need not be used.

Step 4 — At this point the trip value can be modified. Use
the ADJUST pushbuttons to increase or decrease the value,
as required.

Step 5 — Once the trip value is modified, depress the SE-
LECT pushbutton to display the alarm setpoint. Modify it as
necessary.

Step 6 — In order to advance to the next function, depress
STEP once. Each time STEP is depressed, the displayed func-
tion advances.

Step 7 — While referring to the Setpoint Record Sheet, step
through each function. Enter values for each function used
by the specific application.

SETPOINT RECORD SHEET

Ampgard Schematic No.:

= o

LOCKED ROTOR CUR

7 | LONG ACCELERAT
8 | JAM

9 | UNDERLOAD START
10 | UNDERLOAD RUN

ULTIMATE TRIP

-z

12 | OVERVOLTAGE 7

13 | UNDERVOLTAGE T

14 | PRE-START TIMER

115 | PRE-RUN TIMER
16 | PRE-STOP TIMER
17 | INCOMPL SEQUENCE
18 | ANTI-BACKSPIN

(drawing ber)
Plant Desig End User: Motor Desig
Ptant Location: OEM: Motor Mode! No.:
T Setpoint Function Trip 2| Alarm 3| Time 4 Setpoint Value Ranges
1 | WINDING TEMP & Trip & alarm: 0° to 198°C (1°C incre.)
2 | MOTOR BGR TEMP § Trip & alarm: 0° to 199°C (1°C incre.)
3 | LOADBGR TEMP 5 Trip & alarm: 0° to 199°C (1°C incre.)
4 | GROUND FAULT Trip: 4 to 12 amps primary circuit
(1 amp incre.)
Alarm: 0 to 12 amps primary circuit
(1 amp incre.)
Time: 0o 5 sec. (t sec. incre.)
INST OVERCURRENT Trip: 300 to 1500% of full-load amperes

(Partial illustration of form.)

{in 100% incre.)
Use numbers 3 to 15 only.

Trip: 300 to 1200% (in 10% incre.)
Use numbers 30 to 120 only.
The decimal point here shown as:
30, 120

Time: 0 1o 60 sec. {in 1 sec. incre.)

Time: 0 to 99 sec. {in 1 sec. incre.}

Trip: 70 to 1200% of full-load amps
(in 1% incre.)
Use numbers 70 to 1200.
Time: 0 to 100 sec. (in 1 sec. incre.)

Time: 0 to 100 sec. (in 1 sec. incre.) &

Trip: 0 to 90% of full-load amps
{in 1% incre.)
Time: 0 to 10 sec. (in 1 sec. incre.)

Amp: 85 to 125% of full-load amps
(in 1% incre) T
Use numbers 85 to 125

Trip: 0 to 9999 VAC (in 1 voit incre.)
Time: 0 to 99 sec. (in 1 sec. incre.)

Trip: 0109999 VAC (in 1 voit incre.}
Time: 0 to 99 sec. (in 1 sec. incre.)

Time: 0 to 255 sec. (in 1 sec. incre.)

Time: 0 to 60 sec. (in 1 sec. incre.)

Time: 0 to 60 sec. (in 1 sec. incre.}

Time: 0 to 240 sec. (in 1 sec. incre.)

Time: 0 lo 255 sec. (in 1 sec. incre.)

Figure 4.2 — Setpoint Record Sheet (typical)
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Figure 4.3 — Winding Temperature Displays

Step 8 — After all values are entered, simply depress the
STEP pushbutton to again display the first setpoint function
and its associated values. Carefully compare the entered value
with the desired value as noted on the Setpoint Record Sheet.
Confirm that the 2 vaiues match. Modify the programmed val-
ue if necessary.

Step 9 — Move on to subsequent functions in order to con-
firm the correctness of their entries.

4.4 Initial Control Checkout — This procedure describes the
method of verifying that the setpoints previously entered ac-
tually function as anticipated before enabling high voitage
or main power to the motor starter. If this test can be success-
fully completed, the control wiring can be assumed to be cor-
rect. (If the test cannot be completed — for example, BAD
REPORTBACK — one possible cause is incorrect control
wiring.)

The following checklist verifies the operation of these inter-
nal and external control functions.

7 Turn the Keyswitch to the RUN position. Verify that, after
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5 seconds, the message CALC SETPOINTS is displayed
and remains for a short period.

O Verify that within 20 seconds the CALC SETPOINTS mes-
sage is replaced with the message READY and that the
RUN LED lights at the same time.

O Initiate the run sequence.

Note: If the 1Q-2000 displays PHASE ERROR, program the
potential transformer ratio to 0 while testing with only control
test voltage.

DANGER
It may at times be necessary to install jumpers in order
to initiate the run sequence. Signals from equipment as-
sociated with the motor starter such as the remote inter-
lock or run enable lines may need to be jumpered since
the motor will not actually be running. If one or more jum-
pers are installed, tag these jumpers for ease of removal
later. Failure to do so can result in serious or fatal person-
nel injury and/or equipment damage.
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The balance of this procedure monitors the start and stop cy-
cles using the Operator Panel. If necessary. review the use
of the Operator Panel, as described in Paragraph 4.1,

Initiate the run sequence and verify the following items:

— Monitor the pre-start timer function and verify that it is tim-
ing, as listed in the Setpoint Record Sheet.

Monitor that the appropriate contactor(s) is/are being ener-
gized. Note: Table 6.D lists the contactor uses for the var-
ious starter classes.

Monitor the pre-run timer function and verify that it is tim-
ing as listed in the Setpoint Record Sheet. The display
changes from START SEQUENCE to RUN SEQUENCE
in the Function window.

Initiate the stop sequence and verify the following items:

— Monitor the pre-stop timer function and verify that it is tim-
ing as listed in the Setpoint Record Sheet.

"~ Monitor that the appropriate contactors are being de-
energized. Note: Table 6.D lists the contactor uses for the
various starter classes.

Monitor the post-stop timer function and verify that it is
timing as listed in the Setpoint Record Sheet.

—_ Monitor the anti-recycle function and verify that it is oper-
ating as listed in the Setpoint Record Sheet.

Monitor the anti-backspin function and verify that it is oper-
ating as listed in the Setpoint Record Sheet.

This concludes the initial 1Q-2000 controf checkout without
any high voltage being applied.

4.5 Initial Motor Startup — Depending on the motor type,
specific application and completeness of the installation, it
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may be a good practice to disconnect the load from the mo-
tor before applying power for the first time. Consult the appli-
cation engineer for suggestions. Always keep in mind the
cautions listed in Paragraphs 4.2 and 4.3 when first starting
the motor.

CAUTION
Since the 1Q-2000 is phase-sensitive, verify that the incom-
ing AC supply lines (L1, L2, and L3) are properly phased
and wired to the 1Q-2000. Failure to do so will result in a
trip condition when power is first applied. If a PHASE ER-
ROR exists. see Table 7.C for a listing of corrective action.

4.6 Initial Main Power-on — Before closing the isolation
switch associated with the motor starter. the following hard-
ware checks must be performed:

Remove the extension cord temporarily providing 120 VAC
control power. (Plug the power cord into the intended
receptacle as shown in Figure 3.7.)

Inspect the motor and driven mechanics to verify that the
devices — such as the couplings. belts, etc. — are se-
cure and that all required safety guards. shields and/or
covers are in place. if possible. manually rotate the driv-
en mechanisms to verify free movement.

Clear all personnel from the immediate area of the motor
and driven mechanisms.

. Close the high voitage door.
Close the starter cabinet's isolation switch.

_ Venty that 120 VAC (+15%) is available at terminals TB-
P2 and TB-P3. (See Figure 3.1. middle left-hand area.)
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Section 5

APPLICATION CONSIDERATIONS

5.0 General — This chapter describes the protective and con-
trot characteristics of the 1Q-2000. It is intended for the en-
gineer who is responsible for matching the control to an
individual application. Information presented here is especially
useful for understanding the setpoint value considerations
described in Chapter 6. It may be helpful to read Chapter 5
and 6 quickly, and then reread and study Chapter 5 slowly.
After doing so, reread Chapter 6, Paragraph 6.0, and select
those setpoints from Table 6.A which relate to the specific ap-
plication.

5.1 Motor Protection — The 1Q-2000 protects the motor, start-
er, and load in the following ways:

* Motor overload protection

» QOvertemperature protection

* Instantaneous overcurrent

e Ground fault protection

. Phasé loss/phase reversal/phase unbalance (voltage)

e Phase loss/phase reversal, and unbalance (current)

« Overvoltage protection

¢ Undervoltage protection

* Motor bearing temperature

e Jam

¢ Underload

¢ Long acceleration provision

¢ Load Bearing Temperature
5.1.1 Overload Protection without RTDs — The motor over-
load protection feature guards against excessive motor tem-
perature. If the temperature of the rotor, as calculated by the
IQ-2000, reaches 75% of the specified maximum, an OVER-
LOAD WARNING message is displayed. If the calculated mo-
tor temperature exceeds the maximum permissible rating, a
trip condition occurs, and the motor stops. A LOCKED RO-
TOR CUR message is displayed. Note that the motor will not
be permitted to restart until the temperature of the rotor, as
calculated by the 1Q-2000, falls below 75% of its maximum

value. (The algorithm has both a heating and a cooling cal-
culation.)

To do this, a microprocessor focated in the Processor Mod-
ule maintains a short-term history of the motor’s operation.
(A rotor protection algorithm maintains the history. See Fig-
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ure 5.1.) The following variables are used as input data for
the history:

¢ Motor current (l,), the positive sequence current

* Motor current (1), the negative sequence current or ““un-
balanced current”

* Time

This data can be considered as the current feedback from
the motor.

In addition to the variable data feedback from the motor, cer-
tain motor constants are needed. They are supplied to the
{Q-2000 when the setpoints are programmed into the memo-
ry. These are:

¢ Full-load amps
* Maximum allowable locked-rotor current and stall time
e Ultimate trip

With these motor constants and with the 1Q-2000 accurately
measuring motor currents and time, an accurate tracking of
the calculated rotor temperature is accomplished, assuming
a 40°C ambient.

5.1.2 Overload Protection with RTDs — The temperature
data obtained from the addition of RTDs is used in the fol-
lowing 2 ways by the 1Q-2000 to help protect the motor:

¢ Direct measurement of the winding temperature versus
the programmed trip temperature. (This gives a fixed trip
point based on actual, measured stator winding heating
and cooling.)

¢ RTD winding temperatures — when combined with the
monitored positive sequence motor current, the nega-
tive sequence motor current and time, in the algorithm
for motor protection — incorporates the anticipated cool-
ing of the rotor based on the actual winding tempera-
ture. (This will be described in more detail in Paragraphs
5.1.36. and 5.1.4.)

The following motor input variables are used by the 1Q-2000:
¢ Motor current (I4), the positive sequence current

¢ Motor current (I2), the negative sequence current or “un-
balanced current”

e Time

¢ Stator winding temperature
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Figure 5.1 — Rotor Temperature Tracking

This data can be considered as the feedback from the motor.
(See Figure 5.1)

In addition to the variable data, certain motor constants are
needed. They are supplied to the 1Q-2000 when the setpoints
are programmed into the 1Q-2000’s memory. These are:

* Full-load amps

¢ Maximum allowable locked-rotor current and stall time
e Ultimate trip

e Winding temperature trip value

The 1Q-2000 has these setpoints plus an accurate measure-
ment of the feedback variables. Thus the 1Q-2000 can more
accurately protect the rotor, while the stator is protected by
direct measurement through the RTDs.

5.1.3 Protection Curve — The motor protection curve defines
the motor-versus-time relationship that exists as a direct re-
suit of the 1Q-2000's hardware and the programmed setpoint
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values. (See Figure 5.2.) Ideally this curve is located as close
as possible to the motor damage curve, thus allowing maxi-
mum utilization of the motor and, at the same time, fully pro-
tecting the motor from damage. (The motor damage curve
is defined as that point in the relationship of the motor cur-
rent and time where thermal damage results.) When the mo-
tor current-versus-time relationship exceeds this damage
curve, a trip condition occurs, and the main contactor opens.

The correct motor protection curve for a specific application
will automatically be calculated by the iQ-2000 after the cor-
rect setpoint values are programmed for the full-load amps,
maximum allowable locked-rotor current and stall time, and
ultimate trip. A brief discussion of how these values affect the
motor protection curve follows.

The typical curve shown in Figure 5.2 is the result of the fac-
tors listed in the following Paragraphs.

5.1.3.1 Instantaneous Overcurrent — The instantaneous
overcurrent in Figure 5.2 is set at 12 times full-load amps. The
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instantaneous overcurrent should be set for a value equal to
or higher than 1.6 times the locked-rotor current ratio. (The
range may be 3 to 15.) Note that instantaneous overcurrent
has an inherent 1-cycle delay to avoid nuisance tripping. This
protective function overrides all other functions. .

5.1.3.2 Allowable Locked-Rotor Current, Time — The curves
shown on Figure 5.2 are based upon the maximum allowa-
ble locked-rotor current being 6.1 times full-load amps. The
actual vatues can be greater or less as programmed into the
1Q-2000. (The range may be 3 to 12 times.) All curves shown
are based upon maximum allowable stall time with a cold start.

Since the 1Q-2000 algorithm retains a history of the operat-
ing current and time of the motor, it is not necessary to pro-
gram it for hot starts. The 1Q-2000 automatically takes into
consideration if it is a cold or hot start. Therefore, the stall
time as based upon the cold start should be used in program-
ming the 1Q-2000.

5.1.3.3 Ultimate Trip — It is necessary to program the ulti-

mate trip value. This would normally be set at 100%. If the
motor has a service factor larger than 100% and it is decid-
ed to make use of this factor, this situation shifts the ultimate
curve to the right on the time-current graph and has an ef-
fect where the 17T curve intersects the ultimate trip curve.

Note that the I?T curves are a combination of the positive cur-
rent and negative sequence current, with the negative se-
quence current weighted to reflect the additional rotor heating
it causes. (Figure 5.2 shows the curves that result from maxi-
mum stall times.)

5.1.3.4 Underload Function — When the motor is running,
a sudden reduction of current below a programmed value for
a programmed time would indicate a malfunction in the driv-
en equipment, and an underload trip would be activated. (Re-
fer to Figure 5.3))

Shutdown protection is used in the event of mechanical prob-
lems such as a blocked flow in a pump, loss of back pres-
sure in a pump, or a broken drive belt or drive shaft. A
programmed lockout during a motor start cycle may occur if
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Figure 5.3 — Underload and Jam Protection
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the load i1s not :mmediately apphed. This 1s determined by
the setpoint value of the underioad start timer.

i this function i1s not required. the underload setpoint func-
tion should be set at 0. This function is not requtred 10 pro-
tect the motor but may be desirable to provide system
protection.

5.1.3.5 Jam Function — Once the motor is running, if an in-
stantaneous current exceeds a programmed value for a pro-
grammed time. a trip will occur. (See Figure 53 where the
jam setpoint is set for 180% of full-load current.) When the
Resistance Temperature Detection Option is appiied. this jam
protection is desirable with gear train and other mechanical
type loads where an overload or physical jam could cause
damage. The jam function is not active during acceleration;
this permits locked-rotor current during acceleration.

NOTE

The locked-out time function during motor acceleration is
programmed by the time set of the PRE-RUN TIMER.

)f this function is not required. the jam function should be set
at 1200% for 2 seconds. This function is not required for motor
protection but may be desirable to provide system protection.

5.1.3.6 Temperature Effects — The motor protection func-
tion is affected by the calculated rotor temperature. Without
RTDs. the temperature is assumed to be 40°C. Thus the ac-
tual ambient temperature has no effect on both the starting
and running of the motor. The customer application engineer
should take these factors into consideration and compensate
for them if a higher ambient temperature is anticipated. The
best solution is the use of RTDs, since any compensation for
a higher ambient temperature results in overprotecting the
motor during lower temperature conditions. Without RTDs. the
IQ-2000 calculates the current and time and converts this to
a calculated stator/rotor temperature. The constant IZT curve.
as established by the maximum atlowable locked-rotor cur-
rent and time. must be assumed o adequately protect the
motor for all values of motor current above the ultimate trip
value. Shouid the curve not be adequate to protect the motor
due to stator limitations at elevated ambient conditions. then
the use of RTDs is recommended. The use of RTDs allows
a fuller utilization of the power availabie from the motor and
reduces unnecessary shutdowns.

5.1.4 Typical Motor Protection Curves — To iilustrate the ef-
fects of these protection features. 2 sample curves are shown.
Using specific motor data. typical motor protection curves of
the 1Q-2000 are shown in Figure 5.4 without the use of RTDs.
The use of RTDs is assumed in Figure 5.5. The following data
was used:

e Instantaneous overcurrent 12 times full-load amps

» Maximum allowable locked-rotor amps 6.1 times full-load
amps

* Maximum stall time 15 seconds. cold start

e Uitimate trip 100% of full-load amps

3t

¢ Acceleration of motor loaded, 10 seconds
e Motor running loaded at 90% of fuli-load amps

e Underload protection set at 60% of full-load amps for a
5-second duration

e Jam protection 180% full-load amps for a S-second du-
ration

The basic difference with the addition of RTDs is shown in
Figure 5.5 in the ime period after 60 seconds. With RTDs,
the actual monitored temperature automatically overrides the
ultimate trip setting of the 1Q-2000. It should be noted that
the ambient conditions that the motor is operating under will
affect the top portion of the curve. The curve is shifted to the
left with increasing ambient temperature, and to the right for
decreasing temperature.

The effects of the motor winding temperature setpoint value
which is available when RTDs are used are not evident in Fig-
ure 55. This setting is independent of the effects of tempera-
ture on the algorithm trip curve. The setting is based upon
the recommended maximum stator temperature as supplied
by the motor manufacturer. Depending upon the specific set-
ting, the temperature trip curve would be to the left of the mo-
tor protection RTD algorithm.

The 1Q-2000 allows maximum utilization of the power availa-
ble from the motor by setting its trip conditions as close as
possible to the motor damage curve.

5.1.5 Motor Current — The negative sequence and positive
sequence motor currents are both monitored by the 1Q-2000.

5.1.5.1 Negative Sequence Currents — Throughout the dis-
cussion of the motor protection curves, the effects of nega-
tive sequence currents cannot be emphasized too strongly.
For maximum motor utilization, the actual load should be
matched closely to the full horsepower of the motor. Howev-
er when this is done, the effect of motor voltage unbalance
— that results in the negative sequence current — becomes
more critical. The 1Q-2000 accurately caiculates negative se-
quence currents on an ongoing basis. It is not necessary to
arbitrarily pick a specific percent unbalance to shut the mo-
tor down. As long as the rotor temperature as caiculated by
the 1Q-2000 does not equal the motor damage curve, the mo-
tor will be allowed to operate.

5.1.5.2 Positive Sequence Currents — True RMS motor cur-
rent is monitored. A total of 36 samples are taken in each
phase during a 24-cycle period to calculate the positive and
negative sequence currents. The sample point is constantly
shifting; thus the 1Q-2000 will also monitor non-sinusoidal
wave forms. This is important for applications where power
factor correction capacitors and rectified systems are on the
same main bus.

5.2 Motor Controt — The term motor control refers to the
starting and stopping of a motor as controlled by the 1Q-2000.
In addition to precisely controlling the contactors, auxiliary
functions are also sequenced on and off. The explanation here
centers on the control features associated with starting and
stopping a motor.




TD 11-720-B 102000

1000 i M D I D ¢
) I A N O Y
1 1 Tt 17
Ultimate trip setpoint _!
based on 100% of __
Underioad 600 1
prote?:tion set- full-load amps |
point 60% of - \
tull-load amps 300 \ : 7
for 5 sec. .
: Note: 1 is a
duration. 200 combination of
positive (l4) and
: \ negative sequence (l2)
motor currents.
100 ¥ “
Motor running - M \
with load : V(
50 +
I\
X \
| \ Maximum allowable |
locked-rotor amps:
2 - i "'4 6.1 times/stall time: |
//’ ] 1 15 sec.
//
Underload start 10
setpoint time 8
of 25 sec. P 4 —
6 -
— \
4 /,/
pat
2 /
Jam protec- /
tion setpoints:
* 180% of 1
full-load
amps for
5 sec.
duration 5
* 15 sec.
delay pre-
run timer
2 N\
' Instantaneous
overcurrent 12 times
full-load amps
R
g —
7] s
£ o T
-2} ' RN
E /, Inherent
1-cycle delay
Motor starting b
current 6.1 times .02
full-load amps
5 1 2 4 6 8 10 20 100
muitiples of full-load amps
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Start
command

Pre-start
timer
function

2 Stop
sequence

PRE-START
REPORT-BACK
terminal
energized

Pre-run
timer
function

Start
sequence (1)

Post-start
timer
function

Post-start
Relay
energized

Run
sequence

Events
L
R
i
|
' 4 ¢
D ID]
-« (Qto255 -—»
secC.

|
—
-0 t0 255-»

sec. L

The start cycle is initiated by either a
momentary or maintained start signal, as
listed in Table 5.C. T

The pre-start timer function enables the
Pre-start Relay. The function must not time
out before the PRE-START REPORT-BACK
terminal (TB-A10) is energized. The Pre-
start relay de-energizes when the stop se-
quence is completed.

When this terminal is energized, it initiates
the pre-run timing function.

In reactor or autotransformer applications
the momentary contactors are energized
during the pre-run timing interval. It is also
used in conjunction with the JAM function.
Refer to Paragrap\h 5.1.35.

When the post-start timing is completed,
the Post-start Relay is energized.

The run sequence is the normal or steady
state of the contactors.

T The start “sequence’ represents the time beginning with the energizing of the PRE-START REPORT-BACK terminal (TB-A10) and ending with timing
out of the programmed pre-run timer function. The start “cycle” represents the period containing all function associated with the starting of the motor.

2] See Figure 5.7 for a description of the stop sequence.

Figure 5.6 — Motor Start Cycle Events Diagram
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Events
Incomplete

Description

sequence
timer
function

INCOMPL
SEQ '
REPORT-BACK |

«——— 0 to 240 sec. ———————»

terminal
energized

s

Before the incomplete sequence timer func-
>tion times out, the INCOMPL SEQ REPORT-
BACK terminal (TB-A14) must be energized.

/

Figure 5.6 — (Cont'd.)

5.2.1 Motor Starting — When starting a motor, it is often
desirable to control auxiliary functions such as coolant pumps,
louvers or valves in coordination with the sequencing of the
main motor contactor. Equally desirable is the ability to delay
the enabling or disabling of the contactor until receiving a
feedback signal. In this manual the signal is called a “report-
back. The IQ-2000 allows the application engineer to select
and program the following related setpoints:

e Pre-start timing

¢ Post-start timing

¢ Pre-run timing

e incomplete sequence timing

The relationships among the timing functions, the contactor(s)
and the feedback signals during the start cycle are shown
in Figure 5.6. Note the following:

o The entire start cycle is initiated by a start command —
such as when the FWD/SLOW FWD-MAINT terminal (TB-
AB) is energized. (See Figure 3.6.) Note that other input
signals may also initiate the start cycle. (See Paragraph
54.1)

e Upon actuating the start command, the Pre-start Relay’'s
output contacts at TB-A36 and TB-A37 close.

¢ When the pre-start timer output contacts are energized,
the message PRE-START is displayed in the FUNCTION
window.

¢ The PRE-START REPORT-BACK terminal (TB-A10) must
be energized before a start sequence continues. Note,
however, that the pre-start timer setpoint function can be
disabled if it is not required. (See Paragraph 6.14.)

NOTE

The PRE-START REPORT-BACK terminal monitored by the
1Q-2000 is only active during the length of the pre-start
time. After the pre-start function is timed out, the PRE-
START REPORT-BACK terminal has no effect on the run
sequence.
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« |f the pre-start timer function times out before the PRE-

START REPORT-BACK terminal (TB-A10) is energized,
the starting cycle is aborted. At this time the message
BAD START RESET is displayed in the FUNCTION
window.

* [n a multi-step application where, for example, the Class

11-502 is used, the momentary contactor is closed for
a time determined by the pre-run setpoint function. (It
is programmable from 0 to 60 seconds.) Even if the ap-
plication is for an across-the-line starter, the pre-run timer
is used. (See Paragraph 6.15.)

e When the PRE-START TIMER REPORT-BACK terminal
is energized, the message START SEQUENCE is dis-
~.played in the FUNCTION window.

o After the time duration is set on the pre-run timer, the
contactors are shifted to a run configuration. Even if the
starter is an across-the-line starter, this timer function is
still used to disable the JAM function until the motor has
accelerated to full speed. (See Paragraph 6.15.)

o At this time, the completion of the pre-run timing se-
quence, the message RUN SEQUENCE is displayed in
the FUNCTION window.

o After the run sequence is established, the post-start tim-
ing sequence starts.

e Only after the post-start timer function times out is the
Post-start Relay energized. It remains energized until af-
ter the stop sequence becomes active. The function is
programmable from 0 to 255 seconds. Contacts from this
Relay may be used for auxiliary control functions such
as enabling a load or, in stepping or process type appli-
cations, enabling the next sequence or step in the
process.

* The incomplete sequence timing function causes a trip
condition if the INCOMPL SEQ REPORT-BACK terminal
(TB-A14) is not energized before this timing function is
complete. The trip stops the motor. The incomplete se-
quence function can be disabled i it is not required. (See
Paragraph 6.17.)
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NOTE

The INCOMPL SEQ REPORT-BACK terminal is monitored
continuously by the 1Q-2000. If the terminal is de-energized
at any time after the incomplete sequence timer function
times out, the stop sequence is initiated.

5.2.2 Long Acceleration Starting — There are some appli-
cations where the acceleration time exceeds the stall time.
The 1Q-2000 eliminates the necessity of choosing to start the
load with the motor unprotected, or to protect against locked
rotor. Initially the motor manufacturer must confirm that the
motor is capable of starting the load. The long acceleration
function works as follows: when the motor is started, iocked-
rotor protection is in effect. The 1Q-2000 projects the temper-
ature of the rotor, and, if it exceeds the trip value, shuts down
the motor. If the motor starts to move the load, then the rotor
starts to self-cool. A zero-speed switch is required to allow
the 1Q-2000 to go into the long acceleration mode. (This is
wired to L ACCEL PERM, TB-A12.) In this mode the 1Q-2000
limits the rotor temperature storage to a value one count be-
low the trip condition setpoint value. If, at the end of the long
acceleration time, the current is reduced to a value such that
the rotor protection algorithm is decreasing the value of the
rotor temperature storage, the motor is allowed to continue
to rotate. If the rotor temperature storage is still increasing,
the IQ-2000 goes immediately into a trip condition.

5.2.3 Motor Stopping — When stopping a motor, it is often
desirable to be able to control auxiliary functions such as
pumps, louvers or vaives in coordination with the main con-
tactor(s). The following setpoint functions may be selected by
the engineer and programmed as required by the individual
application:

e Pre-stop timer

* Post-stop timer

Anti-backspin timer
e Anti-recycle

The relationships among the timing functions and the de-
energizing of the contactor(s) is shown in Figure 5.7. Note the
following:

e The motor’s stop cycle is initiated when the hardware
stop/start circuit de-energizes control relay CR. Figure
3.6 shows a typical start/stop circuit. Contacts from the
CR relay de-energize the FWD-MAINTAINED terminal
(TB-A6), initiating the pre-stop timer function. Note that
the motor’s stop cycle can also be initiated by any trip
condition including instantaneous overcurrent, over-
voltage, etc.

¢ The stop sequence, which de-energizes the contactor,
is initiated when both the PRE-STOP REPORT-BACK ter-
minal (TB-A8) is energized and the pre-stop timing func-
tion is active. If the terminal is not energized before the
pre-stop timer function has timed out, a stop condition
occurs. Also, the message BAD STOP RESET is dis-
played in the FUNCTION window.
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Note, however, that the pre-stop timing function can be
disabled if it is not required by the application. (See Para-
graph 6.16) -

After the stop sequence is complete, the post-stop tim-
ing function is enabled. it is programmabile from 0 to 60
seconds.

¢ A Pre-stop Relay is energized when the pre-stop timer
setpoint function is active. it may be used to control aux-
itiary functions such as disabling a load, closing a vaive,
etc.

¢ The Post-stop Relay is energized while the post-stop tim-
ing function is active. Typically, it is used to control such
auxiliary functions as in stepping or process controls, to
disable the next sequence or function in the process.

¢ The ANTI-BACKSPIN timer function prevents the initia-
tion of a new start cycle until the programmed duration
has timed out. It is assumed that during the programmed
duration between 0 and 255 seconds the motor's reverse
rotation will come to a full stop. Note, however, that the
anti-backspin timer function can be disabled if it is not
required. (See Paragraph 6.18.)

¢ The ANTI-RECYCLE prevents a motor restart for the peri-
od of time programmed in minutes. It prevents restart-
ing of the motor whether or not the start cycle was
completed. Its timing function starts at the beginning of
the motor run sequence.

5.3 AC Line Interruptions — The 1Q-2000 is designed to
operate in a controlled and predictable manner during incom-
ing AC line interruptions. The events flow chart shown in Fig-
ure 59 lists the predictable events which occur during various
AC line interrupts for an Ampgard starter. The times may vary
when other types of motor starters are used. The chart as-
sumes a complete, or nearty complete, loss of AC power. (For
situations where AC power is low but present, refer to Para-
graph 6.20, undervoltage setpoint function.)

5.4 Control Signal Wiring — The 1Q-2000 communicates with
the motor, contactor and associated machine or process
through the following:

¢ Sensing inputs from the ground, current and optional
potential transformers supplied by Westinghouse and,
if used, shown on the Ampgard schematic.

* Discrete inputs from devices such as pushbuttons or re-
lay contacts.

¢ Outputs in the form of relay contacts from the 1Q-2000.
(These include the Post-stop and Pre-stop Relays.)

¢ Outputs in the form of contacts of the main contactor and
interlock contacts.

5.4.1 Discrete Inputs — The discrete input terminals are
designed to receive 120 VAC from such devices as switches,
pushbuttons, relay contacts, etc. (The majority of these are
on TB-A. See Figure 3.6.) The characteristics of these input
circuits are listed in Table 5.A. The control step-down trans-
former supplying 120 VAC is shown on the Ampgard
schematic.
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Events ) Description
-4 § The run sequence is active until both the
FWD-MAINTAINED terminal (TB-A6) is de-
Run . energized and the PRE-STOP REPORT-
sequence BACK terminal (TB-A8) is energized.
! |
! |
I —f ¢
"))
r The range of the setpoint time is adjusta-
<«——— 0 10 60 min. ——| ble from 0 to 6C minutes.
Anti-Recycle | ——
I
FWD- [
MAINTAINED
terminat | Terminal TB-A6 de-energized.
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1
|
|
| | When the pre-stop timer function is active,
Pre-stop jad I the Pre-stop Relay is energized. The PRE-
timer -0 to 60— STOP‘REPOHT-BACK terminal .must be
function sec energized before the pre-stop timer func-
e o tion times out.
|
I
PRE-STOP
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sequence [1] !
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|
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Post-stop - 0 to 60~ When the post-stop timer function is active,
timer sec the Post-stop Relay is active.
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|
|
| L ¢
R AR
Anti-backspin Prevents the start ¢ i
ycle from bein
timer * 0 to 255 initiated. S
function sec.
{11 The motor stop "sequence” is initiated when the PRE-STOP REPORT-BACK terminal is energized. The stop “cycle” includes the time from the
de-energizing of the FWD/SLOW FWD-MAINT. terminal (TB-AS).

Figure 5.7 — Motor Stop Cycle Events Diagram
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NOTE
Momentary contacts must remain closed for a minimum
time of 17 cycles in order to be sensed by the 1Q-2000.
This duration allows a distinction to be made between elec-
trical noise and an actual 60-Hertz input signal.

A description of each discrete input is shown in Table 5.B.
Note that the inputs used for motor control are further
described in Table 5.C. Depending on the specific starter class,
these contacts can initiate movements indicated in the table.

5.4.2 Output Contacts — The |Q-2000's output contacts can
in general be divided into the following groups:

¢ Relays C1 thru C4, which are contained on the Proces-
sor Module. When the 1Q-2000 is supplied in an Amp-

gard starter, the C1 thru C4 relay contacts are pre-wired
by Westinghouse to the interposing relays contained on
the draw-out panel.

Spare interposing relay interlock contacts. These are
wired to the machine or processed through the TB ter-
minal block as shown on the Ampgard Schematic for
each 1Q-2000.

These contacts are rated for 120 VAC at 10 amperes, or
28 VDC at 6 amperes.

Miscellaneous control function relay contacts such as the
Pre-start Relay’s Form C contacts. A compilete list of these
is shown in Table. 5.D.

These contacts are rated for 120 VAC at 10 amperes, or
28 VDC at 6 amperes.

Table 5.8
INPUT TERMINAL DESCRIPTION

Terminal Designation Description
TB-A21 E-STOP Hard-wired to the lock-out stop/reset switch. it is used to inform the 1Q-2000 when a
lock-out stop is initiated. Highest priority in 1Q-2000 logic.
TB-A9 FWD/SLOW
FWD-MOM
TB-A3 RVS/SLOW
RVS-MOM L . . .
See Table 5.C for a description of the input terminal functions as they relate to the
TB-A6 FWD/SLOW various starter types. TB-A9 and TB-A3 are used only as shown in Figure 58.
FWD-MAINT.
TB-A5 RVS/SLOW
RVS-MAINT.
TB-A8 PRE-STOP Optionally used during the motor stop cycle to enable the stop sequence. Requires
REPORT 120 VAC gignal to enable. (See Par. 5.2.3 for details.)
BACK
TB-A7 RUN ENABLE Must be energized to allow the start cycle. If de-energized, the stop cycle will be in-
itiated. Used only as shown in Figure 5.8.
TB-A10 PRE-START Optionally used during the start cycle to enable the start sequence. Requires 120 VAC
REPORT- to signal enable. (See Par. 5.2.1 for details.)
BACK
TB-A12 L ACCEL Optionally used during the start cycle. (See Par. 6.7.)
PERM
TB-A14 INCOMPL Optionally used during the motor starting sequence. If the incomplete sequence tim-
SEQ ing function is completed before this terminal is energized, the stop cycle is initiated.
REPORT- (See Par. 5.2.1 for details.)
BACK
TB-A13 REMOTE When energized with 120 VAC, the stop cycle is initiated, and REMOTE TRIP will be
TRIP displayed in the FUNCTION window of the Operator Panel.
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Table 5.C
MOMENTARY AND MAINTAINED INPUT TERMINALS
Starter Types/Input Terminal Function T
e B v R
Terminal Designation 14-202 14-212 11-602 11-612

3 FWD/SLOW

TB-A6 FWD-MAINT. Forward Forward Forward Forward
3 RAVS/SLOW

TB-AS RVS-MAINT. ' Reverse ' Reverse
@ - - - -

TB-A4
@ FWD/SLOW

TB-A9 FWD-MOM Forward Forward Forward Forward
@ RVS/SLOW

TB-A3 RVS-MOM - Reverse - Reverse
@ - - - -

TB-Al1

(1] See Par. 6.28 for a description of starter classes.

@ Momentary contacts must be closed for a minimum of 17 cycles to insure the command’s acceptance.

(3 when a maintained-start input initiates the start cycle. the stop cycle is subsequently initiated when the maintained input is de-

energized.
@ when a momentary start input initiates the start cycle, the stop cycle must subsequently be initiated when the RUN ENABLE terminal
(TB-A7) is de-energized. (Refer to Figure 58.)
8 For tuture use.

5.4.3 Interposing Relays — The term “interposing relays,”
when used with the 1Q-2000, refers to the relays located
between:

o OQutput contacts of the 1Q-2000 and the main contactor(s)
of the motor starter

» Start/stop contacts or pushbuttons and the input termi-
nals of the 1Q-2000

When Westinghouse supplies the Ampgard starter, certain in-
terposing relays are factory-wired, as listed in Paragraph 5.4.2.

For applications not factory-wired by Westinghouse, select
industrial-type interposing relays using jow-impedance coils
such as Westinghouse Typa BF or AR relays.
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CAUTION
Use of high-impedance coil relays such as miniature plug-
in type relays for interposing relays can result in the relay
being unexpectedly energized. Personnel injury and/or
equipment damage can result from unexpected or erratic
interposing relay operation.

5.5 Wiring Considerations — A suitable wiring plan that
shows the interconnection between the 1Q-2000 and the as-
sociated machine or process must be developed. This para-
graph contains general guidelines to be followed by the
application engineer who is developing a specific wiring plan.
The Ampgard schematic developed by Westinghouse for each
unique application shows the interconnection between the
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Table 5.0
CONTROL FUNCTION RELAY CONTACTS t

Terminal Function Designation Description

T8-A37 S The Pre-start Relay is energized when the pre-start timing function is active.

TB-A36 Pre-start (See Par. 5.2.1)

TB-A35 B

TB-A34 2 The Pre-stop Relay is energized when the pre-stop timing function is ac-

TB-A33 j Pre-stop tive. (See Par. 5.2.3)

TB-A32 ) B

TB-A28 - The Alarm Relay is energized during any alarm condition — such as would

TB-A27 j Alarm occur when the programmed motor bearing temperature alarm setpoint

TB-A26 value is exceeded.

TB-A25 e I The Trip Relay is actuated during any trip condition — such as wouid oc-

TB-A24 } Tip T cur when the programmed winding temperature trip setpoint value is ex-

TB-A23 ceeded.

TB-A30 = The Post-start Relay is energized after the post-start timing function is timed

TB-A31 j Post-start out (See Par, 5.2.1)

TB-A32 T

Ig’xg = Post-stop The Post-stop Relay is energized when the post-stop timing function is

TB-A38 } active. (See Par. 5.2.3) (
Ig'g:: - E-stop @ The Emergency Stop Relay's normally open contacts are closed during

TB-B17 j normal running conditions. §

[ The contacts of the Emergency Stop Relay TB-B15, -B16 and -B17 and the Trip Reiay TB-A23, -A24 and -A25 are FAIL SAFE. They change position

when power is applied. They drop open upon loss of power or trip condition.

NOTE 5.5.1 RTD Wiring — If the optionai RTD Module is used, it
The control function relay contacts listed in Table 5.D of- must be wired as shown in Figure 5.10. Also. note the follow-
fer a convenient means of monitoring the various operat- tng requirements:
ing states of the IIQZIOOO These contacts can be hardwired e Use 10-ohm copper, 100-ohm platinum, or 120-chm nickel
into conventional relay control wiring schemes. Also, any RTD device. The RTD type must be specified at the time

of these contacts can be wired as inputs to a programma-

ble controlier in order to be examined in that unit’s ladder
diagram program. * Use AWG No. 18 3-conductor, stranded, twisted, copper

wires, such as Belden No. 8770, or equivalent.

of order.

* At the RTD, 2 return lines must be wired together, as

1Q-2000 and the Ampgard Starter. It also defines which con- shown in Figure 3.3.

::wsua's;;?cc::ti‘:ﬂig;ﬁ:"gﬂigﬁ;ﬁ:;er to Figure 3.1, which * In cases where the motor provides only 2 leads from the
: RTD, connect 2 of the 3 conductor wires together at one

When other types of motor starters are used with the 1Q-2000, of the leads. Make this connection as close to the RTDs

a drawing equivalent to the Ampgard schematic must be as possible. (See Figure 34.) if only 2 wire leads are con-

devised. nected between the motor and the 1Q-2000, the 1Q-2000

. . , . . will not function property.

All wiring must be in conformance with the National Electri-

cal Code as well as any other applicable state and/or local * The cable's shield and drain wire must be connected to

codes. the appropriate terminal on the RTD Module. At the op-
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Do not connect shield at this end.
Use tape to insulate.

A PN
= " U O

Ca.ble s>

shield Tape drain wire and shield.

Figure 5.10 — RTD Wiring

posite end cut the shield and drain wire short, and tape
them to prevent shorts. Do not connect these at the RTD
device end.

e In cases where one or more of the 10 possible RTDs
is/are not used, it is recommended to jumper out each
set of unused RTD inputs separately. For example, if the
2 load bearing RTD inputs are not used, jumper termi-
nals 29, 30 and 31 together and separately jumper ter-
minals 26, 27 and 28.

An RTD wiring diagram is shown in Figure 3.3.

5.5.2 Grounding — Observe these guidelines when planning
grounding.

« It is necessary to place a suitable grounding electrode
between the earth ground electrode (or plant ground bus)
and the ground stud of the motor starter enclosure.

 The sizing and type of insulation for the AC supply line
and grounding electrode conductor must be in confor-
mance with the National Electrical Code.

A typical grounding plan is shown in Figure 35.

5.5.3 Wire Routing — Wire routing is divided into 2 types:
high-voltage (440 VAC and higher) and low-voltage (120 VAC
and VDC signals). Low-voltage tends to be controt and RTD

wiring. Note the following guidelines when developing a wire
plan:

« Separation. Maintain a separation of at least 1210 2 ft.
(45 to 60 cm) between high- and low-voltage conductors.
Never route high- and low-voltage lines in the same
raceway.

» Low-Voltage Lines. It is necessary to route the draw-out
panel’s low-voltage wiring so that it loops behind the pan-
el when it is closed. (See Paragraph 33.1.)

¢ High-Voltage Compartment. Never route low-voltage
wires through the high-voitage compartment. If, in ex-
treme cases, it is necessary to do so, contact Westing-
house Control Division for information.

5.6 Environmental Considerations — Consideration must
be given to the actual location of the Ampgrad/IQ-2000 en-
closure in the plant. The Ampgard’s operating ambient tem-
perature range varies among applications. The 1Q-2000
operates in a range between 0° and 55°C (32° to 131°).

The 1Q-2000’s circuit boards are Conformal-coated to with-
stand environmental contaminants. However, special precau-
tions may be required for extremely-dirty or corrosive
environments. (Consult Westinghouse Control Division'’s ap-
plications department.)
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Section 6

SETPOINT VALUE CONSIDERATIONS

6.0 General —This Chapter contains information needed by
an application engineer to organize the setpoint values for
a specific 1Q-2000 so that they may be easily entered. Twenty-
eight separate functions are provided. (See Table 6.A which
summarizes them and acts as a quick locator.) Since many
of the functions have more than one associated value, it is
strongly recommended that alt the setpoints be established
and verified before any entry is begun. To this end, a Set-
point Record Sheet is included here to act as a permanent
record of the setpoint values. (See Table 6.8.) Copies of it can
be made and stored in a number of locations, including the
enclosure.

Not all setpoint functions or values may be required by a giv-
en 1Q-2000. In such cases, perform one of the following:

* Place N/A or some other notation in the space if the val-
ue has no effect on operation. (For example, winding tem-
perature when there is no RTD Module.)

* Wirite in the value — which is usually zero — required
to disable the function. (If functions must be disabled,
specific instructions are given in the following para-

graphs.)

Those setpoint functions involving both the trip and alarm set-
point values will usually be different; however, they can be
identical if the application requires it.

Note that the VALUES window does not provide a decimal
point, as such. However, a solid line at the bottom of the dis-
play takes its place.

A copy of a correctly filled-in Setpoint Record Sheet must be
given to the individual responsible for value entry. The 1Q-2000
displays its setpoint functions in a fixed sequence that is dupli-
cated on the Setpoint Record Sheet. Thus the sheet minimizes
programming time. (Specific entry procedures are described
in Paragraph 4.3.2)

Each of the 28 setpoint functions is described separately in
the following paragraphs.

To easily understand the timing functions explained between
Paragraph 6.14 and 6.22, refer to Figure 5.6 where various
timing diagrams of the motor starting events are shown in a
consolidated form.

6.1 Winding Temperature — Only when the optional RTD
Module is used in the 1Q-2000 is the winding temperature
function used. !t provides the control with the ability to moni-
tor the temperature of a motor’s stator windings. The resuit-
ing information is used in determining the motor protection
curve.

Table 6.A

SETPOINT FUNCTION INDEX [@

Setpoint Par. | Page
Winding temperature 6.1 4
Motor bearing temperature 6.2 45
Load bearing temperature 63 45
Ground fauit 64 45
instantaneous overcurrent 65 45
Locked rotor current 6.6 45
Long acceleration 67 48
Jam 6.8 48
Underload start 69 49
Underload run 6.10 49
Ultimate trip 6.11 49
Overvoitage 6.12 49
Undervoitage 6.13 49
Pre-start timer 6.14 50
Pre-run-timer 6.15 51
Pre-stop timer 6.16 51
Incomplete sequence 6.17 51
Anti-backspin 6.18 53
Anti-recycle, minutes 6.19 53
Time undervoltage 6.20 54
Post-start timer 6.21 54
Post-stop timer 6.22 54
Start counts/hours 6.23 55
Open/unbalance phase 6.24 55
Full-load current 6.25 55
Current transformer ratio 6.26 56
Potential transformer ratio 6.27 56
Starter class 6.28 56

[ See Table 6.B for programming information.

Individual setpoint values may be entered for both trip and
alarm conditions. The tunction is displayed as WINDING

TEMP.




TD 11-720-B

The ranges of values are:

¢ Trip: 0° to 199°C
(in 1° increments)

* Alarm: 0° to 199°C
(in 1° increments)

6.2 Motor Bearing Temperature — Only when the optional
RTD Module is used and when motor bearing RTDs are sup-
plied is the motor bearing temperature setpoint function used.
It provides the control with the ability to monitor the tempera-
ture of the bearings.

Setpoint values may be enetered for both trip and alarm con-
ditions. The function is displayed as MOTOR BGR TEMP.

The ranges of values are:

¢ Trip: 0° to 199°C
(in 1°C increments)
* Alarm: 0°to 199° C

(in 1°C increments)

6.3 Load Bearing Temperature — Only when the optional
RTD Module is used and when the load bearing RTDs are
supplied is the load bearing setpoint temperature function
used. It provides the control with the ability to monitor the tem-
perature of the load bearings.

Setpoint values may be entered for both trip and alarm con-
ditions. The function is displayed as LOAD BGR TEMP.

The ranges of values are:

* Trip: 0° to 199°C
(in 1°C increments) -
* Alarm: 0° to 199°C

(in 1°C increments)

Note: when the RTD Module is installed but no external con-
nections are made to it, the 1Q-2000 functions properly even
without RTD data at the unused terminals. The same is true
of cases where some of the terminals are unused. Note: It
is, however, recommended to jumper out unused RTD Mod-
ule terminals, as described in Paragraph 55.1.

6.4 Ground Fault — The ground fault setpoint function mo-
nitors the ground leakage current and compares it with user-
programmed setpoints for both amount and time. The ground
fault protection function requires a ground fault (zero se-
quence) transformer be installed in a grounded system where
the secondary of main power transformer feeding the motor
is wired in a wye grounded configuration.

Setpoint values may be entered for trip, alarm and time con-
ditions. The function is displayed as GROUND FAULT.

The ranges of values are:

* Trip: 4 to 12 amperes
(in 1 amp increments)
e Alarm: 0 to 12 amperes

(in 1 amp increments)
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0 to 5 seconds
(in 1 sec. increments)

¢ Time:

Ground fault trip conditions can be initiated by motor-
suppression devices or power factor-correction devices. Capa-
citors in these devices offer low impedance to the voitage
when it is first applied to the motor. Increase the ground fault
setpoint, Time, as needed.

NOTE

With certain suppression or power factor correction
devices-and-motor combinations, increasing the time set-
point will not eliminate the ground fauit trip upon energi-
zation of the motor. In these cases disable the ground fault
as directed by Westinghouse and use aiternative ground
fault detection external to the 1Q-2000.

6.5 instantaneous Overcurrent — The instantaneous over-
current setpoint function provides the 1Q-2000 with the abili-
ty to monitor motor current on a continuous basis. A trip
condition is initiated when the actual current exceeds the pro-
grammed setpoint. The instantaneous overcurrent setpoint
value must be set equal to, or higher than, 1.6 times the
locked-rotor current ratio. A one-cycle “lockout” prevents nui-
sance trips becuse the control responds only after the sec-
ond AC cycle when an overcurrent occurs.

A setpoint value may be entered only for a trip condition. The
function is displayed as INST OVERCURRENT.

The available value range is:

300 to 1500% of full-load amperes
(in 100% increments)

Note that only the digits 3 thru 15 are used to represent 300
thru 1500.

¢ Trip:

6.6 Locked-Rotor Current — The locked-rotor current set-
point function defines the amount of current and time that
must elapse to initiate a trip condition.

Setpoint values must be entered for trip and time conditions.
The function is displayed as LOCKED ROTOR CUR.

The ranges of values are:

e Trip: 300 to 1200%
(in 10% increments)
* Time: 1 to 60 seconds

(in 1 sec. increments)

Note that only the 3__0 thru 12__0 are shown on the display.
A dash at the bottom between the numbers represents the
trip range of 300 to 1200%. Also, these programmed values
are used by the rotor temperature protection algorithm, as
described in Paragraph 5.1.

Note that the maximum allowable stall current and time values
must be obtained from the motor manufacturer.
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Table 6.8
SETPOINT RECORD SHEET
Ampgard Schematic No.:
{drawing number)

Ptant Designation: . End User: Motor Designation:

Plant Location: OEM: Motor Model No.:

I Setpoint Function Trip 2| Alarm 3| Time 4 Setpoint Value Ranges

Trip & alarm: 0° to 199°C {1°C incre.)

Trip & alarm: 0° to 199°C (1°C incre.)

Trip & alarm: 0° to 199°C (1°C incre.)

Trip: 4 to 12 amps primary circuit
(1 amp incre.)

Alarm: 0 to 12 amps primary circuit
(1 amp incre.)

Time: 0to5 sec. (1 sec. incre)

Trip: 300 to 1500% of full-load amperes
(in 100% incre.)
Use numbers 3 to 15 only.

Trip: 300 to 1200% (in 10% incre.)
Use numbers 30 to 120 only.
The decimal point here shown as:
30, 12-0

Time: 0 to 60 sec. (in 1 sec. incre.)

Time: 0 to 99 sec. (in 1 sec. incre.)

s e Trip: 70 to 1200% of full-load amps
S {(in 1% incre.)

B Use numbers 70 to 1200.
Time: 0 to 100 sec. (in 1 sec. incre.)

Time: 0 to 100 sec. (in 1 sec. incre.) &

Trip: 0 to 90% of full-load amps
(in 1% incre.)
Time: 0to 10sec. (in 1 sec. incre.)

Amp: 85 to 125% of full-load amps
(in 1% incre.) Z
Use numbers 85 to 125

Trip: 0 to 9999 VAC (in 1 volt incre.)
Time: 0 to 99 sec. (in 1 sec. incre.)

1 | WINDINGTEMP &
2 | MOTOR BGR TEMP 5
3 | LOADBGR TEMP &
4 | GROUND FAULT
5 | INST OVERCURRENT
T
6 | LOCKED ROTOR CUR
o
LONG ACCELERAT
8 | JAM ~
9 | UNDERLOAD START
10 | UNDERLOAD RUN
11 | ULTIMATE TRIP
12 | OVERVOLTAGE T,
13 | UNDERVOLTAGE 7
14 | PRE-START TIMER
@15 | PRE-RUN TIMER
16 | PRE-STOP TIMER
17 | INCOMPL SEQUENCE
18 | ANTI-BACKSPIN

Trip: 0 to 9999 VAC {in 1 volt incre.)
Time: 0 to 99 sec. {in 1 sec. incre.)

Time: 0 to 255 sec. (in 1 sec. incre.)

Time: 0 1to 60 sec. {in 1 sec. incre.)

Time: 0 to 60 sec. (in 1 sec. incre.)

Time: 0 to 240 sec. (in 1 sec. incre.)

Time: 0 to 255 sec. (in 1 sec. incre.)

(Cont'd.)

ok A
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Table 6.B

SETPOINT RECORD SHEET (Cont.)

T Setpoint Function Trip 2 | Alarm 3| Time Setpoint Value Ranges
191 ANTI-RECYCLE, MIN Time: 0to 60 min. (in 1 min. incre.)
20 TIME UNDER VOLT Time: 0 to 20 sec. (in 1 sec. incre.)
21| POST-START TIMER Time: 0 to 255 sec. {(in 1 sec. incre.)
22| POST-STOP TIMER Time: 0 to 60 sec. (in 1 sec. incre.)
23| START COUNTS/HRS Counts: 1 to 10 counts (in 1 count incre.) T
Time: 010 24 hr. (in 1 hr. incre.)
24 | OPEN/UNBALANCE PHASE Alarm: 5 to 30% of full-load amps
(in 1% incre.)
Time: 0 to 25 sec. {in 1 sec. incre.)
:TZS FULL LOAD CUR-A Amp: 110 1000 (in 1 amp incre.) @
26| C.T.RATIO Ratio: 2,4,5,8, 10, 15, 20, 30, 40, 50, 60,
T 80, 100, 120, 160, 200
(Where: 2=2:1, etc.) (4]
27} P.T.RATIO T Ratio: 0, 2,4,5, 20, 30, 35, 40, 55, 60, 70
(Where: 4=4:1, etc.} (@]
28 | STARTER CLASS Prefix in ALARM window: 11, 13, 14
t' 7 Suffix in TIME window: 202, 212, 502,
512, 602, etc.
T SQme values must be assigned to the setpoint function in order to startup and run the motor.
Z Normally the TRIP window represents the setpoint value. However with the start count/hrs. function, it represents counts in hours. With the uitimate
tnp setpoint function, it represents % of full-load amps.
3 Normally the ALARM window represents the setpoint value. However with the starter class function, it represents the 2-digit prefix of the class.
& Normally the TIME window represents the setpoint value. However with the full-load current setpoint function, it represents current. With the con-
trot transformer and potential transformer functions, it represents a ratio. With the starter class, it represents the class suffix.
T Unless the optional RTD Module is installed. setpoints will have no effect.
& Although the underload start setpoint function involves a time value. it is entered with the underioad run function. (See Paragraph 6.10.)
T Unless the optional Potential Transformer is used, setpoints must be set at 0.

47
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CAUTION

The rotor temperature protection algorithm uses the max-
imum allowable locked-rotor current and time values to cal-
culate the rotor temperature protection curve. Incorrect
setpoint values can result in excessive rotor temperatures

and motor damage.

6.7 Long Acceleration — The long acceleration setpoint func-
tion provides extended motor acceleration periods as may be
necessary with certain motors where the allowable stail time
is less than the normal acceleration time.

The function limits the motor temperature accumulator dur-
ing the time value programmed. The accumulator is capped
with a count of 1 less than the maximum value which will in-
itiate a trip condition based upon the focked rotor current
curve. When timed out, the accumulator is allowed to oper-
ate normally; that is, if the rotor’s calculated temperature con-
tinues to increase, a trip condition occurs. An example of this
is a condition of load current being higher than Full Load Am-
peres. If there is no raising (incrementing) of the temperature
accumulator, normal operation will continue.

Note that before this function may be used, the manufacturer
must confirm that the motor is capable of starting a load over
a period of time.

The available value range is:

0 to 99 seconds
(in 1 sec. increments)

s Time:

If this function 1s not used, zero must be entered as a time
value. If the function is used, it must be initiated by a contact
closure input to the L ACCEL PERM terminal (TB-A12).
See Figure 6.1. The contact is typically an external zero-
speed switch.

6.8 Jam — The jam setpoint function, active after the start
cycle is completed, provides the control with the ability to in-
itiate a trip condition if a jam occurs in the driven load. When
the motor current exceeds the current setpoint value for the
time value specified, the trip is initiated. This function is used
due to the system'’s limitations.

Setpoints may be entered for trip and time conditions. The
function is displayed as JAM.

The ranges of values are:

o Trip: 70 to 1200% of fuli-load amperes
(in 1% increments)
e Time: 0 to 60 seconds

(in 1 sec. increments)

Note that in this case the numbers 70 thru 1200 are used.

Events

Description

Start
Command

Initiated by the closing of an external contact
closure. This energizes a terminal such as
FWD MAINTAINED (TB-A6).

L ACCEL
PERM
term.
energized 1

L C

2 T
Long
accel.

timing

Run
sequence

+—— 0 to 99 sec. —————>»

TB-A12 is energized when external contacts
are closed.

Delay due to the motor's zero speed switch.

The long acceleration setpoint function caps
the rotor temperature accumulator.

Run sequence initiated after long acceleration
timing is complete.

Figure 6.1 — Long Acceleration Events Diagram
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When the jam setpoint function is other than 1200%, the pre-
run timer setpoint must be at least 2 seconds longer than the
motor's acceleration time. Failure to set the PRE-RUN TIMER
accordingly will initiate a jam trip condition, on start-up of the
maotor.

It this function is not required, set the trip setpoint value at
1200% for 2 seconds.

6.9 Underload Start — The underload start setpoint func-
tion “blocks,’ or disables, the underioad run setpoint func-
tion from initiating a trip condition when starting a motor. The
time period that the underioad run tip is disabled is deter-
mined by this function's time setpoint value.

The available value range is:

0 to 100 seconds
(in 1 sec. increments)

¢ Time:

The trip value is not entered here.

If it is desired to disable the underioad start trip function, pro-
gram a zero for this value.

6.10 Underload Run —The underioad run function initiates
a trip condition after the start sequence if the actual motor
current drops below the ampere trip level for the programmed
time value.

Setpoints may be entered for trip and time conditions. The
function is displayed as UNDERLOAD RUN.

The ranges of values are:

o Trip: 0 to 90% of fulli-load amps
(in 1% increments)
¢ Time: 0 to 10 seconds

(in 1 sec. increments)

If it is desired to disable the underload run trip function, pro-
gram a zero for the time value and set the trip value for 0%.
This entry aiso disables the underload start function at the
same time.

6.11 Ultimate Trip — The uitimate trip setpoint function de-
fines a percent of full-load amperes that is aliowed before
a trip condition is initiated. in effect, this function modifies
the motor’s full-load ampere rating by a factor between 0.85
to 1.25. (See Paragraph 5.1.3.3 for details.) When this func-
tion's setpoint value is less than 100%, the permissible full-
load ampere rating is less than 100%. Its setting selects the
point where the IZT curve becomes asymptotic in cases where
RTDs are not used.

Some possible reasons for a conservative approach where
the ultimate trip is less than 100% are:

e When ambient temperatures above 40°C are anticipat-
ed and the optional RTD Module is not used in the ap-
plication. (See Paragraph 5.1.36.)

+ When the motor is properly rated, yet an additional safety
factor is critical for the application.

A setpoint for % of full-load amperes is entered in the TRIP
window. The function is displayed as ULTIMATE TRIP.
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The available value range is:

85 to 125% full-load amps
(in 1% increments)

e Amps:

In cases when a value from 101 to 125% is programmed, the
permissible motor full-load amps will be greater than the pro-
grammed full-load current setpoint value. This can occur when
the motor manufacturer's uitimate trip rating for the motor is
above 100% of full-load amperes. The ultimate trip should be
entered to correspond to the motor’'s service factor rating if
service factor is to be utilized.

CAUTION
if the ultimate trip setpoint is set above 100% and the motor
does not have a service factor rating higher than 1, motor
damage can result.

6.12 Overvoitage — The overvoltage setpoint function initi-
ates a trip condition if the incoming AC supply line voltage
exceeds the programmed trip value for the programmed time.

The actual incoming AC supply voltage is reduced to 120 VAC
by optional potential transformers which monitor this voltage.
if these transformers are not installed, the overvoltage func-
tion is automatically disabled regardless of programmed
values.

Setpoints may be entered for trip and time conditions. To avoid
nuisance tripping, it is suggested that a setpoint value at least
10% higher than the nominal value be entered.

The function is displayed as OVERVOLTAGE.

The ranges of values are:

o Trip: 0 to 9999 VAC
(in 1 volt increments)
* Time: 0 to 99 seconds

(in 1 sec. increments)

6.13 Undervoitage — The undervoltage setpoint function in-
itiates a trip condition if the incoming AC supply line voltage
drops below the programmed trip value for the programmed
time.

The actual incoming AC supply line voitage is reduced to 120
VAC by optional potential transformers which monitor this voit-
age. If these transformers are not instailed, the undervoitage
function is automatically disabled regardless of programmed
values. Note: the 1Q-2000 is activated by the stepdown con-
trol transformer. Regardless of the undervoltage setpoint, the
motor will be stopped and the control will be automatically
turned off when the line voltage drops below approximately
30% of the normal rating.

Setpoints may be entered for trip and time conditions. To avoid
nuisance tripping, it is suggested to install a setpoint at least
25% lower than the nominal value.

The function is displayed as UNDERVOLTAGE.
The ranges of values are:

0 to 9999 VAC
(in 1 volt increments)

e Trip:
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0 to 99 seconds
(in 1 sec. increments)

¢ Time:

Note: the undervolitage setpoint time must be set larger than
the time delay undervoltage listed in Paragraph 6.20. If not,
the undervoltage protection enters a trip and cannot be restan-
ed without depressing the RESET pushbutton.

6.14 Pre-start Timer — The pre-start timer setpoint function,
initiated at the beginning of a start cycle, provides a program-
mable period within which a report-back signal from a ma-
chine or process must be received at the PRE-START
REPORT-BACK terminal (TB-A10). If the signal is not sensed
within that time, the start cycle is aborted. This function pro-
vides a safety feature for auxiliary, but necessary, external
events.

in terms of hardware, when a start comand, such as the
FWD/SLOW FWD-MAINT. at TB-A6 occurs, the 1Q-2000's Pre-
start Relay is energized, and its contacts close. It remains
energized as long as the pre-start timer function is active. (See
Figure 6.2 and 56.) These contacts may be used to enable
external functions such as lube oil flow, cooling or priming
pumps.

A setpoint may be entered for the time duration. The func-
tion is displayed as PRE-START TIMER. During a pre-start
condition in the run mode, this message also appears.

The available value range is:

0 to 255 seconds
(in 1 sec. increments)

¢ Time:

In summary, the motor start sequence begins only when the
following conditions exist:

¢ A pre-start timing function is active

¢ The PRE-START REPORT-BACK terminal (TB-A10) on the
1Q-2000 is energized.

If these preconditions do not exist, the pre-start timer func-
tion times out, the start sequence never begins, and the mes-
sage BAD START RESET is displayed.

It itis desired to disable the pre-start timer function, program
a zero for the time value. Rt is also necessary to disable the
PRE-START REPORT-BACK terminal (TB-A10) in order to pre-
vent the aborting of the start cycle unnecessarily. As shown
in Figure 36, a jumper must be placed between the PRE-

Description

Initiated by the closing of an external contact.
This energizes a terminal such as TB-AS,
FWD/SLOW FWD-MAINT.

Pre-start timer function initiated.

|
|
Relay ——__J I
|
1

Events
|
Start |
command I
!
1 |
! |
L C
) 7
|
Pre-start «t———— 0 to 255 sec. ——————p|
timing ——) I S
| |
I I
L C
R R
Pre-start

Pre-start Relay energized.

PRE-START
REPORT-BACK
signal

Terminal energized.

Start
sequence

When energized, start sequence initiated.

Figure 6.2 — Pre-start Events Diagram
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Events Description
i g &
AR
Pre-start
timer ____J —— Pre-start timer function initiated.
function :
!
Pre-run - Pre-run timer function initiates reduced voltage
timer 0 to 60 sec. after the pre-start timing is completed. it also
function i disables the JAM function until after the motor
| has accelerated to fuil speed.
1
——
Run
sequence Run or full-voltage sequence initiated.

Figure 6.3 — Pre-run Events Diagram

START REPORT-BACK terminal (TB-A10) and the available
120 VAC.

Note: The 120 VAC is available at TB-19 with an Ampgard
starter.

6.15 Pre-Run Timer — The pre-run timer setpoint function
is used with multi-step starter applications — such as reac-
tor or autotransformer type starters — to define the time that
the intermediate or reduced-voltage contactor will be ener-
gized. This function is initiated during the start cycle immedi-
ately after the pre-start timer function has timed out. (See
Figure 6.3 and 5.6.) After the pre-run timer function has timed
out, the run (full-voltage) sequence begins. The pre-run tim-
er function is also used in conjunction with the JAM FUNC-
TION. It disables the jam function until after the motor has
accelerated up to full speed.

It is recommended that the pre-run timer be set at least 2 se-
conds longer than the motor takes to accelerate to full speed.

A setpoint may be entered for the time duration. The func-
tion is displayed as PRE-RUN TIMER. During a pre-run con-
dition in the run mode, the message START SEQUENCE is
displayed.

The available range is:

0 to 60 seconds
(in 1 sec. increments)

6.16 Pre-stop Timer — The pre-stop timer setpoint function,
initiated after the stop command is received, can be used to
control auxiliary functions during the stop sequence. For ex-
ample, cooling pumps may be enabled or valves and louvers
may be closed just before the motor turns off. As shown in
Figure 6.4, the pre-stop timer function and the Pre-stop Re-
lay are enabled when a stop command occurs.

When the PRE-STOP REPORT-BACK terminal (TB-A8) is ener-
gized, the stop sequence is initiated.

e Time:
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In terms of hardware, contacts of the Pre-stop Relay control
the auxiliary functions. These contacts are enabled for the
programmed time while the pre-stop timer function is in

progress.

A setpoint value may be entered for the time duration. The
function is displayed as PRE-STOP TIMER.

The available range is:

0 to 60 seconds
(in 1 sec. increments)

e Time:

The operation of this function is influenced by the use of the
PRE-STOP REPORT-BACK terminal (TB-A8). in some appli-
cations external field devices are connected to this terminal.
In such cases, after the function is initiated, the pre-stop
report-back signal must be received at terminal TB-A8. (See
Figure 3.6.) in instances where the signal is not received, and
the stop timing cycle is completed, the message BAD STOP
RESET is displayed. Automatic restarting is inhibited. A man-
ual reset must be performed after the cause of the problem
is cleared. (Use the Operator Panel’'s RESET pushbutton.)

in Ampgard applications where the pre-stop report-back capa-
bility is not used, a jumper must be placed between terminal
TB-16 and the 120 VAC available at terminal T8-15.

With starters other than Ampgard, the 120 VAC must be con-
nected to the PRE-STOP REPORT-BACK terminal TB-A8.

If it is desired to disable the pre-stop function, program a zero
for the time value.

6.17 incomplete Sequence — The incomplete sequence set-
point function is applied during a start cycle. It initiates a stop
cycle if, at the end of the programmed time, the report-back
signal is not received at the INCOMPL SEQ REPORT-BACK
terminal TB-A14. (See Figure 65.) Typical applications for this
function include monitoring for critical associated conditions



Q2000 TD 11-720-B
Events Description
Stop — Normally initiated when the RUN ENABLE ter-
command minal (TB-A7) is de-energized, or when a main-
tained contact such as the FWD/SLOW
1 FWD-MAINT. (TB-A6) is opened.
I
1
4 —
Pre-stop . L
timer -4—— 0 to 60 sec. ———» Pre-stop timer function is initiated when the stop
function cycle begins.
1
|
| ‘
PR
Pre-stop The Pre-stop Relay is energized for the dura-
Relay tion of the timer function.
';RE%EI‘?_P Pre-stop report-back signal must be energized
BACK ) before a pre-stop timing function is completed.
terminal |
energized I
The stop sequence de-energizes the motor
Stop contactor.
sequence
Figure 6.4 — Pre-stop Events Diagram
Events Description
Initiated by an external contact closure. This
energizes a terminal such as FWD/SLOW FWD-
Start 5 MAINTAINED (TB-A6).
comman e
Incomplete 55
sequence
timer 4————— 0 t0 240 sec. ——»
function — Incomplete sequence timer function is initiated
whenever a start command is generated.
INCOMPL
SEQU Terminal must receive signal before function
Rgi(():iT times out.
terminal
energized

Figure 6.5 — Incomplete Sequence Events Diagram
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such as field loss for synchronous machines or “tie-ins” with
additional motors.

When used in conjunction with a synchronous motor protec-
tion, it is recommended that the time be set at least 2 seconds
longer than the motor takes to synchronize.

A setpoint value may be entered for the time value. The func-
tion is displayed as INCOMPL SEQUENCE.

The available range is:

0 to 240 seconds
{(in 1 sec. increments)

o Time:

NOTE
The INCOMPL SEQ REPORT-BACK terminal is monitored
continuously by the I1Q-2000. If the terminal is de-energized
at any time after the incomplete sequence timer function
times out, the stop sequence is initiated.

If it is desired 1o disable the incomplete sequence function
in Ampgard applications, a jumper must be placed between
the INCOMPL SEQ REPORT-BACK terminal (TB-22) and the
120 VAC at TB-21. (See Figure 36.)

With starters other than an Ampgard, the 120 VAC must be
connected to the INCOMP SEQ REPORT-BACK terminal
TB-A14.

6.18 Anti-backspin — The anti-backspin setpoint function pre-
vents a motor restart for the duration of the programmed time.
The anti-backspin setpoint time is initiated immediately after
the motor's stop cycle is complete. This prevents attempting
to start the motor while it is rotating in" a reverse direction,
as may be caused by certain types of loads.{See Figure 5.7

A typical example is the backspin of a pump and motor caused
by the descent of a column of water after pumping is ter-
minated.

A setpoint may be entered for the time value. The function
is displayed as ANTI-BACKSPIN.

The available value is:

0 to 255 seconds
(in 1 sec. increments)

e Time:

If it is desired 10 disable the anti-backspin function, enter zero
for the time value.

6.19 Anti-recycle, Min — The anti-recycle setpoint function
prevents a motor restart for the duration of the programmed
time. The function begins timing when the motor’s start cy-
cle is complete. The function is used to prevent:

* Jogging or other rapid restarts that could inadvertently
occur

o Restarting of the motor whether or not the start cycle was
completed

A setpoint may be entered for time duration. The function is
displayed as ANTI-RECYCLE, MIN.

The available range is:

0 to 60 minutes
(in 1 min. increments)

e Time:

Note: this is the only 1Q-2000 setpoint timing function which
is in minute increments.

if it is desired to disable the anti-recycle function, enter zero
for the time value.

Events Description
AC —_— —
under- Here a LOW signal represents an AC line defi-
voltage ciency or undervoitage level.
condition i [
| !
1 . |
Under- — §—
voltage !
timer |
function l A re-start cycle is initiated if the AC line deficien-
| cy is corrected before the undervoitage timing
| is completed.
S —
Re-start
cycie

Figure 6.6 — Time Undervoltage Timing
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6.20 Time Undervoltage — The time undervoitage function
provides the capability to initiate a start cycle after the incom-

ing AC supply is interrupted — that is, drops below 70% of -

the normal voltage. If the incoming AC supply is restored be-
fore the time undervoitage setpoint time has elapsed, a start
cycle is initiated. This is utilized with a 3-wire momentary con-
tact START/STOP pushbutton application, as shown in Fig-
ure 5.8. The time undervoltage timing is shown in the diagram
of Figure 6.6.

NOTE
The time undervoltage function is inactive and cannot be
used with a maintained-contact start control application
such as the one shown in Figure 3.6.

The AC line undervoltage time setpoint must be programmed
longer than the time undervoitage setpoint as described in
Paragraph 6.13.

A setpoint may be entered for time duration. The function is
displayed as TIME UNDER VOLT.

The available range is:

0 to 20 seconds
(in 1 sec. increments)

¢ Time:

If it is desired to disable the timer undervoltage function, en-
ter a zero for the time value.

6.21 Post-start Timer — The post-start timing setpoint func-
tion, initiated after the end of the pre-run sequence, can be
used to enable auxiliary control functions after the sequence
begins. (See Figure 6.7.) For example, a load may be increased

N

on a motor; another motor may be enabled; or, in stepping
or process control applications, the next step in the process
may be enabled.

In terms of hardware, the Post-start Relay is energized to con-
trol the auxiliary functions. These contacts are energized af-
ter the post-start imer function is compiete.

A setpoint may be entered for the time value. The function
is displayed as POST-START TIMER.

The available value range is:

0 to 255 seconds
(in 1 sec. increments)

It it is desired to disable the post-start timer function, program
a zero for the time value.

¢ Time:

6.22 Post-stop Timer — The post-stop timer setpoint func-
tion, initiated immediately after the stop sequence is complete,
can be used to disable auxiliary functions after the sequence.
(See Figure 6.8.) For example, cooling pumps and other mo-
tors may be controlled. in process control, the next step in
the process may be disabled.

In terms of hardware, the Post-stop Relay is energized to con-
trol the auxiliary functions.

A setpoint may be entered for the time value. The function
is displayed as POST-STOP TIMER.

The available value range is:

0 to 60 seconds
(in 1 sec. increments)

e Time:

Events
Pre-run

timer

Description

The pre-run timing diagram is shown in Figure
6.3. The pre-run timer function is used with multi-

Post- 35
start
timer

function

«+———— 0 to 255 sec. ————»

Post-
Start

Relay

[B The start sequence can also be initiated when a maintained input such as the
FWD/SLOW FWD-MAINT terminal (TB-AB) is energized.

step starter applications and the JAM function.
The post-start timer function begins when the
pre-start timing is compieted.

Post-start timer function begins.

Relay energized at the end of the post-start
timing period.

Figure 6.7 — Post-start Events Diagram
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Run Events Description
sequence Sequence begins.
!
|
| L
37
Post-stop 010 60 sec. Post-stop timer function begins.
timer
function !
!
I g 4
PR
Relay energized during the post-stop timing
Post-stop period.
Relay

Figure 6.8 — Post-stop Events Diagram

if it is desired to disable the post-stop timer function, program
a zero for the time value. (This action also disables the Post-
stop Relay.)

6.23 Start Counts/Hours — The start counts/hours setpoint
function limits the number of motor starts over a programmed
period of time. If the number of starts within a period exceeds
the setpoint, a new start cycle is inhibited until the pro-
grammed period has elapsed. Note that the function is pro-
grammed in hours, but displayed in minutes. When the limit
is exceeded, the Operator Panel will dispiay TOO MANY
STARTS WAIT X MIN. Here, X is the number of minutes be-
fore a start cycle can be initiated. After the elapsed time a
new start command can reinitiate a start cycle.

Setpoint values may be entered for counts and time. (The
counts are entered in the TRIP window.) The function is dis-
played as START COUNTS/HRS.

The ranges of values are:

e Counts: 110 10
(in 1 count increments)
¢ Hours: 0to 24

(in 1 hour increments)

if it is desired to disable the start counts/hours function, pro-
gram a zero for the time value.

6.24 Open/Unbalance Phase — The open/unbalance phase
setpoint function monitors for possible current phase un-
balance of the actual motor currents. If this factor exceeds
the setpoint values for the programmed time, the red ALARM
LED on the Operator Panel flashes and a warning message
is displayed.

(This function, however, does not cause a trip condition since
the phase unbalance is already incorporated into the motor
rotor protection algorithm. Should the calculated temperature
become too high due to a combination of current and phase
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unbalance, the trip condition resuits, LOCKED ROTOR CUR.)

Setpoint values may be entered for the unbalance and time
values. (The unbalance value is entered in the ALARM win-
dow.) The function is displayed as OPEN UNBALANCE
PHASE.

The available ranges are:

¢ Unbalance phase: 5 to 30% of full-load motor current
(in 1% increments)

0 to 25 seconds
(in 1 sec. increments)

* Time:

To avoid nuisance alarming, it is recommended that the
open/unbalance phase time setpoint be set one second longer
than the accelerating time of the motor.

6.25 Full-load Current — The full-load current setpoint func-
tion monitors for the maximum continuous RMS current that
can be permitted in the motor stator. (This value is the motor
manufacturer’s recommended full-load ampere rating.)

Primarily this function is used internally by the 1Q-2000. There
are no external reactions as the direct resuit of reaching the
setpoint level. In the monitoring mode, actual current values
are displayed in the VALUES windows; A, B and C each rep-
resent a single phase.

CAUTION
Many of the 1Q-2000's protection functions, including the
motor temperature protection algorithm, use the fuli-load
current setpoint value to calculate the trip points. If this
value is incorrect, motor damage can result.

A setpoint may be entered for the ampere value. (It is entered
in the TIME window.) The display appears as FULL LOAD
CUR-A.
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The available range is:

1 to 1000
(in 1 amp increments)

e Amps:

6.26 Current Transformer Ratio — The current transformer
(CT) ratio setpoint function defines the turns ratio of the CT.

The turns ratio is entered in the TIME window, aithough only
the first factor of the ratio is used. Thus the entry of 60
represents 60:1. The value is used internally by the 1Q-2000,
and thus there is no external reaction.

Available CT. turns ratio setpoint values are:

2:1 20:1 80:1
5:1 30:1 100:1
8:1 40:1 120:1
10:1 50:1 160:1
15:1 60:1 200:1

The turns ratio for the CT. is listed on each application's Amp-
gard Schematic or outline. (See Paragraph 3.1.) A current
transformer with a 5-ampere secondary is always used with
the 1Q-2000. Thus a 300:5 turns ratio requires a setpoint val-
ue of 60:

00

5

Refer to the wiring plan drawings for the CT. ratio in those
applications using starters other than an Ampgard. if the cur-
rent transformer must be selected, use the following criteria:

* At 100% fuli-load amps, the secondary of the CT. must
deliver from 2.5 to 5 amps

= 60

¢ Select the CT. which supplies at close to 3.75 amps as
possible at 100% full-load amps.

For example, assume an application where the motor starter
delivers 300 full-load amps. A 400:5 primary-to-secondary ratio
will deliver:

5
300 x —— = 3.75 amps
XIOO p

This is within the recommended range of from 2.5 to 50 amps.
The CT. ratio for this example would be 80:1 (that is, 400:5).

CAUTION
Be careful when determining the CT. turns ratio. An im-
proper value can cause the 1Q-2000 to receive incorrect
motor current data. Motor damage could result.
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6.27 Potential Transformer Ratio — The potential transform-
er (PT.) ratio setpoint function defines the turns ratio of the
optional PT.

The turns ratio is entered in the TIME window, although only
the first factor of the ratio is used. Thus the entry of 35
represents 35:1. This value is used internally by the 1Q-2000,
and thus there 1s no external reaction.

Available PT. turns ratio setpoint values are:

0:1 35:1

21 401

4:1 55:1

5:1 60:1
20:1 70:1
30:1

The turns ratio of the PT. is chosen so that the rsulting secon-
dary voitage equals 120 VAC. Thus a line volitage of 4200 re-
quires a 35:1 ratio:

4200
20 =%

If a potential transformer (PT.) is not used, program a zero

in the TIME window. ’

6.28 Starter Class — The starter class setpoint function de-
termines the actual cycling of the motor contactor(s). A total
of 16 different starter classes, as listed in Table 6.C, may be
chosen. Each class requires that 2 values be entered in differ-
ent windows. The values are simply the class designation.
For example:

11-202
ALARM window<—T LTIME window

The alphabetical letter preceding the STARTER CLASS
depicts the firmware revision. (To be used in any correspon-
dence with Westinghouse.)

Keep in mind that the IQ-2000 enables the motor contactor(s)
by means of interposing relays. it makes use of some or all
of relays C1 thru C4. Contacts from each of these relays are
wired to the coil of an interposing relay. (See Figure 6.9.)
These, in turn, are wired to the main contactor(s). Selecting
the starter type determines the operations of the contactor(s).
Table 6.D shows the relationship between each of the possi-
ble starter classes and relays C1 thru C4.
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Table 6.C
STARTER CLASSES

Starter
Class

Description

11-202
11212
11-502
11-512
11-602
11-612
11-902
11912

Across-the-line, non-reversing

Across-the-line, reversing

Primary reactor, reduced-voltage, non-reversing
Primary reactor, reduced-voitage, reversing
Auto-transformer, reduced-voltage, non-reversing
Auto-transformer, reduced-voltage, reversing
Reserved for future use

Reserved for future use

13-202
13-212

Wound-rotor, non-reversing
Wound-rotor, reversing

14-202
14-212
14-502
14-512
14-602
14-612

Synchronous, full-voltage, non-reversing

Synchronous, full-voltage, reversing

Synchronous, primary reactor, reduced-voltage, non-reversing
Synchronous, primary reactor, reduced-voltage, reversing
Synchronous, auto-transformer, reduced-voltage, non-reversing
Synchronous, auto-transformer, reduced-voitage, reversing

120 VAC power source

Q

Interposing

relay/
: MX

| S s

—0 <o

Contactor — -~

~ M
coil T S MX
W\/—

Figure 6.9 — Interposing Relay Wiring (typical)
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Table 6.0
RELAY C1 THRU C4 FUNCTIONS

Starter ct c2 c3 = caz
Class

11-202 FWD - -

11-212 FWD RVS - -

11-502 B FWOD - FWD MOM -

11-512 3@ FWD RVS FWD/RVS -

MOM
11-602 3 FWD - FWD MOM FULL VOUTAGE
11-612 3 FWD RVS FWD/RVS FULL VOLTAGE
MOM

11-902 @ - - - -

1-912 @ - - - -

13-202 FWD - - -

13-212 FWD RVS - -

14-202 FWD - - -

14-212 FWD RVS - -

~
14-502 3 FWD - FWD MOM -
14-512 3 FWD RVS FWD/RVS -
MOM
14-602 = FWD - FwWD MOM FULL VOLTAGE
14-612 3 FWD RVS FWD/RVS FULL VOLTAGE
MOM

[T The closure time of the Forward Momentary (C3) reiay is determined by the pre-run timer
setpoint function. See Paragraph 6.15.

@ The Post-start Relay, when used, is energized immediatety after the pre-run timer function
times out.

3] When used with a reactor or autotransformer, the pre-run timer setpoint should be set 2
seconds longer than the longest possible time required for the motor to acceierate to full
speed at reduced voltage. When the pre-run timer is completed, the starter swilches from
reduced voltage to full voltage.

@ For future use.
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Section 7

MONITORING AND TROUBLESHOOTING

7.0 General — This Chapter is designed to assist main-
tenance personnel to carry out monitoring operations and
troubleshooting procedures. it is divided into 2 general areas
of information:

e Operator Panel monitoring procedures (Par. 7.1)
* |solating a malfunction (Par. 7.2}

DANGER
All maintenance procedures must be performed only by
qualified personnel who are familiar with the 1Q-2000 and
its associated controlled motor and machines. Failure to
observe this caution can result in serious or even fatal per-
sonal injury and/or equipment damage.

DANGER

The following procedures at times invoive working in equip-
ment areas where the hazard of fatal electrical shock is
present. Live parts are exposed. Personnel must exercise
extreme caution to avoid injury, including possible fatal

injury.

CAUTION

To avoid static discharge to internal components of the
IQ-2000, always make contact with the metal shell of the
1Q-2000’s chassis before handling the Modules. In addi-
tion, avoid touching components in the 1Q-2000 as much
as possible. Failure to comply with this caution can resuit

in damage to the 1Q-2000.

All correspondence with Westinghouse, whether verbal or writ-
ten, should include the “firmware revision” alphabetical let-
ter preceding the STARTER CLASS setpoint display. This
alphabetical letter appears in the FUNCTION window when
the starter class setpoints are displayed, as described in Para-
graph 7.1.2.

7.1 Panel Operations — The foliowing functions are carried
on by means of the Operator Panel:

o Normal operational reporting (Par. 7.1.1)
* Programming setpoint values (See Par. 4.3)
« Reviewing setpoint values (Par. 71.2)
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» Monitoring electrical characteristics (Par. 7.1.3)

¢ Internal diagnostics (Par. 7.1.4)

7.1.1 Normal Operational Reporting — The FUNCTION win-
dow of the Operator Panel provides a reporting function that
occurs during the normal operation of the 1Q-2000. Com-
mands such as START SEQUENCE and POST STOP are
used to report the various sequences involved with starting,
running and stopping the motor. Figure 7.1 shows the rela-
tionship among the displays and the various operations of the
1Q-2000.

7.1.2 Reviewing Setpoints — The setpoint value reviewing
operation allows maintenance personnel to observe pro-
grammed values while the 1Q-2000 is in the run mode. This
function gives maintenance personnel the ability to examine
or determine setpoints without entering a cycle stop condi-
tion that shuts down motor operation. The following steps as-
sume the keyswitch is in the RUN position.

Step 1 — Depress the SET POINTS pushbutton. Then de-
press the §T EP pushbutton. At this time WINDING TEMP is

displayed in the FUNCTION window. (See Figure 7.2.) Also,
all values related to this function are displayed.

Step 2 — Depress the STEP pushbutton. The next setpoint
function along with its value(s) will be displayed. (Functions
appear in the same order as those listed in Table 6.B.)

Step 3 — Depress the STEP pushbutton repeatedly to se-
quence through the functions. (Note: if the STEP pushbut-
ton is not depressed every 4 seconds, the reviewing operation
automatically terminates. The display then returns to the mes-
sage shown just before the reviewing of setpoints was begun.)

Note: setpoints can be reviewed “automatically”; each set-
point is sequentialty displayed for 4 seconds, in the run mode.
To initiate this automatic setpoint review:

¢ Depress the SET POINTS pushbutton
¢ Depress the CYCLE/SELECT pushbutton

When all the setpoints have been displayed once, the auto-
matic sequencing will end. The FUNCTION window may then
go blank. Depress the STEP pushbutton and the 1Q-2000 will
display the Monitoring Operation listed in Table 7.A.

7.1.3 Monitoring Characteristics — The electrical charac-
teristics monitoring operation allows maintenance person-
nelfoperators to observe selected parameters associated with
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(3] | ANTI BACKSPIN
@ i
POST START ANTI RECYCLE
1 ]
B O Lo
PRESTART | START SEQUENCE RUN SEQUENCE STOP SEQUENCE POST STOP (blank screen)
t $ } 1 ! t
Start Power first ap- Starter shifts to Stop Power removed  Post stop
signal plied to motor run condition signal from motor complete

m Messages—such as PRESTART, START SEQUENCE—for each of the conditions shown are displayed on the Operator Panet st the
start and stop cycle times shown here.

[2] POST START is dispiayed only if the post-start timer function is active, as described in Par. 6.21.

(3] After the post stop timer function is complete, the FUNCTION window displays READY until the next start signal. The antibackspin
or antirecycle condition occurs and the display is as shown if either of these functions, as defined in Par. 6.18 and 6.19, respectively,
occurs.

Figure 7.1 — Display/Run Sequence Relations
the motor and motor starter. A listing and complete descrip- certain trip conditions such as:

tion o ri istics is gi in A,
f these electrical characteristics is given in Table 7.A « Instantaneous overcurrent

NOTE

As long as the RESET pushbutton is not reset, the state
of the metering functions just prior to the occurrence of
the trip are retained by the Q-2000 for diagnostic purposes.
Even if AC power is removed, the last states of the meter-
ing functions are retained for a minimum of 12 hours, upon
restoration of control voltage.

The metering functions are performed by the 1Q-2000 as time
permits in contrast to the almost instantaneous reponse to

e Ground fault
¢ Emergency trip

For this reason the monitoring of the metering functions, such
as % full-load amps and motor current, are performed as a
secondary function when time permits. As a result, the meter-
ing function data retained may be the data which occurred
between 2 and up to 10 seconds before the trip occurred.

The monitoring operation can be performed in one of 2 ways:

e Manual Stepping. Individual displays of electrical

[ Function N
|WINDING TEMP |
Values
A 8 C
[125 ] [ 10| |
Trip Alarm Time

Figure 7.2 — Reviewing Message

60



TD 11-720-8

Table 7.A
MONITORING OPERATION

Function &

Description

LINE VOLTAGE Z

All 3 phases are displayed in the A, B and C windows of the Operator Panel.

MOTOR CURRENT-A

All 3 phases are simultaneously displayed in the A, B and C windows of the Operator
Panel.

MOTOR CURRENT-%

The percents of the full-load current of all 3 phases are displayed in the A, B and C windows
of the Operator Panel.

GROUND CURRENTA

The actual ground leakage current of a grounded wye system is displayed in amperes
in the A window of the Operator Panel.

WINDING TEMPC B

The highest reading from the 6 possible motor RTDs is displayed in the A window of the
Operator Panel.

MOTOR BRG TEMP-C &

The readings from the 2 motor bearing RTDs is displayed in the A and B windows of the
Operator Panel.

LOAD BRG TEMP-C

The readings from the 2 load RTDs is displayed in the A and B windows of the Operator
Panel.

KILOWATTS 2 The actual kilowatts of power being used is displayed in the A window of the Operator
Panel.
KILOVARS 3 The instantaneous kilovars is displayed in the A window of the Operator Panel.

Note: Kilovars is displayed as a negative value (with a - prefix) whenever the power factor
is lagging.

POWER FACTOR-% @

The actual power factor, ranging from 0 to £100%, is displayed in the A window of the
Operator Panel.

Note: When the power factor is lagging, the value displayed will be negative and the display
will be prefixed with a dash symbol (-).

FREQUENCY-HZ

The frequency of the incoming AC line is displayed to the closest whole number of
Hertz/second.

MEGAWATT HOURS @ @

The actual megawatt hours total accumulated to date. This data is retrieved from a
non-volatile memory storage area and displayed in the A window of the Operator
Panel.

RUN TIME @

The actual run time of the 1Q-2000 to date. This data is retrieved from a non-volatile memory
storage area and displayed in the A window of the Operator Panel.

OPERATIONS-COUNT @

The total start cycles to date regardiess of AC power interruptions. This data is
retrieved from a non-volatile memory storage and displayed in the A window of the Operator
Panel.

[ As dispiayed in the FUNCTION window of the Operator Panel.
@ 1f the optional potential transformer (PT.) is not present, zeroes will be displayed in the value windows.
(3 it the optional RTD Module is not present, zeroes are displayed in the value windows.

[@] These values are updated in non-volatile memory once each 24 hours. Note: the 1Q-2000 must be on continuously (AC power applied) for a fult
24 hours before the new information is stored.
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characteristics can be manually called up and/or ad-
vanced according to the operator’s needs. To initiate the
characteristics display and to continue stepping through
the list, depress the STEP pushbutton. (This assumes
the run mode.)

* Automatic Stepping. All electrical characteristics can
be displayed on a sequential basis. Each function is dis-
played for approximately 4 seconds. Once all functions
have been shown, the automatic monitoring operation
is terminated.

To initiate this operation, depress the CYCLE/SELECT
pushbutton. (This assumes the run mode.)

NOTE
The dispiay of the starter class selection is preceded by
an alphabetical character (displayed in the FUNCTION win-
dow). This is the firmware revision levei. Always state this
firmware revision level in any correspondence with

Westinghouse.

7.1.4 Internal Diagnostics — The 1Q-2000 performs an in-
ternal diagnostics check approximately every 2 minutes when
the Keyswitch is in the RUN position. If a malfunction is de-
tected during the diagnostic check, any of the following mes-
sages can be displayed in the FUNCTION window:

* ROM CKSUM ERROR
¢ CHECKSUM

¢ REPROGRAM EE ROM

Table 7.D contains the suggested corrective actions to be tak-
en for each of the messages.

7.2 Maifunction Isolation Of The Starter — In the event that
a malfunction occurs, certain troubleshooting procedures can
be used to assist in localizing its cause. This troubleshooting
approach is divided into 2 broad situations:

¢ Monitoring operations can be performed (Par. 7.2.1)

¢ Operator Panel is inoperative (Par. 7.2.2)

7.2.1 Panel Operating — The Operator Panel continues to
operate after a trip, alarm or stop condition, and it can pro-
vide vaiuable information. Information obtained from it can
be divided into 2 groups:

* Alarm conditions (Par. 7.2.1.1)
s Trip conditions (Par. 7.2.1.2)

7.2.1.1 Alarm Conditions — An alarm condition occurs when
one of the electrical characteristics exceeds the programmed
setpoint value. Note, however, that some alarm characteris-
tics must exceed the setpoint value for a programmed time
value before the alarm condition occurs.

When this condition happens, the red ALARM and SETPOINT
LED lights. Also, a message is displayed in the FUNCTION
window 1o assist with the isolation process. If the application
has external devices connected with the 1Q-2000's internal
Alarm Relay, those devices could give additional warning.

Table 7.B

TROUBLESHOOTING: ALARM CONDITIONS

FUNCTION Window

Display

Probable Cause

Solution

OVERLOAD WARNING

The rotor temperature monitoring
exceeded 75% of the maximum al-

-

lowable value. 1

Monitor electrical characteristics to further isolate
the maifunction to an area such as the incoming
AC line, or motor/load.

Note: If a trip or restart condition occurs and the
OVERLOAD WARNING message is still displayed
after the RESET pushbutton is depressed, wait
until the motor cools before restarting.

WINDING TEMP
MOTOR BGR TEMP
LOAD BGR TEMP
GROUND FAULT
OPEN/UNBALANCE
PHASE

In each case the actual electrical
value monitored has exceeded the
alarm setpoint value for the function
displayed. In addition, the SET

POINT LED illuminates to indicate )

that the numbers displayed in the
VALUE windows are the pro-
grammed setpoints.

In each of the 5 different displays perform a
monitoring function to further isolate the maifunc-
tion. Note: If the actual temperature of one or
more of the RTDs does not correspond to the
reading (in degrees Centigrade), suspect the
RTDs, RTD wiring or the RTD Moduile.

@ The Atarm Retlay is not tripped when an overioad warning condition occurs.
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Alarm conditions all have the following in common:

‘ o The internal Alarm Relay is energized when the condi-

tion occurs.

¢ The form C relay contacts, available at the interface (TB-

A26 thru A28), are brought out from the Alarm Relay. .

« The condition is automatically cleared, the ALARM LED
and Alarm Relay resets, if the characteristic causing the
condition falls below the setpoint.

e The SET POINT LED remains on until another condi-
tion overrides the previous ALARM condition.

All possible alarm conditions are listed in Table 7.B. Related
probable cause and solutions are also shown.

7.2.1.2 Trip Conditions — A trip condition is a situation that
causes the main contactor to open and motor to stop. These

conditions fall into 2 groups:

e When the selected characteristics exceed the pro-
grammed setpoint values, including, at times, a time

setpoint.

When a trip condition occurs, the red TRIP and SET-
POINT LED lights and a message is displayed in the i
FUNCTION window to assist the operator.

* When the 1Q-2000 detects a malfunction. These may be
external to the control — such as a broken report-back

€

Table 7.C

signal wire from the machine or process. There also are
conditions which may be internal to the control — such
as an opto-coupler failure.

Trip conditions have these characteristics in common:

A picture of the metering functions just prior to the oc-
currence of a trip is stored in memory and can be recalled
by depressing the STEP pushbutton. The order of the
electrical characteristics displayed will be identical to the
listing in Table 7.A.

Note: The picture of the metering function data is retained
by the 1Q-2000, as described in Paragraph 7.1.3.

Note: Depressing the RESET pushbutton clears the elec-
trical characteristics stored when the trip condition oc-
curred. If after depressing the RESET pushbutton the
OVERLOAD WARNING message appears, wait until the
motor cools before restarting.

The internal Trip Relay is actuated when the condition
occurs.

The form C relay contacts, available at the interface (TB-
A23 thru A25), are brought out from the Trip Relay.

The condition must be manually reset. (Use the RESET
pushbutton.)

All possible trip conditions are listed in Table 7.C. Related prob-
able causes and solutions are also shown.

TROUBLESHOOTING: TRIP CONDITIONS

FUNCTION Window
Display

Probable Cause

Solution

LOCKED-ROTOR
CURRENTA

The rotor winding temperature stor-
age, as directed by the rotor al-
gorithm, has exceeded the maximum
allowable value of the 12T protection
curve {(motor overload curve). The ac-
tual locked-rotor current setpoints are
displayed in the VALUES windows of
the Operator Panel.

Monitor the electrical characteristics associated
with the motor current to further isolate a mal-
function to areas such as the AC line or motor
overload.

WINDING TEMP

MOTOR BGR TEMP

LOAD BGR TEMP

GROUND FAULT [

INST OVERCURRENT

JAM

, UNDERLOAD

< OVERVOLTAGE
UNDERVOLTAGE

in each case the actual electrical val-
ue monitored has exceeded the trip
setpoint value for the function dis-
played. in addition, the SET POINT
LED illuminates to indicate that the
numbers displayed in the VALUES
windows are the programmed set-
points.

Monitor the associated electrical characteristics
(as listed in Table 7.A) to further isolate the mal-
function.

Note: If the actual temperature of one or more
of the RTDs does not correspond to the reading
(in degrees Centigrade), suspect the RTDs, RTD
wiring, or the RTD Module.
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Table 7.C

TRIP CONDITIONS (Cont.)

FUNCTION Window
Display

Probable Cause

Solution

INC SEQ RESET

The INCOMPL SEQ REPORT-BACK
terminal (TB-A14) was not energized
at the appropriate time during the
start cycle, or continuously energized
during the run cycle.

Monitor terminal TB-A14 during an actual start
cycle. Check functions that are being monitored
by TB-14 (Incomplete sequence, Field loss, Pull
out protection, etc.).

BAD REPORT BACK

The report-back contacts from the
main contactor relay did not open or
close in response to the commands
to the Processor Module Relay(s) C1,
C2, C3 and C4.

Verify that the control wires associated with the
interposing relay and power contactor are proper-
ly connected.

Refer to the Ampgard Schematic, or equivaient,
and examine the main contactor’s (or contactors’)
interlock contacts functioning as follows:

C1 Report Back — TB-A15 @
C2 Report Back — TB-A16
C3 Report Back — TB-A17
C4 Report Back — TB-A18

BAD STOP RESET

The PRE-STOP REPORT-BACK
terminal (TB-A8) failed to be ener-
gized at the correct time in the stop

cycle.

Monitor terminal TB-A8 during an actual stop
cycle.

BAD START RESET

The PRE-START REPORT-BACK

terminal (TB-A10) failed to be ener-
gized at the correct time in the start

cycle.

Monitor terminal TB-A10 during an actuai start
cycle.

REMOTE TRIP

The REMOTE TRIP terminal (TB-A13)
was energized.

Monitor terminal TB-A13.

PHASE ERROR

1. Check to see if voltage is availa-
ble between TB-B11 and B12, B12
and B10, and B10 and B11. Either
a blown fuse or single phase con-
dition exists.

Determine why voltage is not present.

2. During initial start-up the start cy-
cle was prevented because an in-
coming AC line out-of-phase con-
dition existed.

Rotate 2 of the incoming power leads L1, L2 or L3.
Check for proper motor rotation.
Alternately, change the 1Q-2000 control wiring by
rotating the following:

¢ Voitage TB-B11 exchanged with TB-B12

¢ Do not change the wiring to TB-B10

¢ Current TB-B4 exchanged with TB-B8
In either case clearly mark the new wiring and
update the drawings for future reference.

3. PT. ratio setpoint is set other than
0 when no potential transformers
are supplied in the application.

Set the PT. ratio setpoint to 0. Required when
testing starter with external 120 volit control.
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FUNCTION Window
Display Probable Cause Solution

OPEN/UNBAL PHASE

1a. If the value of the negative se-
quence current is 50% or more
of the positive sequence current,
a trip condition is initiated.

1b. Single phasing of motor.

Monitor the incoming AC line.

2. During initial start-up an out-of-
phase condition exists.

Rotate 2 of the incoming power leads L1, L2 or L3
Check for proper motor rotation.
Alternately, change the 1Q-2000 control wiring by
rotating the following:

« Voltage TB-B11 exchanged with T8-B12

o Do not change the wiring to TB-B10

¢ Current TB-B4 exchanged with TB-B8
Clearly mark the new wiring and update the
drawings for future reference.

KVAR Reads 0

The calculated lagging KVAR is
greater than -999

On large horsepower motors that are lightly load-
ed, itis possible to have a value larger than -999
KVAR. The 1Q-2000 is programmed to display 0.
Monitor the lagging power factor and percent of
full-load amps.

POWER FACTOR AND
KILOWATTS READS 0

Phasing between the Voltage & Cur-
rent signal is wrong

The 1Q-2000 is similar to a Wattmeter. Only one
possible combination of wiring from the Current
Transformers and Potential Transformers is
Correct.

The use of a Phasing meter to determine prop-
er phase relationship is recommended.

Without such an instrument, it is possible
through trial and error to correct. Leave the
Potential Transformer Connections as is and
“roll”” the Current Transformer connections.

Example TB-B4 to B6, B6 to B8 and B8 to B4.
This may have 1o be tried twice, “two rolis” to
obtain proper phase relationship. Make a final
calculation check reviewing the Voits, Amps,
Power Factor, KVAR and Kilowatts.

ILLEGAL INPUT

Two or more simultaneously input
contacts gave contradictory com-
mands.

Check all possible start and stop inputs.

TOO MANY STARTS 3

Too many start cycles have been at-
tempted for the programmed setpoint
value.

Verify that the start commands have been occur-
ring legally. (See Table 5.C for a description of
possible input terminals that can initiate start
commands.)

EMERGENCY STOP

LOCK-OUT STOP switch was
pushed, thereby energizing the E-
STOP terminal TB-A21 &

Depress the RESET pushbutton which opens the
LOCK-QUT STOP switch, thereby de-energizing
TB-A21.

number of minutes.

(1) Ground fault trips can be caused by either motor suppression
) See Paragraph 6.28 and Table 6.0 for a description of the C1, C2, C3 and C4 relays’ operation.
@ The message WAIT XXX MIN will be displayed in the VALUES windows of the Operat

@ Not ali motor starters have this optional switch.

or power factor correction devices. (See Paragraph 6.4 for details.)

or Panel at the same time. Here, XXX represents an actual
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7.2.2 Panel Inoperative — If the Operator Panel is inopera- DANGER

tive, either the LEDs and displays are off, or they are not If a Processor Module is replaced, it is necessary to re-
responding properly. In this case use the procedures listed program all setpoint values that apply to the specific '
in Table 7.0. When using the list, keep in mind that: 1Q-2000 application. Do not attempt to restart the motor

until all values are entered and validated. (Use the appli-
cation's Setpoint Record Sheet and Paragraph 4.3.) Dam-
age to equipment and/or personnel may occur if this
procedure is not followed.

* The most probable problems or the simplest to verify are
listed first. For this reason, always follow the order of the
Table's suggestions.

* |f the Processor Module, RTD Module or main chassis
requires replacement, refer to Chapter 8 for recom-
mended procedures.

Table 7.0
TROUBLESHOOTING: OPERATOR PANEL INOPERATIVE

Symptom Probable Cause Solution

All LED's and display Incoming AC deficient Verify that 120 VAC (+15%) exists between ter-

windows off or unintei- minals TB-P2 and TB-P3. (Refer to the Ampgard

ligible Schematic or equivalent to further isolate a defi-
cient AC line.)

Blown fuse Check the fuse located on the Processor Module.

Processor Chassis or Operator Panel e Verify that all connections to the terminal

malifunction blocks are secure and that the connectors are

installed properly. (
¢ Turn Keyswitch to the PROGRAM position for

5 seconds. Then return to the RUN position.

« |f ait connections and connectors are OK and
the Qperator Panel is still inoperative, then re-
place the Processor Chassis. (1]

Display windows blank A display sequence, as described in When in the run mode, press the STEP push-
RUN LED on Par. 7.1.2, is completed button to display line voltage. This also verifies
that the Operator Panel is functional.

CHECKSUM or Data transfer loss Turn the Keyswitch to the PROGRAM position
REPROGRAM EE ROM for 10 seconds. Then return the Keyswitch to the
is displayed in the RUN position. After 15 seconds the message
FUNCTION window READY will be displayed.

ROM CKSUM ERROR Processor Module malfunction Replace the Processor Chassis. [

is displayed in the
FUNCTION window

OPTO COUPLER BAD Processor Module maifunction Replace the Processor Chassis. 1
is displayed in the
FUNCTION window

{3 if the mattunction persists after the Processor Chassis is replaced, the Operator Panet of the 1Q-2000 shouid be replaced.
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Section 8

UNIT REPLACEMENT

8.0 General — This Chapter lists a step-by-step approach to DANGER

be followed when replacing the following items: i a Processor Module is replaced, it is necessary to re-

« Processor Module (Par. 8.1) program alf §etpoint values that apply to the specific

1Q-2000 application. Do not attempt to restart the motor

e RTD Module (Par. 8.2) until all values are entered and validated. (Use the appli-

. cation’s Setpoint Record Sheet and Paragraph 4.3.) Per-

* 1Q-2000 Chassis (Par. 83) sonnel injury and/or damage to the equipment may occur
Before replacement, refer to the information on isolating a mal- if this procedure is not followed.

function in Chapter 7 to make sure that possible malfunctions

external to the Processor and RTD Modules have been

eliminated.

8.1 Processor Module Replacement — The following proce-

Always conform to the following cautions when performing dure lists the steps ed 10 replace the P ssor Module:

any maintenance functions.
Step 1 — Remove AC power at the main disconnect or the
DANGER isolation switch of the starter. Verify that all “foreign” power

The following p lures must be performed only by quali- sources to the starter cabinet are disconnected.
fied personnel who are familiar with the 1Q-2000 and its Step 2 — Gain access to the Chassis of the 1Q-2000 by pull-

ie associated controlied motor and machines. Failure to ob- ing the draw-out panel as far forward as it will travel.
serve this caution can result in serious or even fatal per-

sonal injury and/or equipment damage.

Step 3 — Remove the screw securing the Chassis door of
the 1Q-2000, and open the door. (See Figure 8.1.)

Processor-to- ;'r Screws s'ecu‘ring
RTD Module X Communication Card
Connector Cable o
— N § Cable t
able to
FTD Module é/\z J - Operator Panel
b | N
RTD Module DC ':
Power Connector /.%‘_ :
Chassis door

Screw securing chassis door

/.
oo
ARV RS 282C
: w v Connector
TB-A
<4—— Communication

Card

Figure 8.1 — 1Q-2000 Chassis
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Step 4 — Verify that all wires connecting to the terminais of
the terminal blocks TB-A, TB-B and TB-P are marked and that
it is apparent which designations relate to which terminals.

Step 5 — Loosen each screw terminal and remove the wires
from the terminal blocks.

Step 6 — Unscrew the 2 flat-head screws securing the cable
connected between the Processor Module and the Operator
Panel. (See Figure B.1.) Note: alternately turn each screw a
few turns CCW to prevent the connector from being skewed
and damaging the pins.

Step 7 — Remove the connector of the Operator Panel Cable.

Perform Steps 8 and 9 if the optional Communication Card
is contained in the application.

Step 8 — Remove the 2 screws securing the connector of
the Communication Card. Note: Alternately, turn each screw
a few turns CCW to prevent the connector from being skewed
and damaging the pins.

Step 9 — Remove the 2 screws securing the Communica-
tion Card to the chassis of the 1Q-2000. (See Figure 8.1.)

Step 10 — Unplug the DC power connector of the Processor
Module.

Step 11 — If the optional RTD Module is contained in the ap-
plication, unplug the Processor-to-RTD Module Connector Ca-
ble at the Processor Module end.

Step 12 — Remove the 4 screws located in each corner of
the Processor Module to remove the Module from the chassis.

Step 13 — Reverse the procedgre listed in Steps 2 thru 12
to install a replacement Processor Module.

8.2 RTD Module Replacement — The following procedure
lists the steps needed to replace the RTD Module:

Step 1 — Remove the AC power at the main disconnect
switch.

Step 2 — Gain access o the 1Q-2000 chassis by pulling the
draw-out panel as far forward as it will travel.

Step 3 — Verify that ail wires connecting to the terminals of
terminal block TB-R are clearly marked and it is clear which
terminal relates to the designations. (See Figure 8.1.)

Step 4 — Loosen each screw terminal and remove the wires
from them.

Step 5 — Remove the screw securing the chassis door of the
1Q-2000 and open the door.

Step 6 — Remove the Processor Module-to-RTD Module Con-
nector Cable at the RTD Module end.

Step 7 — Remove the DC Power Connector of the RTD
Module.

Step 8 — Remove the 6 screws securing the RTD Module.

Step 9 — Reverse Steps 2 thru 8 to install a replacement RTD
Module.

8.3 1Q-2000 Chassis Replacement — The following proce-
dure lists the steps needed to replace the Chassis of the
1Q-2000:

Step 1 — Remove AC power at the main disconnect or the
isolation switch of the starter. Verify that all “foreign” power
sources to the starter cabinet are disconnected.

Step 2 — Refer to Processor Module, Paragraph 8.1, Steps
2,4,5 6 and 7.

Step 3 — If the optional RTD Module is contained in the ap-
plication, remove it as described in Paragraph 8.2.

Step 4 — if the optional Communication Card is contained
in the applicator, remove as described in Paragraph 8.1, Steps
8 and 9.

Step 5 — Verify that ali wires connected to the incoming AC
terminal block, TB-P1, P2 and P3, are marked and that it is
apparent which designations relate to which terminals.

Step 6 — Remove the 4 screws securing the main chassis
of the 1Q-2000 to the mounting panel.

Step 7 — Reverse the procedure listed in Steps 2 thru 5 to
install a replacement iIQ-2000 Main Chassis.

8.4 Terminal Identification — Identification for the external
terminals of the 1Q-2000's TB-A, -B, and -P are shown in Fig-
ure 8.2. For terminal identification on the RTD Module's TB-
R, refer to Figure 33.
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TB-A
2; } Local Area Network
A3 | —— RVS/SLOW RVS-MOM input
A4 | —— FAST/FWD MAINTENANCE
A5 | —— RVS/SLOW RVS-MAINT. input
A6 | —— FWD/SLOW FWD-MAINT. input
A7 | — RUN ENABLE input
AB | —— PRE-STOP REPORT-BACK
A9 | —— FWD/SLOW FWD-MOM input
A10] —— PRE-START REPORT-BACK
Inputsj A1l | —— FAST FWD MOMENTARY
A12| —— L ACCEL PERM input
A13| —— REMOTE TRIP input
A14] —— INCOMPL SEQ REPORT-BACK
A15] —— C1 REPORT-BACK
A16| —— C2 REPORT-BACK
A17| —— C3 REPORT-BACK
A18] —— C4 REPORT-BACK
A19| — For future use
A20{ — For future use
{ [A21] —— E-STOP input
A22] —— Common to TB-P2
~ ¢ A23
f: A24 } Trip relay contacts
~=JA25
E A26
A27 } Alarm relay contacts
A28
A29
g A30 } Unused, for future use
T A3t
A32
i A33 } Pre-stop relay contacts
OutputsT ~—JlA34
A35
g A36 } Pre-start relay contacts
TJA37
A38
g A39 } Post-stop relay contacts
L "THA40

Figure 8.2 — Terminal Designations
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B32

T8-B
({81 | —— Ground fault xfmr. COMM
B2 | ——— Ground fault xfmr. input
83 | — Current xfmr. C COMM
B4 | —— Current xfmr. C input
B5 | ™ Current xfmr. 8 COMM
Inputs ¢ [B6 | ™ Current xtmr. B input
B7 | — Current xfmr. A COMM
B8 | ——— Current xfmr. A input
B9 | — For future use
B10| — Potential xfmr. COMM
811| ——— Potential xfmr. input (VCB)
\ {B12] —— Potential xtmr. input (VAB)
B13| —— Inactive Terminal
B14| — For future use
-—1B15
E B16 } E-stop relay contacts
B17
== g:g } Relay C1 (coil 1)
B20 (
L] g:; } Relay C2 (coil 2)
{ B23
I—B24
{ 825 } Relay C3 (coil 3)
B26
827 }
E B28 Relay C4 (coil 4)
829
830
E B31 } Post-start relay contacts

TB-P

line P2 AC lo, L2 on the optional RTD Module,
power P3 AC hi, L1 see Figure 3.3.

120 VAC { P1 Gnd Note: for terminal designations

Figure 8.2 — Terminal Designations
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