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Customer Service
EMERSON Motion Control offers a wide range of services to support our 
customer’s needs. Listed below are some examples of these services.

Service Support (612) 474-8833
EMERSON Motion Control’s products are backed by a team of 
professionals who will service your installation wherever it may be. Our 
customer service center in Minneapolis, Minnesota is ready to help you 
solve those occasional problems over the telephone. Our customer service 
center is available 24 hours a day for emergency service to help speed any 
problem solving. Also, all hardware replacement parts, should they ever be 
needed, are available through our customer service organization.

Need on-site help? EMERSON Motion Control provides service, in most 
cases, the next day. Just call EMERSON’s customer service center when 
on-site service or maintenance is required.

Training Services (612) 474-1116
EMERSON Motion Control maintains a highly trained staff of instructors 
to familiarize customers with EMERSON Motion Control’s products and 
their applications. A number of courses are offered, many of which can be 
taught in your plant upon request.

Application Engineering
An experienced staff of factory application engineers provided complete 
customer support for tough or complex applications. Our engineers offer 
you a broad base of experience and knowledge of electronic motion control 
applications.

Bulletin Board System (612) 474-8835
EMERSON Motion Control maintains a BBS which provides you access to 
software updates, and technical information and services.

Communications protocol: 300 to 28,800 baud, N, 8, 1

FAX (612) 474-8711

Internet Website www.emersonemc.com
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Introduction
Basic Motion Control

A motion control system provides programmable control of speed and 
positioning of motors. Controlling motion includes the ability to accelerate 
and decelerate, control the velocity and achieve accurate positioning of the 
motor shaft.

An EMERSON Motion Control System consists of an FX Positioning Drive, 
which includes the microprocessor controlled amplifier, a DX (230V) Series 
Brushless Servo Motor of correct torque rating, and motor cabling as shown 
in Figure 1, “Basic FX Drive,” on page 1.

Figure 1 Basic FX Drive

Modes Of Operation
There are five modes of operation available on the basic drive. These modes 
are Indexing, Analog Velocity, Analog Torque, Pulse/Pulse and Pulse/
Direction. FX drives are shipped from the factory in the Indexing/Pulse-
Pulse mode.

Indexing
The primary operating mode of the FX drive is the Indexing Mode. The 
Indexing Mode is available at all times and is independent of any 
alternative operating mode switch settings.

230V FX Drives Setup
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The basic drive provides up to thirty-two different moves or “indexes” that 
can be pre-programmed using PCX user interface software. All parameters 
are stored in the FX drive’s non-volatile memory. Each index is a complete 
and unique motion sequence.

Commands to start these indexes plus other commands such as Stop, Jog 
and Home may be input from a Programmable Logic Controller (PLC), an 
operator interface or through serial communications. Setup of the I/O 
functions is fully explained in the “PCX Software Setup and Operation” 
section of this manual. Serial commands are listed in the FX Drives Serial 
Commands Manual (P/N 400255-00).

Figure 2 Indexing

Analog and Pulse Inputs
A 15 pin female “D” type connector is provided on the FX drive for pulse and 
analog inputs. The pulse input allows direct control of motor velocity and 
position from a series of pulses. The velocity of the motor is determined by 
the rate at which the pulses are received. The position is determined by the 
number of pulses received.

An analog input provides direct control of motor shaft velocity or available 
torque. Velocity or torque is proportional to the applied voltage. The input 
can be Ø to ±10 VDC.

Analog Velocity
In Analog Velocity Mode the motor shaft velocity is proportional to an 
analog voltage applied to the drive. The drive is now strictly a velocity 
control and the position loop is disabled. The Analog Velocity Mode Analog 
Velocity Mode is selected with a specific setting of front panel DIP switches.

Figure 3 Analog Velocity Mode
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Analog Torque
In the Analog Torque Mode the motor shaft torque is proportional to the 
analog voltage applied to the command connector. The Analog Torque 
Mode is selected with a specific setting of front panel DIP switches. If the 
motor shaft encounters no resistance and torque is commanded, the motor 
will run away.

Figure 4 Analog Torque Mode

Pulse/Pulse
In the Pulse/Pulse Mode (factory default) there are two inputs. One of the 
inputs is used for clockwise pulses; the other, counterclockwise pulses. 
Supplying a pulse train to the clockwise input moves the motor shaft in a 
clockwise direction. Conversely, supplying a pulse train to the 
counterclockwise input moves the motor shaft in a counterclockwise 
direction. The Pulse/Pulse Mode is selected with specific front panel DIP 
switch settings. The FX drive may be commanded to execute Indexes, Jog 
and Home moves when in this mode.

Pulse/Direction
The Pulse/Direction Mode uses two separate inputs (the same as used for 
clockwise and counterclockwise inputs), for pulse inputs and direction 
inputs. When pulses are applied to the pulse input, the direction of the 
motor shaft is controlled by the direction input.
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Serial Communications
The FX drive is capable of two-way communication with an external 
controller or computer using an optically isolated RS-423 serial interface 
port. RS-423 is signal compatible with both RS-232C and RS-422 serial 
communications protocol. Programming of motion parameters, input/
output functions, operating modes, indexes, and setup parameters can be 
accomplished through this serial interface port. Amplifier status and motor 
position information is also available through serial communications.

The serial interface may be used as a “real-time” control interface. 
However, due to transmission time, consideration must be given to system 
performance requirements prior to applying this method for real-time 
control. Stop commands, for example, may not be executed fast enough.

Multi-drop serial cables can be used to connect up to thirty-one (31) drives 
to a single COM port. In a multi-drop setup, each drive must have a unique 
axis identifier code. The identifier codes are set using DIP switches on the 
front panel. An example of a multi-axis connection is shown in Figure 5, 
“Serial Communication Multi-Drop Setup,” on page 4.

Figure 5 Serial Communication Multi-Drop Setup

MULTI-DROP CABLE FROM
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Input/Output Functions
The FX drive is equipped with eight optically isolated input lines and four 
optically isolated output lines. Each input and output line has two screw 
terminals associated with it. The first eight pairs of terminals, numbered 1 
through 8, are inputs and the last four pairs of terminals, numbered 9 
through 12, are outputs. Each of these I/O lines can be configured to 
perform a variety of motion control functions. These I/O functions are 
assigned to the I/O lines using PCX, user interface software, used to 
configure the FX drive. Setup of the I/O functions is explained in the “PCX 
Software Setup and Operation” section of this manual.

Figure 6 I/O Functions Example
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These inputs and outputs can connect to a PLC, limit switches, or switches 
and indicators on an operator’s control panel. An LED indicator associated 
with each input and output provides visual feedback of I/O activity.

Figure 7 I/O Terminals
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Product Introduction
The motion control solution consists of three essential pieces that form the 
basic system. The components are an FX Positioning Drive, DX Series 
Brushless Servo Motor and motor cabling. This basic system can be 
enhanced with the addition of snap-on application modules or peripheral 
equipment.

FX Amplifiers and DX Motors
The FX drives are capable of driving motors with torque ratings from 8 to 
400 lb-in (pounds per inch) continuous output and speeds to 5000 RPM 
(revolutions per minute).

DX motors are available in sizes that match each of the FX amplifiers’ 
power output. Many of the motors are available in metric or English flange 
and shaft combinations. A holding brake is also available with most DX 
motors.

Most models are available with two standard styles of electrical 
connections. The first style has “MS” (Military Specification) connectors; 
the second style has internal terminal strips. Pre-assembled cables for 
resolver feedback and stator wiring are available for DX motors ordered 
with MS style connectors. DX motors without MS style connectors meet 
IP65 waterproofing standards for operation in a wash-down environment. 
Pre-assembled cables for resolver feedback are also available for DX motors 
without MS style connectors.

Resolver Cables
Pre-assembled resolver cables that connect the low voltage resolver and 
motor thermostat signals from the DX motor to the FX amplifier are 
available in three standard lengths: 15, 25 and 50 feet (100 feet is the 
maximum cable length allowed without EMERSON Motion Control factory 
approval.) There are two styles of resolver cables available for DX motors 
(RC-XXX and ECF-XXX). The RC-XXX cable is used for motors without MS 
connectors and the ECF-XXX cable is used for motors with MS connectors.

Stator Cables
For DX motors with MS style connectors a stator cable for the three motor 
phases and ground wires and the optional brake is available in three 
standard lengths: 15, 25 and 50 feet. For DX motors without MS style 
connectors, the stator wiring for the three motor phases and ground wires 
and the optional brake can be ordered from EMERSON Motion Control or 
can be supplied by the user.

230V FX Drives Setup
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Application Modules
An “application module” can be added to increase the capabilities of the 
basic FX drive for applications that require more sophisticated motion 
control. Application modules are mounted on the FX drive by two snap 
handles located at the top and bottom of the module. When the module is 
in position, electrical connection is automatically made using a 48 position 
connector on the FX drive. 

Twelve additional optically isolated I/O are available (eight input and four 
output) using removable terminal blocks with screw terminals. The inputs 
are numbered 13 through 20 and the outputs are numbered 21 through 24.

A summary of the available features is shown below. Table 1 on page 9 
provides a cross reference of available features with appropriate modules.

• Expanded I/O: IOM-1 and all application modules. Twelve 
additional I/O lines (eight input and four output) provide additional 
I/O capacity.

• Memory Expansion: All application modules except IOM-1. 
Memory to support complex programming and storage.

• Programs: All application modules except IOM-1. Programs allow 
you to link Indexes and other functions together for more complex 
moves.

• Parallel Interface: IOM-1 and PCM-1, 2 and 4. The parallel 
interface feature allows the use of thumbwheels and T-16 numeric 
displays for programming and drive information.

• Ratio Control: PCM-15, 16, 17, 18, 19, 22, 23, 24 and IBS-15. Ratio 
Control permits the FX drive to synchronize motion with an external 
encoder or another FX drive/PCM module combination. A 25 pin 
socket is provided for connection to an encoder cable. A through 
connector allows multiple axes to be synchronized to an external 
encoder or to each other.

• Suspend/Resume: All application modules except IOM-1. Suspend/
Resume allows you to suspend the motion in progress, move the 
machine to a position not within that program, perform other 
operations and then return and complete the remainder of the 
original program.

• Web Loop Control: PCM-18 only. Loop control is used in web control 
applications to achieve constant web speed when the take-up roll or 
unwind roll is center wound by an FX drive.

• Press Feed: PCM-24 only. The PCM-24 provides sophisticated 
control of a press feed application with minimal operator 
programming experience. The PCM-24 synchronizes the feed to the 
press cycle using a master synchronization encoder which tracks the 
position of a press ram.
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• Cam Profiler: PCM-23 only. Electronically simulates a mechanical 
Cam.

• Flying Cutoff: PCM-14, 15 and 24. Flying cutoff provides accurate 
length cuts for almost any process.

• Slip Compensation: PCM-14 and 24. Automatically compensates for 
product slip to maintain precise positioning.

Application modules should never be installed or removed with power 
applied to the drive.

Table 1 Features by Module Type

Expanded
I/O

Memory
Expansion

Programs
Thumbwheel

Display
Ratio

Control
Phase
Sync

Multiple
Axis Ratio

Control

Suspend
Resume

Web
Loop

Control

IOM-1 Yes No No Yes No No No No No

PCM-1 Yes Yes Yes Yes No No No Yes No

PCM-2 Yes Yes Yes Yes Yes No No Yes No

PCM-4 Yes Yes Yes Yes Yes No No Yes No

PCM-5 Yes Yes Yes No Yes No Yes Yes No

PCM-11 Yes Yes Yes No Yes No Yes Yes No

PCM-14 Yes Yes Yes No Yes No Yes Yes No

PCM-15 Yes Yes Yes No Yes No Yes Yes No

PCM-16 Yes Yes Yes No Yes Yes Yes Yes No

PCM-17 Yes Yes Yes No Yes No Yes Yes No

PCM-18 Yes Yes Yes No Yes No Yes Yes Yes

PCM-19 Yes Yes Yes No Yes No Yes Yes No

PCM-22 Yes Yes Yes No Yes Yes Yes Yes No

PCM-23 Yes Yes Yes No Yes No Yes Yes No

PCM-24 Yes Yes Yes No Yes No Yes Yes No
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Peripheral Equipment
Additional peripherals such as thumbwheels, remote display and a fully 
functioned Data Entry Terminal may also be added to enhance the basic 
system.

Thumbwheels

Available with the IOM-1, PCM-1, -2, -4 and -5 modules. Thumbwheels 
allow you alter basic index parameters through the Parallel Interface 
connector located on the application modules listed. You can set up the 
thumbwheel to change velocities, distances/positions, dwell times, index 
counts, etc.

All thumbwheels are mounted in a small self-contained enclosure. Pre-
assembled cables may be purchased for electrical connection to the 
application module.

T-16 Numeric Display

Available with the IOM-1, PCM-1, -2, -4 and -5 modules. The T-16 displays 
the position or velocity of the FX drive through the parallel interface 
connector. The large LED’s are easily visible at a distance to allow 
monitoring at different positions on the machine. Pre-assembled cables 
may be purchased for electrical connection to the application module.

T-21 Data Entry Terminal

The T-21 Data Entry Terminal allows you to enter data and display 
different motion parameters. The T-21 can also be programmed to display 
up to 98 user specific messages unique to the application. The T-21 
communicates with the FX drive through the serial interface. No 
application module is required. Consult the EMERSON Motion Control 
Product Catalog (410153-01) or T-21 Data Entry Terminal Manual 
(400192-00) for further details.

T-60 Operator Interface

The T-60 Operator Interface Terminal allows you to quickly and easily set 
up and operate a FX drive. The T-60 is perfect for providing flexible overall 
control and operator interface for just about any application which needs 
an easy to use, intelligent operator interface. The T-60 communicates with 
the FX drive through the serial interface. No application module is 
required. Consult the EMERSON Motion Control Product Catalog 
(410153-01) or T-60 Operator Interface Terminal Manual (400295-00) for 
further details.
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Overview
The following installation requirements, methods and procedures are 
provided to assure reliable, trouble free installation and operation of the 
FX drive.

The methods and procedures outlined on the following pages include safety 
considerations, site requirements, power and fusing requirements, 
transformer and wire sizing, noise suppression and I/O wiring.

Safety Considerations
You have the responsibility to comply with the safety requirements of your 
system. This includes installing your system with an appropriate master 
disconnect switch for emergency shut down using the proper wire and, if 
necessary, a properly sized transformer.

You can separate the logic AC power and the bridge AC power so that only 
the bridge AC power is removed when an interlock or emergency stop 
switch is activated. This arrangement allows the FX drive to retain the 
motor position in memory when power is removed from the motor. This 
makes, a home move unnecessary after bridge power is restored. 
Remember, it is up to you to determine if this is a safe condition.

The typical bus dissipation time to less than 40 volts is four minutes. Forty 
(40) Volts is considered a safe voltage level by UL (Underwriters 
Laboratory); however, this is still enough power to rotate the motor shaft. 
Dissipation to less than 40 volts can take longer than 4 minutes if a fault 
condition exists that causes the bridge to be disabled during the dissipation 
time. The time it takes to dissipate the energy in the bus capacitance 
greatly depends on the torque and speed being produced when external 
power is removed (i.e., the current being drawn out of the capacitors).

Failure to follow safe installation guidelines can cause death or serious 
injury. You are responsible for providing emergency interlock switches 
that will remove AC power from the system any time the emergency stop 
is activated. The safety ground connections should only be disconnected 
for servicing, and only after all AC power has been removed. Even after 
the removal of AC power, there is still stored energy in the drives that 
must be dissipated before servicing. Wait a minimum of eight minutes 
before servicing 230V drives.

     WARNING!
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Figure 8, “External Disconnect Example (FX-208 through FX-6120),” on 
page 12 shows how to remove the AC power if the bridge and logic power 
are wired separately on the FX-208 through FX-6120 drives. If the logic 
power is jumpered to the bridge power, the optional disconnects are not 
needed.

Figure 8 External Disconnect Example (FX-208 through FX-6120)

Figure 9, “External Disconnect Example (FX-6200 through FX8400),” on 
page 12 shows how to remove the AC power if the bridge and logic power 
are wired separately on the FX-6200 through FX-8400. If the logic power is 
wired separately, the logic AC power switch must be set to the AUX 
position before power is applied. The FX-620 through FX-8400 drives are 
shipped from the factory with this switch in the Main position.

Figure 9 External Disconnect Example (FX-6200 through FX8400)
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UL Notes/Requirements

for UL purposes. (Example: Bussman® or Littlefuse®, KTK-R-15, KTK-15, 

FX drive models (FX-208 through FX-6120) manufactured with the UL 

order to comply with UL requirements you must incorporate fuse 
Table 4, “Recommended Fusing 

requirements. Figure 10, “Fuse Wiring - UL,” on page 13 shows the two 

an additional 20A 600V fuse is necessary for L3. For either option, the fuses 
Table 4, “Recommended 

Figure 10

The FX drive models DO NOT have overspeed protection. However, at the 

mechanical speed specification of the standard DX motors.

Specifications” section for thermal derating guidelines). These derating 

Failure to follow safe installation guidelines can cause death or serious 

FX-6200 through FX-8400 models only: 

power before sending any type of motion command to allow the Soft 

the drive.

     WARNING!
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Overload protection is provided by using a UL recognized thermal switch, 
class XEWR2. EMERSON Motion Control motors are protected by the UL 
recognized thermal switch listed in number 1 below.

Additional thermal protection is provided in the NPT (National Standard 
Pipe Thread) version motor with a second thermal switch (number 2 below) 
in series with the standard number 1 thermal switch.

1. PEPI
155° C thermal switch (motor windings)
Type CH-sealed (MA-10049) 
UL class XEWR2 File E42562

2. Airpax
80° C ±5° C (for PVC wire usage)
Series 6600 thermostat P/N 66L 080
UL class XAPX2 File E36687

3. Thermo Disc
85° C thermal switch
Type 36T21 22228
UL File E19279

Additional protection against motor overload is provided by internal drive 
diagnostic features. If normal operating parameters are exceeded, the 
seven segment diagnostic display on this drive will indicate one of the fault 
conditions below, at which time power will be removed from the motor (see 
“Troubleshooting” for a complete description).

Site Requirements
The FX amplifier normally back-mounts to a standard metal NEMA 
(National Electrical Manufacturers Association) enclosure.

AC line power for both the logic power and bridge power is connected to the 
screw terminals on the bottom of the FX amplifier. The bridge AC power 
can be joined by external jumpers or wired separately (see “Power Line 
Requirements” for AC current requirements).

Code On
Display

Fault Description

1 Indicates that the average current to the motor has exceeded 
the continuous current rating.

5 Indicates that one of two thermal switches in the motor 
(number 1 and number 2 above) has exceeded the limit.

7 Indicates that the thermal switch on the power electronics 
heat sink (number 3 above) in the drive has exceeded the 
limit. This may indicate that the drive and motor are 
undersized for the application.
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The internal AC power line protection varies according to the model. The 
FX-208 through FX-455 and FX-6200 through FX-8400 provide internal 
fusing on the Logic AC inputs and a thermal circuit breaker on the Bridge 
AC inputs. The FX-490, 4120 and 6120 drives have internal fusing on the 
AC Logic inputs and a DC bus fuse for the Bridge AC input protection.

This DC bus fuse protects against failures that occur after the AC voltage 
has been rectified.

For all FX drives, it is strongly recommended (and required on the FX-208 
through FX-6120 drives for UL compliance) that you provide external 
fusing. The table below shows the fuse values for the FX-208 through FX-
8400 drives.

Table 4 Recommended Fusing Sizing and Wiring Gauges

* In order to comply with UL listing you must incorporate fuse 
protection for the incoming AC power with the minimum rating 
shown here. The AIC (Amperes Interrupting Capacity) rating is 
5000 amps minimum for all FX drives

If the bridge AC power is wired separately from the logic AC power, the 
logic AC power must always be applied first during a power-up.

Drive Model
External Bridge

Fusing Sizes
External Logic
Fusing Sizes

Recommended
Minimum Bridge

Wire Gauge

FX-208* 15 AMP 5 AMP 16 AWG

FX-316* 15 AMP 5 AMP 16 AWG

FX-340* 15 AMP 5 AMP 14 AWG

FX-455* 15 AMP 5 AMP 14 AWG

FX-490* 20 AMP 5 AMP 14 AWG

FX-4120* 20 AMP 5 AMP 12 AWG

FX-6120* 20 AMP 5 AMP 12 AWG

FX-6200 20 AMP 5 AMP 12 AWG

FX-6300 30 AMP 5 AMP 10 AWG

FX-8200 20 AMP 5 AMP 12 AWG

FX-8300 30 AMP 5 AMP 10 AWG

FX-8400 40 AMP 5 AMP 8 AWG

    CAUTION!
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Power Line Requirements 
FX-208 Through FX-6120

The FX-208 through FX-455 are designed to operate on a 50/60 Hz, single 
phase AC power line. The FX-490, 4120 and FX-6120 are designed to 
operate on a 50/60 Hz, three phase power line. The AC voltage of this power 
line must be within 90-264 VAC and be free of voltage transients which 
exceed this range. If the AC power does not meet these specifications, AC 
line conditioning is required.

Insufficient or incorrectly applied AC line power is a major cause of 
application problems. Wire sizing and transformer selection should be done 
carefully. The bridge AC current requirements will vary greatly depending 
on the amplifier model, type of application and the load requirements. A 
more detailed explanation is given in the “Transformer Sizing” section on 
page 22. Also see Table 5, “Typical Line Ampacities and Wire Gauges for 
AC Power Lines Less Than 50 Feet,” on page 23, which shows the typical 
line ampacities and wire gauges for AC power.

The FX-208 through FX-455 bridge circuit breaker is mounted on the 
bottom of the amplifier. This bridge circuit breaker can be used to perform 
maintenance. If the bridge circuit breaker or fuse is open or bus power has 
been interrupted, the drive will display a “6”. A “6” fault can also be caused 
by a low AC line voltage. The drive must be manually reset after restoring 
power. If logic power is maintained while bridge power is off, position 
information remains in memory even if the motor shaft is moved. In most 
applications a Home cycle will not be needed when bridge power is 
restored.

The available speed and torque will vary with the supplied voltage. Please 
check the torque speed curves in the Product Specifications section.

The logic AC current requirement for the FX-208 through FX-6120 can be 
met with a 115VAC, 1.0ARMS source. However, on power up the logic power 
supply has an inrush current that is typically 25A peak at 100VAC and 50A 
peak at 200VAC. You must consider this inrush current when you choose a 
logic power source and logic AC power fusing. The logic AC voltage, for FX-
208 through FX-6120, must be between 90-264 VAC.

The AC input lines are connected to the terminal strip located on the 
bottom plate of the amplifier. Figure 8, “External Disconnect Example (FX-
208 through FX-6120),” on page 12 shows the connections for AC line wires 
for the FX-208 through FX-455. Figure 9, “External Disconnect Example 
(FX-6200 through FX8400),” on page 12 shows the AC line connection for 
the FX-490, FX- 4120 and FX-6120. 

The FX-490, 4120 and 6120 amplifiers are designed for operation from 
230VAC three phase power. 230VAC single phase can be used, but the 
continuous operating line on the torque-speed curve must be de-rated by 
twenty percent. If single phase power is used, any pair of L1, L2 or L3 can 
be used.
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The power disconnect and the fusing are not shown in the figures below.

Figure 11 Typical Single Phase 230 VAC (FX-208 Through FX-455)

Figure 12 Typical Three Phase 230 VAC (FX-490 Through FX-6120)

Failure to follow safe installation guidelines can cause death or serious 
injury. To insure proper operation after a power down you should wait a 
minimum of ten seconds before reapplication of power. If logic and 
bridge AC power are wired separately, the AC power must always be 
applied to the logic terminals BEFORE the bridge terminals.
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FX-6200 Through FX-8400
The FX-6200 through FX-8400 Amplifiers are designed to operate on a 50/
60 Hz, three phase AC power line. The AC voltage of this power line must 
be within 196 to 264 VAC and be free of voltage transients which exceed 
this range. If you find that your AC power does not meet these 
specifications, AC line conditioning is required. Wire sizing and 
transformer selection should be done carefully.

The AC input lines are connected to the amplifier by means of terminal 
blocks located on the bottom plate of the drive.

An external AC voltage of 196 to 264 VAC single phase for separate logic 
power can be connected to the AUX AC power input terminals (L1, L2 and 
GND). For these applications the main/auxiliary switch must be switched 
to the AUX position before applying power.

Logic AC power is now separated from the high power circuits that create 
the motor +BUS voltage. The AC power supply voltage can now be removed 
from the three phase L1/L2/L3 and GND terminals, without removing logic 
power.

Figure 13 Typical Three Phase Connection (FX-6200 Through FX-8400)

An uninterruptable power supply of 220 VAC at 1 Amp is adequate for 
power to the Auxiliary Input on the FX-6200 through FX-8400.
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Power and Fusing Considerations
The most significant AC power problem occurs when the secondary of the 
AC distribution transformer is not electrically referenced to earth ground 
(i.e., left floating). In this case, the voltages that develop between the AC 
power lines and earth ground can continuously exceed the rated voltage of 
264 VAC. If this happens, the protection circuit in the FX amplifier will try 
to suppress this excess voltage. If the condition is prolonged the FX 
amplifier protection circuits will fail.

The FX amplifiers were designed to protect against load switching 
transients, lightning strikes and various system faults that can cause short 
duration voltage surges. The protection devices were chosen to meet the 
requirements of the International Electrotechnical Commission 
specification, IEC-801, Part 5 and the American National Standards 
Institute/Institute of Electrical and Electronics Engineers specification, 
ANSI/IEEE C62.41 surge testing standards. These standards specify 
applying voltage surges between the lines and the lines and ground.

You can limit continuous voltage between lines by providing a connection 
between the secondary of the AC power transformer and earth ground.

Installation of FX amplifiers in Canada and the USA that comply with local 
electrical codes should not have problems. However, if local codes are not 
followed the power schemes described below can cause an over voltage 
problem between the AC lines and the earth ground.

The following examples show AC power connections for single phase and 
three phase FX drives. These examples are shown for reference only. Local 
electrical codes should be consulted before installation.

Figure 14 Example 1, Earth Ground WYE Distribution Transformer

Failure to follow safe installation guidelines can cause death or serious 
injury. The only way to insure proper operation is to limit the continuous 
voltages between the power lines with respect to each other and with 
respect to earth ground to less than 264 VAC.

     WARNING!
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Figure 15 Example 2, Earth Grounded Delta Distribution Transformer

Figure 16 Example 5, Phase Delta/Delta Distribution to a Three Phase 
WYE/WYE Isolation Transformer

Figure 17 Three-Phase Delta/WYE Distribution to a Three Phase WYE/
WYE Isolation Transformer
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Transformer Sizing
Most applications will not require a transformer. However, in the following 
situations a transformer may be required:

• The secondary of the AC distribution transformer is not electrically 
referenced to earth ground (i.e., left floating).

• The nominal voltage available to the enclosure is greater than 240 
VAC. In this case, a step-down transformer is needed.

• The noise on the AC line is outside the suggested operating range of 
the equipment connected to the AC line. In this case, an isolation 
transformer may be required.

• The AC power is derived from an open delta, earthed midpoint power 
source.

If an input transformer is being used, the size of the transformer will be 
determined by the application requirements of the system. The easiest way 
to size a transformer is to calculate the continuous wattage rating of the 
amplifier and choose the transformer size accordingly. For purposes of this 
explanation, the wattage and transformer KVA rating will be used 
interchangeably. 

If your application has multiple axes, each of the drive’s KVA requirements 
must be added together to determine the proper transformer size. This 
method may oversize the transformer in a system where all of the drives 
may not operate at the same time.

The following parameters are required in order to correctly calculate and 
select the proper transformer size:

• The maximum motor speed in RPM that will be required for the 
motion profile.

A “constant voltage” ferro-resonant transformer is not recommended 
under any circumstances. This type of transformer is intended only for 
constant load applications, and can cause high voltage surges during 
power up.

Failure to follow safe installation guidelines can cause death or serious 
injury. When an FX drive is powered up, there is a large inrush current or 
surge current caused by the capacitance of the drive. This inrush current 
can cause the voltage to drop enough to cause positioning drive 
malfunctions. Because of this, the minimum size transformer for each 
axis is .5 KVA. If there are three axes of motion control on a system, the 
minimum size transformer is 1.5 KVA.

    CAUTION!

     WARNING!
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• The average torque in lb-ins required for the motion profile 
demanding the highest torque. This average value does not include 
dwell time.

The calculation to determine the KVA rating of the transformer is as 
follows:

• Single Phase

RPM x T(avg) x 0.018/1000 = KVA

• Three Phase

RPM x T(avg) x 0.01182/1000 = KVA

Where RPM is maximum required motor speed in RPM and T(avg) is the 
average torque required in lb-in.

After calculating the transformer size, select the correct transformer for 
the application. If the calculated transformer size is not a “standard” size, 
then the next larger size should be used. It is better to oversize than to 
undersize. If the KVA rating is too small, the available voltage to the drive 
will drop under heavy load conditions. This will decrease the available 
maximum speed of the drive.

Example 1. FX-455 (single phase):

From the FX-455 torque speed curves in the “Product Specifications” 
section with a 230 VAC input, the maximum torque available at the 
maximum speed is 41.25 lb-ins at 3000 RPM. Using these figures in the 
first formula:

3000 x 41.25 x 0.018/1000 = 2.23 KVA (single phase)

In this case, a 2.0 KVA transformer would be selected.

Example 2. FX-4120 (4120 three phase):

Again, from the FX-4120 torque speed curves in the “Product 
Specifications” section with a 230VAC input, the maximum torque 
available at the maximum speed is 90 lb-ins at 3000 RPM. Using these 
figures in the second formula:

3000 x 90 x 0.01182/1000 = 3.2 KVA (3 phase)

In this case, a 7.0 KVA transformer would be selected.

Example 3. Multiple Axis:

For multiple axis transformer sizing, you need to determine the torque and 
speed requirements for each axis. The two examples shown below cover two 
possible cases. Both FX drives draw current from a 230VAC supply 
transformer at the same time. One FX-490 drive operates at 80 lb-ins at 
2000 RPM and an FX-4120 operates at 100 lb-ins at 2500 RPM.

If your machine parameters change after the initial sizing such that a 
motion profile requires more than the original average torque, you should 
review the transformer size to be sure that it is adequate.



23

Installation Guidelines

Enter the values into the formula:

• [FX-490] 2000 RPM x 80 lb-ins x 0.01182/1000 = 1.9 KVA

• [FX-4120] 2500 RPM x 100 lb-ins x 0.01182/1000 = 2.95 KVA
Total KVA required = 1.9 + 2.95 = 4.85 KVA

In this example a 5 KVA transformer is selected.

The sizing examples above assume that no other components are attached 
to the same transformer.

Wire Sizing
It is very important, with respect to safety and machine performance, that 
you use the proper wire gauge for the installation. The table below 
identifies the amperage requirements for the FX drives. Use this table as a 
guideline to determine the appropriate wire sizes to use for proper 
installation.

Table 5 Typical Line Ampacities and Wire Gauges for AC Power Lines 
Less Than 50 Feet

Drive Model Typical Line Ampacities
AC Line Power

Recommended Minimum
Wire Gauge

FX-208 10 AMP 16 AWG

FX-316 10 AMP 16 AWG

FX-340 15 AMP 14 AWG

FX-455 15 AMP 14 AWG

FX-490 20 AMP 12 AWG

FX-4120 20 AMP 12 AWG

FX-6120 20 AMP 12 AWG

FX-6200 20 AMP 12 AWG

FX-6300 30 AMP 10 AWG

FX-8200 20 AMP 12 AWG

FX-8300 30 AMP 10 AWG

FX-8400 40 AMP 8 AWG

Failure to follow safe installation guidelines can cause death or serious 
injury. AC power lines that are longer than 50 feet may require a larger 
gauge than the values above.

    CAUTION!



24

230V FX Drives Setup and Programming Operator’s Manual

Wiring Techniques
If you are not sure of your grounding or signal wiring techniques, you 
should refer to the recommended practices according to the IEEE Ground 
Book, ANSI Standard C1141 and the National Electric Code (NEC). (See 
“Grounding”, “Power Considerations” and “Electrical Noise” suggestions in 
this manual).

Wiring of any industrial equipment should be done with some 
consideration for future troubleshooting and repair. All wiring should be 
either color coded or tagged with industrial wire tabs.

Grounding
The GND terminals of the drive are internally bonded to the chassis. The 
enclosure and drive grounds should be a common single point that 
ultimately is a continuous electrical path to earth ground. Figure 18, 
“Suggested Grounding Example,” on page 24 illustrates the suggested 
grounding arrangement.

Ground wires should not be shared with other equipment. Also ensure that 
metal to metal contact is made between the ground lug and the cabinet 
back.

Figure 18 Suggested Grounding Example
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Noise Suppression
Electrical Noise

You can greatly reduce the effects of electrical noise on electronic 
equipment when you follow the techniques outlined below.

If mixing wires cannot be avoided, then the low voltage control input and 
output wiring must be shielded. The shield for these wires should only be 
connected to ground at the source end of the cable.

1. Do not run low power control signals and high power wiring in the 
same raceway.

2. Do not connect both ends of a shielded cable to ground. You may 
create a ground loop condition which could be very difficult to locate.

3. Keep all wires in the system as short as possible with consideration 
for troubleshooting and repair.

4. Follow the recommended grounding arrangements.

5. Use suppression devices on relays and coils as outlined in the 
following section.

6. If control signal and high power wiring must cross, make sure they 
cross at a 90° angle.

Magnetic Coil Noise

To suppress transient noise in DC relay coils, install a diode across the coil 
in a direction that will cause the voltage transient to be dissipated through 
the diode.

Figure 19 DC Relay Coil

For noise suppression in AC relay coils, install a capacitor-resistor network 
across the coil to suppress the unwanted transient.

Figure 20 AC Relay Coil

The specific values of suppresser resistance and capacitance required may 
vary depending on the inductance of the coil. Consult the relay 
manufacturer for the proper values to use. These suppresser networks 
greatly extend the life of contacts controlling the coil because the transient 
energy, which can easily reach 1000 volts, shunts through the suppresser 

COILDC LINE
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-
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GREATER
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rather than arcing across the controlling contacts as they open. Some 
suppressor networks extend the time needed to engage the relay.

Enclosure Requirements
FX drives are designed for the industrial environment. However, no 
sophisticated electronic system can tolerate atmospheric contaminants 
such as moisture, oils, conductive dust, chemical contaminants and 
metallic particles. Therefore, if your FX drive is going to be subjected to this 
type of environment, you must mount it vertically in a metal NEMA type 
12 enclosure.

If the equipment environment exceeds 26° C (80° F), you should consider 
forced air cooling. The amount of cooling depends on the size of the 
enclosure, the thermal transfer of the enclosure to the ambient air and the 
amount of power being dissipated inside the enclosure.

The size of the enclosure will determine how long it takes the temperature 
inside to rise. It will also affect the thermal transfer capacity of the 
enclosure. Normally, the larger the enclosure the better the thermal 
transfer. Thermal transfer is also affected by venting, forced air cooling and 
enclosure material. If the amplifier is mounted to a thermal insulating 
material (such as wood or plastic) or in a non-vertical orientation the 
continuous output power rating of the drive will have to be drastically 
reduced.

Power Dissipation
The amount of power being dissipated in the enclosure will depend on the 
equipment inside and some of the system variables such as acceleration 
and deceleration rates, continuous torque requirements and load inertia. 
Table 7, “Power Dissipation,” on page 27 gives the “Worst Case” power 
dissipation figures for FX amplifiers. These figures can be used to 
determine enclosure size and cooling requirements.

Stand-by Losses

These values represent the losses generated when the amplifier is enabled 
but not providing torque to the load. These losses are due to the logic power 
generation, motor holding current and other internal circuits. These losses 
occur whenever AC power is applied to the amplifier (bridge and logic 
supply).

Max Operating Losses

These values represent the losses associated with moving the load. These 
losses occur during the conversion of AC input power to the proper voltage 
and current waveforms for the motor.

Shunt Regulation Losses

These values represent the losses created when the motor and load are 
decelerated to a stop faster than friction would stop the system. During this 
condition, the motor becomes a generator and transfers energy back into 
the amplifier. This energy is dissipated through the shunt regulator. The 
amount of energy dissipated varies depending on the application.
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The values shown in the table below represent the maximum dissipation 
that occurs for most applications. These values should be increased for 
applications that combine high motor speed ( >2000 RPM), large load 
inertia (more than 5 times the motor inertia), fast deceleration rates (faster 
than friction would stop the system) and a high percentage (>30%) of time 
in the deceleration phase of indexing.

Table 7 Power Dissipation

* Maximum Total Losses (Watts) = PSB + PMO + PSR

Calculating Total Power Losses

Total power dissipation is calculated by adding the values in the stand-by, 
maximum operating and shunt regulator columns together. This total is 
shown in the maximum total losses column which can be used to calculate 
proper enclosure size.

A less conservative approach would adjust the maximum operating losses 
by the percentage of time the amplifier is actually moving the load.

For example, to calculate the operating losses (PO) of an application 
using an FX-455 operating near the maximum amplifier continuous 
power rating about 60 percent of the time, we would calculate:

PO = (Percent)(Max Rating)P(O) = % x P(MO)
PO = (0.6)(175 watts) = 105 watts

Drive
Model

Stand-by
Losses

(PSB) (Watts)

Maximum 
Operating Losses

(PMO) (Watts)

Shunt Regulation 
Losses

(PSR) (Watts)

Maximum Total 
Losses*
(Watts)

FX-208 45 45 50 140

FX-316 45 70 85 200

FX-340 50 130 100 340

FX-455 55 175 220 450

FX-490 60 300 370 730

FX-4120 65 380 400 845

FX-6120 65 380 400 845

FX-6200 75 510 635 1220

FX-6300 85 740 925 1750

FX-8200 75 425 530 1030

FX-8300 85 635 800 1520

FX-8400 90 850 1000 1940
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This value can be substituted in the total power loss calculation:

PT = PSB + PO + PSR
PT = 50 watts + 105 watts + 220 watts = 375 watts

Contact the EMERSON Motion Control Applications Engineering 
department if you have any questions concerning power losses.

Actual shunt regulation losses will vary from the values listed above. In 
most applications the actual power loss will be less than the value in 
Table 7, “Power Dissipation,” on page 27. However, accurately determining 
how much less will change with every application. Emerson Motion Control 
recommends using the values in Table 7, “Power Dissipation,” on page 27 
for calculating proper enclosure size.

Mode Selection (Basic Drive Setup)
Indexing Mode

The primary operating mode of the FX drive is the Indexing Mode. The 
Indexing Mode is available at all times and is independent of any alternate 
operating mode switch settings. The table below shows two means of 
initiating the Indexing Mode.

Table 8 Indexing Mode-Command Devices

Alternate Mode
In addition to the Indexing Mode, four alternate modes are also available 
Table 8, “Indexing Mode-Command Devices,” on page 28. These modes are 
called Analog Velocity, Analog Torque, Pulse/Pulse and Pulse/Direction

Switches 3 and 4 of the four position DIP switch configure the alternate 
operating modes. The figure below defines the switch settings for the four 
operation modes.

Command Control Interface Command Device

Input Line Index, Home, Jog Inputs and Outputs 
10 to +30 VDC

Optically Isolated (Sink 
or Source)

Relay Logic, Switches 
Operator Control Panel 

or PLC

Serial Index, Home, Jog and 
Motion Programming

RS-423/422/232C Serial 
Interface XMIT/REC 

ASCII

PC, ASCII Unit on 
PLC, ANSI Terminal
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Figure 21 FX Drive Front Panel DIP Switches/Mode Selection

Table 9 Alternate Modes

Analog Mode (Analog Velocity or Analog Torque)

In the Analog Torque or Velocity Mode, the servo amplifier responds to a 
conventional Ø to ±10 volt DC signal. Most variable speed drives and servo 
amplifiers on the market today receive commands using this type of signal.

If you set the DIP switches to enable this mode, the drive will display the 
character (A). In this mode, a 10 volt command signal is equated to 
maximum velocity or peak torque as determined by the drives pre-
programmed maximum velocity (maximum drive RPM default) or peak 
torque based on drive size.

Figure 22 Analog Velocity/Torque Mode

Mode Control Interface Command Device

Analog Velocity Zero to ±10 VDC Velocity Controller

Analog Torque Zero to ±10 VDC Torque Controller

Pulse/Direction Position Increments Pulse and Direction 
TTL Logic Levels

Motion Generator, 
Indexer, CNC

Pulse/Pulse (Also 
Indexing Mode)

Position Increments CW and CCW Pulses, 
TTL Logic Levels

Motion Generator, 
Indexer, CNC

DIP SWITCHES

MODE SELECT
SWITCHESSERIAL SET-UP SWITCHES

1 2 3 4 5 6 7 8 1 2 3 4

MODES OF OPERATION

OFF OFF
ON   OFF
OFF ON
ON   ON

PULSE/PULSE
PULSE/DIRECTION
ANALOG VELOCITY
ANALOG TORQUE

ON

OFF

VELOCITY
OF MOTOR

(CW)

(CCW)

(+)

(-)

VOLTAGE

TORQUE
FROM MOTOR

(CW)

(CCW)

(+)

(-)

VOLTAGE

TORQUE MODEVELOCITY MODE
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In either of the two Analog Modes, a ±10 VDC signal is equated to either 
CW or CCW maximum programmed velocity in the Velocity Mode, CW or 
CCW full peak torque rating in the Torque Mode.

The external and serial control modes are not ignored if an (A) is on the 
display. Sending a SC=1 (serial command) to the FX drive serial port 
disables analog control and enables serial control with an (E.) shown on the 
display. If an (A) was on the display and an Initiate Index, Home or Jog 
command from the I/O occurs, then the (A) is replaced with the appropriate 
status indicator code (P or J) and the requested motion occurs. At the end 
of motion FX drive will display an (A).

Figure 23 Clockwise Rotation of the Motor is defined as You Face the 
Shaft End of the Motor

Analog Wiring
In either Analog Mode the 10 VDC command signal is connected through 
the 15 pin DB style command connector located on the left side of the FX 
amplifier. The input circuit of the drive is a differential input amplifier 
with the following characteristics.

The actuator default polarity is “+”. If you change the polarity to “-” in the 
Drive Parameters Screen (See “Software Setup and Operation”), the motor 
will rotate in the opposite direction (as indicated) with the same polarity 
signal applied.

Application of a (+) positive voltage to pin 7 with respect to pin 13 (GND) 
will produce either a CW motion or torque in the CW direction as viewed 
from the shaft end of the motor. Application of a (-) negative voltage to pin 
7 with respect to pin 13 (GND) will produce a CCW motion or CCW torque. 

The opposite conditions are true if the analog voltage is applied to pin 6 
with respect to pin 13. The analog voltage can also be applied between pins 
6 and 7 for a true differential input. 

Failure to follow safe installation guidelines can cause death or serious 
injury. Voltages on pins 6 or 7 must not exceed 12 VDC with respect to 
pin 13, analog ground.

FX131

     WARNING!
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In analog Mode the Stop Motion Input (function #11) must be held “Active” 
to prevent motion. If the Stop Motion Input is not held “Active”, you must 
stop incoming command voltage to avoid motion.

Figure 24 Command Connector Signals

There is a three millisecond delay between the analog/pulse inputs and the 
command signal to the motor (microprocessor scan time). No signals are 
lost in this process, just delayed.

Failure to follow safe installation guidelines can cause death or serious 
injury. Analog Torque causes motion to produce the required torque. 
Velocity is determined by the resistance to the motor shaft. If there is no 
resistance to motion, the motor could go to maximum/minimum speed 
almost instantly.

     WARNING!
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The command, velocity, and current outputs on the command connector are 
for troubleshooting purposes only. The signals have a range of ±10VDC and 
are a relative indicator of the drive operation. The signals are not intended 
to be used as a precision feedback signal to control other machine 
operations. The Stop function and both the hardware and software position 
travel limits are active in Analog Mode, if they are set up.

Figure 25 Customer Supplied Interface to the Command Connector

Pulse Mode Wiring
In Pulse Mode, the FX drive responds to a serial pulse train representing 
externally generated incremental position change commands. This mode is 
commonly used to control stepper motors or Computer Numeric Controlled 
(CNC) machinery. The Pulse/Pulse or Pulse/Direction Modes convert pulse 
inputs to velocity and distance.

Pulse/Pulse

With the Pulse/Pulse option, two inputs are configured for clockwise and 
counterclockwise pulses. Pulses on the CW pulse input line cause the motor 
shaft to rotate CW and pulses on the CCW pulse input line cause CCW 
rotation of the motor shaft.

Pulse/Direction

The Pulse/Direction option uses the same input lines; however, the CW 
input line is configured for the control pulses and the CCW input line is 
used to control the direction. If there is no current flowing in the direction 
input, pulses on the pulse input line will cause CCW rotation.

Failure to follow safe installation guidelines can cause death or serious 
injury. The ±15 VDC and +5 VDC lines on the command connector are for 
monitoring supplies only and are not intended or sufficiently isolated to 
supply power to external devices.

     WARNING!

FX DRIVE
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Figure 26 Pulse Mode Example of Sinking/Source Connections

In either pulse mode, once motion is initiated with these inputs, motion in 
the opposite direction cannot be achieved until motion in the initiated 
direction has been stopped by stopping the incoming pulses.

In a pulse train application, the pulses are fed into the CW and CCW inputs 
on the 15 pin DB style command connector (pins 4 and 2, 5 and 3 
respectively). The inputs are optically isolated and can be used for current 
sinking or sourcing; this requires two connections per input. In either case 
(sinking or sourcing), the noise immunity is improved when the normal 
state of the input does not cause current to flow in the optical coupler.

Current should only flow when a motion pulse is applied by the external 
pulse generator. Each voltage pulse must be at least 1.5 microseconds wide 
and between 2.4 and 5.5 VDC (TTL compatible) to be accepted as a valid 
pulse. The signal driver you use must be able to supply 25mA (either 
sinking or sourcing). If open collector logic devices are used in a sinking 
connection, external pull-up resistors may be necessary. Contact 
EMERSON Motion Control Applications Engineering department if you 
have questions concerning open collector logic devices.

The speed of the system is based on the pulse frequency (PPS) and can be 
changed by changing the value of Steps Per Revolution (SR) in the PCX 
Parameters screen (See “Software Setup and Operation”). The maximum 
pulse frequency is 210 KHz.

Any connections between the customer supplied interface (stepper 
controller, etc.) and the command connector should be made through a 
shielded cable. The shield of this cable should be connected to the customer 
interface ground (source end). If no shield connection is available at the 
source end, then the shield connection on the command connector (15 pin) 
may be used.

Keep in mind that this shield connection is connected internally to chassis 
ground of the drive. For more detailed information refer to the electrical 
wiring information on grounding on page 26.
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Figure 27 Command Connector Circuit Pulse Command Signals 

Serial Interface
All FX drives are equipped with two RS-423 serial interface connectors 
which are signal compatible and optically isolated. The serial interface has 
a DIP switch selectable baud rate ranging from 110 to 19200 bps (bits per 
second) and is connected using a simple three wire hook-up: transmit, 
receive and signal ground (refer to Figure 21, “FX Drive Front Panel DIP 
Switches/Mode Selection,” on page 29 to set baud rate).

Transmission is accomplished using standard, printable ASCII characters. 
This means that the FX drive can communicate over the serial interface 
with a simple ASCII terminal.

Serial A

All programming is done through the 9-pin “D” connector designated as 
“SERIAL A”. The serial cable should be shorter than 50 ft. in order to 
comply with RS-232C specifications. However, longer cable lengths can be 
used at slower baud rates (less than 4800 baud).

Serial B

The basic FX drive also includes a second 9 pin, optically isolated, RS-423 
serial connector designated as “SERIAL B”, which is used for multi-drop 
networking to other FX drives. This second connector cannot be used for 
programming other than in a multi-drop FX set up.

Multi-Drop Configuration

When using multi-drop configuration, the FX drive can automatically 
detect when there are other units “down the line” and redirect serial 
signals to the other FX drives. The serial commands are sent to the 

Failure to follow safe installation guidelines can cause death or serious 
injury. In the Pulse Mode, the Stop Input (Input function #11) must be held 
“Active” to prevent motion. If the Stop Input is not held “Active”, you 
must stop incoming command pulses to avoid motion.

OPTICAL INPUT
DEVICES

INPUTS

2

4

COMMAND
CONNECTOR 5

3

CW

CCW

200

200

     WARNING!
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appropriate drives based on each drive’s axis identifier dip switch settings. 
Each FX drive in a multi-drop configuration must have a unique axis 
identifier code and must be set up for full duplex mode.

Figure 28 Serial Signal Flow Diagrams

Figure 29 Multi-Drop Connections

DIP Switch Settings
The DIP switch numbers and their corresponding functions are shown in 
Figure 21, “FX Drive Front Panel DIP Switches/Mode Selection,” on page 
29. Each function is described in the following paragraphs.

Baud Rate Switches

Switches 1, 2 and 3 of the eight position DIP switch are used to match the 
baud rate of the drive to the baud rate of the programming device. If the 
two baud rates are not the same, serial communication will not be possible. 
Factory setting is 4800 (SW1 Off, SW2 Off, SW3 On).

Axis Identifier Switches

Switches 4, 5, 6, 7 and 8 set a unique address for each drive in a multi-axis 
application. This allows each axis to be addressed individually over the 
same multi-drop serial cable. The addresses are 1 through 9, and A through 
V. Each axis in a multi-axis application must have a different address 
when all are used on the same computer port. Factory setting is No ID, or 
SW4, 5, 6, 7, and 8 Off.

Duplex Switch

Switch 1 of the four position DIP switch sets either half or full duplex mode. 
In half duplex mode the serial data is not echoed back to the programming 

MULTI-DROP
FX DRIVE

SINGLE
FX DRIVE

FX DRIVE

TX
RX

RX
TX

HOST FX DRIVE 2

TX
RX

RX
TX

HOST FX DRIVE 1

RX
TX

TXM

RXM

A ABA

MULTI-DROP CABLE FROM
SERIAL 2A (DRIVE 1) TO

SERIAL 1A (DRIVE 2) (DD-XXX)
HOST CABLE TO SERIAL 1A

(TIA-XXX OR TIX-XXX)
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device for confirmation or display. In full duplex mode the data is echoed 
back to the programming device allowing the data to be verified. In most 
cases full duplex is the preferred mode of operation. Factory setting is Full 
Duplex or SW1 Off.

All FX drives in a multi-drop configuration must be set to full duplex mode.

Auto Line Feed

Some programming devices do not automatically send a line feed (extra 
line space character) when a carriage return is received from the FX drive. 
Switch 2, if On, will echo a line feed character back to the programming 
device when a carriage return is received. This alters the line spacing on 
the programming monitor. Factory setting is SW1 Off or No Line Feed 
Echo.

Mode Select

The mode is selected with switches 3 and 4. (See “Mode Selection”). Factory 
setting is Off for both SW3 and SW4.
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Figure 30 FX Drive Front Panel Dip Switches

Serial Communication Framing Information

When using serial communication, the data must be sent as a string of 
continuous bits. This string of data bits must be “framed” by start and stop 
bits so that valid data can be recognized. The framework which the FX 
drive will recognize is as follows:

1 start bit
8 data bits *
1 stop bit

MODE SELECT
SWITCHESSERIAL SET-UP SWITCHES

1 2 3 4 5 6 7 8 1 2 3 4

ON

OFF

AUTO LINE FEED ON/OFF
HALF DUPLEX = ON
FULL DUPLEX = OFF

ON

OFF
ON
OFF

OFF
ON ON

OFF
PULSE/PULSE
PULSE/DIRECTION
ANALOG VELOCITY
ANALOG TORQUE

AXIS 1
AXIS 2
AXIS 3
AXIS 4
AXIS 5
AXIS 6
AXIS 7
AXIS 8
AXIS 9
AXIS A
AXIS B
AXIS C
AXIS D
AXIS E
AXIS F
AXIS G
AXIS H
AXIS I
AXIS J
AXIS K
AXIS L
AXIS M
AXIS N
AXIS O
AXIS P
AXIS Q
AXIS R
AXIS S
AXIS T
AXIS U
AXIS V

NONE

ON

OFF
ON
OFF

OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON
ON
ON
ON

OFF
OFF

OFF
OFF

ON
ON
ON
ON

OFF
OFF

OFF
OFF

ON
ON
ON
ON

OFF
OFF

OFF
OFF

ON
ON
ON
ON

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

ON
ON
ON
ON
ON
ON
ON
ON

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

ON
ON
ON
ON
ON
ON
ON
ON

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

OFF
OFF

ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON

110
300
1200
2400
4800
9600
19.2K
RESERVED

ON

OFF
ON
OFF

OFF
ON
OFF
ON
OFF
ON

ON

OFF

ON

OFF

ON

OFF
ON
ON
ON
ON

OFF
OFF

OFF
OFF
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* The high order data bit is ignored by the drive. Therefore, a parity 
bit may be sent to the drive along with only seven data bits. When 
transmitting, the drive will always send a zero for the eighth data 
bit.

Cable Selection
The cables listed below are standard cables available from EMERSON 
Motion Control. The maximum recommended cable length is governed by 
the cable application and the performance parameters needed.

Table 10 Cable Performance Codes

Performance Codes
The table above shows the allowable cable lengths that may be used 
without further review by EMERSON Motion Control and the maximum 
length. Each cable is given a performance code which describes the 
performance effect when cables between the “Allowable” and “Maximum” 
lengths are used. These effects must be considered when using these cable 
lengths.

Performance Code A:

Applications using cables with a performance code “A” will see degradation 
in positional accuracy, increase in electrical noise susceptibility and 
possible instability. 

The following graph shows a typical degradation curve of positional 
accuracy. Positional accuracy degrades from ±15 arc-min at 15 feet to ±40 

Cable Model
(Part Number)

Allowable Length
w/o Review (Feet)

Maximum Length
(Feet)

Performance Code

ECS-XXX 100 200 A

ECM-XXX 100 200 A

ECL-XXX 100 200 A

RC-XXX 100 200 A

ETWF-XXX 100 200 A

ECF-XXX 100 200 A

TIX-XXX 50 50 B

TIA-XXX 50 50 B

TD-XXX 50 50 B

NMA-XXX 50 50 B

NMB-XXX 50 50 B

DD-XXX 50 50 B

DPC-XXX 25 50 C

MSC, SSC-XXX 100 100 D
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arc-min. at 100 feet and ±70 arc-min. at 200 feet. This must be considered 
when using cables longer than 100 feet.

As a general rule, electrical noise susceptibility of a cable increases with 
cable length. One reason for this effect is the longer the cable the less 
effective the shielding. Also, the longer the cable the more likely it will be 
exposed to an external noise source. There are several other reasons, but 
the main point is long cable lengths are not recommended in electrically 
noisy environments.

The final performance issue of code “A” is instability. During product 
design qualification each FX drive is tested for stability with a load whose 
inertia is 10 times the inertia of the motor on cable lengths up to 50 foot. 
An FX drive passes this test if it is stable at maximum speed with a 10:1 
load to motor inertia mismatch and a 50 foot. cable. Cable lengths above 50 
feet are tested but the drives may not always be stable at maximum speed.

Figure 31 Positional Accuracy Vs. Cable Length

Performance Code B:

Cables with performance code “B” are all used for serial communications. 
It should be noted that the “Allowable” and “Maximum” lengths are both 
50 feet. This limitation is a result of the following statement from the EIA 
RS-232C specification:

“The use of short cables (each less than approximately 50 
feet or 15 meters) is recommended; however, longer cables 
are permissible, provided that the resulting load 
capacitance measured at the interface point and including 
the signal terminator does not exceed 2500 picofarads (pf).”

In FX drives the signal terminator capacitance is approximately 1000 pf 
and a typical cable capacitance runs about 30 pf/ft. Therefore, the cable 
length should be limited to 50 feet. Longer serial interface cables are not 
recommended.

In multi-drop configurations the ground reference (earth ground) for each 
communicating device must be at the same potential. The further apart the 
communicating devices the more difficult this is to achieve. Therefore, it is 
a good idea to keep the multi-drop loop as short as possible. This condition 
is not as critical if all of the communicating devices are optically isolated 
(the serial bus ports in all FX drives are optically isolated). However, if 
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more than one device in the loop is not optically isolated proper grounding 
becomes critical.

Performance Code C:

The DPC-XXX cable is the only performance code “C” cable. This cable is 
used for the parallel interface connections to the thumbwheel and digital 
display products. The maximum length is limited to 50 feet because of the 
noise susceptibility of the digital signals.

Performance Code D:

Performance code “D” cables are used for PCM module applications with 
encoder signals. The specification of 100 feet /140 feet maximum is a total 
length from the encoder to the last drive in the “chain”. For example, if your 
system is configured with an SCS encoder and three FX drives in a multi- 
drop configuration, the total length of the MSC cable plus the two SSC 
cables cannot exceed 100 feet.

Figure 32 Encoder Cable Connections on a Multi-Axis Application

The maximum length of 140 feet has been successfully tested by 
EMERSON Motion Control in an electrically quiet environment. In an 
electrically noisy factory environment the shorter the cables connecting the 
devices the better. This will help reduce noise problems.

It is very important that the EMERSON Motion Control cables listed in 
“Motor Wiring Requirements” on page 46 are not altered in the field. It is 
also important to follow any recommendations given in this or any other 
EMERSON Motion Control product manuals on connecting or terminating 
these cables.

As a general rule, the minimum cable bend radius is ten times the cable 
outer diameter.
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Serial Cable Wiring Diagrams

Figure 33 DD-XXX Wiring Diagram (Multi-Drop Cable)

Figure 34 TIX/TIA-XXX Wiring Diagrams (FX-Drive to PC Port)
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Figure 35 TD-XXX Wiring Diagram (FX-Drive to T-21 Data Terminal)

For wiring diagrams of EMERSON Motion Control T-60 (NMA-XXX) or T-
61 (NMB-XXX) serial cables, refer to their respective operators manuals.

Input/Output Interface
FX drives are equipped with 8 optically isolated inputs and 4 optically 
isolated outputs. These inputs and outputs provide proper timing and 
coordination between the FX drive’s motion and other machine control 
functions. The inputs and outputs are typically connected to the machine’s 
PLC or relay logic system. These inputs and outputs can also be connected 
to limit switches or switches and indicators on an operator’s control panel.

A wide range of I/O control functions are available. You assign the 
functions you select to any of the input/output lines through the PCX 
software provided with the FX drive or through serial interface commands. 
Inputs may be programmed as normally off or normally on. (See “Assigning 
Input Functions” for complete information). Output functions can only 
operate as normally off.

Input and output wiring from your system is connected to detachable 
terminal strips on the FX drive. Each input and output on the FX drive is 
designed for high noise immunity. However, this does not mean that high 
voltage noise emitting wiring on the rest of the application can be run 
adjacent to the control inputs. Precautions outlined in the “Electrical 
Noise” on page 25 should be followed.

Failure to follow safe installation guidelines can cause death or serious 
injury. To improve noise immunity, EMERSON Motion Control 
recommends using twisted pair wire for I/O wiring. In extremely 
electrically noisy environments, shielded twisted pairs should be used 
with the shield connected to the safety ground via a low impedance 
conductor.

FX DRIVE
SERIAL A

5

2

1

3 XMIT

SHLD

GND

9 PIN MALE
"D" TYPE

TD-XXX CABLE

5

7

6REC

GND

XMIT REC

SHIELD

CONSULT
HOST

MANUAL

     WARNING!



43

Installation Guidelines

An LED indicator on the front panel of the FX drive is associated with each 
input and output. The input and output indicators will illuminate if 
current is flowing in the associated line and the drive is powered.

The basic drive can be configured from a list of 21 input functions and 10 
output functions. When an application module is added, the number of 
available I/O functions is increased and the number of available lines is 
doubled.They are designed to operate at +10.5 to +30 VDC. Each input and 
output line has 2 screw terminals to provide either sinking or sourcing 
operation. The first 8 pairs of designated terminals are inputs and the last 
4 pairs of terminals are outputs (see Figure 36, “Input/Output 
Connections,” on page 44). 

Each input line requires a minimum current of 2-3 mA. at +10.5 VDC 
(maintained for a minimum of 3 msec) to be recognized as a valid input. 
Maximum input current is 30 mA. The outputs are capable of sinking or 
sourcing 200 mA. 

Inputs and outputs require an external voltage source for operation. This 
voltage source must be in the range of 10.5 to 30 VDC. The negative (-) lead 
of the external power supply must be connected to the enclosure or safety 
ground.

If inductive loads such as DC relay coils are connected to the outputs, a 
suppression diode must be installed in parallel with the load coil with its 
cathode towards the positive end of the external supply.

Failure to follow safe installation guidelines can cause death or serious 
injury.

1. 18 to 24 gauge wire should be used for I/O wiring. The use of larger 
gauge wire can cause the I/O terminals to prematurely fatigue. DC 
common should be grounded to the single point ground. Tinning the 
stripped ends of the wire will also cause premature fatigue.

2. The DC Common of the I/O power supply must be grounded to the 
safety ground.

     WARNING!
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Figure 36 Input/Output Connections

Failure to follow safe installation guidelines can cause death or serious 
injury. You are responsible for limiting the output current to less than 200 
mA.

     WARNING!
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Motor Connections
DX motors are available in two different styles for most models. The first 
style has been designed to meet IP65 waterproofing standards. Cable 
entries are made through NPT conduit holes.

The second style comes equipped with one or two MS style connectors. See 
the table below for motor connector options. Motors equipped with MS style 
connectors meet IP65 waterproofing standards. However, the mating 
cables and connectors do not. If waterproofing is required, motors with 
NPT conduit holes should be ordered.

Table 3 Motor Connector Options

Connections To Waterproof Motors
When connecting an FX amplifier to a waterproof DX motor, there are two 
connections required. The first is the resolver and motor temperature 
signal cable (RC cable). The second connection involves wiring the three 
motor phase leads and a motor case ground connection from the motor to 
the amplifier.

Resolver Connections

Applications that require cables over 100 feet should be discussed with 
EMERSON Motion Control Applications Engineering department.

The RC cable comes in three standard lengths, 15, 25 and 50 feet. This 
cable assembly has a 9 pin D connector on one end (amplifier end) and is 
not terminated on the other end (motor end). This allows you to cut the 
cable to length if non-standard lengths are required. The 9 pin D connector 
mates with the resolver 9 pin D connector on the bottom plate of the 
amplifier. This connector must be screwed down to ensure reliable 
operation.

Resolver connections at the motor end are made to a terminal strip inside 
the rear of the motor. You must remove the back cover of the motor for 

Motor Model With NPT Holes With MS Connectors

DX-208 N/A X

DX-316 X X

DX-340 X X

DX-455 X X

DX-490 X X

DX-4120 X X

DX-6120
DX-6200
DX-6300

X
X
X

N/A
N/A
N/A

DX-8200
DX-8300
DX-8400

X
X
X

N/A
N/A
N/A
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access to the resolver and stator terminal strips. A slot on the motor body 
is provided for pressure to remove the cover.

Stator Connections

You are responsible for supplying the wiring for the motor phase leads and 
motor ground connection (4 conductors). This wiring can be either a cable 
assembly or discrete wires. If a shielded cable is used, the shield should be 
terminated at one of the safety ground terminals on the amplifier’s 
terminal block.

Motor Wiring Requirements

High temperature wire suitable for 105° C is recommended for motor sizes 
DX-8200 through DX-8400 regardless of the application.

Each of the DX-316 through DX-6300 NPT model motors has an 80° C 
thermal switch that is wired in series with the winding protection circuit 
in the FX amplifier. This thermal switch monitors the ambient 
temperature in the rear of the motor. This allows the motors to be wired 
with typical 80° C class wire. 

Be sure to use a new neoprene “O” ring to properly seal the rear cover. 
Discard the used one (See instructions on page 49).

If discrete wires are used the wires should be twisted or braided together. 

Motor Model
Motor Output 

Recommended Wire Sizes 
for Motor and Ground

Recommended Wire Type

DX-208 N/A N/A

DX-316 16 AWG (1.50mm2) 600V, 105° C (UL1015)

DX-340 14 AWG (2.5mm2) 600V, 105° C (UL1015)

DX-455 14 AWG (2.5mm2) 600V, 105° C (UL1015)

DX-490 14 AWG (2.5mm2) 600V, 105° C (UL1015)

DX-4120 12 AWG (4mm2) 600V, 105° C (UL1015)

DX-6120 12 AWG (4mm2) 600V, 105° C (UL1015)

DX-6200 10 AWG (6mm2) 600V, 105° C (UL1015)

DX-6300 8 AWG (10mm2) 600V, 105° C (UL1015)

DX-8200 10 AWG (6mm2) 600V, 105° C (UL1015)

DX-8300 8 AWG (10mm2) 600V, 105° C (UL1015)

DX-8400 6 AWG (16mm2) 600V, 105° C (UL1015)

    CAUTION!

    CAUTION!
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NOTE: The connectorized motors DO NOT have the 80° switch.

If the thermal switch causes unwanted thermal shutdown faults (“5” fault 
on the FX drive display) then high temperature wire (105° C recommended) 
should be installed.

If high temperature wire is used on motor sizes DX-316 through DX-6300, 
JP1 (inside rear of motor) can be moved from the “normal” to the “disabled” 
position. This will allow the motor to provide more power before a thermal 
shutdown.

The motor phase leads are terminated at the R, S, and T locations. The 
motor case ground is terminated at one of the safety ground locations on 
the amplifier.

Figure 37 Motor Wiring, DX-316 through DX-455 

Failure to follow safe installation guidelines can cause death or serious 
injury. Do not totally remove this jumper. It must be placed in either the 
normal or disabled position

     WARNING!
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Figure 38 Motor Wiring, DX-490, 4120 and 6120

Failure to follow safe installation guidelines can cause death or serious 
injury. The overall braided shield of the resolver cables are bonded to the 
chassis by the metal connector shell. The drain wire is connected to pin 
3, which is not connected to ANY point in the circuitry or chassis.

     WARNING!
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Figure 39 Motor Wiring, DX-6200 Through DX-8400

Waterproofing
DX motors that have NPT threaded conduit holes have waterproofing 
designed to meet IP65 (International Protection 65) standards. To 
maintain this degree of protection cable entries into the motors are made 
through NPT conduit holes. Even if waterproofing is not necessary the 
threaded holes allow easy conduit termination at the motor.

Because of smaller size and lower electrical noise levels the three inch 
motors, DXE-316, DXM-316 and DXM-340 only have one 3/4 inch NPT hole 
for both resolver and motor wiring. 

The four inch motors, DX-455W, DX-490W and DX-4120W have one 1/2 
inch NPT hole for the resolver cable (RC) entry and one 3/4 inch NPT hole 
for the motor stator leads and motor ground wire entry. 

The six inch motors have one 3/4 inch NPT hole and one 1 inch NPT hole. 
The eight inch motors have one 3/4 inch NPT hole and one 1 1/4 inch NPT 
hole. 

Be aware that the motor stator wiring contains High Voltage (more than 
250 VDC) and should be routed through a metallic raceway. The resolver 
cable (RC-XXX) is a low voltage cable (30V), and does not have to be run in 
a metallic raceway.

To insure a water-tight seal at the motor, you must complete the following 
procedure:

1. Wrap the coupler threads with Teflon® tape.
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2. Tighten fitting at least 1 turn after hand tightening.

3. Dress the cable per the diagram below. Do not tin the stripped wires.

4. Attach wire per wiring diagrams for the correct motor size.

5. Apply high temperature (100° C/212° F) grease (LUBRIKO ACZ® or 
equivalent) to “O” ring and install back cover by gently tapping with 
hand until cover is fully seated. Then secure with the four screws 
provided.

Figure 40 Water-Tight Seal Example.

Figure 41 Cable Wiring Example

Do not over torque.

Failure to follow safe installation guidelines can cause death or serious 
injury. Do not over torque.Care must be taken to align the cover upon 
installation to prevent damage to the “O” ring which will destroy the 
waterproof integrity.

    CAUTION!
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Connections to Motors with MS Style Connectors
Motors with MS style connectors should be mounted with the connectors 
pointing downward. This provides added protection against dust and water 
damage.

Two connections are required when connecting the amplifier to a motor 
equipped with MS style connectors. An ECF-XXX cable connects the 
resolver and motor thermostat signals (this cable is used for all motors that 
have MS style connectors except the DX-208). The ECS-XXX, ECM- XXX 
or ECL-XXX cables connect the three motor phase leads, motor case ground 
and motor brake (if required). All connectorized cables required for an FX 
drive can be obtained from EMERSON Motion Control. The table below 
lists the correct cables to be used with each drive model.

Table 6 Motor/Amplifier Cables

Resolver Connections

Applications that require ECF cables longer than 100 feet should be 
discussed with EMERSON Motion Control’s Applications Engineering 
department.

The ECF-XXX feedback cable comes in three standard lengths (15, 25 and 
50 feet) and can be ordered by the following numbers:

ECF-015 = 15 feet
ECF-025 = 25 feet
ECF-050 = 50 feet

Drive Model Resolver Cable Motor Cable

FX-208/DX-208C Not Required ECS (contains both motor and 
resolver wiring)

FX-316/DX-316C ECF-XXX ECM

FX-340/DX-340C ECF-XXX ECM

FX-455/DX-455C ECF-XXX ECM

FX-490/DX-490C ECF-XXX ECL
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Figure 42 ECF Cable Wiring Diagram, FX-316 through FX-4120

A general rule for the minimum cable bend radius is ten times the cable 
outer diameter.

This cable has a 9 pin D connector on one end (amplifier end) and an MS 
style connector on the other end (motor end). The 9 pin D connector mates 
with the “resolver” 9 pin D connector on the bottom plate of the amplifier. 
This connector must be screwed down to ensure reliable operation. The 
ECF cable wiring diagram is shown above.

Stator Connections

Cable connections from the amplifiers to the motors are basically the same 
except for the physical location of the MS connectors on the motors. The 
DX-208C has only one MS connector. The DX-316C and DX-340C motors 
have two MS connectors mounted one in front of the other. The DX-455C, 
DX-490C and DX-4120C MS connectors are mounted side by side.

Connection to a motor with MS style connectors is made with an ECS, ECM 
or ECL cable depending on the drive model. These cables are equipped with 
an MS style connector on one end (motor end) and wire leads on the other 
end (amplifier end). The ECS cable, used on the DX-208C motors, contains 
the resolver signal wires in a 9 pin connector, the unterminated stator 
wires and leads for an optional motor with brake.
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The ECM, ECS, and ECL cables come in three standard lengths (15, 25 and 
50 feet) and can be ordered by the following numbers:

Figure 43 ECS Cable Wiring Diagram (FX-208 and FX-208C)

Figure 44 ECM Cable Wiring Diagram (FX-316, FX-316C Through FX-
4120 and FX-4120C)

ECS-015 = 15 feet ECS-025 = 25 feet ECS-050 = 50 feet

ECM-015 = 15 feet ECM-025 = 25 feet ECM-050 = 50 feet

ECL-015 = 15 feet ECL-025 = 25 feet ECL-050 = 50 feet
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Figure 45 ECL Cable Wiring Diagram (FX-490, FX-490C, FX4120 and 
FX-4120C)

Holding Brake Option
You can order a DX motor with an optional holding brake. The holding 
brake holds the motor shaft whenever power is removed from the brake coil 
(as in a power failure).

This type of holding brake must not be used to stop the motor and load 
unless a power loss situation occurs.

You can control the brake through an input line. You must assign Input 
Function 13 (Brake Override) to one of the input lines using PCX (See 
“Input Functions”).

You also need to consider the mechanical engagement and disengagement 
times during system operation.(See “Holding Brake Specifications” for 
additional brake specifications).

It should be noted that the brake option adds length to the motor. (See 
“Product Specifications” for motor dimensions).

Any application that allows the motor to be “back driven” when power is 
removed (a condition where the load is causing the motor to rotate) should 
have provision for a holding brake. Backdriving the motor can damage the 
drive or cause injury. This is especially applicable when driving high 
inertial loads, loads that can store energy (i.e., pendulum or offset loads), 
or any vertical application.
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Holding Brake Control Circuit
A schematic representation of the brake control circuit is shown in Figure 
46, “Optional Brake Wiring Diagram,” on page 55. 

You must supply the brake wires for motors without connectors as shown 
in the brake wiring diagrams on the following pages.

You must also provide the DC power supply for the brake. This voltage 
source must be +24VDC with a minimum current flow. If you use this 
voltage source to power other accessories or more than one brake, you must 
increase the current capability.

Holding Brake Wiring Diagrams

Figure 46 Optional Brake Wiring Diagram

The suppression circuitry is polarity sensitive. Damage will occur to the 
motor or amplifier or both if wiring polarity is not correct.

    CAUTION!
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Figure 47 Brake Wiring: DX-316WB Through DX-455WB Motors 
Without Connectors

Figure 48 Brake Wiring: DX-490WB Through DX-6120WB Motors 
Without Connectors
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Figure 49 Brake Wiring: DXM-6200WB Through DXM-8400WB Motors 
Without Connectors

Figure 50 Brake Wiring: DX-208CB Motors With Connectors
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Figure 51 Brake Wiring: DX-316CB Through DX-455CB Motors With 
Connectors

Figure 52 Brake Wiring: DX-490CB Through DX-4120CB With 
Connectors

Mechanical Installation - Motor
To provide proper mechanical alignment, the mounting surface of the 
motor face plate is held perpendicular to the motor shaft to within 0.005 
inches. A close tolerance circular pilot boss projects above the plane of the 
mounting surface. Matching the pilot boss with a pilot hole in the mounting 
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structure facilitates interchanging the motor and minimizes the need for 
mechanical adjustments. The mounting surface is fitted with four equally 
spaced holes on a bolt circle pattern.

The mounting surface must be stiff enough so it does not deflect when 
radial loads are applied to the motor shaft. The mounting surface should 
also have good thermal conductivity, especially if peak performance is 
demanded of the motor.

Load Coupling
A flexible coupling must be used between the motor shaft and the load to 
minimize mechanical stress due to radial loads, axial loads or 
misalignment. Radial and axial loading cannot exceed specified values. 
(See “Motor Load Specifications”).

If you feel that the radial load rating for your installation will be exceeded, 
you may want to consider connecting the DX motor to an idler shaft that is 
supported by pillow block bearings (or similar). Then the load can be 
coupled to the idler shaft without risking damage to the DX motor 
bearings.

Gear Reducer Oil
It is strongly suggested that a synthetic oil be used in worm gear speed 
reducers or rotary tables. This will reduce the amount of friction in the 
mechanism and in turn reduce the amount of current it takes to drive the 
motor. The typical lubricant shipped with most worm gear speed reducers 
is equivalent to 90W and will cause heavy, unintended frictional loading to 
the system. 

All worm gear speed reducers shipped from EMERSON Motion Control 
contain synthetic oil with a viscosity equivalent to 5W.

Synthetic lubricants are available for a wide range of applications. Call the 
EMERSON Motion Control Applications Engineering department if you 
have any questions.

Inline parallel, spur, and helical gear reducers use a permanent grease 
type lubricant that coats the moving surfaces and offers very low loss due 
to friction.

Failure to follow safe installation guidelines can cause death or serious 
injury. Mechanical shock to the motor case or shaft (e.g., from striking or 
dropping) must be avoided to prevent damage to the motor. Possible 
results from striking or dropping include: misalignment of the resolver, 
damage to stator bearings, cracking of the motor case and unbonding or 
demagnetization of the permanent magnets. Any of these will render the 
motor unserviceable.

     WARNING!



Installation Checklist
Wiring (Amplifier/PCM Module)

______a. Ensure proper wire size used for application.

______b. Ensure resolver cable is connected securely at both ends.

______c. Wiring should be neat and orderly.

______d. Wiring should be properly labeled.

______e. Check electrically, Ohm out before power-up.

______f. Is AC wiring through a transformer? If so, is the wiring and 
the transformer large enough for worst case current draw 
for the application?

______g. High voltage wiring should be routed in conduit. Low 
voltage signal wires should be separated from high voltage 
wires. If low and high voltage wires must cross, they should 
cross at 90° angles.

______h. Is system properly grounded? Single point ground for 
chassis, power supplies, etc.

Motor/Gear Reducer
______a. Check coupling to motor shaft. Must be flexible and 

properly aligned.

______b. Check oil type in indexers and worm gear speed reducers. 
(Heavy oil may produce enough frictional torque to prevent 
the system from reaching desired performance until this oil 
reaches operating temperature).

______c. Check maximum input speed to gear reducers and 
indexers. Maximum input speed = ______ RPM. Motor 
speed capability is usually much greater than that of a 
typical reducer.

______d. Does motor run smoothly over desired speed range? 

______e. Check load for mechanical restriction (rubbing, binding, or 
jerky movement).
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Configuration Sheet - Amplifier
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Configuration Sheet - PCM Module
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Overview
EMERSON Motion Control’s PCX version 7.X programming software 
provides a simple, menu-driven, question and answer format for setup and 
programming of EMERSON Motion Control FX Series Drives. This format 
assists you in setup, programming, monitoring and controlling FX drive 
functions without requiring extensive programming knowledge.

This section introduces the computer hardware and software requirements 
for setting up and programming an FX drive with PCX. It also explains the 
PCX 7.X software structure and the interrelationships of the software 
components.

PCX 7.X software also works with EMERSON Motion Control 520 and 525 
PMCs, M016xxx and M035xxx Servo Drives.

PCX software updates can be obtained from the EMERSON Motion Control 
Bulletin Board Service (BBS): phone # (612) 474-8835. (300-28,800 baud, 
N, 8, 1.) You can request (free of charge) an EMERSON Motion Control 
Bulletin Board Manual User’s Guide and Reference (P/N 400256-02) by 
calling (612) 474-1116 or by FAX at (612) 474-8711.

Computer Hardware Requirements
Memory and Communication

PCX 7.X Software will run on any IBM® Personal Computer or compatible 
PC with a “largest executable program size” of 535K, one floppy disk drive 
(1.44M) and an RS-232C or an RS-422 serial interface port. It is 
recommended that you run PCX from a hard disk drive. The PC used must 
have a minimum of 800K of available hard disk space.

Monitor Types
If your computer is equipped with a color monitor, press the SPACE bar at 
the title screen and the PCX screens will display in color. if you press any 
other key, the computer will display the PCX screens in black and white. 
The black and white mode works best on computers with LCD screens. You 
can find instructions on how to change the screen colors in the PCX-
READ.ME file on the PCX disk using any ASCII text editor.

230V FX Drives Setup
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PCX Software Requirements
PCX software is supplied on a 3 1/2” 1.44MB floppy diskette with this 
manual. The floppy diskette does not include DOS (Disk Operating 
System). The DOS version required by PCX is MS-DOS®/PC-DOS® 3.0 or 
greater.

If you wish to have a copy of PCX software on a 5 1/4” disk please call 
EMERSON Motion Control at (612) 474-1116 for a free copy. When calling, 
you will need to provide the software version.

PCX uses overlay files to store some program information. This means that 
PCX will occasionally need to access the disk drive where the PCX.EXE 
program file is stored. This does not affect the performance of the software 
if you are running PCX from a hard disk drive. However, if you are running 
from a floppy disk drive, the PCX floppy disk must remain in the disk drive 
while you are operating PCX.

Figure 53 PCX Version 7.X Introduction Screen

As with any software, a backup copy of the PCX diskette should be made 
before starting.

PCX software is used primarily to set up and program a FX drive from a 
personal computer. After you have completed the set up and programming, 
you can disconnect the PC since the data you entered remains in the FX 
drive’s non-volatile memory.

In addition to doing the set up and programming, PCX allows you to look 
at setup data in the FX drive and make changes.

You can upload drive data from the FX drive to the PC and store it on a 
floppy disk or on your computer’s hard disk. You can also download drive 
data from your PC to the FX drive.
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You can create a file through the Disk File Operations menu without being 
connected to the drive. You can save this file for later downloading to the 
non-volatile memory of the FX drive.

You can also recall a previously created and saved file from disk to the PC 
memory. You can then edit the file and save it back to the disk or download 
it to the drive.

Figure 54 Upload/Download

PCX Program Revisions
The PCX software referred to in this manual is 7.0 or greater. Versions 
earlier than 7.0 may not provide for all of the functions described in this 
manual. Contact EMERSON Motion Control to obtain the most recent 
version of PCX. PCX files created with early versions of PCX should not be 
edited directly with newer versions of PCX.

To convert earlier version PCX files: 

1. Download them (one at a time) to your FX drive using the earlier 
version of PCX.

2. Exit the earlier version of PCX.

3. Open the latest version of PCX and upload the drive information.

4. Make any changes necessary.

5. Download the file to the FX drive using the latest version of PCX.

UPLOAD

DOWNLOAD
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Contents of the PCX Disk
The PCX disk supplied with this manual contains the following files:

PCX.EXE

The executable PCX program file.

PCX1.SCN

This file creates the first window that appears when PCX is started and 
contains information about the PCX software version. If this file is missing 
or is not in the current directory, this window will not be displayed at power 
up. However, this will not affect the operation of PCX.

PCX2.SCN

This file is displayed when exiting from PCX and contains important 
information about how to contact EMERSON Motion Control. If this file is 
missing or not in the current directory, this window will not be displayed, 
however, this will not affect the operation of PCX.

If any of the above files are missing, contact EMERSON Motion Control 
Customer Service.

PCX-READ.ME

This file contains last minute information about PCX that might not be 
included in this manual. Use any text editor to view this file.

Installing PCX On Your Hard Disk
To operate PCX software from your computer’s hard disk, simply copy all 
of the files on the PCX disk to your computer’s hard disk drive. We 
recommend that you create a directory called EMERSON and a 
subdirectory called PCX to store the files from this disk and operate PCX 
from this directory only.

To copy the PCX program files from the PCX diskette to your computer’s 
hard disk, insert PCX diskette into the computer’s floppy disk drive. At the 
C:\ prompt in the root directory type:

<Enter> means press the Enter key.

1. MD EMERSON <Enter>
2. CD EMERSON <Enter>
3. MD PCX <Enter>
4. CD PCX <Enter>
5. Copy A:*.* <Enter>

(Type Copy B *.* if you are coping from the B:\ drive.)

Once the program has been copied to your computer you can remove the 
PCX diskette from your PC’s floppy drive. To start the PCX program, type 
the letters “PCX” at the operating system prompt in the directory where 
PCX.EXE is located. 
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PCX automatically generates two types of disk files (*.PCX and *.LST) 
when you save a file in PCX. Both file types are described below:

Data File (*.PCX)

Data files contain all the data in an FX drive’s memory in a transportable 
disk file. The Upload, Download, Edit and Create options all work with 
data files. Data files are automatically saved with the file extension of PCX 
(e.g., Filename.PCX) so it is not necessary for you to specify one. Data files 
are stored in binary format and can only be edited by PCX.

List File (*.LST)

List files contain a description of all the FX drive’s parameters in an ASCII 
character text file which is created automatically whenever a data file is 
saved. You can use list files for printing, word processing, troubleshooting 
or as documentation. You may also find that comments added to a .LST file 
are helpful in troubleshooting. List files are automatically saved with the 
same name as the data file with an extension of .LST (For example, 
filename.LST).

List files (*.LST) cannot be edited within the PCX software. You must exit 
PCX and use a text editor such as DOS EDIT. (refer to your DOS manual 
for instructions on how to use DOS EDIT.)

Changing Directories
When accessing a file on disk, PCX will search for files in the current 
directory. You can access other directories or disk drives by selecting the 
Change Dir option. Once you select this option you can type in a new disk 
drive or sub-directory.
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PCX Menu System
PCX has a hierarchy system of menus as shown below. The top menu is the 
Main Menu. To proceed into more specific levels, position the cursor on top 
of the desired option then press the <Enter> key. You can position the 
cursor by pressing the highlighted letter of the desired option, or by 
pressing the up/down arrow keys.

Figure 55 PCX Hierarchy Main Menu
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Figure 56 PCX Hierarchy Diagram 2

Figure 57 PCX Hierarchy Diagram 3
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Figure 58 PCX Hierarchy Diagram 4

Figure 59 PCX Hierarchy Diagram 5
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Getting Started - Main Menu
When you press any key while viewing the Introductory screen, the Main 
Menu will appear. From the Main Menu you may work directly with an FX 
drive or with a disk file.

When you select On-line Operations COM1, 2, 3 or 4, PCX will 
automatically check all baud rates and attempt serial communications 
with the drive through the serial port you selected. If you select Disk File 
Operations, you can set up a data file for a single axis without being “on-
line” with a drive.

Figure 60 PCX Main Menu

You can use the Serial Communications option to manually establish 
communications with the drive. This option may be helpful at start-up time 
if you are not able to establish communications with the On-line 
Operations functions.

Establishing Communications
You should review the following checklist before attempting 
communications.

1. You must securely connect the serial cable to the personal computer 
serial port and the FX drive Serial 1A port. On a multi-axis system 
you must connect the serial cables as shown below.

2. On a multi-axis system make sure that the baud rate setting on each 
drive is the same (see “Installation Guidelines” for baud rate 
information).

3. On a multi-axis system, make sure that each positioning drive has a 
unique axis identifier (see “Installation Guidelines” for DIP switch 
setup).
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4. Power to all FX drives must be on.

Figure 61 Establishing Serial Communications in a Multi-drop system

On-line Operations (COM1 - COM4) 
The On-line Operations options require serial communications between 
the personal computer and the FX drive. When you select On-line 
Operations options for the first time, PCX will attempt to communicate by 
transmitting a character and then receiving the echo. When the echo is the 
same as the character transmitted then communications have been 
established.

PCX tries this procedure with all the possible baud rates (300 to 19,200). 
Once PCX has established communications, the program will continue by 
displaying the On-line Operations options. This procedure will not be 
called again unless communications are disrupted.

When you have established serial communications with the FX drive, the 
On-line Operations menu will be presented on the screen. The axis 
identifier, drive model and application module (if applicable) are displayed 
after the screen title at the top of the screen.

When PCX is communicating with an FX drive, a busy message appears in 
the upper left hand corner of the screen. A small “pinwheel” rotates as 
serial commands are sent and received by the computer. This feature is 
here to let you know that PCX is operating and transferring data with an 
FX drive.

MULTI-DROP CABLE FROM
SERIAL 2A (DRIVE 1) TO

SERIAL 1A (DRIVE 2) (DD-XXX)
HOST CABLE TO SERIAL 1A

(TIA-XXX OR TIX-XXX)
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Figure 62 On-line Operations Options

Drive Setup - Preliminary Data
Before you set up your FX drive using PCX, you need to know some specific 
details about your system and make some calculations based on your 
system configuration. Be sure you know the following system details before 
starting:

1. System configuration - If you are using a gear reducer, leadscrew 
or belt and pulley, you will need to know the ratio of motor turns per 
actuator turns. For example, a 10:1 gear reducer, a 2:1 belt and 
pulley, or a 0.2 in/rev lead screw.

2. User units - Units of measure (distance and velocity) your system 
operates with; Distances - inches (in), feet (ft), degrees (deg), etc.; 
Velocities - inches per second (ips), feet per minute (fpm), degrees per 
second (dps), etc.

3. Mechanical limitations of your system - distance limits, torque 
limits and maximum safe speed (velocity in user units). 

For example, in Figure 63, “FX Drive System Example,” on page 74 below 
you would need to know the following information; gear reducer ratio, lead 
screw ratio, user units that you want the system to operate with, distance 
the table can travel and velocity at which the table can safely travel.
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Figure 63 FX Drive System Example

Drive Setup - On Screen
When you select the Drive Setup option, the Drive Setup menu will be 
displayed on the screen. In the Drive Setup Menu, you can access three 
areas.

Figure 64 Drive Setup Options
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10:1 REDUCER = 10 MOTOR REV/SCREW REV MULTIPLIED BY SCREW REV/IN

1 MOTOR REV = .02IN = 50 MOTOR REV/IN
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The Define Motion menu deals with motion related parameters. Data entry 
screens for Jog, Home, and Index are available here. The second option, 
Programming, deals with programming the amplifier. The third option, 
Drive Configuration, deals with Drive Parameters, Input and Output 
Functions and Limits.

Drive Configuration
The first area of PCX that needs to be set up are Drive Parameters in the 
Drive Configuration screen.

Figure 65 Drive Configuration Options

Drive Parameters
The Drive Parameters screen allows you to enter values that relate the FX 
drive to your actuator. PCX software and some displays such as 
EMERSON Motion Control’s T-21 Data Entry Terminal use these 
parameters to display familiar user units. (Some examples would be: in/sec; 
rpm; steps/rev; ft/min, etc.)
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Figure 66 Drive Parameters Screen

Actuator Polarity

The default setting (+) of this feature provides position or distance increase 
with CW rotation of the motor. To change this relationship, press either the 
left or right arrow key, then press the Enter key. The screen will show “-”. 
Now position or distance increases occur with CCW motor rotation. During 
the time this change occurs using PCX, the bridge power is turned OFF and 
ON to accomplish a smooth transition. CW rotation of the motor is defined 
as you face the shaft end of the motor as shown below. 

Figure 67 Clockwise (+) rotation of the motor

Failure to follow safe installation guidelines can cause death or serious 
injury. Changing this value is not recommended while the drive is in 
motion.

     WARNING!

FX131
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Distance User Units

You may enter up to three letters that represent the distance or position 
units of your system. Examples:

IN for Inches
GAL for Gallons
MTR for Meters

Any three ASCII characters are acceptable.

User Distance Per Motor Revolution

The units for lead screws are sometimes expressed as lead in “inches per 
revolutions”. i.e. .2 in lead. This means every revolution of the screw, moves 
the nut .2 inches. Lead IN/Rev = 1/pitch. (Pitch = Rev/IN).

Enter the number of distance units the load would move if the motor turned 
exactly one revolution. This allows you to set up all moves using distances 
or positions that apply directly to the movement of the load. It also will 
displays all positional information in real units. For example:

1 Motor revolution = 360.00 degrees enter 360.0 DEG
1 Motor revolution = .2 inch, enter 0.2000 IN
1 Motor revolution = .125 feet enter 0.1250 FT

The help area in the lower left corner of the PCX screen states that the 
value must be greater than 50 and less than 25,000. Example #1, however, 
shows a value of 0.2000. 

This is acceptable because the drive doesn’t see the decimal point. The 
drive sees this entry as a value of 2000 and it will provide 2000 unique 
positions for each revolution of the motor.

The feedback resolver actually produces 4096 steps for every revolution of 
the motor. The smallest move the drive can make is 1 part in 4096.

Velocity User Units

To make the display data meaningful, you may convert the velocity units 
on your machine to the units used by the FX drive. Since it is possible to 
use an FX drive on a wide variety of applications, velocity units other than 
RPM can be set up. Three characters are available for velocity units (i.e., 
IPS, I/S, FPM, and F/M).

Velocity Scaling

In order to set the velocity units correctly, they must be scaled against the 
maximum velocity of your motor and drive. Range of velocity scaling is 1 to 
65,535 ignoring the decimal point. Use maximum number of digits for 
maximum resolution. For the following examples your system uses a FX-
455/DXE-455. Velocity scaling (3000 RPM equals _____).

1. You calculate that motor speed of 3000 RPM results in 600 in/sec. 
Enter 600.00 IPS.
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2. You calculate that motor speed in 360 deg/sec. Enter 360.00 DPS 
Velocity changes in .01 deg/sec increments (or nearest equivalent to .1 
RPM).

3. You calculate that motor speed in 34.5254 ft/sec. Enter 34.525 FPS. 
(Maximum scaling entry equals 65535.)

Maximum velocity resolution will never get finer than .1 RPM.

For example, in a lead screw application, if the motor’s top speed is 3000 
RPM and the screw pitch is 5 RPI (revolutions per inch), the top speed of 
the lead screw would be:

3000 RPM/5 RPI = 600 IPM (inches per minute) 

Or

600 IPM/60 seconds = 10 IPS (inches per second)

Accel/Decel Shape

This option also allows you to choose either linear ramps or mod-sine 
ramps for acceleration and deceleration. Mod-sine ramps enter 
acceleration more smoothly, use more peak torque, enter and exit the 
constant velocity part of the index more smoothly and reduce index 
maximum velocity about 20 percent.

The key advantage of using this option is reduced mechanical noise and 
wear of the mechanical components. The difference is shown below.

Use the right and left arrow keys to select the shape you want. When you 
have is displayed, press the <Enter> key to confirm and enter your choice. 
Mod-sine ramps require approximately 40 percent more peak current 
during acceleration and deceleration. This current is only required during 
the middle portion of the ramp.

Figure 68 Accel/Decel Shape

Time Base Override

By using the arrow keys to toggle between Analog, Real-Time and Encoder, 
you can change the operating time base of the drive. The time base selected 
here overrides the internal time base whenever the Time Base Override 
Input (Input #43) is active. (Encoder is only available with the appropriate 
application module.)

SPEED

TIME

SPEED

TIME

MOD-SINE RAMPS LINEAR RAMPS



79

Software Setup and Operation

Analog

When set to Analog this parameter sets the time base to external analog 
control. When in analog control with an analog voltage supplied to the 
command connector, the actual velocity of the motor will be:

Actual Velocity=(Programmed Velocity)(Input Analog Voltage)/10 Volts

For example: If the analog voltage is +5 volts, and the programmed 
velocity is 3000 RPM’s, then the actual velocity of the motor will be 1500 
RPM’s.

The Analog Option is not available when using a PCM-18 Application 
Module.

Real-Time

When set to Real-Time the time base is synchronized to the drive’s internal 
clock.

Encoder

This parameter is available only if your FX drive is equipped with a PCM 
module that is capable of ratio control. When set to encoder the time base 
is synchronized to an external encoder.

The Time Base Override functions only to override the internal real-time 
base. If the FX drive is equipped with a synchronized module and if another 
external time base (encoder or analog) is selected, in a program, the time 
base override function will not have any effect.
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Limits
The Limits screen allows you to set the maximum and minimum values the 
drive will accept, and protect the FX drive and machine from misuse.

Figure 69 Limits Screen

Maximum Allowable Velocity

This parameter acts as a velocity entry limit. The drive will not accept a 
velocity entry in the Jog, Home, or the Index screen that exceeds the 
number you enter here. For example, if the top speed of your drive is 3000 
RPM and the maximum input speed of the mechanical device connected to 
the motor is 1750 RPM, the value in this field should be set at 1750 RPM 
or less.

If you try to enter a velocity in an Index, Home or Jog greater than the 
value entered here, PCX will display an “Error” message, beep, and set the 
velocity to the value you entered here.

Minimum Accel and Decel Times

Used to limit the shortest time period that can be programmed for 
acceleration to maximum motor speed and from maximum motor speed to 
zero velocity. Too short an entry for accel or decel time could cause 
following error faults (“F”) or continuous torque exceeded (“1”) faults. The 
default is 8 ms. Minimum Accel and Decel Times can be set higher than 8 
ms but never lower.

Maximum Torque Output

This parameter limits the amount of torque the drive produces. The drive’s 
peak torque rating is 200 percent and the continuous torque rating is 100 
percent. Peak torque is only available for short periods (see 
“Troubleshooting” section).
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Distance Limit + and Distance Limit -

This parameter limits the minimum and maximum value that can be 
entered into an index distance. For example: If you set the Distance Limit 
+ to 50.000, and the Distance Limit - to -48.000, the Index Distance must 
be within -48.000 and 50.000.

When the + and - limit values are set to +2147483647 and -2147483648, 
respectively, the limits are disabled.

Travel Limit Position + and Travel Limit Position -

The + and - software travel limits set the motor’s minimum and maximum 
position range. For example: If you set the Travel Limit Position + to 
50.000, and the Travel Limit Position - to -48.000, index and jog moves can 
only be moved within this absolute positional range. If you cause the motor 
to go beyond travel limits (hardware or software), the FX drive will fault, 
causing the motor to stop and display an “L” on the diagnostics display.

If the - and + values are set to zero, the software travel limits are disabled. 

Travel Limits & Fault Decel Time

Used to set the deceleration rate after any fault occurs, or a travel limit 
(hardware or software) is tripped. This parameter is completely separate 
and independent of Stop/Hold Decel Time. 

Example: A motor with 0.5 In/Rev lead screw and the motor’s maximum 
speed is 3000 RPM. If the motor is operating at 1500 RPM (750 In/Rev), 
and the Travel Limit Decel Time = 1 second, the actual stopping time would 
be:

((1500 RPM)/(3000 RPM))(1 sec)=.5 sec

The distance traveled during the .5 sec deceleration period would be:

Distance Traveled=(750 IPM)(.5 sec)/(2(60sec/min))=3.125 in

Software travel limits are not active until a home is successfully 
completed.

Failure to follow safe installation guidelines can cause death or serious 
injury. If a motor is traveling at high speed and exceeds a hardware or 
software travel limit, the FX drive will bring the motor (and its actuator) to 
a stop within the time you enter here as calculated in the note below. Be 
sure your placement of travel limit switches and the value entered for this 
parameter leave enough room for the motor to stop without damaging 
machinery or injuring personnel.

    CAUTION!

     WARNING!
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Therefore, your limit switch (or software travel limit value) should be more 
than 3.125 inches from the actual end of travel to avoid machine damage.

The value you enter here is the time the FX drive will take to go from 
maximum motor speed to zero. If the motor is traveling at less than 
maximum speed, the time to stop is correspondingly shorter:

DT1=(DT2)(AMS/MMS)

Where:

DT1 = Actual deceleration time
DT2 = Value you entered in PCX
AMS = Actual Motor Speed
MMS = Maximum Motor Speed 

Stop/Hold Decel Time

This parameter sets the deceleration time used when a Stop, Suspend or 
Hold command is initiated (see “Travel Limits and Fault Decel Time”).

Absolute Rotary Position Limits

This value is used in rotary indexing applications and determines the 
position at which the internal position counter will be reset to zero. In a 
360.00 degree application, the proper entry would be 360.00 degrees. If the 
axis is moving in a positive direction, the next position after 359.99 is 0.00. 
Similarly, if the axis is moving in a negative direction, one position beyond 
0.00 is 359.99.

When you have entered a non-zero value here, an Absolute Index will 
calculate the shortest path (CW or CCW) to that specific position.

Two other rotary indexes, Rotary CW or Rotary CCW, force CW or CCW 
motion to an absolute position.

Maximum Following Error

The drive continuously checks commanded position from the 
microprocessor controller and feedback position from the motor. The 
difference between them is following error. If following error exceeds the 
value of this parameter, the drive will shut down and display an “F” fault. 
This occurs whether the drive is in motion or stopped. Default setting is the 
distance that equals one motor revolution.

The factory default for Travel Limits & Fault Decel Time, as well as Stop/
Hold Decel Time, is 0.040 seconds. Theoretically, this is the time needed 
to stop a motor running at 3000 RPM within a distance of one motor 
revolution. If your motor is connected to a speed reducer, this short decel 
time may be too abrupt to bring the motor/reducer/load combination 
safely to a halt. You may wish to use longer decel times for each of these 
conditions, depending on the load size and the machine’s operation.

    CAUTION!
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Enable In-Position Window

You may have an application that demands different amounts of torque to 
reach the desired position. Torque is produced as a result of following error. 
If following error is large, the torque produced by the drive will be large. 
But following error develops over time, the time necessary for the system 
to recognize that the actual position is not matching the commanded 
position. This time delay may be too long for the actuator to reach the 
desired actual position in some applications.

In-Position Window lets you specify how close you want the actuator to 
actually come to the desired position, how long the actuator should be in 
position before the End of Index Output comes on and how long to wait for 
the actuator to reach position within the window (or range) before turning 
on an output that says the time limit to reach the window was exceeded.

The End of Index Output normally comes on when the drive has been 
commanded to be at its final index position (plus any index dwell time).

The In-Position Window feature delays End of Index reporting until the In-
Position Window conditions have been satisfied. This feature is enabled 
when you select “Yes”. When you enable this feature, an additional 
question will appear in each index screen that asks if you want the In-
Position feature to apply to that index. If you select “Yes”, you will be asked 
to specify the In-Position window (or range) for that index. The In-Position 
Window range you enter will be used for all indexes that use the In-
Position Window feature.

In-Position Range

The value entered here is the range in user units that the drive must be 
within at the end of an index. For example, if user units were degrees, and 
5.00° was entered for the In-Position Range value, the drive must then be 
within ±5.00° of the desired end of index position to start the In-Position 
timer.

In-Position Time

The value entered here is the time (in seconds) that the drive must remain 
within the In-Position Range at the end of an index before the End Of Index 
output will be turned on.

For example, if user units were degrees, and 5.00° was entered for the In-
Position Range value, and 3.000 seconds were entered for the In-Position 
Time value, the drive must then be held within ±5.00° of the desired end of 
index position for at least 3.000 seconds.

If the drive moves out of the In Position Range (±5°) before the In-Position 
Time has elapsed, the drive will automatically reset the timer back to the 
In-Position Time value. If the drive moves back into the In-Position Range 
before the Maximum Time Limit timer expires, the In-Position timer will 
restart from zero.
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Maximum Time Limit

If at the end of an index, the drive does not reach this In-Position Window 
Range for a time period exceeding the value set in the Maximum Time 
Limit parameter, the In-Position Timeout output (output function #31) will 
be turned on and the drive will consider the index complete. However, this 
does not cause the drive to fault; normal operation will continue. You will 
need to determine if this is a fault condition and if further action is 
required.

Input Functions
This screen allows you to view or modify the Input Functions configuration. 
The left hand column (Input Assignments) of numbers corresponds directly 
to the Input lines on the drive. The next column (Functions) lists all of the 
input functions available and shows which input line each function is 
assigned to on the drive. Any functions assigned to Line Zero are inactive. 
In cases where two or more functions are assigned to the same input line, 
those functions will appear on the same line in the left column.

Figure 70 Input Functions Screen

To assign an input function, use the up/down arrows to move the cursor to 
the desired input function, type in the desired line number and then press 
<Enter>. The left hand window will then show the function beside the 
selected input line. If you wish to access a function that is off the screen, 
press the up/down arrow key or page down until the cursor is on the desired 
function. The screen will scroll as needed.

When an input line is activated, the corresponding input line on the PCX 
screen will be highlighted. This may be useful when setting up or testing 
the drive inputs.

Input Polarity

To define an input function as normally off (-) or normally on (+), move the 
cursor to the chosen function, press the (+) or (-) key and <Enter>. A 
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normally off function will be inactive until a signal is applied to its input 
line. A normally on function will be inactive until the signal is removed 
from its input line.

When assigning + or - travel limits, the recommended practice is normally 
on. This requires correct voltage, power and wiring to keep the alarm off.

The input polarity feature does not apply to the following input functions:

0 - Index Initiate 5 - Jog +
1 - Home (0) Initiate 6 - Jog -
4 - Jog 29 - Program Initiate
39 - Home(1) Initiate

Input Response Time

Input response time is the delay that takes place after a signal is received 
but before the motion occurs at the motor shaft. Figure 71, “Velocity Vs. 
Time Graph Showing Input Response Time,” on page 85 shows the 
comparative response between an input and the start of motion when no 
serial communication is occurring. The typical response time for starting 
an index is 4 ms with a maximum time of 7 ms.

Figure 71 Velocity Vs. Time Graph Showing Input Response Time

High Speed Inputs

As with all inputs, lines 1 and 2 have an average response time of 4 ms. 
However, when inputs 1 and 2 are used the drive remembers when the 
signal was received and increases the accel rate of the motor to reach 
maximum velocity sooner than at the set accel rate. The effect is a response 
time of 100 microseconds average.
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TIME
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7 mS MAXIMUM
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(+)

(-)

TIME
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MINIMUM

PULSE
WIDTH
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(-)
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Figure 72 Velocity Vs. Time Profile of High Speed Inputs

Input Filtering

This feature allows you to define the minimum acceptable pulse width for 
any input line. Any signal with less “On-Time” will be ignored. An 
individual time can be setup for each input line. A longer required “On-
Time” will filter out short-duration noise pulses.

If a time is assigned to an input line, any other function assigned to the 
same line will have the same filter time. Input filtering is a property of an 
input line, not a function.

Pressing “Alt-F” will access the input filter option. The input time for each 
function (if any) will be displayed next to the function polarity. Move the 
cursor to the desired function and type in the time, followed by <Enter>. 
Times must be entered in increments of .002 seconds. To return to the 
standard input screen press <Esc>.

Description of Input Functions
0 Index Initiate

Executes the selected index. If Index Select Function #14 is not assigned, 
the Default Index will initiate. (Factory set to Index 0.)

1 Home (0) Initiate

Executes Home Cycle #0 (see “Home Cycles”).

VELOCITY

TIME

4 mS

PROGRAMMED
VELOCITY

(+)

(-)

TIME

3 mS
MINIMUM

PULSE
WIDTH

INITIATE PULSE(+)

(-)

20 mS

.1 mS

12 mS (TYPICAL)
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2 Clear To Initiate

Clear to Initiate is intended to prevent unwanted motion during certain 
operations of a machine cycle. This function, when assigned to an input 
line, prevents repeated and undesired attempts at Index Initiate, Program 
Initiate or Home Initiate. 

The default polarity is (-) or normally off and the default signal sensitivity 
is edge sensitive. The signal sensitivity can be changed to be level sensitive 
using the FI serial command. For edge sensitivity send FI=0; for level 
sensitivity send FI=1.

Operation of this input with normally off (-) polarity and edge sensitivity 
(FI=0) is as follows: 

• On power up index, Home and Program Initiate functions are 
blocked.

• Sending a Clear to Initiate input signal will allow one each Index, 
Home and Program Initiate. To allow another Index, Home and 
Program Initiate after the first one, you must send another low to 
high transition of the Clear to Initiate input signal to the drive.

Operation of this input when set to level sensitivity (FI=1) is as follows:

• When clear to initiate input is high (On), unlimited initiates are 
allowed. When low (Off), initiates are inhibited.

3 Hold

This function stops Index or Home motion as long as the input is active. 
Index or Home motion resumes when this input is released. Decel time is 
set in Drive Limits (Stop/Hold Decel Time). Accel time used to resume 
motion is the one in the Index or Home segment you are interrupting. 
Program Jog is the only Jog function affected by Hold.

4 Jog

Starts and stops a jog in the direction specified by the Jog Direction input 
function #7. Defaults to the programmed Jog Fast velocity.

5 Jog +

Starts and stops a clockwise jog. If function input #8 is not assigned, the jog 
speed defaults to the Jog Fast velocity.

6 Jog -

Starts and stops a counter clockwise jog. If function #8 is not assigned, the 
jog speed defaults to the Jog Fast velocity.
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7 Jog Direction

Sets the direction for the Jog input function #4 (active = CCW).

8 Jog Slow

Causes the Jog Slow velocity to be used when Jog, Jog CW, or Jog CCW are 
executed. Jog, Jog CW, or Jog CCW must be active before Jog Slow is 
executed.

9 Travel Limit + 

Forces clockwise velocity to zero and inhibits any further clockwise motion. 
Counterclockwise motion is allowed. The drive will display an “L” on the 
diagnostics display. When released the “L” or travel limit is reset 
automatically. 

10 Travel Limit - 

Forces counterclockwise velocity to zero and inhibits any further 
counterclockwise motion. Clockwise motion is allowed. The drive will 
display an “L” on the diagnostics display. When released, the “L” or travel 
limit is reset automatically.

11 Stop Motion

Stops motion according to the Stop/Hold deceleration rate in the limits 
screen. A stop input will terminate indexes, homes or programs (returning 
the drive to external control). Motion resumes only if given another motion 
command. The stop input is active during all modes of operation including 
serial mode.

12 Inhibit Drive

Prevents all motion by disabling the drive’s bridge transistors and 
engaging the holding brake. The drive is re-enabled (and the brake is 
released) when input is removed.

13 Brake Override

Releases the brake when Inhibit is active. This allows the motor to be 
rotated by hand.

14 Index Select

Allows you to choose an index using input lines and sets the starting input 
line number for a given number of index select lines. For example, if your 
system requires four index select lines you could assign any four 
consecutive input lines. If you assigned the Index Select function to input 
line #5, then entered a 4 as the number of Index Select Lines, the Index 
Select function would now be assigned to input lines #5, 6, 7 and 8.
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The format of the Index Select Lines is binary. That is, the first line 
assigned has the value of 1, the second a value of 2, the third a value of 4, 
the fourth a value of 8, and so on. The index number selected is the sum of 
the values of the lines activated.

In the previous paragraph, with four lines assigned beginning with line 5, 
if no lines are active, index 0 is selected and it will be initiated when you 
activate Index Initiate. If you activate lines 5 and 7 and the Index Initiate 
line simultaneously, you will initiate Index 5 (line 5 has a value of 1 and 
line 7 has a value of 4). If you activate all four lines and the Initiate Index 
line simultaneously, you are selecting Index Number 15 (1 + 2 + 4 + 8 = 15). 
Index numbers available in the basic drive are indexes 0 through 31. 
Selected lines must be asserted first, or logic race will cause intermittent 
results.

15 Home Sensor (0)

Defines which input line is used for Home Sensor (0).

16 Feed Sensor (0)

Provides a sensor input for Feed Sensor (0).

17 Clear End Of Index Output

Clears the End Of Index Output. If this input is not assigned, the End Of 
Index output will automatically clear when the next motion occurs. If this 
input is assigned, the output will not be cleared until this input is active.

18 Clear End Of Home

Clears the End Of Home output. If not assigned, the End Of Home will 
automatically clear when the next motion occurs. If this input is assigned, 
the output will not be cleared until this input is active.

19 Clear End Of Index Count Output

Clears the End Of Index Count Output. If not assigned, the End Of Index 
Count will clear when the next motion occurs. If this input is assigned, the 
output will only be cleared by a “Clear End Of Index Count” input.

20 Clear Sensor Limit Hit

Clears the Sensor Limit Hit output. The Sensor Limit is programmed by 
PCX or serial commands. This input is used in “Feed to Sensor” and 
“Registration” indexes.

21 Reset Fault

Duplicates the function of the reset switch on the front of the digital drive. 
It will clear non-fatal drive faults.
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22 Zero Position

Sets the current position of the motor to zero. All absolute positions will be 
referenced to this set position.

23 Zero Display

This function zeroes all position query commands (FP and CP), Absolute 
position is unaffected.

24 Remember Position

Stores the current position of the drive in a Return absolute index. (Default 
= Zero). This index number may be changes in the Suspend Function menu.

25 Return To Position

Returns to the position defined by Remember Position input. This input 
uses the Return index which must be set up as an absolute index.

26 Clear End Of Sequence

Clears the End Of Sequence output. If not assigned, the End Of Sequence 
output will automatically clear when the next motion occurs. If this input 
is assigned, the output can only be cleared by activating a “Clear end of 
sequence” input.

27 Clear Programmable Output

Clears a Programmable Output. Each assigned Programmable Output 
requires a separate “Clear Programmable Output” line which corresponds 
to the PGO’s (output function #12) in the same order. If four lines are 
selected for PGO’s, this input function requires four lines to clear all of the 
PGO’s.

28 Wait/Jump Inputs

Used with the Wait For Input program function to stop program execution 
until the input line assigned with External Input is activated, or with the 
Jump program command to change program flow based on line conditions. 
Sets the starting Input Line number for multiple Wait/Jump Input Lines, 
and then asks for number of lines. If your system requires four Wait for 
External Input Lines, you could assign any four consecutive Input Lines.

29 Program Initiate

Executes the selected program. This is an edge sensitive function. It must 
be taken from low level to high level to be recognized.
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30 Program Select Lines

This input function allows you to select a program with Input Lines and 
sets the starting Input Line number for a number of Program Select Lines, 
PCX then asks for the number of lines. For example, if your system 
requires four program select lines, you could assign any four consecutive 
Input Lines. If you assign the program select function to Input Line #5, 
then entered a 4 as the number of Program Select Lines, the Program 
Select function would now be assigned to Input Lines 5, 6, 7, and 8. You 
could now select programs 0 through 15. Selected lines must be asserted 
prior to initiation.

The default format of the program select lines is binary. That is, the first 
line that you assign has a value of 1, the second a value of 2, the third a 
value of 4, the fourth a value of 8 and so on. The program number selected 
is the sum of the values of the lines activated.

Selecting program 5 in this example would require activating lines 5 (value 
1) and 7 (value 4) while activating the line assigned to Input Function 29, 
Program Initiate. If no lines are activated, this is the same as selecting 
Program #0.

31 Suspend Program

Stops the execution of a program and stores the unfinished program data 
(see “Suspend Functions” for a complete discussion).

32 Resume Program

Resumes the execution of a suspended program (see “Suspend Functions” 
for a complete discussion).

33 Abort Suspend

Clears the In Suspend output and returns the drive from a suspend cycle 
to normal operation without the need to “resume” and complete the 
suspended program (see “Suspend Functions”).

34 Clear End Program

Clears the End Of Program output. If not assigned, the End Of Program 
output will automatically clear when further motion is initiated. If this 
input is assigned, an input is required to clear the output.

35 Clear End Program Count

Clears the End Of Program Count output. If not assigned, the End Of 
Program Count output will automatically clear when the next motion 
occurs. If this input is assigned, an input is required to clear the output.
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36 Clear All Programmable Outputs

When the line assigned to this function is activated, this function will clear 
(set to Off) all programmable output lines (see “Input Function #27” to clear 
individual programmable output lines.)

37 Feed Sensor (1)

Defines which input line will be used for Feed Sensor (1) in Feed Sensor 
Indexes.

39 Home (1) Initiate

Executes Home Cycle in Home (1).

40 Home Sensor (1)

Defines which input line will be used for Home Sensor #1.

41 Index Direction

When you assign this function to an input line, an additional question will 
appear in each index setup screen asking “Use Index Direction Input - No”. 
If you answer “Yes”, and activate the input line assigned to this function, 
the index you initiate will run in the opposite direction to that in the Index 
Setup Screen. You must activate the input line assigned to this function 
BEFORE you initiate the index.

42 Torque Jog

This does not apply to serial jog velocity. This function enables Torque Jog 
when you simultaneously activate the input line assigned to this function 
and a Jog, Jog + or a Jog -. The commanded torque used for Torque Jog is 
equal to the speed set for Fast Jog divided by the maximum motor speed, 
times the drive peak torque rating. For example: If Fast Jog Velocity is set 
at 1000 RPM on an FX-340 and Torque Jog was enabled, the torque 
produced would be equal to:

(1000 RPM/3000 RPM)(80 lb-in), or (26.67 lb-in)

43 Time Base Override

Any motion initiated when this input is active will use the time base 
selected in the parameters screen.

Failure to follow safe installation guidelines can cause death or serious 
injury. If there is no resistance to the motor shaft when Torque Jog is 
enabled, the motor will immediately go to its maximum speed.

     WARNING!
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45 Out of Index

The “Out Of Index” output is used to indicate that the motor position is not 
within the faulted index distance when a Suspend occurs as a result of a 
fault. This output will become active if the motor moves past the end of an 
index during a Suspend Upon Fault, or is moved backwards before the 
faulted position where the Suspend was activated.

44 Clear Torque Limit Output

Clears a Torque Limit Hit Output after a torque limit has been exceeded. 
Torque Limit Hit Output is set up using the “Output Functions” screen.

50 Clear Position Window Timeout

This input is used to clear the Position Window Timeout output. The 
Position Window Timeout Output will remain on until this function is 
activated.

Output Functions
This screen allows you to view or modify the Output Functions 
configuration of the drive. The window on the far left corresponds directly 
with the Output lines on the drive. The next window shows which output 
function is assigned to each line. The first column in the right hand window 
shows each output function by number and description. The next column 
shows which line each function has been assigned to. Output functions 
assigned to line 0 are inactive.

Use the up/down arrow keys to move the cursor to the desired output 
function, type in the chosen line number and press <Enter>. The output 
function number will now appear beside the correct line number in the left 
window. The drive will accept multiple output assignments on any output 
line.

Figure 73 Output Functions Screen
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Description Of Output Functions
0 Ready

This output is On continuously after power up if the microprocessor and its 
memory are operating correctly. It turns Off when either a Watchdog 
Timer Fault or User Memory Fault occurs. To be active, this output must 
be assigned and the drive powered down, then up.

1 External Mode

This output is On when the FX drive is ready to be operated from external 
I/O. This output is Off when the FX drive is in serial control, such as when 
PCX home or Index screens are in control, or if the axis is in motion.

2 In Motion

This output is On whenever the commanded velocity is not zero.

3 End Of Index

This output comes On after completion of an index. If the Index Count is 
greater than 1 this output will come On after each index is completed. It is 
turned Off automatically with the next motion or when the Clear End Of 
Index input is used.

If there is index dwell time, this output will come On this amount of time 
after the index movement is complete.

4 End Of Home (0)

This output comes On after the completion of a Home (0) cycle. It is turned 
Off automatically with the next motion or when the Clear End Of Home 
input is used.

5 End Of Index Count

This output comes On only after an index is executed the number of times 
specified by the Index Count. It is turned Off automatically with the next 
motion or when the Clear End Of Index Count input is used.

6 Hardware Fault

This output comes On after the occurrence of a hardware drive fault. The 
specific hardware fault is indicated by a character on the diagnostics 
display. It is turned Off when all hardware faults are cleared.

7 Travel Limit Fault

This output comes On when either a hardware or software travel limit is 
hit and turned Off when the fault is cleared. A Travel Limit fault will also 
cause an “L” to appear in the diagnostic display.
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8 Position Error Fault

This output comes On whenever a Position Error Fault occurs and is 
turned Off when the fault is cleared. Position Error (or following error) 
fault will cause an “F” to appear in the diagnostic display (see 
“Troubleshooting” for more details on Position Error.)

9 Home Completed

This output comes On after the completion of a Home Cycle and stays On 
continuously unless absolute position is lost.

10 Sensor Limit Hit

This output comes On during a Feed Sensor or registration index if the 
Feed Sensor Limit is exceeded before a sensor signal is received. This 
output also comes on during a home when the Home Limit Distance is 
exceeded. This output is turned Off with the Clear Sensor Limit input. The 
condition that turns on this output is not a fault and the index will 
continue.

11 End Of Sequence

This output comes On after the completion of a motion sequence before the 
last dwell time (if any). A motion sequence is completed when a Home, 
Index, or Program or a combination thereof, is executed and no further 
motion commands are given. This output turns Off automatically with the 
next motion or when the Clear End Of Sequence is used.

12 Programmable Outputs

The output lines are assigned this function can be turned On or Off with 
the Update Outputs programming function.

13 End Of Program

This output is activated after each completion of all steps (motion and non-
motion) in a Program. It is automatically deactivated with the next motion 
or when the Clear End Of Program input is used.

14 End Of Program Count

This output is activated when the Suspend Program function is active (see 
“Suspend Functions” for a complete discussion).

15 In Suspend

This output comes On when the Suspend Program input function is active 
(see “Suspend Functions” for a complete discussion).
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16 End of Home (1)

This output comes On after the completion of a Home 1 cycle. It is turned 
Off automatically with the next motion or when the Clear End Of Home 
input is used.

19 External Brake Output

This output is on when the bridge is enabled, and off when the bridge is 
disabled. This output function is used to disengage an external brake when 
active.

20 Torque Limit Hit

This output is normally off and will turn on when the “Torque Limit” is 
reached as set in “Limits” screen. The only way to turn this output Off is 
with the “Clear Torque Limit Output” input function. Does not cause a 
fault condition.

31 Position Window Timeout

This output will come on if a Position Window does not complete before the 
In Position timeout expires.
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Define Motion
FX drive basic motion functions are accessed in the Define Motion screen. 

The bottom sections of the screens in each of the menus provide 
information such as the range of possible values, available types, valid 
units, and any other special instructions.

Figure 74 Define Motion Options
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Jog
The Jog function produces + or - rotation of the motor at controlled 
velocities. You can initiate Jog by maintaining a voltage on the inputs 
connected to the optically isolated input lines or through PCX. You can 
assign inputs with either + and - control or a Jog Initiate and a Direction 
Select.

Figure 75 Jog Setup Screen

Serial, Fast and Slow Velocities

When setting up the Jog parameters, you can set up three velocities: Serial 
Velocity, Fast Velocity and Slow Velocity. The acceleration and 
deceleration times are used for all jog velocities. When on-line with an FX 
drive, pressing the space bar initiates and stops the axis jogging at serial 
velocity.

All accel times are based from Ø RPM to maximum default motor velocity, 
not programmed speed. All decel times are based from maximum default 
motor velocity to Ø RPM, not programmed speed. To find the time to reach 
the velocity you programmed, divide your velocity by the drives maximum 
velocity, and multiply the result by the accel time you entered.

Lock

The Lock feature, when on, will not allow you to Jog until a Home Cycle has 
been completed.

You must also set Home Lock On in the home screen for Jog Lock to 
function. To enable Jog Lock re-cycle logic power to the drive after setting 
Home and Jog Lock on.
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Homes
Home cycles are used in applications where knowledge of the exact starting 
position for the load is a prerequisite for the initiation of other moves. You 
can activate a home cycle by sending a signal to an FX drive input line 
where an Initiate Home input function is assigned.

If the application requires it, you can connect an external home switch or 
sensor to an input line to which the Home Sensor input function has been 
assigned. This would cause the system to position the motor relative to the 
sensor location.

Figure 76 Homes Setup Screen

Type

The FX drive can perform six different Home types (see “Home Types” 
listed below).

• Offset (from resolver zero)

• Feed On (Home To External Sensor)

• Feed On/Offset (home to sensor, then to resolver zero offset)

• Feed On/Off (home to sensor, then off sensor)

• Feed On/Off/Offset (home to sensor, then off sensor, then to resolver 
zero offset)

• Feed On/Off/On (home to sensor, then off sensor, then on sensor)

The number of home parameters shown in the home screen will change 
depending on the Home Type selected. A maximum of two Home cycles can 
be programmed with an FX drive (Home #0 and Home #1). However, most 
applications require only one home function.
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Lock

The Home Lock feature is available to prevent all motion (except Jog) from 
being initiated before a home cycle has been completed. When powering up 
an FX drive with the Home Lock feature “ON”, all motion (except Jog) 
cannot be initiated by serial commands or through inputs until a Home 
Cycle has been completed. To prevent Jog motion from occurring, both the 
Jog Lock and the Home Lock must be on.

Resolver Offset

Resolver Offset function is the distance in user units within one revolution 
between resolver zero and the mechanical zero point for your machine.

Reference Position

The Reference Position is the distance from the Homed position to the user 
defined zero point of the machine. 

After the Home cycle is complete the position counters are set to zero. Then 
the value in Reference Position is loaded in the memory. This configures 
the drive to know the difference between Zero Home Position and Machine 
Zero. The FX drive will move the motor in relation to the user defined home 
point of the machine. 

Home Limit Distance

This parameter limits the incremental distance that the motor travels 
during a home move in looking for a Home Sensor Input. If this limit is 
exceeded, the Sensor Limit Distance Hit output is turned on and the home 
operation is aborted. 

Additionally, the Home Completed output (output function number 9) and 
End of Home output, if assigned, will not come on. The Home Limit is 
disabled when the limit is set to the default value zero.

Home Cycle Example

An example of a Home cycle can be demonstrated with a ball screw or rack 
and pinion drive. This particular application uses most of the programming 
features in the Home setup. The drive will first feed to the Home sensor, 
then feed off the sensor, then go to the resolver zero position (see Figure 77, 
“Home Cycle Example of Feed On/Off/Offset.,” on page 101).

Assume you want the motor to move the table - (towards the motor) until 
the Home Ø Sensor is triggered, then move slowly out of the sensor field, 
and finally rotate to the zero point. The home sensor in this example is a 

To enable the lock features, logic power must be re-cycled to the drive 
after the Home Lock and Jog Lock features have been turned on.

    CAUTION!
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significant distance from the machine’s actual zero point. This distance is 
the value you entered for the Position parameter in the Home setup screen. 

The Position parameter lets the FX drive home to the sensor location but 
operate with respect to the actual zero point.

Figure 77 Home Cycle Example of Feed On/Off/Offset.

The (A) motion is -100 RPM to find the sensor (feed on velocity).

The (B) motion is +15 RPM to find the sensor “Off” (feed off velocity).

The (C) motion is -15 RPM to move to the once per revolution offset (offset 
velocity).

Figure 78 Home Cycle Motion Profile

Home Types
Offset (home to resolver Ø + offset)

The motor moves in the direction specified by the sign of the speed to the 
resolver zero point and continues on to any resolver offset. This Home Type 
is used as the default setup. The “Offset Velocity” should be kept below 50 
RPM to reduce the effects of deceleration to zero velocity.
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Figure 79 Offset Home Motion Profile.

Feed On (home to sensor)

This Home moves in the direction specified by the sign of the speed to the 
point where a Home Sensor Input is received.The drive will decelerate to a 
stop as quickly as possible once the sensor is reached. Therefore, the “Feed 
on Velocity” should be kept below 50 RPM because there is no decel ramp 
to final velocity.

Figure 80 Feed On Home Motion Profile.

Feed On/Offset (home to sensor then to resolver Ø + offset)

As with the previous home types, The “Offset Velocity” should be kept 
below 50 RPM because there is no decel ramp to final velocity.

Figure 81 Feed On/Offset Home Motion Profile.
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Feed On/Off (home to sensor then off sensor)

The “Feed Off Velocity” should be kept below 50 RPM, because there is no 
decel ramp to the final position.

Figure 82 Feed On/Off Home Motion Profile.

Feed On/Off/Offset (home to sensor, then off sensor, then resolver 
Ø + offset)

The “Offset Velocity” should be kept below 50 RPM because there is no 
decel ramp to the final position.

Figure 83 Feed On/Offset Home Motion Profile.
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Feed On/Off/On (home to sensor then off sensor then on sensor)

The “Slow Feed on Velocity” should be kept below 50 RPM. There is no 
decel ramp to the final position.

Figure 84 Feed On/Off/On Home Motion Profile.

Indexes
An index is a complete motion sequence that moves a specific distance or to 
a position. This motion sequence is a combination of a programmed 
velocity, an acceleration time to maximum velocity, a deceleration time 
from maximum velocity, a final travel distance or position, an optional 
dwell time at zero speed after the distance or position has been reached, 
and an index repeat count.

Figure 85 Indexes Setup Screen

The basic FX drive has thirty-two (32) indexes available. When the 
Number parameter is selected, PCX will show the number of available 
indexes in the lower left corner of the Index screen (Range). You can 
initiate an index using the Initiate Index input function.
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Index Types

Six types of indexes (Incremental, Absolute, Feed Sensor, Registration, 
Rotary +, and Rotary -) can be selected. The number of index parameters 
shown in the index screen will change depending on the index type 
selected. Each index type is explained on the following pages.

Incremental Index

An Incremental Index will move the motor a specified distance in the + or 
- direction regardless of starting position. The distance from the starting 
position is a key factor in Incremental Indexes.

Figure 86 Velocity vs. Time Profile of an Incremental Index.

AT1=(AT2)(IV/MDV) DT1=(DT)(IV/MDV)

Where:

MDV = Maximum Drive Velocity (see “Product Specifications”).
AT1 = Acceleration Time from zero to MDV (Value you entered).
AT2 = Actual Acceleration Time.
DT1 = Deceleration Time from MDV to zero (Value you entered).
DT2 = Actual Deceleration Time.
IV = Index Velocity (in user units) you entered for this index.

Incremental Indexes are used in applications where the distance traveled 
each time is critical to the process. Some examples are auger fillers that 
must deliver carefully measured amounts of material with each revolution 
of an auger screw, or conveyors that deliver product every given distance of 
the conveyor.

Absolute Index

An Absolute Index will move the motor to a specific position, regardless of 
the starting position. The drive will select the proper direction in order to 
arrive at the programmed position.
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Absolute Indexes are used in applications where the motor (or actuator) 
must travel to a specific position, regardless of where the motor finds itself 
when an Absolute Index is initiated.

Figure 87 Velocity vs. Time Profile of an Absolute Index

AT1=(AT2)(IV/MDV) DT1=(DT)(IV/MDV)

Where:

MDV = Maximum Drive Velocity (see “Product Specifications”).
AT1 = Acceleration Time from zero to MDV (Value you entered).
AT2 = Actual Acceleration Time.
DT1 = Deceleration Time from MDV to zero (Value you entered).
DT2 = Actual Deceleration Time.
IV = Index Velocity (in user units) you entered for this index.

An Absolute Index will cause the motor to go in the correct direction to the 
commanded position without further effort on the part of the controlling 
machine intelligence, human or otherwise. 

For example, this index type allows you to command, a return to the zero 
point of the machine without concern over where the motor is or which 
direction it must travel.

Feed Sensor Index

Feed Sensor and Registration Indexes combine moving to a sensor input 
point and a fixed distance. The Feed Sensor index consists of two parts; the 
first part accelerates the motor to the Index Velocity and continues at that 
velocity until it has moved the Index Distance, at which time the motor will 
decelerate (or accelerate depending on the indexing profile) to the Feed 
Velocity. During the second part of the index the FX drive will continue at 
the Feed Velocity until it receives a sensor input, at which time it will 
decelerate the motor at the Feed Deceleration Rate.

If the motor exceeds the Feed Sensor limit Distance before the FX drive 
receives a Feed Sensor input, the motor will decelerate to zero.
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Figure 88 Velocity vs. Time Profile of a Feed Sensor Index

There are two different sensor inputs available; Feed Sensor Ø and Feed 
Sensor 1. This type of index can also be setup as a Feed to Torque index 
where the FX drive will accelerate to a percent of continuous Torque on the 
motor instead of looking for a sensor input.

The Feed Sensor Limit Hit output function (output function number 10) if 
assigned, will turn on an output line as a warning you that this limit has 
been exceeded. However, this function is not a fault condition, only a 
warning. If the Feed Sensor Limit Distance is exceeded, the output will 
come on and the drive will decel to zero similar to a normal end of an index 
operation.

Registration Index

A Registration Index is used in applications where the motor must move 
until an object is detected and then move a specific distance from the point 
of detection, such as finding a registration mark and moving a distance 
beyond.

The Registration Index consists of two parts. The first part accelerates the 
motor to the feed velocity. At this point the drive will continue at this 
velocity until it receives a sensor input. Upon receipt of a sensor input, the 
index portion will be executed. A Feed Sensor Limit Distance can be 
programmed to turn on an output (Sensor Limit Distance Hit) if a sensor 
input or torque limit is not received within the Limit Distance.

Figure 89 Velocity vs. Time Profile of a Registration Index
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Rotary + and Rotary - Indexes

Rotary + and - Indexes provide forced directional control of moves to 
absolute positions. All other parameters function the same as they do with 
absolute indexes. An Absolute Index is a direct move to a specific position, 
regardless of the starting point. A Rotary + Index moves to the specified 
position, but only in a + direction.

If you wish to use Rotary + or - Indexes, you must set the Absolute Rotary 
Position Limits parameter in the Limits screen to a user unit amount equal 
to one revolution of the motor or the actuator (see “Limits” for more 
information.)

1. In the following examples the term “D” = (absolute position specified)-
(current position). If “D” is negative, - motion is implied.

2. In the following examples the “Absolute Rotary Position Limit” is set 
to 360.00°. This means that with each revolution of the motor (or 
rotary table), the position displayed at the bottom of the PCX screen 
will count up to 359.99°, then roll over to Ø°.

Rotary Indexes With A 360° Rotary Range Defined

1. If “D” is the correct sign for the rotary move (e.g., positive for a Rotary 
+), the drive will allow multiple revolutions of the rotary range. This 
means that the motor will travel the distance “D”.

Example 1: If the starting position is at Ø° and 720° is the specified 
position, a Rotary + Index would travel 2 revolutions in the + 
direction. At the completion of this index the motor position would be 
Ø°.

Example 2: If the starting position is at 60° and 360° is the specified 
position, a Rotary + Index would travel 300° in the + direction. At the 
completion of this index the motor position would be Ø°.

2. If “D” is the opposite sign of the rotary move, the motor will move to 
the same rotary position but not allow the reverse motion.

Example 3: If the starting position is at 90° and 80° is the specified 
position, a Rotary + Index would travel 350° in the + direction. At the 
completion of this index the motor position would be 80°.

Example 4: If the starting position is at 90° and -730° is the specified 
position, a Rotary + Index would travel 260° in the + direction. At the 
completion of this index the motor position would be 350°.

Absolute Indexes With A 360 Rotary Position Limit Defined

1. If the specified position is within rotary range (Ø° to 360°), the drive 
will take the shortest path to the position within the rotary range.

Example 1: If the starting position is at Ø° and 359° is the specified 
position, an Absolute Index would travel 1° in the - direction. At the 
completion of this index the motor position would be 359°.



109

Software Setup and Operation

Example 2: If the starting position is at 90° and 271° is the specified 
position, an Absolute Index would travel 179° in the - direction. At the 
completion of this index the motor position would be 271°.

2. If the specified position is outside the rotary range, the drive will 
travel the distance and direction calculated by distance.

Example 3: If the starting position is at Ø° and 360° is the specified 
position, an Absolute Index would travel 360° in the + direction. At 
the completion of this index the motor position would be Ø°.

Example 4: If the starting position is at Ø° and 361° is the specified 
position, an Absolute Index would travel 361 in the + direction. At the 
completion of this index the motor position would be 1°.

Example 5: If the starting position is at 90° and -3600° is the 
specified position, an Absolute Index would travel 3690° in the - 
direction. At the completion of this index the motor position would be 
Ø°.

Index Parameters

The following is a list of the parameters found in various index screens. 
Items that do not appear on every screen for every index type will be noted.

Use Index Direction Input

This parameter only appears when Index Direction Input function #41 is 
assigned. 

When you enter “Yes” for this parameter, the index will proceed in the 
normal direction commanded by Index Distance. If the line assigned to 
Index Direction Input is active when this index is initiated, the index will 
run the commanded distance but in the direction opposite to the direction 
commanded in the index setup.

Distance/Position

This parameter in an Incremental Index specifies the incremental distance 
and direction that the motor is to move from its present position. If the 
Actuator Polarity is set to + in the Drive Parameters Menu, the CW 
rotation of the motor will cause the distance from zero to increase to a 
positive value. If the Actuator Polarity is set to -, the CCW rotation will 
cause the distance to increase in a positive value.

When used in an Absolute Index, this parameter is called “Position” and 
specifies the position (referenced from machine zero position) to move to. In 
an Absolute Index, the FX drive will be able to move to the commanded 
position, regardless of where it lies with respect to the motor’s starting 
position.
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Velocity

This parameter specifies the maximum velocity the FX Drive will 
accelerate to during the index. If the acceleration time, deceleration time 
and distance are very short, the motor may not reach the maximum 
velocity; however, the commanded position will be achieved.

Accel Time

This parameter specifies the time in which the FX Drive will accelerate 
from zero speed to maximum velocity during the index. The acceleration 
time actually used is found using the following formula:

Actual Accel Time (AT2)=(AT1)(IV/MDV)

Where:

MDV = Maximum Drive Velocity (see “Product Specifications”).
AT1 = Acceleration Time from zero to MDV (Value you entered).
AT2 = Actual Acceleration Time.
IV = Index Velocity (in user units) you entered for this index.

For example, if you are setting up an FX-455 with a DXE-455 motor, the 
motor’s maximum velocity is 3,000 RPM. In the index screen you enter a 
maximum velocity of 1,200 RPM and an acceleration time of 1 second. The 
actual time the FX drive will take to accelerate the motor from zero to 1,200 
RPM is found by multiplying 1 second by 1,200/3,000, or 0.4 seconds to 
reach 1,200 RPM.

Decel Time

This parameter is the direct opposite of acceleration time. The value you 
enter here is the time in seconds you want the FX drive to use to decelerate 
from maximum motor velocity to zero speed. This rate is then used to go 
from Index Velocity to zero speed when the index is complete. The 
calculation is:

Actual Decel Time (DT2)=(DT1)(IV/MDV)

Where:

MDV = Maximum Drive Velocity (see “Product Specifications”).
DT1 = Deceleration Time from MDV to zero (Value you entered).
DT2 = Actual Deceleration Time.
IV = Index Velocity (in user units) you entered for this index.

For example, if you are setting up an FX-316 with a DXE-316 motor, the 
motors maximum velocity is 4,000 RPM. In the index screen you enter a 
maximum velocity of 1,800 RPM and a decel time of 2.0 seconds. The actual 
time the FX drive will take to decelerate the motor from 1,800 RPM to zero 
is found by multiplying 2.0 seconds by 1,800/4,000 or 0.9 seconds.

Dwell Time

The value entered here is the amount of time the FX drive will wait at the 
end of the commanded index distance at zero velocity before the index is 
considered complete. The End Of Index output (output function number 4) 
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comes on when the index motion is complete and remains on for the 
duration of the non-zero entry in Dwell Time.

The default value is zero (Ø), which means if the index count is greater 
than zero (Ø), the FX drive will immediately initiate the next index upon 
completion of the previous index.

Feed To Sensor (Ø)

This parameter only appears in Feed To Sensor and Registration Indexes.

When this parameter is set to “Yes” and you select Registration Index, the 
FX drive will accelerate to the Feed Velocity and continue at that velocity 
until a signal is received on the input line assigned to Input Function #16, 
Feed Sensor Ø. Once the signal is received, the FX drive will start the 
Distance/Velocity part of the index.

If you select a Feed To Sensor Index, the FX drive will execute the distance 
part of the index. When the motor reaches that distance, the drive will 
change to Feed Velocity until the input line assigned to Feed Sensor Ø is 
activated or the Sensor Limit Distance is exceeded.

If this parameter is set to Yes and the parameter Feed To Sensor (1) is also 
set to Yes, the FX drive will continue at the feed velocity until either Feed 
Sensor Ø or 1 receives a valid input.

Feed To Sensor (1)

This parameter only appears in Feed To Sensor and Registration Indexes.

This parameter operates the same as Feed To Sensor Ø. If this parameter 
is set to Yes and the Feed To Sensor (Ø) parameter is also set to Yes, the 
FX drive will continue at the feed velocity until either Feed Sensor Ø or 1 
receives a valid input.

Feed To Torque Limit

This parameter only appears in Feed To Sensor and Registration Indexes 
and may be used in place of either of the Feed Sensor inputs.

When set to Yes, the FX drive will accelerate the motor at the Feed Accel 
Rate to the Feed Velocity. The index will continue at this velocity until the 
torque on the motor shaft is equal to the setting you have entered for this 
parameter. The value entered here is expressed in percent of continuous 
torque, 200 percent being the highest possible value.

Once the FX drive senses motor torque reaching the level of this entry for 
this index, the index will proceed to the next step in the process (the 
distance/velocity move). Use slower than normal acceleration times for 
Feed To Torque Indexes to avoid false tripping because of the motor using 
too much torque just getting up to speed.
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Torque Limit Setting

This parameter only appears in Feed To Sensor and Registration Indexes. 

The value entered here sets the maximum torque limit that the index will 
feed to when “Yes” is entered for the Feed To Torque Limit parameter. This 
value is entered as a percentage of the maximum torque (200% maximum) 
available in the drive. 

For example, if you are using an FX-208, which has 8 in/lbs of continuous 
torque, and your application requires 4 in/lb of torque, you would enter a 
value of 50 percent.

Feed Sensor Limit Distance

This parameter only appears in Feed To Sensor and Registration Indexes.

This parameter is an incremental distance limit for the feed portion of a 
Feed To Sensor or Registration Index (Default of Ø indicates no limit 
distance.) Hitting this limit completes the feed portion of the move just as 
if it had completed normally (by sensors or torque limit reached) except 
that the Sensor Limit Hit output is turned on.

Feed Velocity

This parameter only appears in Feed To Sensor and Registration Indexes.

This parameter specifies the maximum velocity the drive will accelerate to 
during the feed portion of the index move.

Feed Accel Time

This parameter only appears in Feed To Sensor and Registration Indexes.

This parameter is used to specify the rate at which the drive accelerates 
during the feed portion of the index (see “Accel Time” for description.)

Feed Decel Time

This parameter only appears in Feed To Sensor and Registration Indexes.

This parameter is used to specify the rate at which the drive decelerates 
during the feed portion of the index (see “Decel Time” for description.)

Wait For In Position

This parameter appears only if Enable In-Position Window is set to “Yes” 
in the limits screen.

The Wait For Position parameter is used to Enable/Disable the In Position 
Window feature for each index.
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Count

For each of the Index Types, the Count is the number of times the Index 
will repeat when initiated. The End Of Index Output, if assigned, will come 
on at the end of each index; Index Count completes only once after all 
repetitions are complete and any non-zero entry for index dwell time has 
expired.

Count defaults to Ø (zero) and a number must be entered or the index is 
ignored.

Count for Absolute Indexes should always be 1. You only go to a specific 
position once. 

Suspend/Resume
The Suspend Function is used to temporarily interrupt the operation of a 
running program and is initiated with Input Function #31. The Resume 
Function causes the system to finish the program that was suspended. 
Resume is initiated with Input Function #32.

When a Suspend command is received, the FX drive will stop motion using 
the Stop/Hold Decel ramp entered in the Limits screen. The motor position 
will then be stored in a Return To Position Index, and the interrupted 
program task will be stored in the memory of the drive. The drive will now 
accept and execute new motion commands such as Jog, Home, Index, or 
Program Initiate. This can continue until a Resume command is received.

Upon receiving a Resume command, the drive will continue the execution 
of the program which was suspended. If an index was in progress when the 
suspend occurred, any index distance remaining at the end of the Suspend 
ramp will be executed by the Resume function, regardless of the motor 
position at the time of Resume.

If you move the motor in any way during a Suspend function, and you want 
the motor position to be the same as if the Suspend had not occurred, you 
must run a “Return To Position Index” before you initiate a Resume 
function. You must have previously set up this index as an absolute index 
with the speed and ramps you wish to use for the Return to Suspended 
Position move, along with a repeat count of 1. The index you set up is the 
one you select when you enter “Return/Resume Index Number” in the 
Suspend/Resume screen. Suspend, Resume, Return to Position, and Clear 
Suspend functions are activated through input functions in the I/O.

A Suspend will not be accepted while a Hold cycle is active, while a previous 
Suspend is active, or a decel ramp is in progress. The memory for the 
Suspend function will only hold one event. If you attempt a Suspend 
command after the drive has already been suspended and the Suspend 
memory has not cleared, the new information will not be retained. You can 
clear suspended memory by using the Abort Suspend Function (Input 
function #33), or a hardware Stop command (Input function #11).
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Suspend Screen Parameters

When you select the Suspend option from the “Define Motion” screen, the 
Suspend data entry screen shown in the figure below is displayed.

Figure 90 Suspend Setup Screen

Run Program On Suspend 

This feature allows another program to be automatically initiated when a 
Suspend is accepted. After the FX drive stops on Suspend, the program you 
specify in the program number parameter will be executed without the 
need for a Program Initiate.

Program Number

This parameter determines which program is to be initiated when a 
suspend is accepted and the “Run Program On Suspend” feature is used. 
This field appears if Run Program On Suspend is set to Yes.

Automatic Clear Upon Program

This feature may be used to automatically clear a Suspend cycle. When 
used with the Run Program On Suspend feature, the program you selected 
will be executed before the Automatic Clear occurs. Once a Suspend cycle 
is cleared, the original program will not be resumed and the controller will 
be free to accept another Suspend input or motion command. When this 
feature is not used, a Resume input is needed to clear the Suspend cycle. 
This field appears if Run Program On Suspend is set to Yes.

Automatic Return Upon Resume

This feature causes the “Return Index Number” index to be automatically 
initiated when a Resume input is accepted. When a Suspend input is 
accepted and the motor stops, the current position is stored in the index 
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position specified by the “Return Index Number” value. To perform 
properly this index must be set up as an absolute index with a count of one. 
Then the motor will return to the position where the Suspend occurred, and 
continue with the original program.

Automatic Resume

This feature will cause the drive to resume a suspended program without 
the need for a Resume input following the Run Program On Suspend 
program.

Return/Remember Position Index Number

This parameter determines which index is to be initiated when a Resume 
is accepted and the “Automatically Return After Program” feature is used. 
When a Suspend input is accepted, the current position will be saved to this 
index. All other index information should be set up by the operator. This 
index must be set up as an absolute index with a count of one.

Automatically Suspend Upon Fault

This function allows a fault to be handled without losing the current 
program setup or motor position. When this function is enabled, the 
following conditions apply:

1. A Suspend is automatically executed following a reset of a qualified 
fault. After the drive has been reset, operation is identical to a normal 
Suspend.

2. The Suspend Upon Fault capability applies only to the following 
faults: 

1 fault - RMS current or Continuous Torque Exceeded fault 
5 fault - Motor temperature fault 
6 fault - Bridge circuit breaker is open or low AC voltage
7 fault - Amplifier bridge temperature fault
F fault - Following error fault only.

3. The Suspend Upon Fault may only occur in a situation where 
Suspends are allowed (i.e., programs or indexes). Unlike other 
Suspend conditions, a Suspend Upon Fault may occur during the 
ramp down portion of an index which occurs in a program.

4. When a fault occurs during a Suspend function, the program which 
was running during the Suspend is terminated. However, the 
Suspend remains active following a fault reset.

All suspend functions and rules apply to fault initiated suspends except 
Run Program on Suspend, because the drive is faulted. The “Out Of Index” 
output (Output function #45) is used to indicate that the motor position is 
not within the faulted index distance when a Suspend occurs as a result of 
a fault. This output will become active if the motor moves past the end of 
an index during a Suspend Upon Fault, or is moved backwards before the 
faulted position where the Suspend was activated.
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Programming
Motion Programs are a series of indexes that have been previously set up 
that you combine with other programming steps to create a motion profile. 
Each motion program provides a series of movements in conjunction with 
other machine functions. The movements are used to perform a particular 
machine operation.

Multiple programs can be created using PCX software, each designed for a 
different machine function. The FX drive is capable of storing up to 32 
indexes, 10 motion programs (Ø to 9), and a maximum of 100 program steps 
in the non-volatile memory.

The number of available programs and average number of steps per 
program are directly related to each other. The memory is set up such that 
if you require 10 programs (maximum), each program can have an average 
of 10 program steps each.

A motion program is created by entering program functions in the order in 
which they are to be executed. A motion program is made up of function 
codes, some of which are listed across the bottom of the PCX program 
screen. To see the complete list of available codes when you are in the lower 
half of the program screen, press the <F1> key. A pop-up screen will 
display all of the function codes.

As you enter steps in a program, the function codes and function data 
(index numbers, program numbers, dwell times, etc.) are displayed on the 
program screen so you can easily follow the program sequence.

You may use any index or program which you have previously created to 
build your program. The example motion program shown in Figure 91, 
“Motion Program Example,” on page 116 could be accomplished with one 
program; however, two programs have been used to show the use of the 
Call Program (P) function. In this example, program numbers 1 and 2 are 
used and index numbers 1, 2, 3, 4, and 5 are used.

Figure 91 Motion Program Example

VELOCITY

TIME

(+)

(-)

EXECUTE
PROGRAM 1

WAIT OUTPUT

AFTER A 5 SECOND
DWELL, COMPOUND
INDEXES 4 AND 5
WILL BE EXECUTED.

OUTPUT

1

2

3

4

5

AFTER INDEX 5 IS
COMPLETE AND AFTER

A 5 SECOND DWELL,
TURN OFF OUTPUT
LINES 9, 10, AND 11

THEN REPEAT UNTIL
PROGRAM 1 COUNT = 0

DURING PROGRAM
2, ONE OUTPUT IS
UPDATED AT THE
END OF EACH INDEX

WAIT AT HOME POSTION UNTIL
INPUT LINE 5 IS TURNED ON.
INPUT LINE 5 HAS BEEN
ASSIGNED THE "WAIT/JUMP
INPUTS" FUNCTION

HOME POSITION
AFTER HOME

CYCLE

HOME CYCLE

ONCE INPUT 5 IS TURNED ON
EXECUTE PROGRAM 2. PROGRAM 2
CONTAINS 3 INDEXES (1, 2 AND 3). 2

AND 3 ARE COMPOUNDED
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The program count determines how many times the program will be 
executed. In this example the program count for Program 1 is 10. This 
means everything within Program #1 will repeat 10 times including 
Program #2. If the program count is set equal to zero (Ø), the program will 
not execute. If the program count is set equal to 65535, the program will 
execute indefinitely.

The program function codes determine the actual moves to be executed. 
Each function will be performed in the sequence that is shown in the 
program screen. Once you have entered the sequence, download the new 
program data to the FX drive by pressing the <Esc> key, or by moving the 
cursor up to the Program Number position using the arrow keys. The upper 
left corner of the screen will display a “BUSY” message during the 
download.

Figure 92 Program Example
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In the example shown in Figure 94, “Example #1, Compound Index,” on 
page 119, Program #1 is the main program and Program #2 is called as a 
subroutine of Program 1. This call can be seen in step 2 of Program #1.

Figure 93 Program Example

Description Of Programming Functions
Each program function has a designated single or double letter function 
code that is used when creating a program. This section describes the 
functions.

C Call Index (Compound)

The Call Index (Compound) feature allows you to link two indexes together 
without stopping motion between the indexes.

You cannot compound into Index #Ø under any circumstances or into Index 
#63 if you have a PCM-14 on your FX drive.

A Call Index (Compound) is an index whose final velocity is not zero, but 
the velocity of the next index. Because a Call Index Compound ends by 
accelerating or decelerating to a velocity, not a dead stop, that compounded 
index cannot be used again as a regular index. However, identical Call 
Index (Compound) sequences can be repeated in a program. Three Call 
Index (Compound) examples are shown below:

Example 1: You can use the Call Index (Compound) feature to run special 
Indexes which have different velocities and distances.

In this example the drive will accelerate at the Index #1 acceleration rate 
until it reaches the velocity of Index #1. Then, after this distance in Index 
#1, the drive decelerates at the deceleration rate of Index #1 to the velocity 
of Index #2, without coming to a stop.
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Figure 94 Example #1, Compound Index

The drive will continue at that velocity until it approaches the programmed 
distance of Index 2, then decelerate at the Index #2 deceleration rate to the 
Index #3 programmed velocity. It will continue at that velocity until it 
approaches the programmed distance of Index #3, at which time it will 
decelerate at the Index #3 deceleration rate and stop.

When using multiple compound indexes within the same program, all 
compound index directions must be the same. The direction of movement is 
set by the first of the compound indexes and is not scanned again until the 
next index is initiated that is outside the compound ones.

Example 2: This example is similar to #1, except in this compound index 
the drive will accelerate instead of decelerate at the end of each individual 
index.

Figure 95 Example #2, Compound Index Motion Profile

After completing Index #1, the drive will accelerate at the acceleration rate 
of Index #2 until it reaches the programmed velocity of Index #2. After 
completing Index #2 the drive will accelerate to the programmed velocity 
of Index #3 and move at that velocity until it approaches the programmed 
distance, at which time it will decelerate at the Index #3 deceleration rate 
and top.
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Example 3: Use the Call Index (Compound) feature to turn an output on, 
then off without stopping motion. Each index is incremental, has a count of 
1, and has the same velocity.

Figure 96 Example #3, Compound Index

D Dwell Time

The Dwell Time function allows the program to pause for a number of 
seconds between program functions. Time is directly entered. Minimum 
time is 1 ms; maximum time is 65.535 seconds.

E End Program

This function is used to designate the end of a program. It may be used 
more than once when using the Jump commands. The End Program 
function is also used to terminate programs prior to the last program step. 
The End Program function is equivalent to a return from subroutine when 
used at the end of a called program.

F Set Maximum Following Error

This function overrides the “Maximum Following Error” which is set up in 
the “Limits” screen. When the program has completed, Following Error is 
reset to the value programmed in the Limits screen. This function is often 
used with the “Q, Set Maximum Torque” function. A large value entered 
here prevents the drive from faulting out during a “Torque” move.

H Call Home

The Call Home function is used to initiate a previously programmed Home 
Cycle. There are two Home Cycles that can be called within a program.

VELOCITY

DEGREES

(+)

(-)

OUTPUT ON
FROM 90 TO 180

INDEX
1

INDEX
2

INDEX
3

90 180 270 360

0
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I Call Index

The Call Index function is used to initiate the execution of an index. When 
this function is used, the index number must also be given. After you enter 
an index number in the data field, PCX will display that index’s distance 
and speed.

O Set Outputs Lines or PGOs

Before this function can be used, you must first assign Output Function 
#12 “Programmable Outputs” to one or more external output lines. This 
function allows you to change the status of any or all of the programmable 
outputs you assigned in the output function screen.

Once selected, the cursor will move to the data field where zeros that 
represent the programmable outputs are displayed. The leftmost zero 
represents the first programmable output line and the others follow in 
numerical sequence. 

If you enter a one, that output will be forced on. If you enter a zero, that 
output will be forced off. These outputs will remain in this pattern until 
they are updated. If you enter an “X” for any line, that line state will not be 
changed.

P Call Program

The Call Program function is used to initiate a program from within a 
program. You can use the “P” function to call additional programs as sub-
routines of your original program. This is called “Nesting”. PCX allows you 
to nest up to 10 programs under any one Program Call function before 
returning to the original program.

For example, you initiate Program #1, which uses the “P” function to call 
Program #2, which uses the “P” to call Program #3, which uses the “P” 
function to again call Program #2. This continuous loop condition could 
cause the memory to get stacked up, causing the drive to drop out of the 
program and return to external mode or register a “Ø” fault on the 
diagnostic display. 

To avoid this condition, it is recommended that you make all of your 
program calls from your original program (Program #1 in this example). 
Then use the Jump function (J) right after the “P” function calling Program 
#3 to jump back to “P” function calling Program #2. This will allow the 
amplifier memory (RAM) to clear and the loop to continuously run program 
#2 and #3 from Program #1.

Failure to follow safe installation guidelines can cause death or serious 
injury. Use care in constructing programs that create a continuous loop 
condition by “Nesting” programs. When nesting programs, your program 
must return to the “Master” program somewhere in the loop to prevent 
programs from becoming stacked up in memory.

     WARNING!
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Q Set Maximum Torque Output (%)

This function overrides the “Maximum Torque Output” which is set up in 
the “Limits” screen. When the program has completed, the original value is 
restored. If you use a low value for “Q” (less then 100 percent) you may need 
to set a high value for following error (F). This will avoid faulting the drive 
if it runs into a condition requiring more torque than it is allowed to 
deliver.

J Jump

Before this command can be used in a program, you must assign Input 
Function #28, “Wait/Jump Input” to one or more hardware input lines. To 
select this option, enter “J” in the program step. Then select one of three 
Jump options shown in the figure below.

The “Jump Always” command is an unconditional jump statement that 
causes program execution to move immediately to the specified program 
step.

The “Jump on Input Pattern (PGI)” command, brings up another window 
with these match selections.
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Figure 97 Jump on Input Pattern Commands Window

The “Jump on Input Pattern (PGI)” command causes program execution to 
skip to the designated program step if the specified input lines match the 
pattern you have selected. If the specified lines do not match that pattern 
the program continues to the next step in the program.

Before this command can be used in a program, Input Function #28 “Wait/
Jump Input” must be assigned to one or more hardware input lines (see 
“Input Functions” section). 

The first and third choices in Figure 97, “Jump on Input Pattern 
Commands Window,” on page 123 are alike in that they are asking for an 
AND condition of the selected Input Lines before jumping to the 
destination program step. In other words, the Jump will be made if, for 
example, selected Lines 1 AND 3 AND 4 are ALL on or off, depending on 
your selection. A numeral 1 looks for that Input Line to be on or off; the 
letter “X” causes that Input Line condition to be ignored.

The second and fourth choices are alike in that they are asking for an OR 
condition of the selected Input Lines before jumping to the destination 
program step. That is, the Jump will be made if Line 1 OR 3 OR 4 is on or 
off, depending on your selection. Again, a numeral 1 looks for that Input 
Line to be on or off; the letter “X” causes that Input Line condition to be 
ignored.

Once the Jump Command has been selected, the cursor will move to the 
center of the PCX screen. The zeroes that appear in this field correspond 
with the number of Input Lines selected with Input Function #28. The left-
most zero corresponds to the first input line selected.

You may now choose which lines to monitor during this step by entering a 
(1) in the field corresponding to the input line you wish to monitor. Any 
field that has a zero or an “X” will cause that input line to be ignored during 
execution of this step.
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W Wait For Input Commands

Before this command can be used in a program, you must assign Input 
Function #28, “Wait/Jump Input” to one or more hardware or internal 
input lines. To use “Wait For External Input” when editing or writing a 
program, enter W as a program step. When you have entered the W, the 
screen will offer the choices shown in the figure below.

Figure 98 Wait For Input Commands Window

The first and third choices in Figure 98, “Wait For Input Commands 
Window,” on page 124 are alike in that they are asking for an AND 
condition of the selected Input Lines before jumping to the destination 
program step. In other words, the Jump will be made if, for example, 
selected Lines 1 AND 3 AND 4 are ALL on or off, depending on your 
selection. A numeral 1 looks for that Input Line to be on or off; the letter 
“X” causes that Input Line condition to be ignored.

The second and fourth choices are alike in that they are asking for an OR 
condition of the selected Input Lines before jumping to the destination 
program step. That is, the Jump will be made if Line 1 OR 3 OR 4 is on or 
off, depending on your selection. Again, a numeral 1 looks for that Input 
Line to be on or off; the letter “X” causes that Input Line condition to be 
ignored.

Once the Wait Command has been selected and a choice made from the 
pop-up screen, the cursor will then move to the center of the PCX screen. 
Zeroes will appear in this field that correspond to the number of External 
Lines selected in the Input Function Screen. The left-most zero will 
correspond to the first line selected.

You now choose which lines to monitor during this step. You make this 
choice by entering a “1” in the field corresponding to the line whose state 
you wish to monitor. Any field that has a zero or an “X” will cause that line 
to be ignored during execution of this step.
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Upload Data From Drive
When you select this option, PCX will read the values that are stored in the 
drive’s memory. Next, PCX will save the data to a disk file name you 
specify. When completed, you may use the newly created file for 
downloading to another drive, editing or printing. Uploading may take a 
few minutes to complete. The “busy” pinwheel in the upper left corner 
indicates that data is being transferred.

Download Data File To Drive
When you select this option, PCX will list all files that have the extension 
“.PCX” in the current directory. You may select a file from this list to 
download to the drive.

If the file you wish to download is located in another directory or on another 
drive, select the “Change Directory” option, type the correct drive and 
directory, then press the <Enter> key, all files ending in .PCX in the new 
directory will be displayed.

When downloading a file, there are two options available. 

Figure 99 Download Data File To Drive Options

All Values

The “All Values” option will download all values to the drive. 

Motion Values

The Motion Values option downloads only values that affect movement and 
values in the Drive Parameters screen.
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Diagnostics
When you select this option, PCX will monitor and display the status of the 
drive with the screen in the figure below. This mode is useful when you are 
troubleshooting a drive. You can press the F10 key to switch to the 
diagnostics screen when in any PCX parameter/data screens (Refer to the 
Troubleshooting section for more information).

Figure 100 Diagnostics Screen
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Initialize Memory Operations
Initialize Memory Operations allows you to reset the amplifier’s various 
memory areas to their default settings.

Figure 101 Initialize Memory Operations Options

Entire Memory
This option resets all drive values held in the non-volatile memory to their 
factory default settings. This includes index data, input/output data, drive 
parameters, drive limits, gain settings and analog setup information.

Index Data
This option resets all indexes to their default settings.

Input/Output Data
This option clears all input/output function assignment data.

Gain Setup
This option sets the gain parameters to their default settings:

Auto Gain, Current Gain, Differential Gain, Error Gain, Gain 
Scaling, Linear Ramps, Velocity Gain, Null Torque and Null Velocity.

Analog Setup
This option sets Analog Channel Full Scale and Analog Channel Null 
Values to their default settings (see FX Drives Serial Commands Manual 
for a complete list of serial commands).
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Limit Setup
This option sets parameters in the “Limits” and “Drive Parameters” 
screens to their default settings.

Terminal Mode
In this mode the computer operates as a simple ANSI terminal. This means 
that you can use the computer to send and receive ASCII serial commands 
to and from the FX drive (see FX Drives Serial Commands Manual).

However, this mode does not contain any help screens or instructions on 
how to program your drive. You must be cautious in this mode because 
serial commands are sent directly from your PC to the amplifier. Motion 
commands are executed immediately. 

A carriage return <CR> is required to terminate serial commands and data 
strings sent to the drive or other devices (see FX Drives Serial Commands 
Manual for a complete list of serial commands).

Failure to follow safe installation guidelines can cause death or serious 
injury. Programming should be done entirely with the PCX software or 
through terminal mode ASCII serial commands - BUT NEVER BOTH. If 
both programming methods are used, there is a chance that not all the 
parameters entered through terminal mode will be transferred to the PCX 
software. This may lead to unpredictable behavior of the drive.

     WARNING!
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Disk File Operations
When you select this operation from the Main Menu, the Disk File 
Operations menu will be presented on the screen.

Figure 102 Disk File Operations Options

Edit/Create Data File
When you select this option, PCX will display the New File and Change Dir 
options and list all files that have the extension of “.PCX” in the current 
directory. You can select a previously saved data file from the list to be 
recalled or create a new file.

New File

When you select the New File option from the Edit/Create Data File 
options, PCX will allow you to create a data file. You must select the drive 
model (and an application module if your drive is so equipped) for the file 
that is to be created. Files you create may be edited and saved under a 
name you specify for later use.

Edit Data File

PCX will list all files that have the extension of “.PCX” in the current 
directory. You can select a previously saved data file from the list to be 
edited. The Edit Data File option allows you to change drive values without 
being connected to the drive. After editing, you can save the file to your 
hard drive (or to a disk drive), to be downloaded at a later time.

Delete File
The “Delete File” feature allows you to erase PCX files from a disk. When 
you select this option, PCX will list all files that have the extension of 
“.PCX” in the current directory. You can select a previously saved file from 
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the list to erase. The PCX data file as well as its corresponding.LST file will 
be erased.

Print List File
PCX will list all files that have the extension of “.LST” in the current 
directory. You can select a list file to be printed by highlighting the file in 
the Print List file screen then pressing the <Enter> key. PCX will then 
send the file to your system printer. Be sure you have a printer connected 
to the LPT1 parallel port, powered up and ready to print.
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How To Use This Section

This section provides you with guidelines and hints on troubleshooting 
various problems that may be encountered during set up and operation of 
EMERSON Motion Control FX Drives.

The status indicator codes along with their descriptions are listed in 
alphabetic order in Table 5, “RMS Current Fault Time,” on page 134.

LED Display
A single alphanumeric LED display on the front of the FX drive provides 
status and fault information. The display aids in quickly identifying 
problems so that corrective action can be taken and machine downtime 
minimized. In addition, the standard serial interface includes diagnostic 
status and fault reporting by simple ASCII serial commands. The PCX 
diagnostic screen can also be used for troubleshooting by pressing the F10 
key while in the PCX program.

Figure 103 Diagnostic Display.

PCX AND SERIAL INTERFACE
COMMUNICATION PORT

LED DIAGNOSTIC DISPLAY

RESET BUTTON

FX-AMP

COMMAND

230V FX Drives Setup
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Status Indicator Codes
Following is a list of the various status codes. The descriptions in 
parentheses correspond to the diagnostic label attached to the front cover 
of the amplifier.

(.) Serial Control Mode

An illuminated decimal point LED in any mode indicates the drive is in the 
Serial Control Mode. While in the Serial Control Mode, motion can only be 
initiated by ASCII serial commands sent through the serial interface. This 
means the I/O lines that are assigned to initiate motion will not function, 
but all I/O lines assigned to other functions will operate normally.

(P) Indexing or Program

When the drive is executing a program or an index, a “P” will be displayed 
on the status indicator. 

(H) Homing

An “H” will appear on the status indicator when the drive is executing any 
Home function.

(J) Jogging

When the drive is executing the Jog function a “J” will be displayed on the 
status indicator.

(E) External Mode

The drive is ready to initiate motion through the serial interface, I/O, or 
incoming pulses (if in either of the two pulse modes).

(A) Analog Mode

When the mode select switches are set to either the Analog Torque or 
Analog Velocity Modes, an “A” will appear. However, if an Initiate Index, 
Home or Jog Command is received, the display will change to an “P”, “H”, 
or “J”, respectively. The display will return to an “A” once the initiated 
motion is complete.

(U) Uninitialized Memory

This occurs when the non-volatile memory of the drive changes and no 
longer matches the stored checksum. This can also occur when changing 
firmware or powering up with a different application module for the first 
time. Reset with the reset push-button on the front panel just to the right 
of the LED display. If this fault cannot be cleared with the reset button, 
contact factory service.
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(L) Travel Limit

The “L” fault occurs when either a hardware travel limit or a software 
travel limit is exceeded. Motion in the direction opposite to the one that 
caused the fault (away from the exceeded limit) is allowed. You must clear 
the fault to allow further motion in that direction. The fault is cleared by I/
O, the reset push button, serial commands or moving the motor out of the 
position that triggered the fault.

(F) Position Error Fault

This fault occurs when the motor is out of position by more than the pre-
programmed “Maximum Following Error” from the Limits Screen. The 
primary reason for this fault is the motor trying to exceed its peak torque 
capability or trying to go too fast with a low voltage AC line. 

(Ø) Watch Dog Timer Fault

The drive has a 0.002 second timer that will shut down the operation of the 
computer if not internally reset by software. If this occurs, a “Ø” is 
indicated on the diagnostics display.

(1) RMS Current Fault

The drive monitors peak demands for current required to move the load. 
When the average current demand is greater than the continuous current 
rating of the drive for more than 1.5 to 5 seconds (see Table 5, “RMS 
Current Fault Time,” on page 134), the drive will shut down and display a 
“1” fault. 

Excess loading can be caused by high friction, large inertia, short cycle 
times, or a combination of all of these. 

If “1” faults occur, check the application to determine what is causing 
excess loading and CORRECT it before resetting the drive.

Repeated resetting of “1” faults without implementing correction may 
cause a drive failure.

    CAUTION!
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Table 5 RMS Current Fault Time

(2) Shorts Fault

The drive is protected if the motor armature or motor stator cable becomes 
shorted. If this happens, the diagnostic display on the drive will indicate 
“2”. The source of the short circuit must be determined and the bridge AC 
must be turned off before reset is attempted. A “2” fault that cannot be 
reset indicates a system failure in the motor, cable or amplifier. Contact 
customer support.

(3) Resolver Fault 

The drive monitors the three resolver signals (REF, SIN, COS). If any of 
these signals are lost, the drive will display a “3” on the diagnostics display. 
Check the resolver cable connections.

(4) Logic Supply Fault

The drive monitors its logic supplies to insure that they are above the 
minimum operating level. If any power supply voltage drops below the 
minimum operating level, the drive will display a “4” on the diagnostics 
display. The only way to clear a “4” fault is by turning power OFF, then ON.

(5) Motor Temperature 

There are two thermal switches in DX-316W to DX-6300W NPT type 
motors that can cause a “5” fault. The first switch monitors the ambient 
temperature in the rear of the motor housing. If the temperature is above 
80°C (limit of most low cost PVC wire), a “5” fault will occur. If high 
temperature (105°) wiring is used, then this switch can be disabled by 
moving JP1 in the rear of the motor from the “Normal” to the “Disable” 
position. This function is not available for DXM-8200 through DXM-8400 
motors. (A DXM-8200 through 8400 requires ETWF-XXX high 
temperature resolver cable.) 

The second thermal switch is common to all monitors the temperature of 
the motor windings and causes a “5” fault if the winding temperature 
becomes excessive. This second fault cannot be disabled. If this fault 
occurs, wait at least 30 minutes with power off to allow the motor to cool 
down.

Percent of Continuous Current
Approximate Time Before “1” Fault 

(seconds)

100 Continuous NO FAULT

120 5.0

140 3.0

160 2.0

180 1.8

200 Peak 1.5
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NOTE: This second thermal switch is only available in the non-
connectorized NPT type motor. The connectorized motors DO 
NOT have the second switch available.

(6) Bridge Circuit Breaker Open or Low AC Voltage. 

If the bridge circuit breaker or fuse is open or bus power has been 
interrupted, the drive will display a “6”. A “6” fault can also be caused by a 
low AC line voltage. The drive must be manually reset after restoring 
power. If logic power is maintained while bridge power is off, position 
information remains in memory even if the motor shaft is moved. In most 
applications a Home cycle will not be needed when bridge power is 
restored.

(7) Amplifier Bridge Temperature Fault

The drive has a thermal switch mounted on its power electronics heat sink. 
If the heat sink temperature becomes excessive (greater than 80° C), the 
thermal switch will open. The drive will shut down and display a “7” fault 
on the diagnostic display. The drive should be allowed to cool before 
restarting. High ambient temperature can also contribute to a “7” fault 
condition.

(8.) Non-Operational Power Up Routine

During power up for the first second an “8.” appears on the display. This 
means the 16 bit micro controller is not operational at that time. Once the 
micro controller is operating correctly, the display will be changed to the 
appropriate character. In normal operation the drive does not have a way 
to produce an “8.” error code.

( ) High AC Line Voltage

This fault occurs if the AC input voltage exceeds the maximum voltage 
specification of 264 VAC. Sustained voltage above 264 VAC will damage 
the drive. On The FX-490, 4120 and 6120, this fault cannot be reset until 
the bridge AC voltage has been reduced to 150 VAC or less (i.e., turned off).

(h) High DC Bus (FX-6200 to 8400 only)

This fault occurs when the internal DC bus voltage exceeds 425 VDC. This 
occurs if the shunt regulator fuse is open or if shunt capacity is exceeded.

( ) Low AC Line (FX-6200 to 8400 only.)

This fault occurs when the AC input to the FX drive drops below 196 VAC. 

(d) Shunt Temperature Fault (Shunt over-temp.)

This fault occurs when the capacity of the shunt circuitry has been 
exceeded. If this fault occurs during operation, an external shunt option 
should be considered for the application. 
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Troubleshooting Fault Symbols
Use the table below to determine what to do in case of a fault. The 
procedures referenced in the troubleshooting guide are listed on the 
following pages.

Fault
Symbol

Symptom/
Trouble

Possible Cause
Troubleshooting

Procedure

Watch Dog Timer Fault 1. Noise on the AC lines

2. Noise on the I/O lines

3. Poor (or no) grounds

4. Lack of Noise Suppressor on coils and relays

5. Static discharge

10, 11

RMS Current Fault 1. Load on the motor is too large

2. Mechanical binding of the machine

3. Motion indexes require torque that exceeds the drive rating

4. Bridge is defective

5. System is not running stable - motor oscillation

1, 2, 3, 6, 7, 12

Shorts Fault 1. Motor is shorted

2. Motor wiring is shorted

3. Drive bridge is defective

3

Resolver Fault 1. Resolver cable connector not connected securely (must be 
screwed in)

2. Resolver cable is not wired properly

3. Resolver cable is shorted or damaged

4. Resolver on the rear of motor has failed

4

Logic Supply Fault 1. Low AC line voltage

2. Power supply failure

3. Insufficient AC line sizing for the AC wiring, XFMR, or both

10

Motor Temperature Fault 1. Maximum ambient temperature exceeded in rear of motor

2. Motor is being operated outside the Continuous Operating 
Zone

3. Motor oscillation

4. Resolver cable is not plugged in

5. Broken wires on resolver cable or motor

6. Defective thermal switch on the motor

7. Resolver cable not wired properly

5, 8, 12

Bridge Circuit Breaker 
Open or Low AC Voltage

1. Bridge circuit breaker is not closed

2. Bridge AC power source is not supplying the correct voltage

3. The load is back-driving the motor

4. Low AC line voltage

3, 10

Amplifier Bridge 
Temperature

1. The ambient temperature inside the enclosure is too high

2. The drive and motor are undersized for the application

3. The amplifier is mounted to a non-heat conducting surface

4. Fan or ventilation failure

5, 9

Non-Operational, 
Momentarily During Power-
up Routine

1. Electrical noise (if resettable)

2. Microcontroller is non-operational (if remains > 1 sec)

3. Normal during power-up routine approximatly 1 sec.

10, 11
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Travel Limit 1. Machine (Load) has hit either a hardware or software travel 
limit

Position Error Fault 1. Low bridge AC input voltage and/or insufficient KVA ratings 
for external transformer

2. Accel ramp times too short

3. Load creating too much friction

4. Gear reducer oil level too low for high speeds

5. Wrong type of gear reducer oil (too thick)

2, 3, 6, 9, 10

Uninitialized Memory 1. First powerup with new firmware

2. First powerup with new PCM module

3. Moved PCM to different amplifier

High AC Line Voltage 1. AC line voltage that exceeds 264VDC

2. Surges on the AC line that exceed 264VDC

3. Incorrect transformer wiring and/or voltage

10

High DC Bus 6200-8400 1. Shunt Fuse is open due to excess current caused by motor 
being overdriven by load

9

Low AC Line Voltage 6200-
8400

1. AC voltage to FX drive is too low (196VDC or less)

2. VA rating of the voltage source is too low

3. The AC power wiring is inadequate

10

Shunt Temperature Fault 1. High inertia mismatch

2. Excessive deceleration

9

Fault
Symbol

Symptom/
Trouble

Possible Cause
Troubleshooting

Procedure
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Troubleshooting Procedures
1. Check coupling to motor shaft.

(a) A flexible coupling must be used on the motor shaft to minimize 
mechanical stress due to radial loads, axial loads and/or 
misalignment.

(b) Some flexible couplings have a resonant frequency and can cause 
an audible noise and oscillation.

2. Check indexer or gear reducers, etc. 

(a) Check gear oil level. Low or no gear oil can damage equipment.

(b) Heavy oil may produce enough frictional torque to prevent the 
system from reaching desired speed. It is strongly suggested that a 
synthetic oil is used in gear reducers or rotary tables. This will 
reduce the amount of current it takes to drive the motor.

(c) Check maximum input speed to gear reducers, indexers, etc. Many 
worm gear reducers have a maximum input speed of 1750 RPM.

3. Check load for mechanical restriction (rubbing, binding, jerky 
movement).

(a) Ensure load is as specified.

(b) Neither the motor nor the amplifier can withstand repeated “hard 
stop” conditions. A “hard stop” condition occurs when the motor is 
physically obstructed and brought to an instantaneous stop. The 
drive has hardware and software travel limit provisions to avoid 
this condition.

(c) Check system sizing calculations.

4. Check motor resolver cable. Ensure that it is connected securely at 
both ends. The amplifier end connector must be secured by the 
retaining screws. The wires not insulated at the motor end must be 
secured properly by the terminal block contacts.

(a) Check motor resolver cable. Check continuity conformance to the 
cable diagram in Figure 104, “Resolver Wiring Diagram.,” on page 
139 to ensure no shorts or opens. Flex cable at both ends to check 
for intermittent operation.

(b) Check for cable flexure stress as load moves. This may eventually 
cause cable failure.

(c) Noise check.
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Figure 104 Resolver Wiring Diagram.

5. Check ambient temperature inside enclosure.

(a) Amplifier must be mounted vertically right side up with power 
connection at the bottom to a heat conducting surface for full 
power.

(b) Motor must be mounted to a heat-conducting surface for full 
power.

(c) Note any unusual environmental conditions at the time the 
problem occurred (Maximum amplifier ambient temperature 45° 
C).

(d) Verify enclosure is adequately sized and amplifier has proper 
clearance.

(e) Check operation of all cooling equipment (fans, air conditioners, 
etc.)

6. Check current draw of motor under load with an oscilloscope. This can 
be measured at the Command Connector between pins 13 and 11. 
Proportional signal 10 VDC = Peak Current.

(a) Program longer ramp times to reduce the peak torque required.

(b) Reduce the torque required by the load.

7. Check for high frequency motor noise, or motor oscillation (dither).

(a) High frequency noise is commonly caused by a resonating 
(vibrating) coupling.

CONNECTOR SHELL

YEL/WHT

RED/WHT

RED

YEL

BLU

BLK

BLU/WHT

BLK/WHT

SHLD

9 PIN MALE
"D" TYPE

1

9

4

2

7

8

6

5

3

TO AMPLIFIER TO MOTOR

R GND

REF

SIN

COS

C GND

S GND

SHLD

THERM

THERM
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(b) Check inertia of the load versus the inertia of motor. This should 
not exceed a 10 to 1 ratio.

8. Measure motor case temperature.

(a) Motor thermal shutdown will occur at approximately 80-85° C case 
temperature unless high temperature wire is used and JP1 is in 
the Disable position (See “Installation Guidelines”).

(b) If high temperature wire is used and JP1 is in the Disable position, 
the second thermal switch will open at motor case temperature 
between 100 and 120° C depending on motor size and the rate of 
temperature rise.

(c) If it is determined that the thermal switch on the motor is 
defective, the motor should be returned to the factory.

9. The shunt fuse will open if the maximum power dissipation of the 
shunt regulator circuit is excessive. This can be avoided by the 
following:

(a) Lengthening the decel ramps to reduce the regeneration energy to 
an acceptable level.

(b) Lowering velocity.

(c) Reduce the inertia reflected to the motor with a speed reducer or 
other means.

(d) Excessive dissipation in the shunt regulator circuit can also add to 
the base plate amplifier temperature and increase the possibility 
of a “7” fault. (Amplifier bridge temperature fault)

10.Read AC line voltage. It must be maintained between 90-264 VAC 
(196- 264 for FX-6200 through FX-8400), with no transients outside of 
this range.

(a) Faults can be caused by excessive AC line voltage or line voltage 
transients. The AC line voltage must be within specified range.

(b) If the voltage is not within the specified range, a transformer may 
be necessary (See “Installation Guidelines”).

(c) If the AC line voltage to the drive drops during acceleration, 
sufficient voltage for the motor may not be available and a “F” 
fault will most likely occur. Typical causes for this are wrong size 
AC wiring and insufficient KVA ratings for external transformers 
used to power the amplifier.

11.Shielded wire should always be used for signal wiring. Wire should be 
routed in conduit. Low voltage signal wires should be separated from 
high voltage wires.
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(a) Single point ground should be used for chassis, power supplies, 
etc., with each having an individual ground wire of the 
appropriate size (gauge). Single point ground must be proper earth 
ground.

(b) All coils in system should be properly suppressed, AC coils and 
relays with RC networks, and DC coils and relays with diodes. 
(See “Installation Guidelines”).

(c) Power supply used for I/O must be 10.5 to 30 VDC. DC common 
must be grounded to the single point earth ground.

(d) Check for any EMI/RFI sources on the same AC circuit or in close 
proximity to the drive (i.e., high power induction drives or welding 
machines.)

(e) Check the serial interface connection. 

(f) If high and low power wires are in close proximity, they should 
cross at 90° angles.

(g) Check for static discharge.

12.Stabilization of high inertial loads.

(a) Using default gain parameters, the FX drive’s compensation 
control range is adequate to provide stable operation of loads 
whose inertias are up to ten times greater than the motor. 
Instability due to large inertial mismatches will cause the system 
to oscillate while stopped or to “lope” at higher RPM’s. The term 
“loping” is used to describe a low frequency change in velocity. If 
either of these conditions are noticed, changing the system gain 
parameters may help. For inertial mismatches (load to motor) 
greater than 10, the following procedure may help stabilize the 
system.

(i) The gain parameters that can be varied are “EG” (position 
loop gain) and “GS” (gain scale). These parameters can be 
adjusted using the “Terminal Mode” menu choice in PCX. 
The ASCII serial commands used to change the values are 
EG=XX and/or GS=XX; where XX= the desired HEX value.

(ii) For this stabilization procedure the value of EG should be 
decreased while the value of GS is increased. If increasing 
the value of GS causes a high frequency oscillation, it should 
be lowered to an acceptable level.
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General Specifications

AC input Power (Both Logic and Bridge) FX-208 through FX-455, 90-264 VAC, 47/63 Hz, Single Phase only, Nominal Voltage = 230 VAC

FX-490 through FX-6120 90-264 VAC, 47/63 Hz, Three Phase, Nominal Voltage = 230 VAC (if single 
phase power is used de-rate by 20%)

FX-6200 through FX-8400 196-264 VAC, 47/63 Hz, Three Phase only, Nominal Voltage = 230 VAC

Control Modes Position Control Mode:
Drive Parameters
System Limits
I/O Setup and Configuration
Jog
Home
Indexing

Index Types:
-Incremental -Rotary Clockwise
-Absolute -Rotary Counterclockwise
-Feed to Sensor -Rotary Shortest Path
-Registration

Digital Pulse Follower Mode:
CW/CCW pulses or Pulse/Direction

Analog Mode:
10 bit Analog to Digital Converter
Analog Inputs:

±10.5 VDC Operating Range
±12 VDC Absolute Maximum

Differential Input
Input Impedance: >9 Kohms

Switching Frequency FX-208 through FX-6120 = 16 kHz
FX-6200, FX-8200 and FX-8300 = 14 kHz
FX-6300 = 13 kHz
FX-8400 = 10 kHz

Velocity Signal Input ±10 VDC Typical (10 bit resolution)

Torque Signal Input ±10 VDC Typical (10 bit resolution)

Pulse Mode Input TTL voltage compatible, 1.5 msec. minimum pulse width 210 kHz maximum frequency
Voltage range: 2.4 to 12 Volts
Minimum supply current: 25 mA per single line

Angular Accuracy ±20 arc minutes +21600/SR Where SR = steps/rev
Valid for 200 <SR <4096 with a 15 feet resolver cable.

Resolution 12 bit resolver to digital conversion, 4096 positions.

User Units/Rev Programmable Range: 50 to 25000 steps/revolution.

230V FX Drives Setup
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Performance Resolver Accuracy:
Position Feedback
Cable Accuracy
Length

_________________________________________
15 feet ±15 arc. Minutes
50 feet ±25 arc. Minutes
100 feet ±40 arc. Minutes

Velocity Accuracy: ±0.01% of set speed

Amplifier Thermal Shutdown as Detected in 
Power Stage

All FX drives: 80° to 90° C (176° to 194° F)

Motor Thermal Shutdown Wire ambient, in rear of motor, 80° C. Defeatable except DXM-8200, 8300 and 8400 motors.
Windings (internal) 155° C (~ 110° C case) 311° F/230° F

Serial Interface Optically isolated RS-423 (Serial A and B - signal compatible with RS-232C and RS-422) XMIT, REC 
and GND.
Baud rates: 110 to 19K baud.
Axis Identifier: 1 through 9, A through V (31 total for multi-axis drop).

Programming Methods PCX programming software for IBM compatible PCs.
RS423C serial ASCII terminal (RS-232 and RS-422 signal compatible).
T-21 Data Entry Terminal.
T-60 Operator Interface Terminal.

Diagnostics Indicator Front panel, eight segment LED.

Noise Immunity AC line: Tested to IEEE Standard. C62.41 - 1980, Cat. B., Impulse wave.
Designed to meet IEC801 standard.

Input/Output Lines Inputs:
10.5 to 30 VDC (internal current limit provided) 10, 12, 15 and 24 VDC typical.
Outputs:
Sink or source (two terminals) 200 Ma maximum, 30 VDC maximum each output. External current 
limiting required.
Basic FX drive:
12 optically isolated DC (8 input and 4 outputs per FX drive).
PCM Application Modules:
12 optically isolated DC (8 input and 4 outputs per PCM Module).

Input/Output Functions Maximum of 93 functions assignable to any I/O line (Dependent on PCM Application Module used 
with the FX drive).

Motor Enclosure TENV, waterproof per IP65 (dust-tight), waterproof against 3.3 GPM water stream from 0.25"/
6.35mm I.D. nozzle.

System Environment Operating temperature:
Amplifier: Ø° to 45° C (32° to 113° F)
Motor: Ø° to 90° C (32° to 194° F)

De-rate available torque by 1% per degree celsius for operation above 30° C for both motor and 
amplifier.
Relative Humidity: Ø to 95%. Non-condensing.
Storage Temperature: -40° C to 85° C.
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Table 13 Amplifier/Motor Performance Specifications

Table 14 Amplifier/Motor Weights

Drive
Model

Motor
Model

Torque
Cont/Peak

(lb-in)

Maximum
RPM

(230VAC
Input)

Shunt
Fuse

(Slo Blo)

KT

(lb-in/amp)

KE

(Vrms/Krpm)

Amplifier
Continuous

Current
(amps)

FX-208 DXM/E-208 8 16 5000 5A 3.2 28.3 3.0

FX-316 DXM/E-316 16 32 4000 5A 4.2 37.6 4.0

FX-340 DXM-340 40 80 3000 5A 6.4 57.0 6.5

FX-455 DXM/E-455 55 110 3000 5A 6.8 60.0 8.0

FX-490 DXM/E-490 90 180 3000 5A 6.7 58.9 14.0

FX-4120 DXM/E-4120 120 240 3000 5A 7.9 71.8 16.0

FX-6120 DXM-6120 120 240 3000 10A 8.1 70.0 16.0

FX-6200 DXM-6200 160 400 3000 10A 7.9 70.0 26.0

FX-6300 DXM-6300 265 600 3000 10A 7.9 70.0 37.5

FX-8200 DXM-8200 200 300 3000 10A 8.1 68.0 25.0

FX-8300 DXM-8300 300 450 3000 10A 8.1 68.0 37.0

FX-8400 DXM-8400 400 600 3000 10A 8.1 68.0 50.0

Drive
Model

Amplifier DX Motor

lb Kg lb Kg

FX-208 10.9 4.9 4.0 1.9

FX-316 10.9 4.9 8.3 3.8

FX-340 10.9 4.9 14.6 6.7

FX-455 10.9 4.9 19.8 9.0

FX-490 22.4 10.2 27.5 11.6

FX-4120 22.4 10.2 38.0 17.2

FX-6120 22.4 10.2 35.0 16.0

FX-6200 38.0 17.3 51.0 23.2

FX-6300 40.0 18.1 67.0 30.4

FX-8200 38.0 17.3 80.0 36.7

FX-8300 40.0 18.1 110.0 50.0

FX-8400 43.0 19.5 140.0 63.7
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Figure 105 Motor Shaft Information

Table 15 Motor Shaft Load Specifications

Motor Model
Maximum Radial Load

(lbs)
Maximum Axial Load

(lbs)

DXM/E-208 20 15

DXM/E-316 40 25

DXM-340 40 25

DXM/E-455 100 50

DXM/E-490 100 50

DXM/E-4120 100 50

DXM-6120 150 50

DXM-6200 150 50

DXM-6300 150 50

DXM-8200 150 50

DXM-8300 150 50

DXM-8400 150 50
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Table 16 Holding Brake Specifications

Motor
Model

Holding
Torque

(lb-in)

Voltage

(V)

Minimum
Current

(A)

Mechanical
Engagement

Time
(ms)

Mechanical
Disengagement

Time
(ms)

Rotor
Inertia

(lb-in-sec2)

Feedback
Inertia

(lb-in-sec2)

Brake
Inertia

(lb-in-sec2)

Total
Interia

w/Brake
(lb-in-sec2)

Increased
Inertia

w/Brake
(%)

DXM/E-208 10 24 .34 ±10% 25ms MAX 40ms MAX 0.00016 0.000022 0.000025 0.0002071 13.73

DXM/E-316 60 24 .52 ±10% 100ms MAX 250ms MAX 0.0005 0.000190 0.000150 0.0008403 21.73

DXM-340 60 24 .52 ±10% 100ms MAX 250ms MAX 0.0014 0.000190 0.000150 0.0017403 9.43

DXM/E-455 240 24 .88 ±10% 100ms MAX 250ms MAX 0.0026 0.000190 0.000412 0.0032023 14.77

DXM/E-490 240 24 .88 ±10% 100ms MAX 250ms MAX 0.0051 0.000190 0.000412 0.0057023 7.79

DXM/E-4120 240 24 .88 ±10% 100ms MAX 250ms MAX 0.0074 0.000190 0.000412 0.0080023 5.43

DXM-6120 360 24 1.2 ±10% 50ms MAX 100ms MAX 0.0096 0.000190 0.00227 0.0120603 23.19

DXM-6200 360 24 1.2 ±10% 50ms MAX 100ms MAX 0.0192 0.000190 0.00227 0.0216603 11.71

DXM-6300 360 24 1.2 ±10% 50ms MAX 100ms MAX 0.0288 0.000190 0.00227 0.0312603 7.83

DXM-8200 408 24 1.5 ±10% 110ms MAX 150ms MAX 0.04 0.000190 0.0017 0.0418903 4.23

DXM-8300 408 24 1.5 ±10% 110ms MAX 150ms MAX 0.08 0.000190 0.0017 0.0818903 2.12

DXM-8400 408 24 1.5 ±10% 110ms MAX 150ms MAX 0.12 0.000190 0.0017 0.1218903 1.41
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Drive Speed vs. Torque Curves
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Amplifier Mounting Information

Figure 106 Amplifier Mounting Information (FX-208 Through FX-455)
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Figure 107 Amplifier Mounting Information (FX-490 Through FX-6120)
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Figure 108 Amplifier Mounting Information (FX-6200 Through FX-8400)
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Motor Mechanical/Electrical Information

Figure 109 DXE-208 Mechanical/Electrical Information

Table 17 DXE-208 Motor Specifications

Rotor Inertia
Kg-cm2 0.207

lb-in-sec2 0.000183

Maximum Operating Speed RPM 5000

Back EMF (Ke) Vrms/Krpm 28.3

Torque Constant (Kt) lb-in/A 3.2

Maximum Continuous Torque lb-in 8

Peak Torque lb-in 16

Rated Power (Continuous)
HP 0.47

kW 0.35



154

230V FX Drives Setup and Programming Operator’s Manual

Figure 110 DXM-208 Mechanical/Electrical Information

Table 18 DXM-280 Motor Specifications

Rotor Inertia
Kg-cm2 0.181

lb-in-sec2 0.00016

Maximum Operating Speed RPM 5000

Back EMF (Ke) Vrms/Krpm 28.3

Torque Constant (Kt) lb-in/A 3.2

Maximum Continuous Torque lb-in 8

Peak Torque lb-in 16

Rated Power (Continuous)
HP 0.47

kW 0.35
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Figure 111 DXE-316 Mechanical/Electrical Information

Table 19 DXE-316 Motor Specifications

Rotor Inertia
Kg-cm2 0.565

lb-in-sec2 0.00050

Maximum Operating Speed RPM 4000

Back EMF (Ke) Vrms/Krpm 37.6

Torque Constant (Kt) lb-in/A 4.2

Maximum Continuous Torque lb-in 16

Peak Torque lb-in 32

Rated Power (Continuous)
HP 0.76

kW 0.57
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Figure 112 DXM-316, DXM-340 Mechanical/Electrical Information

Table 20 DXM-316, DXM-340 Motor Specifications

Rotor Inertia

DMX-316 DMX-340

Kg-cm2 0.565 1.581

lb-in-sec2 0.00050 0.00140

Maximum Operating Speed RPM 4000 3000

Back EMF (Ke) Vrms/Krpm 37.6 57

Torque Constant (Kt) lb-in/A 4.2 6.4

Maximum Continuous Torque lb-in 16 40

Peak Torque lb-in 32 80

Rated Power (Continuous)
HP 0.76 1.42

kW 0.57 1.06
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Figure 113 DXE-455 Mechanical/Electrical Information

Table 21 DXE-455 Motor Specifications

Rotor Inertia
Kg-cm2 2.935

lb-in-sec2 0.00260

Maximum Operating Speed RPM 3000

Back EMF (Ke) Vrms/Krpm 60

Torque Constant (Kt) lb-in/A 6.8

Maximum Continuous Torque lb-in 55

Peak Torque lb-in 110

Rated Power (Continuous)
HP 1.95

kW 1.45
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Figure 114 DXM-455 Mechanical/Electrical Information

Table 22 DXM-455 Motor Specifications

Rotor Inertia
Kg-cm2 2.935

lb-in-sec2 0.00260

Maximum Operating Speed RPM 3000

Back EMF (Ke) Vrms/Krpm 60

Torque Constant (Kt) lb-in/A 6.8

Maximum Continuous Torque lb-in 55

Peak Torque lb-in 110

Rated Power (Continuous)
HP 1.95

kW 1.45
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Figure 115 DXE-490, DXE-4120 Mechanical/Electrical Information

Table 23 DXE-490, DXE-4120 Motor Specifications

Rotor Inertia

DXE-490 DXE-4120

Kg-cm2 5.758 8.355

lb-in-sec2 0.00510 0.00740

Maximum Operating Speed RPM 3000 3000

Back EMF (Ke) Vrms/Krpm 58.9 71.8

Torque Constant (Kt) lb-in/A 6.7 7.9

Maximum Continuous Torque lb-in 90.0 120

Peak Torque lb-in 180 240

Rated Power (Continuous)
HP 3.19 4.25

kW 2.38 3.17
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Figure 116 DXM-490, DXM-4120 Mechanical/Electrical Information

Table 24 DXM-490, DXM-4120 Motor Specifications

Rotor Inertia

DXM-490 DXM-4120

Kg-cm2 5.758 8.355

lb-in-sec2 0.00510 0.00740

Maximum Operating Speed RPM 3000 3000

Back EMF (Ke) Vrms/Krpm 58.9 71.8

Torque Constant (Kt) lb-in/A 6.7 7.9

Maximum Continuous Torque lb-in 90.0 120

Peak Torque lb-in 180 240

Rated Power (Continuous)
HP 3.19 4.25

kW 2.38 3.17
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Figure 117 DXM-6120, DXM-6200, DXM-6300 Mechanical/Electrical 
Information

Table 25 DXM-6120, DXM-6200, DXM-6300 Motor Specifications

Rotor Inertia

DXM-6120 DXM-6200 DXM-6300

Kg-cm2 10.838 21.677 32.515

lb-in-sec2 0.00960 0.01920 0.02880

Maximum Operating Speed RPM 3000 3000 3000

Back EMF (Ke) Vrms/Krpm 70 70 70

Torque Constant (Kt) lb-in/A 8.1 7.9 7.9

Maximum Continuous Torque lb-in 120 160 265

Peak Torque lb-in 240 400 600

Rated Power (Continuous)
HP 4.25 5.60 8.30

kW 3.17 4.18 6.19
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Figure 118 DXM-8200, DXM-8300, DXM-8400 Mechanical/Electrical 
Information

Table 26 DXM-8200, DXM-8300, DXM-8400 Motor Specifications

Rotor Inertia

DXM-8200 DXM-8300 DXM-8400

Kg-cm2 45.160 90.320 135.480

lb-in-sec2 0.04 0.08 0.12

Maximum Operating Speed RPM 3000 3000 3000

Back EMF (Ke) Vrms/Krpm 68 68 68

Torque Constant (Kt) lb-in/A 8.1 8.1 8.1

Maximum Continuous Torque lb-in 200 300 400

Peak Torque lb-in 300 450 600

Rated Power (Continuous)
HP 5.95 8.57 11.42

kW 4.44 6.39 8.52
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Absolute Position

Position referenced to a fixed mechanical or electronic zero position.

Absolute Position Feedback
Position feedback devices that can maintain position data referenced to a given mechanical location 
even with power off. Usually absolute encoder or multi-stage resolvers.

Absolute Programming
A positioning coordinate reference wherein all positions are specified relative to a single reference, or 
“home” position. This is different from incremental programming, where distances are specified 
relative to the current position.

AC Adjustable-Speed Drive
All equipment required to adjust the speed or torque of AC induction (squirrel cage) electric motors by 
controlling both frequency and voltage applied to the motors.

AC (Brushless) Servo Drive
A servo drive used to control synchronous (P.M.) or induction (squirrel cage) motors. Usually but not 
always defines a drive with sinusoidal phase current control.

Acceleration/Deceleration
The change in velocity with respect to time. Acceleration refers to increasing velocity and deceleration 
describes decreasing velocity.

Acceleration, Maximum from Stall
The angular acceleration of an unloaded motor, initially at rest, when the peak stator current Ipk is 
applied.

Accuracy
The difference between the expected value of a parameter and its actual value.

Actuator
A device which creates mechanical motion by converting various forms of energy to mechanical 
energy, (i.e., hydraulic cylinder or electric motor).

Adaptive Control
A technique to allow the control to automatically compensate for changes in system parameters such 
as load friction or inertia variations.

Ambient Temperature
The temperature of the air immediately surrounding the motor, drive or other device.

Amplifier
Electronics which convert low level command signals to high power voltages and currents. Usually 
describes a controller intended to operate a servomotor.

Analog-to-Digital Converter
A device for converting a voltage level into a digital word.

230V FX Drives Setup
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ASCII (American Standard Code for Information Interchange)
This code assigns a number to each numeral and letter of the alphabet. In this manner, information 
can be transmitted between machines as a series of binary numbers.

Bandwidth
The frequency range in which the magnitude of the system gain is no lower than 3 dB (1/2 the output 
RMS voltage) below the highest gain point.

Back EMF (BEMF - Back Electro Motive Force)
The voltage generated when a permanent magnet motor is rotated. This voltage is proportional to 
motor speed and is present regardless of whether the motor winding(s) are energized or un-energized.

Ball Screw
A lead screw which has its threads formed as a ball bearing race. The carriage contains a circulating 
supply of ball bearings for increased efficiency, as much as 90 percent.

Baud Rate
The number of binary bits transmitted per second on a serial communications link such as RS-232C. 
(1 character is usually 10 bits.)

BCD
Binary Coded Decimal is an encoding technique used to describe the numbers 0 through 9 with four 
digital (on or off) signal lines. Popular in machine tool equipment, BCD interfaces are now giving way 
to interfaces requiring fewer wires - such as RS-232C.

Bit (Binary Digit)
A unit of information equal to 1 binary decision having a value of 0 or 1.

Bridge
The high power electronic control section of an amplifier or drive which gates the power from the 
power bus to the motor.

Brush
Conducting material which passes current from the DC motor terminals to the rotating commutator.

Bus (signal or communication)
A group of parallel connections carrying pre-assigned digital signals. Busses usually consist of 
address and data information and miscellaneous control signals for the interconnection of 
microprocessors, memories and other computing elements.

Bus, Power
The high voltage and current source which supplies the power used to drive the motor via the output 
bridge, usually 30 VDC to 700 VDC.

Byte
A group of eight bits treated as a whole, with 256 possible combinations of one’s and zero’s, each 
combination representing a unique piece of information.

Cam Profiling
A technique used to perform nonlinear motions electronically similar to that achieved with 
mechanical cams.
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Closed Loop
A broadly applied term relating to any system where the output is measured and compared to the 
input. The output is then adjusted to reach the desired condition. In motion control the term is used to 
describe a system wherein the actual velocity or position (or both) is used to generate correction 
signals by comparison with the command to achieve the desired results.

Cogging
A term used to describe non-uniform angular velocity caused by the motor rotor’s tendency to prefer 
certain repeatable angular positions. Cogging appears as a jerkiness especially at low speeds. (See 
Torque Ripple).

Command Position
The desired angular or linear position of an actuator.

Commutation
A term which refers to the action of directing currents or voltage to the proper motor phases so as to 
produce optimum motor torque. In brush type motors, commutation is done electro-mechanically 
using the brushes and commutator. In brushless motors, commutation is done by the switching 
electronics using rotor position information typically obtained by Hall sensors, resolvers or an 
encoder.

Commutator
A rotating multi-position switch usually constructed like a mechanical cylinder consisting of 
alternating angular segments of conductive and insulating material. This cylinder used in DC motors 
passes currents from the brushes into the rotor windings and performs motor commutation as the 
motor rotates.

Compensation
The corrective or control action in a feedback loop system which is used to improve system 
performance characteristics such as accuracy and response time.

Compensation, Derivative
A control action which depends on the amount of error per unit time. It is used to improve system 
stability and accuracy.

Compensation, Feedforward
A control action which depends on the command only (and not the error) to improve system response 
time.

Compensation, Integral
A control action which monitors and generates correction signals to the motor according to the 
amount of time that the feedback error does not match the command. It is usually used to reduce 
static error.

Compensation, Lag
A control action which causes the phase to lag at low frequencies and tends to increase the delay 
between the input and output of a system while decreasing static error.

Compensation, Lead
A control action which causes the phase to lead at high frequencies and tends to decrease the delay 
between the input and output of a system.

Compensation, Lead Lag
A control action which combines the characteristics of lead and lag compensations.
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Compensation, Proportional
A control action which is directly proportional to the error signal of a feedback loop. It is used to 
improve system accuracy and response time.

Compliance
The amount of displacement per unit of applied force. Opposite of stiffness.

Computer Numerical Control
A computer-based motion control device programmable in a numerical word address format. A 
Computer Numerical Control (CNC) product typically includes a CPU section, operator interface 
devices, input/output signal and data devices, software and related peripheral apparatus.

Continuous Path
(See Coordinated Motion.)

Control Systems or Automatic Control Systems
An engineering or scientific field that deals with controlling or determining the performance of 
dynamic systems such as servo systems.

Coordinated Motion
Multi-axis motion where the position of each axis is dependent on the other axis such that the path 
and velocity of a move can be accurately controlled. Required when generating circular or helical tool 
paths.

Coupling Ratio
The ratio of motor velocity to load velocity for a load coupled to a motor through a gear or similar 
mechanical device.

Critical Damping
A system is critically damped when the response to a step change in commanded velocity or position is 
achieved in the minimum possible time with little or no overshoot.

Daisy Chain
A term used to describe the linking of several serial communications devices in sequence such that a 
single data stream flows through one device and on to the next. Daisy-chained devices usually are 
distinguished by device addresses which serve to indicate the desired destination for data in the 
stream.

Damping
An indication of the rate of decay of an oscillating signal to its steady state value. Related to setting 
time.

Damping Ratio
Ratio of actual damping to critical damping. Less than one is an underdamped system and greater 
than one is an overdamped system.

DC Drive
An electronic control unit for running DC motors. The DC drive converts AC line current to a variable 
DC current to control a DC motor. The DC drive has a signal input that controls the torque and speed 
of the motor. Usually used to describe a drive with an SCR output stage.

DC Servo Drive
A DC drive which incorporates the necessary compensation networks necessary to operate a servo 
system. Usually has a transistorized PWM output but can also utilize SCR output devices.
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Dead Band
A range of input signal levels for which there is no system response.

Demag Current
The amount of current at which the motor magnets will be demagnetized. This is an irreversible effect 
which will alter the motor characteristics and degrade <%-3>performance.<%0>

Dielectric Test
A high voltage breakdown test of an insulation’s ability to withstand an AC voltage. Test criterion 
limits the leakage current to a specified magnitude and frequency, applied between the specified test 
points.

Digital-to-Analog Converter
A device for converting a digital word into an analog voltage.

Differential Signal
An electrical input or output signal which uses two signal lines where the “difference” in value 
between the two lines is significant and not either ones individual value. This is used to minimize the 
effects of noise and ground level “float” between transmitters and receivers.

Distributed Processing
A technique to gain increased performance and modularity in control systems utilizing multiple 
computers or processors.

Drive, Digital
Usually referring to any type of motor drive in which the tuning or compensation is done digitally. 
Input may be an analog or digital signal.

Drive, Linear
A motor drive in which the output power section supplies a pure DC signal proportional to the 
command. Normally the inputs are analog signals. This is a very inefficient (50%) drive type 
requiring a lot of cooling to operate but generates the smallest output without switching noise.

Drive, PWM
A motor drive utilizing Pulse-Width Modulation techniques to control power to the motor. Typically a 
high efficiency drive generates a smooth motor torque but also generates switching noise.

Drive, SCR
A DC motor drive which utilizes internal silicon controlled rectifiers as the power control elements. 
Very effective in high power applications. Usually used for low bandwidths, high power applications. 
Not as smooth as PWM or linear drives.

Drive, Servo
A motor drive which utilizes feedback and compensation loops for accurate control of motor current or 
velocity.

Drive, Stepper
Electronics which convert step and direction inputs to high power currents and voltages to drive a 
stepping motor. The stepping motor driver is analogous to the servo motor amplifier.

Duty Cycle
For a repetitive cycle, the ratio of on time to total cycle time;

Duty Cycle = On Time / (On Time + Off Time) * 100%
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Dynamic Braking
A passive technique for stopping a permanent magnet brush or brushless motor. The motor windings 
are shorted together through a resistor which results in motor braking with an effectiveness of 
velocity/resistor value.

Efficiency
The ratio of output power to input power.

Electrical Time Constant
The ratio of stator inductance to stator resistance.

Electronic Gearing
A technique used to electrically simulate mechanical gearing. Causes one closed loop axis to be slaved 
CW and CCW to another open or closed loop axis at a programmable ratio.

EMI - Electro-Magnetic Interference
EMI is noise which, when coupled into sensitive electronic circuits, may cause problems.

Enable
An input which, when true, allows the circuit to function.

Encoder
A type of feedback device which converts mechanical motion into electrical signals to indicate 
actuator position. Rotary encoders are typically designed with a transparent disk imprinted with 
opaque lines radically oriented from the center of the encoder and a light source. As the disc turns 
with the actuator shaft, the light source shines through the printed pattern onto a sensor. 

The light transmission is interrupted by the patterns on the disc. These interruptions are sensed and 
converted to electrical pulses. By counting these pulses, actuator shaft position is determined. Linear 
encoders operate similarly except the printed lines cross the travel direction to directly indicate linear 
position.

Encoders are generally one of the most accurate feedback devices - approximately 10 times the 
accuracy of a resolver feedback system. Encoders are generously considered to be incremental devices 
unless specifically designated as absolute encoders. Rotary encoders generally have resolutions of 250 
to 5000 lines per revolution. Linear encoders generally have resolutions of 500 to 1000 lines per inch 
of travel. Units are typically expressed in lines per revolution.

Encoder, Absolute
A digital position transducer in which the output is representative of the absolute position of the 
input shaft within one (or more) revolutions. Output is usually a parallel digital word. Absolute 
encoders are generally 5 to 10 times the cost of incremental encoders.

Encoder, Incremental
A position encoding device in which the output represents incremental changes in position. (See 
Encoder)

Encoder Marker
A once-per-revolution signal provided by some incremental encoders to specify a reference point 
within that revolution. Also known as Zero Reference signal or index pulse.

Encoder Resolution
A measure of the smallest positional change which can be detected by the encoder.
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Explosion-proof
A enclosure classification that indicates an enclosure is capable of withstanding internal explosions 
without bursting or allowing ignition to reach beyond the confines of the enclosure itself.

Fall Time
The time for the amplitude of system response to decay to 37 percent of its steady-state value after 
the removal of a steady-state step input signal.

Feedback
A signal usually indicating velocity or position, which is transferred from the output back to the input 
for use in a closed loop system.

Feed Forward
A technique used to pre-compensate a control loop for known errors due to motor, drive or lead 
characteristics. Provides improved response.

Field Weakening
A method of increasing the speed of a wound field DC motor. Accomplished by reducing stator 
magnetic field by reducing the field winding current.

Filter (Control Systems)
A transfer function used to modify the frequency or time response of a control system.

Flutter
An error of the basic cycle of an encoder per one revolution.

Following Error
Difference between the commanded position and actual position of the motor.

Form Factor
The ratio of RMS current to average current. This number is a measure of the current ripple in a 
PWM or other switched mode type of controller. Since motor heating is a function of RMS current 
while motor torque is a function of average current, a form factor greater than 1.00 means some 
fraction of motor current is producing heat but not torque.

Four Quadrant
Refers to a motion system which can operate in all four quadrants, (i.e., velocity in either direction 
and torque in either direction). This means that the motor can accelerate, run and decelerate in either 
direction.

Friction
A resistance to motion caused by surfaces rubbing together. Friction can be constant with varying 
speed (coulomb friction) or proportional to speed (viscous friction) or present at rest (static friction).

Full Load Current
The delivered current to a motor operated at its full load torque and speed with rated voltage applied.

Full Load Speed
The speed of a motor operated with rated voltage and full load torque.

Gain
The ratio of system output signal to system input signal. The control loop parameter that determines 
system performance characteristics.
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Hall-Effect Sensor
Commutation method used in some brushless servo amplifiers to electronically commutate the motor. 
The rotor position detection device uses a magnetized wheel and Hall-Effect sensors to generate the 
commutation signals.

Holding Torque
Sometimes called static torque, it specifies the maximum external force or torque that can be applied 
to a stopped, energized motor without causing the rotor to rotate continuously.

Home Position
A reference position for all absolute positions. Usually defined by a home limit switch and/or encoder 
marker. Normally set at powerup and retained for as long as the control system is operational.

hp
Horsepower. One horsepower is equal to 746 watts. Since Power = Torque x Speed, horsepower is a 
measure of a motor’s torque and speed capability (e.g., a 1 HP motor will produce 36 lb-in. at 1800 
RPM).

Host Computer
A main computer system which is connected to a controller or controllers. The host computer in 
distributed control systems is frequently involved with controlling many remote and distributed 
motion control devices. It may also be used for off-line tasks such as program preparation, storage and 
supervisory control and evaluation.

Hunting
The oscillation of the system about a theoretical steady-state value usually at less than 5 Hz.

Hysteresis
For a system with an analog input, the output tends to maintain it’s current value until the input 
level changes past the point that set the current output value. The difference in response of a system 
to an increasing input signal versus a decreasing input signal.

IC
Abbreviation for integrated circuit.

I/O
Input/Output. The reception and transmission of information between control devices. In modern 
control systems, I/O has two distinct forms: switches, relays, etc., which are in either an on or off 
state, or analog signals that are continuous in nature generally depicting values for speed, 
temperature, flow, etc.

Incremental Motion
A motion control term that is used to describe one step of relative motion for each step command 
received.

Incremental Motion System
A control system which changes the load position in discrete steps.

Incremental Programming
A coordinate system where positions or distances are specified relative to the current position.
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Inertia
The property of an object to resist changes in velocity unless acted upon by an outside force. Higher 
inertia objects require larger torque to accelerate and decelerate. Inertia is dependent upon the mass 
and shape of the object.

Inertial Match
An inertial match between motor and load is obtained by selecting the coupling ratio such that the 
load moment of inertia referred to the motor shaft is equal to the motor moment of inertia.

Inhibit
An input which, when true, prevents a circuit from functioning.

Inrush Current
The current surge generated when a piece of equipment such as a servo-amplifier is connected to an 
AC line. This surge is typically due to the impulse charging of a large capacitor located in the 
equipment.

Instability
Undesirable motion of an actuator that is different from the command motion. Instability can take 
the form of irregular speed or hunting around the desired final position.

Ke
(See Voltage Constant.)

Kt
(See Torque Constant.)

Lead Screw
A device for translating rotary motion into linear motion consisting of an externally threaded screw 
and an internally threaded carriage (nut). Usually describes an ACME type threaded screw which 
exhibits sliding friction between screw and nut.

Least Significant Bit
The bit in a binary number that is the least important or having the least weight.

LED
Light Emitting Diode.

Limits
Motion control systems may have sensors called limits that alert the control electronics that the 
physical end of travel is being approached and that motion should stop.

Load Inertia-to-Rotor Inertia Ratio
The ratio of the load inertia to the motor rotor inertia. For a high performance, relatively fast system, 
load inertia reflected to the motor should generally not exceed the rotor inertia by more than 10 
times. Load inertia in excess of 10 times the rotor inertia can result in unpredictable behavior and 
should be avoided.

Logic Ground
An electrical potential to which all control signals in a particular system are referenced. In many, but 
not all cases, this is the same potential as analog ground.
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Loop, Feedback Control
A control method that compares the input from a measurement device, such as an encoder or 
tachometer, to a desired parameter, such as a position or velocity and causes action to correct any 
detected error. Several types of loops can be used in combination (i.e., velocity and position together) 
for high performance requirements.

Loop Gain, Open
The product of the forward path and feedback path gains. Usually indicated as the forward path gain 
value only.

Loop, PID: Proportional, Integral and Derivative Loop
Specialized very high performance control loop which accommodates for three factors associated with 
machine control to deliver superior response.

Loop, Position
A feedback control loop in which the controlled parameter is motor position.

Loop, Velocity
A feedback control loop in which the controlled parameter is mechanical velocity.

Master Slave Motion Control
A type of coordinated motion control where the master axis position is used to generate the position or 
velocity commands for one or more slave axes.

Mechanical Time Constant
The time for an unloaded motor to reach 63.2 percent of its final velocity after the application of a step 
function velocity command.

MOS and CMOS
Metal Oxide Semiconductor and Complementary MOS.

Most Significant Bit
The bit in a binary number that is the most important or that has the most weight.

Motor, AC
A device that converts electrical alternating current into mechanical energy. Requires no 
commutation devices such as brushes. Normally operated off commercial AC power. Can be single or 
multiple phase.

Motor, AC Asynchronous or Induction
An AC motor in which speed is proportional to the frequency of the applied AC. Requires no magnets 
or field coil. Usually used for non-precise constant speed applications.

Motor, AC Synchronous
Another term for brushless DC or AC motor which uses rotor magnets.

Motor, DC
A device that converts electrical direct current into mechanical energy. Usually refers to a motor with 
a brush commutator on the stator.

Motor, DC Brushless
A type of direct current motor that utilizes electronic commutation rather than brushes to transfer 
current. Usually refers to a motor commutated with hall effect sensors which results in trapezoidal 
commutation current signals.
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Motor, DC Permanent Magnet
A DC motor utilizing permanent magnets to produce a magnetic field and a commutator on the stator. 
Has linear torque speed characteristics.

Motor, Stepping
A specialized AC motor that allows discrete position steps without feedback. Normally used for non-
critical, low power applications, since positional information is easily lost if acceleration or velocity 
limits are exceeded. Load variations can also cause loss of position. If encoders are used, these 
limitations can sometimes be overcome.

Motor Torque Constant (Kt)
The ratio of the motor torque to motor input current.

NC, Numerical Control
Usually refers to any type of automated equipment or process used for multiple axis contouring or 
positioning.

Negative Feedback
The type of feedback used in a closed loop system where the output value is inverted and combined 
with the input to be used to stabilize or improve system characteristics.

No Load Speed
Maximum motor speed with no external load.

Open Collector
A term used to describe a signal output from a transistor. An NPN (Negative-Positive-Negative) type 
open collector output grounds the output point when active. A PNP (Positive-Negative-Positive) open 
collector output supplies positive voltage to the output when active.

Open-Loop System
A system where the command signal results in actuator movement but, because the movement is not 
sensed, there is no way to correct for error. Open loop means no feedback. Typically refers to stepping 
motor systems or velocity only systems.

Operator Interface
A device that allows the operator to communicate with a machine. This device typically has a 
keyboard or thumbwheel to enter instructions into the machine. It also has a display device that 
allows the machine to display messages.

Opto-isolated
A method of sending a signal from one piece of equipment to another without the usual requirement 
of common ground potentials. The signal is transmitted optically with a light source (usually a Light 
Emitting Diode) and a light sensor (usually a photosensitive transistor). These optical components 
provide electrical isolation.

Optically Isolated
A system or circuit that transmits signals with no direct electrical connection. Used to protectively 
isolate electrically noisy machine signals from low level control logic.

Oscillation
An effect that varies periodically between two values. Usually refers to a variation frequency of 5 Hz 
or higher.
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Overshoot
The amount that the parameter being controlled exceeds the desired value.

Parallel
Refers to a data communication format wherein many signal lines are used to communicate more 
than one piece of data at the same time.

Parallel Data
All the bits are available simultaneously.

Phase Angle
The angle at which the steady state input signal to a system leads the output signal.

Phase-Locked Servo System
A hybrid control system in which the output of a digital tachometer is compared to a reference square 
wave signal to generate a system error signal proportional to both shaft velocity and position errors.

PID
Proportional-Integral-Derivative. An acronym that describes the compensation structure that can be 
used in a closed-loop system. (See Loop, PID.)

PLC
Programmable Logic Controller. Also known as a programmable controller, these devices are used for 
machine control and sequencing. 

PMDC Motor
A motor consisting of a permanent magnet stator and a wound iron-core rotor. These are brush type 
motors and are operated by application of DC current.

Point to Point Move
A multi-axis move from one point to another where each axis is controlled independently. (No 
coordination between axes is required.)

Pole Pair, Electromechanical
The number of cycles of magnetic flux in the air gap of a rotary electromechanical device.

Position Error
The difference between the present actuator (feedback) value and the desired position command for a 
position loop. Normally refers to a stationary position.

Position Feedback
Present actuator position as measured by a position transducer.

Process Control
A term used to describe the control of machine or manufacturing processes, especially in continuous 
production environments.

Pulse Rate
The frequency of the step pulses applied to a motor driver. The pulse rate multiplied by the resolution 
of the motor/drive combination (in steps per revolution) yields the rotational speed in revolutions per 
second.
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PWM
Pulse width modulation. An acronym which describes a switched mode control technique used in 
amplifiers and drivers to control motor voltage and current. This control technique is used in contrast 
to linear control and offers the advantage of greatly improved efficiency.

Pulse Rate
The frequency of the step pulses applied. Usually used to describe the maximum pulse frequency that 
the system is capable of generating or accepting.

Quadrature
Refers to signal characteristics of interfaces to positioning devices such as encoders or resolvers. 
Specifically, that property of position transducers that allows them to detect direction of motion using 
the phase relationship of two signal channels.

Ramping
The acceleration and deceleration of a motor. May also refer to the change in frequency of the applied 
step pulse train.

Rated Torque
The torque producing capacity of a motor at a given speed. This is the maximum continuous torque 
the motor can deliver to a load and is usually specified with a torque/speed curve.

Regeneration
The action during motor braking in which the motor acts as a generator and takes kinetic energy from 
the load, converts it to electrical energy, and returns it to the amplifier.

Repeatability
The degree to which the positioning accuracy for a given move performed repetitively can be 
duplicated.

Resolution
The smallest positioning increment that can be achieved. Frequently defined as the number of steps 
or feedback units required for a motor’s shaft to rotate one complete revolution.

Resolver
A position transducer utilizing magnetic coupling to measure absolute shaft position over one 
revolution.

Resonance
The effect of a periodic driving force that causes large amplitude increases at a particular frequency. 
(Resonant frequency.)

RFI
Radio Frequency Interference.

Ringing
Oscillation of a system following sudden change in state.

Rise Time
The time required for a signal to rise from 10 percent of its final value to 90 percent of its final value 
with a step input applied.
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RMS Current
Root Mean Squared current. In an intermittent duty cycle application, the RMS current is equal to 
the value of steady state current which would produce the equivalent heating over a long period of 
time.

RMS Torque
Root Mean Squared torque. For an intermittent duty cycle application, the RMS torque is equal to the 
steady state torque which would produce the equivalent heating over a long period of time.

RS-232C
A data communications standard that encodes a string of information on a single line in a time 
sequential format. The standard specifies the proper voltages and timing requirements so that 
different manufacturer’s devices are compatible.

Robot
A re-programmable multifunctional manipulator designed to move material, parts, tools, or 
specialized devices through variable programmed motions for the performance of a variety of tasks.

Robot Control
A computer-based motion control device to control the servo-axis motion of a robot.

Rotor
The rotating part of a magnetic structure. In a motor, the rotor is connected to the motor shaft.

Serial Port
A digital data communications port configured with a minimum number of signal lines. This is 
achieved by passing binary information signals as a time series of “1”s and “0”s on a single line.

Servo Amplifier/Servo Drive
An electronic device which produces the winding current for a servo motor. The amplifier converts a 
low level control signal into high voltage and current levels to produce torque in the motor.

 Servo System
An automatic feedback control system for mechanical motion in which the controlled or output 
quantity is position, velocity, or acceleration. Servo systems are closed loop systems.

Settling Time
The time required for a system parameter to stop oscillating or ringing and reach its final value.

Shunt Resistor
Device located in a servo-amplifier for controlling regenerative energy generated when braking a 
motor. This device dissipates or “dumps” the kinetic energy as heat.

Single Point Ground
The common connection point for signal grounds in a control wiring environment. Also known as a 
“Star” ground.

Speed
Used to describe the linear or rotational velocity of a motor or other object in motion. (See Velocity.)

Speed Regulation
For a speed control system, speed regulation is the variation in actual speed expressed as a 
percentage of set speed.
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Stall Torque
The torque available from a motor at stall or zero rpm.

Static Torque
The maximum torque available at zero speed.

Stator
The non-rotating part of a magnetic structure. In a DC motor the stator usually contains the 
mounting surface, bearings and non-rotating windings or permanent magnets.

Stiffness
Ratio of an applied force or torque to a change in position for a mechanical system.

Synchronization
A motor rotating at a speed correctly corresponding to the applied master frequency is said to be in 
synchronization.

Tachometer
An electromagnetic feedback transducer which produces an analog voltage signal proportional to 
rotational velocity. Tachometers can be either brush type or brushless.

Torque
The rotary equivalent to force. Equal to the product of the force perpendicular to the radius of motion 
and distance from the center of rotation to the point where the force is applied.

Torque Constant (Kt)
A number representing the relationship between motor input current and motor output torque. 
Typically expressed in units of torque/amp.

Torque Margin
Whenever possible, a motor/drive that can provide more torque than the minimum necessary should 
be specified. This torque margin accommodates mechanical wear, lubricant hardening and other 
unexpected friction. Selecting a motor/drive that provides at least 20 to 50 percent margin above the 
minimum needed torque is good practice.

Torque Ripple
The cyclical variation of generated torque with constant current applied to the motor. In a brush type 
motor, the ripple is caused by the non-linearity of torque that occurs when the commutator switches 
from one winding to the next. In a brushless motor, the ripple is caused when the applied current 
wave form does not precisely match the motors characteristic wave shape.

Torque-to-Inertia Ratio
Defined as a motor’s torque divided by the inertia of its rotor; the higher the ratio, the higher the 
acceleration can be for a given torque value.

Transducer
Any device that translates a physical parameter into an electrical parameter. Tachometers and 
encoders are examples of transducers.

Trapezoidal Profile
A motion profile in which the velocity vs. time profile resembles a trapezoid. Characterized by 
constant acceleration, constant velocity and constant deceleration.
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TTL
Transistor-Transistor Logic. Describes a common digital logic device family that is used in most 
modern digital electronics. TTL signals have two distinct states that are described with a voltage - a 
logical “zero” or “low” is represented by a voltage of less than 0.8 volts and a logical “one” or “high” is 
represented by a voltage from 2.5 to 5 volts.

Variable Frequency Drives
An electronic device used to control the speed of a standard AC induction motor. The device controls 
the speed by varying the frequency of the winding current used to drive the motor.

Vector Control
A method of obtaining near servo performance from an AC motor by controlling two components of 
motor current.

Velocity
The change in position as a function of time. Velocity has both a magnitude and a direction.

Velocity Linearity
The maximum deviation between actual speed and set speed expressed as a percentage of set speed.

Voltage Constant (or Back EMF Constant or BEMF or Ke)
This is the voltage characteristic of a motor. The voltage generated by a motor as it is spun with no 
load. Typically expressed as volts/Krpm.

Zero Marker
A once per revolution mark on an encoder to precisely mark a reference point from which to measure 
all distance. Also generated in resolver based systems by detecting a “null” position on the resolver 
feedback signals.
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Index
A

alternate mode, 28
analog torque, 29
analog velocity, 29

amplifier mounting specifications, 150
analog wiring, 30
Application Modules, 8

Cam Profiler, 9
Expanded I/O, 8
Features, 9
Flying Cutoff, 9
Memory Expansion, 8
Parallel Interface, 8
Press Feed, 8
Programs, 8
Ratio Control, 8
Slip Compensation, 9
Suspend/Resume, 8
Web Loop Control, 8

B

Basic Motion Control, 1

C

cable performance codes, 38
cable selection, 38
configuration sheet

amplifier, 61
PCM module, 62

Control, 55
converting programs, 65

D

Define Motion, 97
Homes, 99
Indexes, 104
Jog, 98

delete file, 129
diagnostics, 126
DIP switch settings, 35

auto line feed, 36
axis identifier, 35
baud rate, 35
duplex, 35
mode select, 36

downloading data, 125
all values, 125

downloading values
motion values, 125

Drive Configuration, 75
Drive Parameters, 75
Input Functions, 84
Limits, 80
Output Functions, 93

Drive Setup
on screen, 74
preliminary data, 73

drive speed vs. torque curves, 148
DX Motors, 7

E

edit/create data file, 129
electrical noise, 25
enclosure requirements, 26

power dissipation, 26

F

fault symbols, 136
FX Amplifiers, 7

G

gear reducer oil, 59

H

hardware requirements
computer, 63
memory and communication, 63
monitor, 63
serial port, 63
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holding brake, 54
control circuit, 55
wiring diagrams, 55

Homes, 99
types, 101

I

Index types, 105
absolute, 105
feed sensor, 106
incremental, 105
registration, 107
rotary + and -, 108

Indexes, 104
indexing mode, 28
inializing memory

analog setup, 127
index data, 127
input/output data, 127
limit setup, 128

initializing memory, 127
entire memory, 127
gain setup, 127

input functions, 86
Input/Output Functions, 5
input/output interface, 42
installation checklist

amplifier/PCM, 60
motor/gear reducer, 60

L

LED display, 131
load coupling, 59

M

magnetic coil noise, 25
main menu, 71
mechanical installation

motor, 58
mode selection, 28

alternate mode, 28
indexing mode, 28

Modes Of Operation, 1
Analog and Pulse Inputs, 2
Analog Torque, 3
Analog Velocity, 2
Indexing, 1

Pulse/Direction, 3
Pulse/Pulse, 3

motor connections, 45
MS style connectors, 51
waterproof motors, 45
wiring requirements, 46

motor mechanical/electrical specifications, 153

O

On-line Operations, 72
Drive Setup, 73

output functions, 94

P

PCX
*.LST, 67
*.PCX, 67
converting, 65
data file, 67
disk contents, 66
establishing communications, 71
hardware requirements, 63
installing, 66
list file, 67
main menu, 71
menu system, 68
On-line Operations (COM1 - COM4), 72
overview, 63
program storage, 64
Programming, 116
revisions, 65
setup and operation, 63
software requirements, 64
upgrading, 64
uses, 64

Peripheral Equipment, 10
T-16 Numeric Display, 10
T-21 Data Entry Terminal, 10
T-60 Operator Interface, 10
Thumbwheels, 10

power and fusing considerations, 19
power dissipation

calculating total power losses, 27
max operating losses, 26
shunt regulation losses, 26
stand-by losses, 26

power line requirements, 16
FX-208 through FX-6120, 16
FX-6200 through FX-8400, 18
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print list file, 130
product specifications, 143

amplifier mounting, 150
amplifier/motor performance, 145
amplifier/motor weights, 145
drive speed vs. torque curves, 148
general, 143
holding brake, 147
motor mechanical/electrical, 153
motor shaft load, 146

programming, 116
functions, 118

pulse mode wiring, 32
pulse/direction, 32
pulse/pulse, 32

R

Resolver Cables, 7

S

safety considerations, 11
serial cable wiring, 41
Serial Communications, 4
serial interface, 34

multi-drop configuration, 34
site requirements, 14
Stator Cables, 7
status indicator codes, 132
Suspend/Resume, 113

T

terminal mode, 128
thermal switch, 14
transformer sizing, 21
troubleshooting, 131

fault sysmbols, 136
procedures, 138
status indicator codes, 132

U

uploading data, 125

W

waterproofing, 49
wire sizing, 23
wiring technigues

noise suppression, 25
wiring techniques, 24

grounding, 24


