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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 BL (460V) Series 
Brushless Servo Motor of correct torque rating, and motor cabling as shown 
in Figure 1.

Figure 1 Basic FX Drive

460V FX Drives Setup
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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.

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 drive’s 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 us now strictly a velocity 
control and the position loop is disabled. The Analog Velocity Mode is 
selected with a specific setting of front panel DIP switches.

VELOCITY

DISTANCE
TIME

ACCEL
TIME

DECEL
TIME

DWELL
TIME
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Figure 3 Analog Velocity Mode

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. 

NOTE: If the motor shaft encounters no resistance and torque is 
commanded, the motor velocity 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.

VELOCITY
OF MOTOR

(CW)

(CCW)

(+)

(-)

VOLTAGE

TORQUE
FROM MOTOR

(CW)

(CCW)

(+)

(-)

VOLTAGE



4

460V FX Drives Setup and Programming Operator’s Manual

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.

Multi-drop serial cables can be used to connect up to 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.

Figure 5 Serial Communication Multi-Drop Setup

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, to configure 
the FX drive. Setup of the I/O functions is explained in the “PCX Software 
Setup and Operation” section of this manual.

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 6 I/O Functions Example

BL MOTOR

CONVEYOR

FX DRIVE
INPUTS (i.e. INITIATE INDEX)

OUTPUTS (i.e. LOGIC DEVICE,
RELAY, PLC, etc.



6

460V FX Drives Setup and Programming Operator’s Manual

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, BL 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 BL Motors
The FX drives are capable of driving motors with torque ratings from 200 
to 1000 lb-in (pound inches) continuous output and speeds to 3000 RPM 
(revolutions per minute).

BL motors are available in sizes that match each of the FX amplifiers’ 
power output. BL motors are available in metric flange and shaft 
combinations.

BL motors meet IP65 (International Protection 65) waterproofing 
standards for operation in a wash-down environment. Pre-assembled 
cables for resolver feedback are also available for BL motors.

Resolver Cables
A pre-assembled resolver cable (HCF-XXX) that connects the low voltage 
resolver and motor thermostat signals from the BL motor to the FX 
amplifier is available in three standard lengths: 15, 25, and 50 feet. (100 
feet is the maximum length allowed without EMERSON Motion Control 
approval.)

Stator Cables
EMERSON Motion Control stator cables (HPM, HPI or HPL) are available 
in lengths up to 50 feet. Operating the FX amplifier further than 50 feet 
from the BL motor is not recommended.

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 lines 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.

460V FX Drives Setup
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A summary of the available features is shown below. Table 1, “Features by 
Module Type,” 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.

• 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.
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Table 1 Features by Module Type

Failure to follow safe installation guidelines can cause death or serious 
injury. Application modules should never be installed or removed with 
power applied to the drive.

Expanded
I/O

Memory
Expansion

Programs
Thumbwheel

Display
Phase
Sync

Multiple
Axis Ratio

Control

Suspend
Resume

Web
Loop

Control

IOM-1 Yes No No Yes No No No No

PCM-1 Yes Yes Yes Yes No No Yes No

PCM-2 Yes Yes Yes Yes No No Yes No

PCM-4 Yes Yes Yes Yes No No Yes No

PCM-5 Yes Yes Yes No No Yes Yes No

PCM-11 Yes Yes Yes No No Yes Yes No

PCM-14 Yes Yes Yes No No Yes Yes No

PCM-15 Yes Yes Yes No No Yes Yes No

PCM-16 Yes Yes Yes No Yes Yes Yes No

PCM-17 Yes Yes Yes No No Yes Yes No

PCM-18 Yes Yes Yes No No Yes Yes Yes

PCM-19 Yes Yes Yes No No Yes Yes No

PCM-22 Yes Yes Yes No Yes Yes Yes No

PCM-23 Yes Yes Yes No No Yes Yes No

PCM-24 Yes Yes Yes No No Yes Yes No

     WARNING!
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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, -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, -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 or T-21 manual 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 or T-60 
manual 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 fifteen 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. 
It takes a minimum of 20 minutes for all energy to dissipate. 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 fifteen minutes 
after removal of AC power before servicing 460V drives.

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

The 96-264 VAC line power for the logic power and 342-506 VAC bridge 
power are connected to screw terminals on the bottom of the FX amplifier. 
(See “Power Line Requirements” for AC current requirements).

External fusing for Bridge Power is required and must be incorporated into 
the installation by the user. All FX drives have internal fusing on the Logic 
AC input. 

Table 2 Recommended Fusing 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.

** Bussman KTK-5 or equivalent.

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-6210* 20 AMP 5 AMP** 12 AWG

FX-6310* 25 AMP 5 AMP** 8 AWG

FX-8500* 30 AMP 5 AMP** 8 AWG

FX-8800* 50 AMP 5 AMP** 6 AWG

FX-81000* 50 AMP 5 AMP** 6 AWG

    CAUTION!
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Figure 8 External Disconnect, FX-8800 and FX-81000
Logic Power Separate from Bridge Power.

Figure 9 External Disconnect, FX-8800 and FX-81000
Logic Power Supplied through a Step-Down Transformer from 
Bridge Power.
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Figure 10 External Disconnect, FX-8500, FX-6310 and FX-6210
Logic Power Separate from Bridge Power.

Figure 11 External Disconnect, FX-8500, FX-6310 and FX-6210
Logic Power Supplied through a Step-Down Transformer from 
Bridge Power.

Figure 3 shows how to remove the AC power if the bridge and logic power 
are wired separately. If the logic power is jumpered to the bridge power, the 
optional disconnects are not needed.
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The FX drives DO NOT have overspeed protection. However, at the 
specified input voltages there is no danger of exceeding the maximum 
mechanical speed specification of the standard BL motors.

Power Line Requirements 
The FX-6210 through FX-81000 drives are designed to operate from a 50/
60 Hz, three phase AC power line for bridge (motor) power and single phase 
96-264 VAC for logic power. The AC voltage of the power for the bridge 
must be within 342 to 506 VAC and be free of voltage transients which 
exceed this range. If it is found that the AC bridge power does not meet 
these specifications, AC line conditioning is required. These drives are not 
designed to operate from single phase AC power.

Insufficient or incorrectly applied AC line power is a major cause of 
application problems. 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.

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

Failure to follow safe installation guidelines can cause death or serious 
injury. You must wait at least six seconds after the application of bridge 
AC power before sending any type of motion command to allow the “Soft 
Start Cycle” to be completed. Failure to do so will result in damage to the 
drive.

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, AC power must always be applied 
to the logic terminals BEFORE power is applied to the bridge terminals.

     WARNING!

     WARNING!
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Figure 12 AC Power (FX-8800 and FX-81000 Drives)

Failure to follow safe installation guidelines can cause death or serious 
injury. To help reduce the possibility of electrical noise, the motor cable 
braided shield as well as the motor cable ground wire should both be 
connected to the amplifier grounding terminal.
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Figure 13 AC Power (FX-6210 Through FX-8500 Drives)
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(i.e., left floating). In this case, the voltages that develop between the AC 
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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, Three-phase 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 of less than 
506 VAC and between lines and earth ground to less than 292 VAC.

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

Figure 16 Example 5, Three-phase Delta/Delta (With Midpoint GND) 
Distribution to a Three Phase WYE/WYE Isolation 
Transformer
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Figure 17 Three-phase Delta/WYE Distribution to a Three Phase WYE/
WYE Isolation Transformer

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 for logic power.

• The noise on the AC line is outside the required 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 peak 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. 

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.

L3

L1

L2

EARTH
GROUND

3 PHASE ISOLATION TRANSFORMER

DISTRIBUTION PANEL

    CAUTION!
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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.

• The peak 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:

RPM x T(Pk) x 0.01183/1000 = KVA

Where RPM is maximum required motor speed in RPM and T(Pk) is the 
peak 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.

If it is difficult to determine the required data, use the maximum system 
specification in the formulas to assure proper transformer selection. See 
example below:

Example FX-81000: From the FX-81000 torque speed in the “Product 
Specifications” section later in this manual, the maximum torque available 
at the maximum speed is 720 lb-in and 2250 RPM. Using these numbers in 
the KVA formula:

(2250 x 720 x 0.01183)/1000 = 19.2KVA

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

This example does not take system efficiency into account. It is suggested 
that the transformer selected be 25 percent greater in size than calculated 
to compensate for system efficiency.

Failure to follow safe installation guidelines can cause death or serious 
injury. The previous formula does not take into account transformer 
heating caused by harmonic currents drawn from the AC service. 
Transformer over-sizing may be required if no power conditioning is done 
in the AC service distribution.

     WARNING!
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In this example a 25 KVA transformer may be selected. The sizing example 
above assumes 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 3 Typical Line Ampacities and Wire Gauges for AC Power Lines 
Less Than 50 Feet

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”).

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 
illustrates the suggested grounding arrangement.

Drive Model Typical Line Ampacities
AC Line Power

Recommended Minimum
Wire Gauge

FX-6210 30 AMP 12 AWG

FX-6310 30 AMP 8 AWG

FX-8500 30 AMP 8 AWG

FX-8800 50 AMP 6 AWG

FX-81000 50 AMP 6 AWG

AC power lines that are longer than 50 feet may require a larger gauge 
than the values above.

    CAUTION!
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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

Noise Suppression
Electrical Noise

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

If the mixing of 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.
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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 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 
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 
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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. Non-vertical mounting or mounting to an insulating 
material is not recommended because the heat dissipation capability of the 
amplifier and 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 26 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.

The values shown in Table 7, “Power Dissipation,” on page 26 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.
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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-81000 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)(3250 watts) = 1950 watts

This value can be substituted in the total power loss calculation:

PT = PSB + PO + PSR
PT = 1000 watts + 1950 watts + 250 watts = 3200 watts

Contact the EMERSON Motion Control Applications 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 26. 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 26 
for calculating proper enclosure size.

Drive
Model

Stand-by
Losses

(PSB) (Watts)

Maximum 
Operating Losses

(PMO) (Watts)

Shunt Regulation 
Losses

(PSR) (Watts)

Maximum Total 
Losses*
(Watts)

FX-6210 1000 900 250 2150

FX-6310 1000 1400 250 2650

FX-8500 1000 1500 250 2750

FX-8800 1000 2700 250 3950

FX-81000 1000 3250 250 4500
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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. 
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.

Figure 21 FX Drive Front Panel DIP Switches/Mode Selection

Command Control Interface Command Device

Input Line Index, Home, Jog Inputs and Outputs 
10.5 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

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
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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 10.0 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

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).

Mode Control Interface Command Device

Analog Velocity Zero to ±10.0 VDC Velocity Controller

Analog Torque Zero to ±10.0 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

VELOCITY
OF MOTOR

(CW)

(CCW)

(+)

(-)

VOLTAGE

TORQUE
FROM MOTOR

(CW)

(CCW)

(+)

(-)

VOLTAGE

TORQUE MODEVELOCITY MODE
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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 10.0 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.

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.

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.

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.

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

     WARNING!

     WARNING!
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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.

The command, velocity and current outputs on the command connector are 
signals used for troubleshooting purposes only. The Stop function and both 
the hardware and software position travel limits are active in Analog 
Mode, if they are set up.

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.

15 8

1
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-
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7

8
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(-) ANALOG INPUT COMMAND
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(-) COMMAND
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7

6
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100K10K10K

100K

100K 100K

COMPUTER
PROCESSED

TO A-D
10 BIT

1

     WARNING!
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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.

FX DRIVE

-12
VDC

+12
VDC

CUSTOMER SUPPLIED
INTERFACE

(+) COMMAND

ANALOG GND13

7
FX DRIVE
COMMAND
CONNECTOR

EXAMPLE: (+) COMMAND

FX DRIVE
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CUSTOMER SUPPLIED
INTERFACE

(-) COMMAND
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6
FX DRIVE
COMMAND
CONNECTOR

EXAMPLE: (-) COMMAND

+12

-12

+12

-12
-

+
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+

-

+

-

+
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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 Application 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.

EXTERNAL
LOGIC
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4
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4
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-

+

-
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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 23 on page 38 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 
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 

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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identifier code and must be set up for full duplex mode (See Figure 22 and 
Figure 23).

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 23. 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.

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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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 
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.

NOTE: 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. Factory setting is SW2 Off or No 
Line Feed Echo.

Mode Select

The mode is selected with switches 3 and 4. (See “Mode Selection”). Factory 
setting is Pulse-Pulse 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
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AXIS N
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AXIS P
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AXIS U
AXIS V
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OFF

OFF
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OFF
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OFF
ON
OFF
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OFF
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OFF
ON
OFF
ON
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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 
arc-min. at 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.

Cable Model
(Part Number)

Allowable Length
w/o Review (Feet)

Maximum Length
(Feet)

Performance Code

HPM-XXX 100 100 A

HPI-XXX 100 100 A

HPL-XXX 50 50 A

HCF-XXX 100 100 A

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



38

460V FX Drives Setup and Programming Operator’s Manual

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 feet. 
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 
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.

CABLE LENGTH

POSITIONAL
ACCURACY
(ARC-MINUTES)

*
25 50 75 100 125 150 175 2000

10

70

60

50

40

30

20 *
*

*
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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 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.

TO NEXT PCM
APPLICATION

MODULE

SSC-XXX
CABLE

MSC-XXX
CABLE

SCS-X
ENCODER

FX AMPLIFIERS WITH
PCM APPLICATION

MODULES
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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. You are responsible for limiting the output current to less 
than 200 mA. 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.
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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 29). 

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. 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.

1. 18 to 24 gauge wire should be used for I/O wiring. The use of larger 
diameter 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!

    CAUTION!
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Figure 36 Input/Output Connections
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Motor Connections
Resolver Connections

The resolver connections are made with the HCF cable assembly which has 
a 9 pin D connector on one end (amplifier end) and a 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. 

NOTE: Applications that require cables over 50 feet should be 
discussed with Emerson Motion Control Applications 
department

Stator Connections
We highly recommend that you use the Emerson Motion Control cable 
(either HPM, HPI or HPL depending on the drive model) for stator 
connections. This cable has been specifically designed for the Emerson 
Motion Control FX-6120 through FX-81000 drives to provide maximum 
EMI protection.

The motor phase leads are terminated at the R, S, and T locations and the 
motor case ground is terminated at the ground lug as shown below.

Figure 37 Stator Wiring (BL-8500, BL-8800 and BL-81000)

Figure 38 Stator Wiring (BL-6210 and BL-6310)

The braided motor shield should be connected to the FX amplifier 
grounding terminal only. The shield drain wire should be connected to the 
amplifier grounding terminal and to the grounding lug inside the motor 
connection box.

If you are using a BL-6310 or BL-6210 motor equipped with a brake, strip 
back twelve inches of insulation, then cut back stator wires and shield 
wires six inches leaving brake wires six inches longer than stator and 

MOTOR
CONNECTION BOX

BLUE

RED

BLACK

GREEN

BRAKE WIRES
(TERMINATE IF NOT USED)

MOTOR
CONNECTION BOX

BLUE

RED

BLACK

GREEN

BRAKE WIRES
(TERMINATE IF NOT USED)

SHIELD
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shield wires. The additional six inches is necessary to accommodate the 
distance from the amplifier’s stator (R, S, and T) terminal block to the 
Shunt/Brake terminal block.

Figure 39 Cable Dressing Recommendations (Amplifier and Motor Ends)

Amplifier Connections
Applications that require cables over 50 feet should be discussed with 
Emerson Motion Control Applications department.

Resolver Connections

The HCF cable comes in three standard lengths, 15, 25 and 50 ft. Two 
connections are required when connecting the FX amplifier to a BL motor. 
An HCF-XXX cable connects the resolver and motor thermostat signals. All 
connectorized cables required for an FX drive can be obtained from 
Emerson Motion Control. 

Resolver Feedback Connections

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

HCF-05 = 15 feet
HCF-025 = 25 feet
HCF-050= 50 feet

This cable assembly 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 top plate of the amplifier. 
This connector must be screwed down to ensure reliable operation. (See 
wiring diagram of HCF-XXX cable).

4 WIRE MOTOR

2 WIRE BRAKE

BRAIDED SHIELD, UNBRAIDED AND
TWISTED TOGETHER TO FORM A SINGLE
WIRE THEN COVERED WITH HEAT SHRINK

NOTE:

1. COVER ANY EXPOSED SHIELD OR
    DRAIN WIRES WITH HEATSHRINK.

.425

RED

BLACK

BLUE

GREEN

MOTOR SHIELD DRAIN WIRE

BRAKE SHIELD DRAIN WIRE

6.00 IN.

BRAKE WIRES
(BL-6310 AND BL-6210 ONLY)

HPI, HPM OR HPL
CABLE
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Figure 40 HCF-XXX Cable Wiring Diagram

Stator Connections (R, S, and T)

We highly recommend that you use the EMERSON Motion Control cable 
(either HPH, HPI, or HPL depending in the drive model) with your FX 
drive for stator connections. This cable has been specifically designed for 
the EMERSON Motion Control FX-6210 through FX-81000 drives to 
provide maximum EMI protection.

Waterproofing
BL motors have NPT threaded conduit holes designed to meet IP65 
waterproofing standards. Even if waterproofing is not necessary the 
threaded holes allow easy conduit termination at the motor.

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

1. Wrap the coupler threads with Teflon® tape.

2. Tighten fitting at least 1 turn after hand tightening. 

C GND

COS

S GND

SIN
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R GND

SHLD
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THERM

CONNECTOR SHELL
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G
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D
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6
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7

9

3

PT06E-14-18S(SR)
MOTOR CONNECTOR

TO AMPLIFIER TO MOTOR

TWISTED PAIR

DRAIN

DRAIN

DRAIN

DRAIN

TWISTED PAIR

TWISTED PAIR

TWISTED PAIR

HPI, HPM OR HPL
CABLE

BRAKE WIRES
(TERMINATE
IF NOT USED)

GREEN

RED

BLACK

BLUE

MOTOR SHIELD DRAIN WIRE

R

T

S
AMPLIFIER
STATOR
TERMINAL

AMPLIFIER
GROUND
TERMINAL

BRAIDED SHIELD, UNBRAIDED AND
TWISTED TOGETHER TO FORM A SINGLE

WIRE THEN COVERED WITH HEAT SHRINK
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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.

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 41 Water-Tight Seal Example

Care must be taken to align the cover upon installation to prevent 
damage to the “O” ring which will destroy the waterproof integrity.

Figure 42 Cable Wire Example

Do not over torque.

    CAUTION!

MOTOR CABLE

CONDUIT

CONDUIT FITTING

GROMMET

MOTOR CASE

4 WIRE MOTOR

2 WIRE BRAKE

BARE WIRES

WIRE INSULATION

HEATSHRINK TUBING

OPTIONAL

NOTES:

1. THE DOTTED LINE REPRESENTS THE WIRING
    SEPARATION FOR THE 4 INCH MOTORS.
2. COVER ANY EXPOSED SHIELD OR DRAIN WIRES
    WITH HEATSHRINK.
3. MOTOR WIRING IS SHOWN AS A CABLE.

.25"
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Holding Brake Option
The FX-6210 and FX-6310 drives can be ordered with an optional holding 
brake on the BL motor. 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.

Holding Brake Control Circuit
A schematic representation of the brake control circuit is shown in Figure 
38. Note that the suppression diode makes the circuit polarized.

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.

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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Holding Brake Wiring Diagram

Figure 43 Holding Brake Wiring Diagram

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 
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 

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

-

+

USER SUPPLIED
DC VOLTAGE SOURCE

24 VDC (+)

GATE DRV (+)

CONTROL

GATE DRV (-)

SUPPLY (+)

TO COIL

SUPPLY (-)

FX DRIVE

AMPLIFIER
GROUND

TERMINAL

BLM MOTOR

BRK2+

BRK2-

EXTERNAL/
INTERNAL

SHUNT

MOTOR
BRAKE

FX-6210 OR FX-6310

BLM-6210 OR BLM-6310

     WARNING!
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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 BL 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 BL 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 Application 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.
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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

FX-AMP

COMMAND

SERIAL 1A

SERIAL 1B

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

OPENOPEN

MODE SELECTION SWITCHES

* OPEN = OFF

MODEL NUMBER

SERIAL NUMBER

PART NUMBER

SERIAL INTERFACE 1A

SERIAL INTERFACE 1B

COMMAND CONNECTION

1

2

3

4

5

6

7

8

9

10

11

12

INPUTS

OUTPUTS

FUNCTION(S) POLARITY FILTER TIME

1

2

3

4

5

6

7

8

12

10

11

IN
P

U
T

S
O

U
T

P
U

T
S9

MOTOR
RESOLVER
FEEDBACK

EXTERNAL/
INTERNAL

SHUNT

MOTOR
BRAKE

24VDC (+
GATE DRV (+

CONTROL
GATE DRV (-

SUPPLY (+
TO COIL

SUPPLY (-

110/230 VAC
L1     L2    GND

AC POWER INPUT
(380/460/480 VAC)

GND    L1   L2     L3
MOTOR

R         S      T           GND
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Configuration Sheet - PCM Module

MOTOR
RESOLVER
FEEDBACK

EXTERNAL/
INTERNAL

SHUNT

MOTOR
BRAKE

24VDC (+
GATE DRV (+

CONTROL
GATE DRV (-

SUPPLY (+
TO COIL

SUPPLY (-

110/230 VAC
L1     L2    GND

AC POWER INPUT
(380/460/480 VAC)

GND    L1   L2     L3
MOTOR

R         S      T           GND

FX-AMP

SERIAL 1A

SERIAL 1B

SYNC

13

14

15

16

17

18
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24

INPUTS

OUTPUTS

MODEL NUMBER

SERIAL NUMBER

PART NUMBER

FUNCTION(S) POLARITY FILTER TIME
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P
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U
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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.

460V 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 44 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 45 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 46 PCX Hierarchy Main Menu
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DOWNLOAD DATA
FILE TO DRIVE
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Figure 47 PCX Hierarchy Diagram 2

Figure 48 PCX Hierarchy Diagram 3
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Figure 49 PCX Hierarchy Diagram 4

Figure 50 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 51 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 52 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 53 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 54, “FX Drive System Example,” on page 66 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.



66

460V FX Drives Setup and Programming Operator’s Manual

Figure 54 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 55 Drive Setup Options

PCX017

FX AMPLIFIER
COMPUTER

RUNNING PCXPROGRAMMABLE
LOGIC CONTROLLER

(PLC)

10:1 GEAR

REDUCER

0:2 IN/REV
SCREW

DX MOTOR

0.2 IN/REV = 5 SCREW REV/IN

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 56 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 57 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 58 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 59 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
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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.




