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In this Chapter you will learn
about:
Important User Information
Product Warranty
Return Policy
Technical Support

1.

Assumptions

Chapter 1

1.1. Important User Information
To ensure safe and satisfactory operation of the equipment described in this user’s guide, as well
as the equipment connected to and used with your BA Series Servo Drive, all applicable local
and national codes that apply to installing and operating the equipment must be followed.

WARNING 

Failure to comply with applicable local and national
codes and standards can result in damage to equipment
and/or serious injury to personnel.

Personnel responsible for the installation and/or operation of the equipment should study this
user’s guide and all referenced documentation prior to installation or operation of the equipment.
In no event is the provider of the equipment liable for any incidental, consequential or special
damages of any kind or nature whatsoever, including but not limited to lost profits arising from
or in any way connected with the use of this user’s guide or the equipment.
The BA Series Servo Drive provides solutions for a wide variety of servo applications.
Therefore, it is the end user’s responsibility to determine the acceptability of any products used
in any application. The equipment provider assumes no responsibility for the User’s
misapplication of the BA Series Servo Drive.
Since I2T constantly strives to improve its products, we reserve the right to change this user’s
guide and any equipment mentioned herein at any time without notice.

Integrated Industrial Technologies, Inc.
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1.2. Warranty
I2T warrants that all equipment they manufacture will be free from defects in materials and
workman-ship for a period of one (1) year from the date of invoice. Within this warranty period,
I2T shall, at its option, repair or replace – free of charge, any equipment covered by this warranty.
This warranty does not cover any equipment damaged by improper installation, accident,
alteration or misuse. In no event shall I2T be liable for incidental or consequential damages or
for delay in performance of this warranty.

1.3. Return Policy
Any equipment returned as new must be in the original, unopened shipping carton and is
subject to a 20% restocking fee. All equipment returned to I2T for repair or replacement,
regardless of warranty status, must have return authorization. To receive return authorization,
call the I2T technical assistance number with the following product information:
•

Product Part Number

•

Serial Number

•

Description of Problem

I2T issues a Return Material Authorization (RMA) number. You must ship the product to I2T
with shipping charges prepaid and the RMA clearly marked on the outside of the shipping
container. Title and risk of loss or damage remains with the customer until shipment is received
by I2T. All equipment returned for warranty repair must be in the original shipping container or
additional handling charges apply. In special cases, I2T will provide emergency replacement of
defective equipment. For special cases, the customer must provide a Purchase Order number in
the amount of a product being shipped plus any applicable taxes and shipping charges. In the
event that the defective equipment is not returned within seven (7) days, I2T bills the customer
for the replacement equipment.

1.4. Technical Support
All I2T products are sold through authorized Schneider Electric high-tech distributors. The
customer should attempt to resolve any problems through their local distributor before contacting
I2T directly. Should your local distributor be unavailable or unable to solve a problem, contact
I2T Technical Support at (412) 828-1200. Additional information and updates are available via
our WEB site at http://www.i2t-inmotion.com.

1.5. Assumptions
To effectively use the BA Series User’s Guide to install, develop and maintain your setup, you
should have a fundamental understanding of the following:
•
•
•

1-2

Electronic concepts such as voltage, current, switches, etc.
Motion control concepts
Contents of this User’s Guide.
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In this Chapter you will learn
about:
Overview
Models, Options, Packages
Drive Package
Hardware
Safety Warnings

2.

Chapter 2

2.1. Overview
This section provides a user with an understanding of the capabilities of the BA Series High
Current Servo Drive. The BA drive is a highly reliable brushless servo drive (see Figure 2-1)
that is easily adaptable to drive brush or brushless servomotors. The drives are available in three
peak output current ratings of 50, 75 and 100 Amps. The BA drive package is a complete
modular unit that includes heat sink, metal cover, and bus power supply that operates from
56-230 Vac. The BA drives provide the designer with servo drive flexibility for use in
applications such as machine tools, packaging, labeling, X-Y stages, inspection, medical,
winding, semiconductor fabrication, and food processing.

Figure 2-1: BA50, BA75, BA100 Series Drive
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2.2. Models, Options and Packages
The BA high current drives are available in three models with continuous power from 6800 to
13600 Watts. A list of these models and the available voltage configurations is shown below.

Std. Voltage
Configuration

Peak
Output Current

Continuous
Output Current
(Peak)

BA50

320V

50 A

25 A

BA75

320V

75 A

37 A

80 – 320 VDC

BA100

320V

100 A

50 A

80 – 320 VDC

Model

DC Bus Voltage Range
(Nominal VDC)
80 – 320 VDC

The BA drives feature self-commutation with digital Hall effect feedback signals. The BA drives
include a 5 Vdc, 250 mA supply to power encoders, and Hall effect devices (HEDs). Each model
is jumper selectable, providing the capability to drive both brush and brushless motors.
Complete electrical isolation is provided between the control stage and the power stage for all
BA series models. This is accomplished with a transformer isolated control voltage power
supply and opto-isolation of the drive signals, current feedback signals and fault signal between
the control and power stages. Each drive is fully protected against the following fault conditions:
•

Control power supply under voltage

•

RMS current limit exceeded

•

Power stage bias supplies under voltage

•

Over temperature

•

Over current

•

Output short circuits (phase-to-phase and phase-to-ground)

•

DC bus over voltage (detected if shunt fuse is open)

Operating modes include current command, velocity command or dual-phase command (for
brushless modes of operation only). For brush modes of operation, the available operating
modes are current command and velocity command. Differential inputs are used for better noise
immunity. Velocity feedback is from either an encoder or tachometer and logic inputs include
directional current limits and shutdown. Fault, current, and velocity outputs simplify monitoring
drive status.

2-2
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2.3. BA Drive Package
The standard package includes a heat sink, cover, shunt regulator, control power supply, and a
bus power supply that operates from 56-230 Vac. The power supply is included with the
standard package for off-line operation without the need for an isolation transformer. Figure 2-2
is a functional diagram showing the standard package configuration.

Figure 2-2: Functional Diagram

NOTE 

**A secondary 115/230 Vac connection is necessary if the DC bus
power is required to operate below 80 Vdc.

Integrated Industrial Technologies, Inc.
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2.4. Hardware Overview and Function
The BA series consist of two power connections (motor power and input power), four
potentiometers, a 10-position DIP switch, an enable LED indicator lamp, a fault/overload
indicator lamp, and a 25-pin “D” style connector. Refer to Figure 2-3 for locations.

Figure 2-3: Drive Hardware
2.4.1. Motor and AC Pow er Connections
The three phase motor terminal connections are made at connections A, B,
and C. This area is designated as such on the front of the drive.
Input power to the BA series drive is made at the AC1, AC2, and AC3
terminals with earth ground connected to ground. Single or three-phase
power can be made at these connections. The BA50 can be operated on three
or single phase AC power. For single-phase operation, connect the AC power
to AC1 and AC3.

NOTE 

2-4

For the BA75 and BA100 only, three-phase input power
should be used.
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2.4.2. DIP Sw itch
There is a 10-position DIP switch on the BA drive that provides
four discrete functions. The switch permits the user to control
maximum allowable current to the motor, continuous output
current, velocity or current operational mode, and test mode.
Figure 2-3 shows the location of the switch on the BA drive.
Refer to the table below for the exact switch functions.

CURRENT LIMIT
PEAK

Switches

Position

Function

1*

Closed

Peak is 6% of Ipeak

2*

Closed

Peak is 13% of Ipeak

3*

Closed

Peak is 27% of Ipeak

4*

Closed

Peak is 54% of Ipeak

* Switches affect the GAIN adjustment of the velocity loop. Max. gain adjustment when 1 to 4 are closed.
CONTINUOUS
CURRENT PEAK *

5

Closed

Icont is 3% of Ipeak

6

Closed

Icont is 7% of Ipeak

7

Closed

Icont is 14% of Ipeak

8

Closed

Icont is 27% of Ipeak

TEST

9

Closed

Close this position to allow the BALance pot to manually
control motor velocity or torque without the need for an input
signal (depending upon the setting of switch 10).

MODE

10

Open

Velocity/Current Mode – Close this position to enable the
current mode.

* Continuous current peak is 54% of peak instead of 100%.

Switches 1 to 4 set the peak or maximum output current supplied to the load. Switches 5
to 8 determine the level where the continuous output current of the BA amp protection
circuit will produce a fault. This type of protection is known as an electronic fuse.
For low duty cycle and low acceleration system requirements, set the DIP switches
equally or to the next lower switch setting. For high duty cycle and high acceleration
system requirements, set the DIP switches equally or to the next higher switch setting.

NOTE 

Closing DIP switches 1 to 4 will allow peak current.
Closing switches 5 to 8 will allow 54% peak continuous
current for two seconds.

Integrated Industrial Technologies, Inc.
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The following examples should be used as a guideline for setting the DIP switches.
Example for a BA 50 – Setting RMS Current Limits
•
•
•
•

To set the continuous current limit to 10 A:
10 A Continuous RMS x 1.414 = 14.14 A continuous peak
(14.14 A continuous peak/50 A max peak) x 100 = 28%
Open switches 5, 6, 7; close switch 8

Example for BA50 – Setting Current Limits
•
•
•
•

To set the peak current to 37 A
Peak Current
(35 A peak/50 A max peak) x 100 = 75%
Close switches 3 and 4; open switches 1 and 2

2.4.3. Potentiometers (POTs)
Potentiometers INPUT, TACH, GAIN and BALance are associated with the preamplifier circuit contained in the drive. Refer to Figure 2-3 for location of the
pots on the BA drive. These potentiometers are used to adjust the pre-amplifier
gain when the MODE switch is set for velocity control using an external DC
tachometer or incremental encoder for velocity feedback. Refer to Table 2-1 for
pot functions.
Potentiometer

CW

CCW

Function

INPUT

Increase

Decrease

Adjusts DC gain of the input command present at P1,
Pins 8 and 21.

TACH

Increase

Decrease

Adjusts DC gain of the encoder or tach derived velocity
feedback input present at P1, Pin 3.

GAIN

Decrease

Increase

Permits a user to cancel small DC offsets present in the
pre-amplifier circuit.

BALance
Note:

Adjusts velocity loop AC gain of the pre-amplifier (see
Note)

Velocity loop GAIN adjustment is affected by current limit peak (switches 1 to 4). Max. gain
when 1to 4 is closed.

Table 2-1: POT Functions
2.4.4. Connector P1and Enable Indicator
Connector P1 (25-pin “D” type, female) provides the interface for input and output
control connections. Refer to Table 2-2 for connector P1 pinouts. The LED ENABLE
indicator will illuminate at all times until there is a fault or external shutdown, then the
indicator will be off and motor power will be removed. Refer to Figure 2-3 for location
of these items. The POWER LED will be green whenever +5V is present.
The FAULT LED energizes when a short circuit, current or thermal overload, etc., is
present on the drive. The unit must be powered down to clear the fault. Also, the
OVERLOAD LED energizes when the RMS current limit threshold is exceeded. If the
RMS threshold is exceeded for more than two seconds, the drive faults and shuts down.

2-6
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Pin
Numbers

Input or
Output

Signal

Pin 1

Shield

Ground

Pin 2

Output

Power

Pin 3

Input

+ Tach

Pin 4

Input(1)(2)

Hall A

Pin 5

Input(1)

Cosine

Pin 6
Pin 7

Input
Input

Pin 8

Input(3)

+ Input

Pin 9

Input(3)

Icmda

Pin 10

Input(1)

Shutdown

Pin 11

Input(1)

+ Ilmt

Pin 12

Output

- Fdbk

Pin 13

NC

Pin 14

Signal
Common

Ground

Pin 15

Input

- Tach

Pin 16

Input(1)(2)

Hall B

Pin 17

Input(1)

Hall C

Pin 18

Input(1)

Sine

Cosine –N
Ground

Chapter 2
Function

Connection Point to Earth Ground. Reduces electrical noise in
control and feedback signals. Typically connected to foil shield of
shielded cable.
On-board 5V Power Supply. Pin 2 powers an encoder and supplies
up to 250 mA of current.
Tachometer Input for Velocity Feedback (encoder vs. tach velocity
feedback is jumper selectable). Using a tachometer in the velocity
loop configuration provides negative feedback to the drive. This
allows the drive to close the servo loop and control the loop’s
stability.
Hall Effect A. 1 of 3 commutation signals used with brushless
motors. Used in conjunction with Hall Effect B and C to provide
motor rotor position information to the drive.
Cosine Signal from Encoder. Used as an option in conjunction with
Sine to derive an electronic tachometer signal. Line receiver input.
Compliment of Cosine (P1-5). Line receiver input.
Signal Common. Electrical reference for all control circuitry on
drive.
Non-inverting Input of Differential Input Circuit. A positive
voltage on this input causes CCW motor rotation (torque or velocity
mode). For single ended operation, connect command to the input
and ground (Pin 21 of P1).
Current Command A. Jumper selectable input that bypasses
differential input, pre-amplifier and self-commutation circuit.
Active High or Active Low Input. This jumper selectable input shuts
off power stage and thus removes all power to the motor.
Directional Current Limit Input. When pulled to its active state,
positive motion (CW motor shaft rotation) is inhibited (jumper
selectable).
Current Feedback Monitor. If running a brushless motor, this signal
represents the current in motor Phase A. For brush motors, this signal
represents the entire motor current. Scaling is as follows: BA50 is
8.3 Amp/V, BA75 is 12.5 Amp/V, and BA100 is 16.6 Amp/V.

Electrical Reference for All Control Circuitry on Drive. Used as the
connection point for the signal common of an encoder. Used with Pin
2 as the power supply connection to an encoder.
Recommend Reference Input for Tachometer. Point is identical to
signal common.
Hall Effect B. One of three commutation signals used with brushless
motors. Used in conjunction with Hall Effect A and C.
Hall Effect C. 1 of 3 commutation signals used with brushless
motors. Used with Hall Effect A and B.
Sine Signal from Encoder. Used as an option with cosine to derive
an electronic tachometer signal. Line receiver input.

Table 2-2: P1 Connector Pinouts

Integrated Industrial Technologies, Inc.
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Pin
Numbers

Input or
Output

Signal

Function

Pin 19
Pin 20

Input
Output

Sine – N
Power

Pin 21

Input(3)

- Input

Pin 22

Input(3)

Icmdb

Pin 23

Output

- Fault

Pin 24

Input(1)

- Ilimt

Pin 25

Output

-Icmd

Compliment of Sine (P1 – 18). Line receiver input.
5V On-board 5V Power Supply.
Inverting Input of Differential Input Circuit. A positive voltage on
this input causes CW motor rotation (torque or velocity mode). For
single ended command operation, ground this connection and connect
signal to Pin 8 of P1.
Current Command B. Jumper selectable input that bypasses
differential input, pre-amplifier and self-commutation.
Active High or Active Low (open collector) Output. Jumper
Selectable. Indicates the status of the power stage (drive enabled or
faulted).
Directional Current Limit Input. Jumper Selectable. When pulled to
its active state, negative motion (CCW motor shaft rotation) is
inhibited.
Current Command Monitor.
Representative of the current
command. BA50 is 9 Amp/V, BA75 is 13.6 Amp/V, and BA100 is
18 Amp/V.

Note:
1.
2.
3.

Denotes input pull up to internal +5V through a 10K resistor.
Denotes a factory option for analog Hall commutation is available. When using analog Hall
feedback, only Hall A and B connections are used.
Denotes that Pins 21, 9, 22 and 8 also function as differential inputs for phase A and phase B
current commands, respectively (a factory option).

Table 2-2: P1 Connector Pinouts (cont’d)
2.4.5. I/O Circuitry
The following shows the internal circuitry for the BA drive. Note that all of the logic
inputs can tolerate +24 Vdc.

Figure 2-4: Fault Output
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Figure 2-5: Drive Hardware

Figure 2-6: ± Limit Inputs

Figure 2-7: Hall and Encoder Inputs
Integrated Industrial Technologies, Inc.
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2.5. Safety Procedures and Warnings
The following statements apply wherever the Warning or Danger symbol appears within this
manual. Failure to observe these precautions can result in serious injury to those performing the
procedures and/or damage to the equipment.

WARNING 

WARNING 

DANGER 

DANGER 

2-10

To minimize the possibility of electrical shock and bodily injury, ensure
that the motor is decoupled from the mechanical system and no harm
to personnel will result if the motor begins to spin.

Before performing the following steps, ensure that the motor is
completely disconnected from the drive and the associated mechanical
system.

To minimize the possibility of electrical shock and bodily injury
when any electrical circuit is in use, ensure that no person is
exposed to the circuitry.

To minimize the possibility of bodily injury, make certain that all
electrical power switches (all switches external to the drive) are
in the off position prior to making any mechanical adjustments.

Integrated Industrial Technologies, Inc.
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In this Chapter you will learn
about:
Introduction
Inspecting the Shipment
Configuring the Jumpers
Wiring the Drive
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3.1. Introduction
This section covers the hardware configurations using the switches, jumpers, connectors, and
power hook-ups when used with a brush or brushless DC motor. Also covered are wiring,
grounding, and shielding techniques, an explanation of the current regulator adjustment, and the
motor phasing process.

3.2. Shipment Inspection
Check your BA series package, upon receipt, for obvious damage that may have occurred during
shipment. Report any damage to the shipping company immediately. I2T cannot be held
responsible for damage incurred during shipment. Along with your BA Series Drive, the
following should be included:
•
•
•
•
•

BA 50, 75, 100 Series User’s Manual
Heat Sink
Metal Cover
Shunt Regulator
Bus Power Supply

(P/N 5001-02)

Retain the shipping container in case you need to return the BA Series Servo Drive for any
reason. Any damage incurred due to improper packing is the responsibility of the shipper and
will further delay the repair or replacement of your parts.

3.3. Jumper Selection
The BA series drives are jumper selectable, providing the user with quick reconfiguration
capabilities of the operating modes. Table 3-1 lists the jumpers and the default configurations
for the drives. Figure 3-1 highlights where the jumpers are located on the board (with default
configurations).

Integrated Industrial Technologies, Inc.
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Jumpers
JP3
JP4
JP5
JP6
JP8
JP9
JP10
JP11

JP12

JP13

JP14

JP15
JP22
JP25
JP26

BA SERIES GETTING STARTED
Position
1-2

Function
Selects brushless mode operation. (Default)

2-3

Selects brush mode operation.

1-2

Active High Shutdown Input. Logic high on P1-10 shuts off power stage. (Default)

2-3

Active Low Shutdown Input. Logic low (0V) on P1-10 shuts off power stage.

1-2

Selects brushless mode operation. (Default)

2-3

Selects brush mode operation.

1-2

Selects brushless mode operation. (Default)

2-3

Selects brush mode operation.

1-2

0° commutation offset. (Default)

2-3

30° offset.

1-2

Active Low + ILMT. Logic low on P1-11 stops CW (+) motor movement. (Default)

2-3

Active High + ILMT. Logic (5V) on P1-11 stops CW (+) motor movement.

1-2

Active Low – ILMT. Logic low on P1-24 stops CCW (-) motor movement. (Default)

2-3

Active High – ILMT. Logic high (5V) on P1-24 stops CCW (-) motor movement.

1-2

Power stage drive signal (Phase A) derived from differential pre-amp input. BA drive performs selfcommutation. (Default)

3-4

Power stage drive signals derived from input signal at P1-9. Controller must perform commutation.

5-6

Power stage drive signals derived from A phase analog Hall (factory option).

7-8

Power stage drive signals derived from A phase differential input (factory option).

2-3

Active low fault output. Open collector output P1-23 pulls to a logic low to indicate a drive fault.

1-2

Active high fault output. Open collector output P1-23 sets to a high impedance state (must be pulled
to a logic high by an external resistor) to indicate a drive fault. (Default)

1-2

Power stage drive signal (Phase B) is derived from differential pre-amp input. Drive performs selfcommutation. (Default)

3-4

Power stage drive signals derived from input signal at P1-22. Controller must perform commutation.

5-6

Power stage drive signals derived from B phase analog Hall (factory option).

7-8

Power stage drive signals derived from B phase differential input (factory option).

2-3

Current command configuration or tachometer feedback through Pin 3 of P1 in the velocity loop
configuration. (Default)

1-2

Electronic tachometer signal derived from encoder signals in velocity loop configuration.

1-2

Selects brushless mode operation. (Default)

2-3

Selects brush mode operation.

1-2

Signal common of control section connected to earth ground. (Default)

2-3

Signal common, not referenced to earth ground.

1-2

0° commutation offset. (Default)

2-3

30° commutation offset.

1-2

0° commutation offset. (Default)

2-3

30° commutation offset.

Table 3-1: Jumper Selections
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Figure 3-1: BA50, 75, 100 Board Assembly (Default Jumpers Shown)
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3.4. Wiring, Grounding and Shielding Techniques
To reduce electrical noise in the BA series drives, observe the motor and input power wiring
techniques explained in the following sections.

3.4.1. Minimizing EMI Interference
The BA series are high efficiency PWM drives operating at a 20K Hz switching rate.
The switching time between positive and negative rails on each of the motor leads is less
than 50 nano-seconds for a 320 Vdc bus. This switching rate can generate
Electromagnetic Interference (EMI) into the MHz band. To minimize EMI, it is
recommended that the motor leads be twisted together with the motor cable grounding
wire and surrounded with a foil shield. Refer to Figure 3-2.
In addition to the EMI effects, electro-static (capacitive) coupling to the motor frame is
very high requiring the frame to be grounded in order to eliminate a shock hazard.
Additional electro-static coupling exists between the three twisted motor leads and the
foil shield of the motor cable.
This coupling forces high frequency currents to flow through the returning earth ground
of the motor cable. To minimize this problem and maintain low levels of EMI radiation,
perform the following.
1. Use shielded cable to carry the motor current and tie the shield to earth ground.
Refer to Figure 3-2.
2. Place one toroid (ferrite) around the three motor leads (two leads for brush
motors). The toroid should have seven turns for 10 AWG wire. This helps
reduce harmonics generated by the 20 KHz switching waveform.
3. Use a cable with sufficient insulation. This will reduce the capacitive coupling
between the leads, which in turn reduces the current generated in the shield wire.
4. Provide a strong earth ground connection to the chassis of the drive and to the
motor.
5. If possible, do not route motor cables near cables carrying logic signals and use
shielded cable to carry logic signals.

3-4
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Figure 3-2: Wiring to Minimize EMI and Capacitive Coupling

3.4.2. Minimizing 50/60 HZ Line Interference
Operating the BA series drives from an off-line source of 115 Vac or 230 Vac creates
additional problems.
First, there is a potential problem of EMI generated from the switching power stage of
the BA drive propagating through the bridge rectifier and out through the AC1, AC2 and
AC3 input AC line connections. Back-propagation of noise into the AC lines can be
minimized using a line filter. An example of such a filter and proper connection to the
BA drive is shown in Figure 3-3.

Figure 3-3: Back-propagation Line Filter Connection

Integrated Industrial Technologies, Inc.
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Another problem that potentially exists with off line connections is 50/60 Hz
electrostatic coupling between the frame of the AC motor and the AC1, AC2, and AC3
input power. If a single-phase supply is used where one side of the phase is referenced
to ground, the DC bus of the drive “swings” at 50/60 Hz with respect to the motor frame.
The path of current caused by this coupling between the motor frame and the drive stage
passes through the current feedback sensing devices of the drive. Depending on the
magnitude of this current, a 50/60 Hz torque disturbance may be present in the position
loop.
To eliminate this problem, an isolation transformer can be used to block the 50/60 Hz
from being seen by the motor frame. Refer to Figure 3-4 for connection of this
transformer.

Figure 3-4: Isolation Transformer Connection (eliminates torque
disturbance)
3.4.3. Integrated Configurations
The BA drives can be integrated into a system using three basic configurations: velocity
command, current command, and dual-phase command. Each of these has their
advantages and disadvantages depending upon the user’s specific needs.

3.4.4. Velocity Command Configuration
In the velocity command configuration, the speed of the motor is controlled by the drive.
A feedback signal from either a DC tachometer or an incremental encoder is monitored
by the drive. From this signal, the drive adjusts the velocity of the motor accordingly
depending upon the velocity command from the external controller. In this configuration
the drive closes and controls the velocity loop. The velocity command configuration
(shown in Figure 3-5) can drive both brush and brushless DC motors.
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Figure 3-5: Velocity Command Configuration

3.4.5. Current Command Configuration
In this configuration, the output current to the motor is proportional to the current
command input. The advantage to the current command configuration (shown in Figure
3-6) is that the sine and cosine signals to the drive and a tachometer are not required.
This configuration will also drive both brush and brushless DC motors.

Integrated Industrial Technologies, Inc.
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Figure 3-6: Current Command Configuration

3.4.6. Dual-phase Command Configuration
This mode is used with a brushless motor only. In this configuration, the differential
input, pre-amplifier, and self-commutation circuits are bypassed. The dual-phase inputs
are sinusoidal and are 120° out of phase from each other. The third phase is generated
by the drive. The dual-phase command configuration is shown in Figure 3-7. The
advantage to this configuration is that it provides the smoothest possible motion.
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Figure 3-7: Dual Phase Command Configuration

3.4.7. Control Connections
The BA drives can be wired into a system in one of two ways depending upon the
desired mode of operation. Command signals can be referenced to velocity or torque
(current) control signals. The user has access to four potentiometers, three that adjust
gain while the fourth (BALance) compensates for input signal offsets. Figure 3-8
illustrates a portion of the pre-amplifier circuit that is accessible to the user for adjusting
command signal gains.

NOTE 

For adjustments in gain roll-off, “personality module”
RCN1, pins 7-10 and 8-9 are provided for the selection of
the appropriate resistor/capacitor pair (factory default
values shown in Figure 3-8).

Integrated Industrial Technologies, Inc.
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3.4.8. Setup – Torque Command Mode (Current)
To setup the pre-amplifier circuit for use in the torque (current command) mode,
configure the BA drive as follows:
•

Place SW1 position 10 (mode) to closed (Default)

•

Place SW1 position 9 (test) to open (Default)

•

SW1 positions 1 to 4 selects current limit, positions 5 to 8 selects RMS limit

•

Potentiometers “INPUT” set full CW and “GAIN” set full CCW to provide a
transconductance gain of ±10 volts for full current output. “BALance” and
“TACH” have no effect.

•

JP14 set to 2-3 (Default)

•

JP11 and JP13 set to 1-2 (Default)

•

JP3, JP5, JP15, and JP6 set to 1-2 (Default) for brushless motor operation or 2-3
for brush motor operation.

With this configuration, an input signal of ±10 volts to pins +INPUT with respect to
-INPUT will produce the maximum current output signal (viewed at P1, Pin 25 ICMD)
of ±5.5 volts. Switches “SW1” 1 to 4 are used to scale this ±5.5V signal from zero to
maximum current. Refer to Figure 3-6 for torque command configuration.

3.4.9. Setup – Velocity Command Mode
For this mode, a velocity feedback signal is required. This feedback signal can be
derived from two sources: an analog DC tachometer that is connected to the +TACH pin
or from an incremental encoder connected to the sine and cosine pins (see Figure 3-5).
To setup the pre-amplifier circuit for use in the velocity command mode, configure the
BA drive as follows:
•

Place SW1 position 10 (mode) to open

•

Place SW1 position 9 (test) to open (Default)

•

SW1 positions 1 to 4 selects current limit, positions 5 to 8 selects RMS limit

•

Potentiometers “INPUT”, “GAIN”, “BALance” and “TACH” adjust preamplifier gain and offset.

For most applications under the velocity command mode, the preferred starting point for
setting the three gain pots is as follows:
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•

INPUT pot – 1/3 CW from full CCW

•

TACH pot – full CW

•

GAIN pot – full CW
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These initial settings will usually generate a stable system
if one assumes that the tach feedback gain is around
3V/Krpm, or if an encoder is used and the line resolution
is between 1000 and 1500 per revolution.

•

JP14 set to 1-2 for encoder or 2-3 (Default) for tachometer velocity feedback

•

JP11 and JP13 set to 1-2 (Default)

•

JP3, JP5, JP15 and JP6 set to 1-2 (Default) for brushless motor operation or 2-3
for brush motor operation.

Figure 3-8: Command Signal Adjustment Portion of Pre-amplifier Circuit

WARNING 

To minimize the chance of electrical shock and
bodily injury, ensure the motor is decoupled from
the mechanical system to avoid personal injury if
the motor begins to spin.

Integrated Industrial Technologies, Inc.
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Starting with a zero input command signal, apply power to the drive. If the motor spins
uncontrollably, remove power and switch the polarity of the tach input signal. If an
encoder is being used, switch the sine and cosine input signals. Verify compliment
signals (sin and sin-N, cos and cos-N) are of correct phasing.
Again, apply power to the drive. If the motor begins to oscillate, turn the TACH pot
CCW until the oscillation stops. The GAIN and TACH potentiometers can be adjusted
to provide maximum stiffness on the motor shaft.

NOTE 

If the desired stiffness is unattainable, the components
connected to personality module RCN1 pins 8-9 and 7-10
may need to be changed.

The BALance pot is used to cancel any bias in the internal or external control circuit that
would cause the motor to rotate when the input command signal is zero.
If the TEST switch is closed, the effects of the BALance pot are greatly magnified. This
is useful when a test bias signal is desired (for velocity or torque modes) to be applied to
the drive without introducing an external command signal.

3.4.10. Setup – Dual-phase Command Mode
To setup the pre-amplifier circuit for use in the dual-phase mode, configure the BA drive
as follows:
•

JP11 and JP13 are set to 3-4

•

JP3, JP5, JP15 and JP6 are set to 1-2 (Default).

This mode is used with brushless motors only. Refer to Figure 3-7 for dual-phase
command configuration.

3.4.11. Motor Phasing Process
When configuring the BA drive to run a brushless motor, the commutation signal input
connections (labeled HALL A, B, C on connector P1 -pins 4, 16 and 17) are necessary.
These sequences and the generated output motor phase voltages (motor output
connections A, B and C) are shown in Figure 3-9. The voltages generated are made
under the conditions of a positive signal placed at a +INPUT with respect to -INPUT at
control signal input/output connector P1. A “0” for the given HALL input indicates zero
voltage or logic low, where a “1” indicates five volts or logic high.

NOTE 
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If a BM series motor is used with a BA drive, motor phase
and Hall connections can be easily determined by
referring to the system interconnection drawings in Figure
3-5, Figure 3-6, and Figure 3-7.
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3.4.12. Determining Phase/Hall Sequence
For a motor with an unknown phase/hall sequence, a simple test can be performed on the
motor to determine the proper connections to the BA drive.

NOTE 

Before performing the following steps, ensure the motor
leads are completely disconnected from the drive.

NOTE 

The tests outlined below do not require that the drive be
turned on since Figure 3-9 illustrates the generated output
voltage of the motor relative to the input Hall sequences.

The equipment needed for this test is a two-channel oscilloscope and three resistors
(typically 10K ohm, ½ watt) wired in a “Wye” configuration.
Connect the ends of the three resistors to motor terminals A, B, C. Use one channel of
the oscilloscope to monitor motor terminal A with respect to the “Wye” neutral (e.g., the
point where all three resistors connect together). Turn the shaft of the motor CCW and
note the generated voltage. This voltage represents the “phase A to neutral” CEMF.
With the second oscilloscope probe, determine the Hall switch that is “in phase” with
this voltage. Similarly, align phase B and C with the other two Hall switches.
Refer to Figure 3-9 and note the generated output voltages of the drive relative to the
Hall sequences applied to HALL A, HALL B, and HALL C connections at connector P1.
For proper operation, the CEMF generated motor phase voltages should be aligned to the
drives output generated voltage with the given Hall effect sequence shown in Figure 3-9.
If the sequence of Hall signals relative to the generated motor voltage (e.g., motor
CEMF) is adhered to as illustrated in Figure 3-9, a positive (+) voltage signal applied to
Pin 8 (+INPUT) of connector P1 relative to Pin 21 (-INPUT) of connector P1 relative to
Pin 21 (-INPUT) of P1 or Pin 19 (signal common) of P1 will produce a CCW (negative
direction) rotation of the motor shaft as viewed from the front of the motor.

Integrated Industrial Technologies, Inc.
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Figure 3-9: Motor Phasing

3.4.13. Current Regulator Adjustment
The three-phase current regulator circuit is illustrated in Figure 3-10. Details to this
circuit, like the “pre-amplifier” circuit described in the previous section, are provided so
that the user may optimize gains.
The BA drive provides three independent current regulator circuits, one for each phase of
the AC brushless motor (for DC brush motors, only “Phase A” regulator is used).
Regulators A and B are each provided with a current command from either the internal
“six step” commutation circuit or an external current “command input” (ICMDA and
ICMDB), depending on the settings of JP11 and JP13.
Two internally isolated circuits, one for phase A and the other for phase B, provide the
motor current feedback signals.
The two current command and two current feedback signals are each summed with the
result providing the current command and current feedback signals for phase C.
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Figure 3-10: Three-phase Current Regulator Circuit
Pins 1-18 and 2-17 “personality module” RCN1 provide gain compensation for phase A
regulator circuit. Similar compensation is provided for phase B and C circuits (see
Figure 3-10). The default values for these components (RCN1) appear in Figure 3-10.
Connection IFDBK (Pin 12 of P1) is provided to monitor phase A current. For AC
brushless motor operation, the signal at this pin would represent motor phase A current.
For DC brush motor operation, this signal would represent the current flowing in the
motor armature. The scale factor for current feedback on P1-12 is 16.6 Amp/Volt for
BA100, 12.5 Amp/Volt for BA75, and 8.3 Amp/Volt for BA50.

Integrated Industrial Technologies, Inc.

3-15

Chapter 3

3-16

BA SERIES GETTING STARTED

Integrated Industrial Technologies, Inc.

BA SERIES TECHNICAL DETAILS

Chapter 4

In this Chapter you will learn
about:
Part Numbers and Ordering
Electrical Specifications
BA Drive Dimensions
BA Drive Troubleshooting
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4.1. Technical Details
Ordering information regarding part numbers, models and packages is shown below.

Model Numbering System
BA50 -320

-S

Basic Model -----------------------------------BA50: 50A Peak
BA75: 75A Peak
BA100: 100A Peak
Bus Voltage ---------------------------------------------320: 80-320 VDC (56-230 VAC)
Include Shunt Regulator-------------------------------------Accessories
TB/

screw terminal block for 25-pin “D” type control connector

4.2. Electrical Specifications
The electrical specifications and connector P1 pinouts for all BA drive models are listed below.

Integrated Industrial Technologies, Inc.
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Model

Units

BA50

BA75

BA100

Output Voltage

VDC

80-320

Peak Output Current (2 sec) (current rating based on drive
mounted to NEMA panel - Figure 4-3)

A (peak)

50

75

100

Continuous Output Current (current rating based on drive
mounted to NEMA panel - Figure 4-3)

A (peak)

25

37

50

Peak Power Output (includes AC line droop)

Watts

13600

20400

27200

Continuous Power Output (includes AC line droop)

Watts

6800

10100

13600

Efficiency

%

97

Pre-amp Gain (max) (velocity mode)

DB

100

Power Drive Gain (current command mode)

A/V

Power Drive Bandwidth

KHz

2

PWM Switching Frequency

KHz

20

Minimum Load Inductance (at 320 Vdc bus)

MH

1.6

Maximum Shunt Regulator Dissipation

Watts

Maximum Heat Sink Temperature

Deg C°

65

Operating Temperature

Deg C°

0 to 50

Storage Temperature

Deg C°

-30 to 85

Weight

Lb (kg)

Modes of Operation (jumper selectable)

Brushless:

5

7.5

10

100

8.5 (3.9)

150

10.6 (4.8)

12.5 (5.7)

•

Single current command with on-board
6-step commutation from HED inputs

•

Dual phase commands with sinusoidal
commutation provided by an external
motion controller, third phase command
is derived from the drive

•

Velocity command w/6-step commutation
from HED inputs and velocity feedback
from the tach or encoder

•

Analog Hall effect device
supplied as a factory option

(HED)

Brush:

4-2

•

Single current command

•

Velocity command w/velocity feedback
from the tach or encoder
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Command Inputs

+input-Pin 8, -input-Pin 21: Differential inputs for current or velocity commands,
0 to ±10 Vdc input. “+input” (non-inverting input) can be used in single ended
fashion. A positive voltage on this input causes CCW motor rotation. “-input”
(inverting input) can be used in single ended fashion. A positive voltage on this
input causes CW motor rotation.

Feedback Inputs

-icmda-Pin 9, icmdb-Pin 22: Dual phase, ±10V input. ICMDA (current command
A) and ICMDB (current command B) are jumper selectable current command
inputs. These inputs bypass the differential input, pre-amplifier, and selfcommutation circuit. They are to be used with controllers that provide external
velocity loop and commutation control.

Logic Inputs

Hall A-Pin 4, Hall B-Pin 16, Hall C-Pin 17: Hall effect device inputs for
commutation, 0 to 5 Vdc, internal pull-up, and 10K input. Commutation signals
used with brushless motors to provide motor rotation position information to the
drive. This allows the drive to steer the three phases of the motor currents so as to
provide rotation of the motor in the desired direction at the desired speed. TTL
level input. (Note: analog Hall signals are connected at Pin 4 and Pin 16. Analog
Hall commutation is a factory option).

Logic Outputs

Ilmt-Pin 24, +ilmt-Pin 11: Directional current limit inputs (jumper selectable
polarity). When +ILMT is pulled to its active state, motion in the positive direction
(CW motor shaft rotation) is inhibited. When -ILMT is pulled to its active state,
motion in the negative direction (CCW motor shaft rotation) is inhibited. TTL level
input 0 to 5 Vdc, internal pull-up, and 10K input.
Shutdown Pin 10: Jumper selectable active high or active low input. Used to shut
off power stage and therefore remove all power to the motor. TTL level input 0 to
5 Vdc, internal pull-up, and 10K input.
Signal Ground Pins 7 and 14: Electrical reference for all control circuitry on
drive.
Signal Shield Pin 1: Connected internally to earth ground.
electrical noise in control and feedback signals.

Used to reduce

Logic Outputs

Fault Pin 23: Jumper selectable active high or active low output. Used to indicate
the status of the power stage (drive enabled or disabled). The fault output will go to
its active state upon a power stage fault, thermal overload, RMS current limit,
power supply under voltage condition, and DC bus over voltage condition (detected
if shunt fuse is open). Open collector output. Requires pull-up resistor to external
power supply ranging from +5V to +30V.

Monitor Outputs

Fdbk Pin 12: Current feedback monitor. When running a brushless motor, this
signal represents the current in the motor phase A. When running a brush motor,
this signal represents the entire motor current.
Phase A: output is 8.3 Amp/Volt for BA50, 12.5 Amp/Volt for BA75, and 16.6
Amp/Volt for BA100.
Icmd Pin 25: Current command monitor. Representative of the current command.
±5.5V output. Equals peak current of drive 50 Amps for BA50 and BA75, and 100
Amps for BA100.

Integrated Industrial Technologies, Inc.
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Power Inputs

AC Input: AC1, AC2, AC3, and earth ground, 56-230 Vac, 50-60 Hz, three phase.
Note: A single-phase supply can be connected to any two of the three AC input
terminals. A single-phase supply can only be used with a BA50 drive). 23 Amps
RMS for BA50, 32 Amps RMS for BA75, and 45 Amps RMS for BA100.

Motor Outputs

Motor Phase A, B, and C: 320 Vdc maximum output. 18 Amps RMS for BA50,
25 Amps RMS for BA75, and 36 Amps for BA100.

Auxiliary Power Outputs

5V Pin 20: On-board 5V power supply. 250mA maximum output.
5V Pin 2: On-board 5V power supply. Pin 2 is intended to power an encoder. Can
supply up to 250mA of current.

Connectors

Control: 25-pin “D” style, female.
Power: 8 terminal screw for AC input and motor output.

Potentiometers

Gain: adjusts pre-amp AC gain.
BALance: nulls command input DC offsets.
Tach: adjusts gain of tach or encoder derived velocity feedback input.
Input: adjusts gain of command input.

DIP Switches

Peak Current Limit: 4 switches allow user to set peak current from 6-100% of
max. value.
RMS Current Limit: 4 switches allow user to set the RMS current from 3-54% of
max. value.
Mode Switch: selects current or velocity mode.
Test: selects test mode to allow the BALance pot to be used as velocity or current
command.

Protective Features

Output short circuit
Peak over current
RMS over current
DC bus over voltage (detected if shunt fuse is open)
Over temperature
Control power supply under voltage
Power stage bias supply under voltage

4-4

Isolation

Opto and transformer isolation between control and power stages.

Indicator (power)

LED indicates drive power (green)

Indicator (enabled)

LED indicates drive enabled (green)

Indicator (fault)

LED indicator drive fault (red). Refer to protective features above.

Indicator (overload)

LED indicator RMS overload (red). Energized when RMS limit is exceeded. Will
generate a fault if limit is exceeded for more than two seconds.
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4.3. Dimensions
The outline dimensions for the BA drives are shown in Figure 4-2 and Figure 4-3. To ensure
proper heat dissipation, it is recommended you follow these procedures.
1. Use the mounting procedure in Figure 4-2, Figure 4-3 and Figure 4-4. If an application
using the BA50 requires maximum continuous output current to the motor, the wider part
of the amp should be mounted to the heat sink. For a typical servo system (e.g.,
intermittent duty cycle), the BA50 can be mounted standing up as shown in Figure 4.2.
The BA75 and BA100 are always mounted standing up, see Figure 4-4.
2. The mounting base should be at least 2 ft2 x 0.25” thick minimum and must be metal
(aluminum or steel).
3. The heat sink should be free of paint or any other thermal barrier.
4. The heat sink must be flat to allow good thermal conductivity between the heat sink and
the drive.
5. If possible, add a thermal conductivity enhancer (i.e., thermal grease between the heat
sink and the drive.).
6. Adding an external fan will remove a considerable amount of heat from the heat sink and
allow the drive to operate at a much cooler temperature.

NOTE 

The BA100 has an integral fan.

Figure 4-1: BA50 Amp Front View

NOTE 

Heat sink and fan add 3.27” for BA75 and BA100 only.

Integrated Industrial Technologies, Inc.
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Figure 4-1: BA50 Amp Side View (preferred mounting)
NOTE 

It is advisable the drive be mounted lying flat on a metal pane not less
2
than 2 ft for better heat dissipation. Refer to Figure 4-3.

Figure 4-2: BA50 Amp Side View (preferred mounting)
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4.4. Troubleshooting
This section covers symptoms, probable causes and solutions related to the BA drive operation.
Below is a list of the most common symptoms of irregular operation and the possible causes and
solutions for these faults.

DANGER 

Before performing the tests described below, be aware that lethal
voltages exist on the drive’s PC board and at the input and output
power connections. A qualified service technician or electrician
should perform these tests.

PROBLEM/CAUSE
POWER and ENABLE LED fails to
energize when AC input power is applied.
Cause insufficient input voltage.

PROBLEM/CAUSE
POWER and ENABLE LED fails to
energize when AC input power is applied.
Cause short circuit condition at motor
connections A, B, C.

PROBLEM/CAUSE
POWER and ENABLE LED fails to
energize when AC input power is applied.
Cause short condition between motor
connections and case of motor.

PROBLEM/CAUSE
POWER and ENABLE LED fails to
energize when AC input power is applied.
Cause shutdown.

PROBLEM/CAUSE
POWER and ENABLE LED fails to
energize when AC input power is applied.
Cause drive faults.

Integrated Industrial Technologies, Inc.

SOLUTION
Use voltmeter to check voltages at AC1, AC2
and AC3, AC input terminals.

SOLUTION
Disconnect motor connections from BA drive
and check resistance at each terminal relative to
the other terminal. Resistance should read the
same for all terminals (between 0.5 and 2.0
Ohms, depending on motor.

SOLUTION
Use ohmmeter to check resistance between all
motor leads and motor frame. Ensure motor is
disconnected from drive. Resistance should
read “infinity”.

SOLUTION
P1-10 is not active state for running drive.

SOLUTION
Remove AC for 30 seconds.
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PROBLEM/CAUSE

Brushless motor will not spin in open loop
current mode. Cause motor phases A, B, C
connected incorrectly relative to Hall inputs
A, B, and C.

SOLUTION
See Section 2.5 for motor phasing information.

PROBLEM/CAUSE
ENABLE LED fails to energize when AC
input power is applied. Cause may be short
circuit condition at motor connections A, B
and C.

SOLUTION
Disconnect motor connections from BA drive
and check resistance at each terminal relative to
the other terminal. Resistance should read the
same for all terminals (between 0.5 and 2
Omega, depending on motor).

PROBLEM/CAUSE
Motor spins uncontrollably in velocity mode
configuration. Cause may be short condition
between motor connections and case of
motor.

SOLUTION
Encoder (sine and cosine) signals or tach (±)
signals are improperly connected.
Swap
connections to change polarity of feedback.

PROBLEM/CAUSE
Motor runs erratic in velocity mode using
encoder for velocity feedback.
Cause
phase of sine and cosine signal of the
encoder is not separated by 90°.

SOLUTION
Encoder must be adjusted on the motor.

PROBLEM/CAUSE
Motor runs erratic in velocity mode using
encoder for velocity feedback. Cause noise
on the sine and cosine signals of the
encoder.

SOLUTION
Use a shield or twisted pair (signal common
wrapped around sine and cosine wires) cable
between the motor and the BA drive.

PROBLEM/CAUSE
Drive faults (FAULT LED energizes).
Cause RMS current exceeded.

SOLUTION
Turn off and then back on.
current.

PROBLEM/CAUSE
Drive faults (FAULT LED energizes).
Cause over temperature condition.

SOLUTION
Turn off and let drive cool.
ventilation.

PROBLEM/CAUSE
Drive faults (FAULT LED energizes).
Cause defective on-board power supply.

PROBLEM/CAUSE
Drive faults (FAULT LED energizes).
Cause overloaded logic power supply.
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Run at lower

Provide better

SOLUTION
Return for repair.

SOLUTION
Remove external device(s) being powered from
the BA 5V supply.
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