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Preface

ADVANCED Motion Controls constantly strives to improve all of its products. We review the information in 
this document regularly and we welcome any suggestions for improvement. We reserve the right to modify 
equipment and documentation without prior notice.

For the most recent software, the latest revisions of this manual, and copies of compliance and 
declarations of conformity, visit the company’s website at www.a-m-c.com. Otherwise, contact the 
company directly at:

ADVANCED Motion Controls  3805 Calle Tecate Camarillo, CA  93012-5068 USA

Agency Compliances

The company holds original documents for the following:

• UL 508c, file number E140173
• Electromagnetic Compatibility, EMC Directive - 2004/108/EC

EN61000-6-2:2001
EN61000-6-4:2001
EN61000-3-2:2000
EN61000-3-3:1995/A1:2001

• Electrical Safety, Low Voltage Directive - 2006/95/EC
EN 60 204-1 (IEC 60 204-1)

• Reduction of Hazardous Substances (RoHS), 2002/95/EC

Trademarks

ADVANCED Motion Controls™, the combined isosceles trapezoid/right triangle logo, DIGIFLEX®, 
DIGIFLEX® Performance™ and DriveWare™ are either registered trademarks or trademarks of 
ADVANCED Motion Controls in the United States and/or other countries. All other trademarks are the 
property of their respective owners.

Related Documentation

• Product datasheet specific for your drive, available for download at www.a-m-c.com.
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Attention Symbols

The following symbols are used throughout this document to draw attention to important operating 
information, special instructions, and cautionary warnings. The section below outlines the overall directive 
of each symbol and what type of information the accompanying text is relaying.

Revision History

Document ID Revision # Date Changes
MNALHWIN-01 1 9/25//2009 Analog Product Family Hardware Installation Manual First Release
MNALHWIN-02 2 5/13/2011 Discontinuation of B100A40, B100A40AC, B60A40, B60A40AC, B100A8, B100A20

© 2011 ADVANCED Motion Controls. All rights reserved.

Note - Pertinent information that clarifies a process, operation, or ease-
of-use preparations regarding the product.

Notice - Required instruction necessary to ensure successful completion 
of a task or procedure.

Caution - Instructs and directs you to avoid damaging equipment.

Warning - Instructs and directs you to avoid harming yourself.

Danger - Presents information you must heed to avoid serious injury or 
death.

Note
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 1 Safety

1.1 General Safety Overview

You must install and operate motion control equipment so that you meet 
all applicable safety requirements. Ensure that you identify the relevant 
standards and comply with them. Failure to do so may result in damage 
to equipment and personal injury.
Read this entire manual prior to attempting to install or operate the drive. 
Become familiar with practices and procedures that allow you to 
operate these drives safely and effectively. You are responsible for 
determining the suitability of this product for the intended application. 
The manufacturer is neither responsible nor liable for indirect or 
consequential damages resulting from the inappropriate use of this 
product.

High-performance motion control equipment can move rapidly with 
very high forces. Unexpected motion may occur especially during 
product commissioning. Keep clear of any operational machinery and 
never touch them while they are working.



Keep clear of all exposed power terminals (motor, DC Bus, shunt, DC 
power, transformer) when power is applied to the equipment. Follow 
these safety guidelines:
• Always turn off the main power and allow sufficient time for 

complete discharge before making any connections to the drive.
• Do not rotate the motor shaft without power. The motor acts as a 

generator and will charge up the power supply capacitors through 
the drive. Excessive speeds may cause over-voltage breakdown in 
the power output stage. Note that a drive having an internal power 
converter that operates from the high voltage supply will become 
operative.

• Do not short the motor leads at high motor speeds. When the motor is 
shorted, its own generated voltage may produce a current flow as 
high as 10 times the drive current. The short itself may not damage 
the drive but may damage the motor. If the connection arcs or 
opens while the motor is spinning rapidly, this high voltage pulse flows 
back into the drive (due to stored energy in the motor inductance) 
and may damage the drive.

• Do not make any connections to any internal circuitry. Only 
connections to designated connectors are allowed.

• Do not make any connections to the drive while power is applied.

MNALHWIN-01 2
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Do not reverse the power supply leads!
Severe damage will result!

Use sufficient capacitance!
Pulse Width Modulation (PWM) drives require a capacitor on the high 
voltage supply to store energy during the PWM switching process. 
Insufficient power supply capacitance causes problems particularly with 
high inductance motors. During braking much of the stored mechanical 
energy is fed back into the power supply and charges its output 
capacitor to a higher voltage. If the charge reaches the drive’s over-
voltage shutdown point, output current and braking will cease. At that 
time energy stored in the motor inductance continues to flow through 
diodes in the drive to further charge the power supply capacitance. The 
voltage rise depends upon the power supply capacitance, motor 
speed, and inductance.
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Make sure minimum inductance requirements are met!
Pulse Width modulation (PWM) servo drives deliver a pulsed output that 
requires a minimum amount of load inductance to ensure that the DC 
motor current is properly filtered. The minimum inductance values for 
different drive types are shown in the individual data sheet 
specifications. If the drive is operated below its maximum rated voltage, 
the minimum load inductance requirement may be reduced. Most 
servo-motors have enough winding inductance. Some types of motors 
(e.g. "basket-wound", "pancake", etc.) do not have a conventional iron 
core rotor, so the winding inductance is usually less than 50 H.
If the motor inductance value is less than the minimum required for the 
selected drive, use an external filter card.
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 2 Products and System Requirements

2.1 Analog Drive Family Overview

FIGURE 2.1 Analog Product Family Part Numbering Structure

QDI: Quick Disconnect with 
Inverted Inhibit

Brushed drive.

A

Peak Voltage

Peak Current

-
Additional Options

B or BX: Brushless drive.

Maximum peak current rating in Amps.

Peak voltage rating scaled 1:10 in Volts.

Power Supply
(blank): DC Power Supply

Motor Type

Revision
Assigned a letter (A through Z) by 
manufacturer.

AC: AC Power Supply
FAC: AC Power Connecter 

Located in the Front

I: Optical Isolation

Isolation Option

(blank):

+/- 10 V Analog
D: Direct PWM

Command Type

DC: Torque Mode PWM
S or SX: Commutated Sine Wave

(blank):

Hall Sensors or None
E: Encoder and/or Hall Sensors

Feedback Type
(blank):

ANP
:

Analog Position Loop
H: Available Hall Velocity Mode

INV: Inverted Inhibit

DD: Brushed PWM Command

Command Type

QD: Quick Disconnect

(blank): Non-PWM Command

2.1.1 Products Covered

ADVANCED

Drive Datasheet   
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Standard and Custom Models   
ADVANCED

ADVANCED

TABLE 2.1 Brushed ±10V Analog DC Drives

TABLE 2.2 Brushless ±10V Analog DC Drives

TABLE 2.3 Brushed ±10V Analog AC Drives

TABLE 2.4 Brushless ±10V Analog AC Drives

TABLE 2.5 Brushed PWM Input DC Drives

TABLE 2.6 Brushless PWM Input DC Drives

TABLE 2.7 Brushless PWM Input AC Drives

TABLE 2.8 Sinusoidal Input DC Drives

TABLE 2.9 Sinusoidal Input AC Supply Drives

Drive Number VDC
(Nominal)

Peak Current
(A)

Cont. Current 
(A)

12A8 20-80 12 6
25A8 20-80 25 12.5
30A8 20-80 30 15
50A8 20-80 50 25

120A10 20-80 120 60
20A20 40-190 20 10
25A20I 40-190 25 12.5
50A20I 40-190 50 25
100A40 60-400 100 50

Drive Number VDC
(Nominal)

Peak Current
(A)

Cont. Current 
(A)

B15A8 20-80 15 7.5
BE15A8 20-80 15 7.5

BE15A8-H 20-80 15 7.5
B30A8 20-80 30 15

BE30A8 20-80 30 15
BX30A8 20-80 30 15
B25A20I 40-190 25 12.5

BE25A20I 40-190 25 12.5
BX25A20 60-200 25 12.5
B40A20 40-190 40 20
B40A20I 40-190 40 20

BE40A20I 40-190 40 20
B30A40 60-400 30 15
B40A40 60-400 40 20

Drive Number VAC
(Nominal)

Peak Current 
(A)

Cont. Current 
(A)

16A20AC 30-130 16 8
30A20AC 30-130 30 15

Drive Number VAC
(Nominal)

Peak Current 
(A)

Cont. Current 
(A)

B25A20AC 30-130 25 12.5
BE25A20AC 30-130 25 12.5
BX25A20AC 45-140 25 12.5
B30A40AC 45-270 30 15
B40A40AC 45-270 40 20

Drive Number VDC
(Nominal)

Peak Current
(A)

Cont. Current 
(A)

30A8DD 20-80 30 15
50A8DD 20-80 50 25

25A20DD 40-190 25 12.5
50A20DD 40-190 50 25

Drive Number VDC
(Nominal)

Peak Current
(A)

Cont. Current 
(A)

BD15A8 20-80 15 7.5
BD30A8 20-80 30 15

BDC30A8 20-80 30 15
BD25A20 40-190 25 12.5
BD25A20I 40-190 25 12.5
BDC40A20 60-190 40 20

Drive Number VAC
(Nominal)

Peak Current 
(A)

Cont. Current 
(A)

BD25A20AC 45-140 25 12.5

Drive Number VDC
(Nominal)

Peak Current
(A)

Cont. Current 
(Arms)

S16A8 20-80 16 8
SX30A8 20-80 30 15
S60A8 20-80 60 30

S100A8 20-80 100 50
SX25A20 60-190 25 12.5
S30A40 60-400 30 15
S60A40 60-400 60 30

S100A40 60-400 100 50

Drive Number VAC
(Nominal)

Peak Current 
(A)

Cont. Current 
(Arms)

S30A40AC 45-265 30 15
S60A40AC 45-270 60 30

S100A40AC 45-270 100 50



FIGURE 2.3 PWM Current Control Circuit
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2.2 Analog PWM Servo Drive Basics and Theory



FIGURE 2.4 Output Current and Duty Cycle Relationship
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2.2.1 Single Phase (Brushed) Servo Drives

2.2.2 Three Phase (Brushless) Servo Drives



FIGURE 2.6 Controller-based Commutation
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FIGURE 2.5 Brushless Servo System
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2.3 Power Stage Specifications

TABLE 2.10 Power Stage Specifications

Specification Units Description
DC Supply Voltage Range VDC Specifies the acceptable DC supply voltage range that the drive will operate within.
DC Bus Over Voltage Limit VDC Specifies the maximum DC supply voltage allowable. If the DC bus rises above the over voltage 

limit, the drive will automatically disable, and will not re-enable until the DC bus voltage falls below 
the over voltage limit.

AC Supply Voltage Range VAC Specifies the acceptable AC supply voltage range that the drive will operate within.
AC Supply Frequency Hz Specifies the acceptable frequency of the AC supply line.
Maximum Peak Output Current A Pertains to the maximum peak current the drive can output according to hardware limitations. An 

RMS rating can be obtained by dividing this value by 2 . With the exception of S-series drives, 
the maximum peak output duration is inherently limited to occur for no longer than 2 seconds, at 
which point the current output will foldback over a period of 10 seconds to the continuous current 
limit in order to protect the motor in stalled condition. Current limiting is implemented in the drive by 
reducing the output voltage.
Most drive models feature peak current limit adjustments. The maximum peak current is needed 
for fast acceleration and deceleration. Consult the drive datasheet to see which options are 
available. For more information on the current limit see “Current Limiting Procedure” on page 46.

Maximum Continuous Output 
Current

A Pertains to the maximum continuous current the drive can output according to hardware 

limitations. An RMS rating can be obtained by dividing this value by 2 .

Most drive models feature continuous current limit adjustments by the use of DIP switches or a 
potentiometer. Some models also allow an external resistor to be connected between a 
continuous current limiting pin and signal ground as an additional method of current limiting. 
Consult the drive datasheet to see which options are available. For more information on setting the 
current limit see “Current Limiting Procedure” on page 46.

Maximum Continuous Sine Wave 
Current

Arms Pertains to the maximum continuous RMS current that S-series (sinusoidal) drives can output 
indefinitely. If the continuous RMS current output of the drive exceeds this value, the drive output 
will be disabled. The drive will re-enable once the RMS current has returned to a level below the 
maximum continuous sine wave current.

Maximum Power Dissipation at 
Continuous Current

W The power dissipation of the drive, assuming approximately 5% power loss to heat dissipation. 
Calculated by taking 5% of P=V•I at continuous current and peak bus voltage.

Internal Bus Capacitance F The capacitance value between the internal DC bus voltage and power ground.
Internal Shunt Resistance W The resistance value of the internal shunt resistor.
Internal Shunt Resistor Power 
Rating

W The power rating of the internal shunt resistor.

Internal Shunt Resistor Turn-on 
Voltage

VDC The turn-on voltage of the internal shunt resistor.

Minimum Load Inductance mH The minimum inductance needed at the output of the drive for proper operation. For a brushless 
motor, this corresponds to the phase-to-phase inductance. If this minimum inductance is not met, 
a filter card should be used to add additional inductance. Some motors may operate with slightly 
less than the required inductance if the bus voltage is low enough. ADVANCED Motion Controls 
provides various accessories including inductive filter cards for a wide range of drives. See 
“Inductive Filter Cards” on page 29 for more information.

Shunt Fuse A The current rating of the internal shunt resistor fuse.
Bus Fuse A The current rating of the input AC line fuses.
Switching Frequency kHz The switching frequency of the drive output power stage.
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2.4 Command Inputs

2.4.1 ±10V Analog

2.4.2 PWM and Direction

•
•

2.4.3 Sinusoidal
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2.5 Feedback Specifications

2.5.1 Feedback Polarity
negative

error signal

2.5.2 Incremental Encoder



FIGURE 2.7 Encoder Feedback Signals

Encoder A+

Encoder B+

Encoder A+

Encoder B+

Example 1: Encoder-A precedes Encoder-B. The pulses 
arrive at a certain frequency, providing speed and 
directional information to the drive.

Example 2: Encoder-B precedes Encoder-A, meaning the 
direction is opposite from Example 1. The signal frequency 
is also higher, meaning the speed is greater than in 
Example 1.

Encoder A-

Encoder B-

Encoder A-

Encoder B-

FIGURE 2.8 Hall Sensor Commutation and Motor Phase Current for 120-Degree Phasing
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2.5.3 Hall Sensors



MNALHWIN-01 13

Products and System Requirements / Feedback Specifications

•
•
•

TABLE 2.11 Commutation Sequence Table 

60 Degree 120 Degree Motor
Hall 1 Hall 2 Hall 3 Hall 1 Hall 2 Hall 3 Phase A Phase B Phase C

Valid

1 0 0 1 0 0 HIGH - LOW
1 1 0 1 1 0 - HIGH LOW
1 1 1 0 1 0 LOW HIGH -
0 1 1 0 1 1 LOW - HIGH
0 0 1 0 0 1 - LOW HIGH
0 0 0 1 0 1 HIGH LOW -

Invalid
1 0 1 1 1 1 - - -
0 1 0 0 0 0 - - -

2.5.4 Tachometer
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2.6 Modes of Operation

2.6.1 Current (Torque) Mode

2.6.2 Duty Cycle (Open Loop) Mode

While in Current (Torque) Mode, the drive will maintain a commanded 
torque output to the motor based on the input reference command. 
Sudden changes in the motor load may cause the drive to be outputting 
a high torque command with little load resistance, causing the motor to 
spin rapidly. Therefore, Current (Torque) Mode is recommended for 
applications using a digital position controller to maintain system stability.

This mode is recommended as a method of controlling the motor 
velocity when precise velocity control is not critical to the application, 
and when actual velocity feedback is unavailable.

Note

Note
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2.6.3 Hall Velocity Mode

2.6.4 Encoder Velocity Mode

2.6.5 Tachometer Velocity Mode

Due to the inherent low resolution of motor mounted Hall Sensors, Hall 
Velocity Mode is not recommended for low-speed applications below 
300 rpm for a 6-pole motor, 600 rpm for a 4-pole motor, or 900 rpm for a 
2-pole motor. Hall Velocity Mode is better suited for velocity control 
applications where the motor will be spinning at higher speeds.

The high resolution of motor mounted encoders allows for excellent 
velocity control and smooth motion at all speeds. Encoder Velocity 
Mode should be used for applications requiring precise and accurate 
velocity control, and is especially useful in applications where low-speed 
smoothness is the objective.

DC Tachometers have infinite resolution, allowing for extremely accurate 
velocity control. However, they also may be susceptible to electrical 
noise, most notably at low speeds.

Note

Note

Note
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2.6.6 Voltage Mode

2.6.7 IR Compensation Mode

FIGURE 2.9 

Pot1
(>20k)

Analog Servo 
Drive

MotorTach

Motor 
Outputs

Tach-
Tach+

+Ref

-Ref

GND

+10V

-10V

Command

Return

Load

Analog Position Loop Mode Configuration

2.6.8 Analog Position Loop Mode
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2.7 System Requirements

2.7.1 Analog Servo Drive Selection and Sizing

FIGURE 2.10  Example Velocity, Torque, and Power Curves

Velocity

Torque

Power

RMS

Power is equal to Torque x Velocity. Motor 
Voltage (Vm) and Motor Current (Im) should 
be chosen where power is at a maximum.

Time

Time

Time

1 Cycle

Dwell Dwell

Motor Current and Voltage   
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motor current IM

T

motor voltage VM

IM
Torque

KT
-------------------=

TRMS

Ti
2ti

i

ti
i

-----------------=

Vm ImRm E+=

E KeSm=

T Kt Im=

F Kf Im=
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Motor Inductance   

A motor that does not meet the rated minimum inductance value of the 
drive may damage the drive! If the motor inductance value is less than 
the minimum required for the selected drive, use of an external filter card 
is necessary. See “Inductive Filter Cards” on page 29 for more 
information.

Vm Rm j L+ Im E+=
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2.7.2 Power Supply Selection and Sizing

•
•
•
•

Power Supply Current and Voltage   

PS

PS

M

M

M M

The only time the power supply current needs to be as high as the drive 
output current is if the move profile requires maximum current at 
maximum velocity. In many cases however, maximum current is only 
required at start up and lower currents are required at higher speeds.

IPS
VM IM

VPS 0.98
-----------------------------=



FIGURE 2.11 Unregulated DC Power Supply Current
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Switching 
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Vm = Motor Terminal Voltage
Im = Motor Current
Id = Diode Current
Ip = Power Supply Current
Vp = DC Power Supply Voltage
VAC = AC Supply Voltage (RMS)

The ripple current depends on the 
motor inductance and the duty 
cycle (MOSFET ON vs. OFF 
time)

Motor

DIODE BRIDGE

AC Input 
Voltage

Ip
Im

Vm

Id

Vp

SERVO DRIVE

Vp = VAC*1.41

—
—
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Do not select a supply voltage that could cause a mechanical over-
speed in the event of a drive malfunction or a runaway condition.
Brushed Motors may have voltage limitations due to the mechanical 
commutators. Consult the manufacturer’s data sheets.



FIGURE 2.12 Power Supply Selection 

Drive Over Voltage Shutdown (88V)

0

20

40

60

80

100

VDC Acceptable Power Supply 
Range (26 V-72V)

Shunt Regulator Turn-On Voltage (80V)

Drive Under Voltage Shutdown (9V)

System Power Supply Requirement (24V)

MNALHWIN-01 22

Products and System Requirements / System Requirements

ADVANCED

Isolation   

Drive with Isolation

ADVANCED

Power Supply with Isolation



FIGURE 2.13 Four Quadrant Operation - Regeneration occurs when Torque and Velocity polarity are opposite
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Regeneration and Shunt Regulators   

Ei Ef=

Ec
1
2
---CVnom

2=
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1
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Ep mgh=

ADVANCED
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Continuous Regeneration

ADVANCED

•
•
•
•

Voltage Ripple   ADVANCED

VR
IPS
CPS
----------Ff=

CPS
IPS
VR
--------Ff=
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2.7.3 Environmental Specifications

TABLE 2.12 Environmental Specifications 

Environmental Specifications
Parameter Description
Baseplate Temperature Range 0 - 65 ºC
Humidity 90%, non-condensing
Mechanical Shock 10g, 11ms, Half-sine
Vibration 2 - 2000 Hz @ 2.5g
Altitude 0-3000m

Shock/Vibrations   

Care should be taken to ensure the drive is securely mounted in a 
location where no moving parts will come in contact with the drive.

Ff
0.42

f
----------=

IPS
VM IM

VPS 0.98
-----------------------------=
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 3 Integration in the Servo System

3.1 LVD Requirements

1.

2.

3.

4.

5.
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3.2 CE-EMC Wiring Requirements

General   
1.

2.

3.

Analog Input Drives   
4.

PWM Input Drives   
5.

MOSFET Switching Drives   
6.

7.

IGBT Switching Drives   
8.

9.

Fitting of AC Power Filters   
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3.2.1 Ferrite Suppression Core Set-up

3.2.2 Inductive Filter Cards

ADVANCED



FIGURE 3.1 
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3.3 Grounding

•
•
•
•

Grounding is important for safety. The grounding recommendations in 
this manual may not be appropriate for all applications and system 
machinery. It is the responsibility of the system designer to follow 
applicable regulations and guidelines as they apply to the specific servo 
system.
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3.4 Wiring

•
•
•
•

ADVANCED

3.4.1 Wire Gauge

TABLE 3.1 Current and Wire Gauges

Current (A) Minimum Wire Size (AWG) mm2 Current (A) Minimum Wire Size (AWG) mm2

10 #20 0.518 60 #10 5.26
15 #18 0.823 80 #8 8.37
20 #16 1.31 120 #6 13.3
35 #14 2.08 150 #0 53.5
45 #12 3.31 200 #00 67.4

Drive Connector Hand Crimp Tool Manufacturer and Part Number
16-pin, 2.54 mm spaced friction lock header Molex: P/N 0638118200

Standard Density D-sub headers Tyco: P/N 58448-2
High Density D-sub headers Tyco: P/N 90800-1



FIGURE 3.2 Motor Power Output Wiring
ANALOG 

SERVO DRIVE

Shield

MOT -

MOT +

Motor

Single Point 
System Ground
(PE Ground)

Chassis Ground

BRUSHED 
MOTOR

ANALOG 
SERVO DRIVE

Shield
Motor C

Motor B

Motor A

Motor

Single Point 
System Ground
(PE Ground)

Chassis Ground

BRUSHLESS 
MOTOR
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3.4.2 Motor Wires

•
•

3.4.3 Power Supply Wires

1.

2.

DO NOT use wire shield to carry motor current or power!



FIGURE 3.3 Multiple Power Supply Wiring
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Power 
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Power Supply 
Capacitance

DC 
Power 
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Analog 
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Drive
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Drive

Wire pairs should be routed 
together and twisted all the 

way back to the power source

Power Supply 
Capacitance

For AC input amplifiers, AC power 
should be distributed from a 

central AC source, not a capacitor

These wiring schemes are 
commonly practiced but often 
contribute to noise problems. 
Each additional node in the 
chain adds to the amount of 

noise and unnecessarily loads 
the connectors in each link.

FIGURE 3.4 DC Power Supply Wiring

ANALOG 
SERVO DRIVE

DC Power InputIsolated DC 
Power 
Supply
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System Ground
(PE Ground)
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+HV
GND
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FIGURE 3.5 Pluggable AC Line Connectors
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DC Power Supplies   

AC Power Supplies   



FIGURE 3.6 Single or Three Phase AC Line Connections
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(PE Ground)

*For Single-phase AC Supply, connect AC lines to any two of AC1, AC2, and AC3. Do 
not connect AC line neutral to ground!
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FIGURE 3.7 Feedback Wiring
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FIGURE 3.8 Hall Sensor Input Connections
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MNALHWIN-01 34

Integration in the Servo System / Wiring

3.4.4 Feedback Wires

Hall Sensors   



FIGURE 3.9 Incremental Encoder Connections
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FIGURE 3.10 Tachometer Input Connections
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Incremental Encoder   

Tachometer   

3.4.5 Input Reference Wires



FIGURE 3.12 
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FIGURE 3.11 
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±10V Analog Input   

VS Rsource

Rsource

Rin
Rsource Rin

Rsource Rsource

Rsource

In case of a single-ended reference signal, connect the command 
signal to "+ REF IN" and connect the command return and "- REF IN" to 
signal ground.



FIGURE 3.13 Potentiometer Input
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FIGURE 3.14 PWM and Direction Optocoupled Inputs, +5V supply input option
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Potentiometer Input   

PWM and Direction Inputs   

•



FIGURE 3.15 
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FIGURE 3.16 Sinusoidal Command Inputs
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•

Sinusoidal Input   



FIGURE 3.17 Analog Servo Drives Mounting Options
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3.5 Mounting

ADVANCED
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 4 Operation

ADVANCED

4.1 Initial Setup and Features

4.1.1 Pin Function Details

Current Monitor Output   

Example Measurement

5.2A
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Current Reference Output   

Example Measurement

4.24A

Inhibit Input   

Directional Inhibits

Continuous Current Limit Pin   

Icommand Vcurrent ref
Ipeak
Vmax
-------------=
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Fault Output   

Low Voltage Power Supply Outputs   

• ±10V (or ±5V), 3mAOutput

• +6V, 30mA Output

• +5V, 150 mA (or 250mA) Output

Velocity Monitor Output   

•

Motor Velocity [RPM]
Vmonitor Scaling Factor 60

Number of encoder lines
----------------------------------------------------------------------=

•

Motor Velocity [RPM]
Vmonitor Scaling Factor 120

Number of motor poles
-------------------------------------------------------------------------=

Do not use this +6V supply to power an encoder. An encoder will require 
a separate power supply. Consult the encoder datasheet or 
specifications to determine the encoder voltage and current 
requirements. Typical values are +5VDC at 150mA.
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4.1.2 Potentiometer Function Details

TABLE 4.1 
Potentiometer Description
Loop Gain Adjustment This potentiometer must be set completely counter-clockwise in Current Mode. In Velocity, 

Voltage, or Duty Cycle Mode, this potentiometer adjusts the gain in the velocity forward position of 
the closed loop. Turning this potentiometer clockwise increases the gain. Start from the full 
counter-clockwise position, turn the potentiometer clockwise until the motor shaft oscillates, then 
back off one turn.

Current Limit This potentiometer adjusts the current limit of the drive. To adjust the current limit, first use any 
available DIP switches or external current limiting resistors to set the maximum current limits and 
ratios (consult drive datasheet to see which options are available). If further adjustment is 
necessary, use the following equation to determine the number of clockwise turns from the full 
counter-clockwise position necessary to set the desired current limit:

# of turns (from full CCW)
Isystem
Imax

----------------- 12 1+=

Isystem = the desired current limit of the system (typically determined by motor current rating)
Imax = maximum current capability of the drive; this value is determined after any external current 
limiting resistors have been used and/or any current scaling or current reduction DIP switches 
have been set. If no DIP switches or external resistors have been used, then Imax is the default 
maximum continuous current limit set by the drive hardware. See “Current Limiting Procedure” on 
page 46 for an example of how to use this potentiometer.

Reference Gain This potentiometer adjusts the ratio between the input signal and the output variable (voltage, 
current, velocity, or duty cycle). For a specific gain setting, turn this potentiometer fully counter-
clockwise, and adjust the command input to 1V. Then turn clockwise while monitoring motor 
velocity or drive output voltage (depending on mode of operation) until the required output is 
obtained for the given 1V command. Turning this potentiometer counter-clockwise decreases the 
reference in gain, while setting this potentiometer in the fully clockwise position makes the whole 
range of drive output available. This potentiometer may be left in the fully clockwise position if a 
controller is used to close the velocity or position loops.

Test/Offset This potentiometer acts as an internal command source for testing when the Test/Offset switch is 
in the ON position. If the Test/Offset switch is in the OFF position, then this potentiometer can be 
used to adjust a small amount of command offset in order to compensate for offsets that may be 
present in the servo system. Turning this potentiometer clockwise adjusts the offset in a negative 
direction relative to the +Ref input command.
Before offset adjustments are made, the reference inputs must be grounded or commanded to 0 
volts.

Potentiometer Function Details

Test Points for Potentiometers   

Before taking potentiometer resistance measurements, make sure that 
all potentiometers and DIP switches have been set to the desired 
settings, and that all I/O and Feedback cables have been removed from 
the drive, as these can affect resistance measurements.
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4.1.3 Switch Function Details

TABLE 4.2 
Switch Description

Current Scaling Changes the sensitivity of the current sense, thereby reducing the peak and continuous current 
limits by a given amount.

Current Loop Proportional Gain 
Adjustment

Adjusts the proportional gain of the current loop. For drive model S16A8, there are two Current 
Loop Proportional Gain switches that must be set to the same setting.

Current Limit Ratio Sets the continuous-to-peak current limit ratio to a given percentage. The default setting for all 
drives is a continuous-to-peak current limit ratio of 50% (i.e., 12 amp peak limit, 6 amp continuous 
limit).

Current Loop Integral Gain Activates or deactivates the current loop integral gain. This switch is OFF by default. For drive 
model S16A8, there are two Current Loop Integral Gain switches that must be set to the same 
setting.

RMS Current Limit Setting Sets the RMS current limit setting on sinusoidal input drives, used to reduce the continuous 
current limit to a percentage of the maximum continuous limit. Two RMS Current Limit Setting 
switches are used to set the percentage. See the drive datasheet for specific switch configuration.

Peak Current Limit Sets the peak current to 50% or 100% of the maximum peak current limit on sinusoidal input 
drives. Depending on the drive model, there are either two or three Peak Current Limit switches 
that must all be set to the same setting.

Outer Loop Integration Activation Activates or deactivates the outer loop integration. For Current Mode, outer loop integration should 
be deactivated, but should be activated for other modes.

Outer Loop Integral Gain Adjustment Increases or decreases the integral gain of the outer loop.
Duty Cycle Feedback Enables/disables the duty cycle feedback. Duty cycle feedback is only enabled when the drive is 

configured for Duty Cycle Mode.
Hall Sensor Commutation Phasing Tells the drive the type of Hall sensor phasing the motor has. Switches between 120 and 60 

degree phasing.
Test/Offset Switches the drive between Test mode and Offset mode. In Test mode, the command signal is 

adjustable via the Test/Offset potentiometer. In Offset mode, the drive will accept commands via 
the reference inputs, but a small amount of offset can be adjusted in order to compensate for 
offsets that may be present in the servo system.

PWM and Direction Test Signal Activates or deactivates the PWM and Direction internal test signal, controlled by the PWM Test 
Signal Adjustment potentiometer.

Velocity Feedback Polarity Changes the polarity of the internal feedback signal and the velocity monitor output signal. 
Inversion of the feedback polarity may be required to prevent a motor run-away condition. See 
“Motor Problems” on page 60 for more information.

IR Compensation Activates or deactivates IR feedback. IR feedback should be activated for IR Compensation Mode, 
and deactivated for other modes.

Inhibit Logic Sets the logic of the inhibit pins to Active High or Active Low.
Input Range Selection Sets the voltage range of the sinusoidal command input pins. The input range can be set to ±5V or 

±10V. Drives contain two Input Range Selection switches that must set to the same setting.

Switch Function Details

4.1.4 Adjustable Acceleration and Deceleration Rate



FIGURE 4.1 Tachometer Input Resistance
ANALOG 

SERVO DRIVE

50k

Tachometer Input

10k

Optional 
Through-Hole 
Tach Gain 
Resistor
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4.1.5 Tachometer Input Gain Scaling

1.

2.
3.

Vmax Kv Sm=

Example

Scaling the tachometer input gain is not a required procedure for all 
applications. Most applications will work well even with low gains. The 
effect of low gains is only a slower velocity loop response.

Tach Gain Through-Hole Resistor (in kohm)
50 Vmax 500–

60 Vmax–
----------------------------------------- 50 35 500–

60 35–
------------------------------------ 50k= = =
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4.1.6 Current Limiting Procedure

ADVANCED

1.

—
—

2.

Example

1.

2.

3.

4.

# of turns 2amps
3.75amps
------------------------12 1+=

5.
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4.1.7 Drive Set-up Instructions

Single Phase (Brush Type)   
1.

2.
3.

4.
5.
6.

7.

8.

9.

10.

Three Phase (Brushless)   
1.

2.

3.
4.

5.

—
—
—
—
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TABLE 4.3 Commutation Sequence Table 

60 Degree 120 Degree Motor
Hall 1 Hall 2 Hall 3 Hall 1 Hall 2 Hall 3 Phase A Phase B Phase C

Valid

1 0 0 1 0 0 HIGH - LOW
1 1 0 1 1 0 - HIGH LOW
1 1 1 0 1 0 LOW HIGH -
0 1 1 0 1 1 LOW - HIGH
0 0 1 0 0 1 - LOW HIGH
0 0 0 1 0 1 HIGH LOW -

Invalid
1 0 1 1 1 1 - - -
0 1 0 0 0 0 - - -

6.

7.
8.

9.

10.

Three Phase (Brushless) Drive with Brushed Motor   

•

•

Sinusoidal Drive (S-Series)   
1.
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2.
3.

4.

4.1.8 Tuning Procedure
ADVANCED

•
•
•
•
•
•
•
•
•
•
•

ADVANCED

Improper current loop tuning may result in permanent drive and/or 
motor damage regardless of drive current limits.



MNALHWIN-01 50

Operation / Initial Setup and Features

1.
2.
3.

4.

FIGURE 4.2 Brushed Drives

Analog Servo 
Drive

Motor
Motor +

+Ref
Square 

Wave Input
Motor -

Current 
Probe or 
Resistor

Since the two motor wires are in series, the current through the wires is the same. 
The current probe can be attached to either wire with the same results. To keep the 

motor from turning during the tuning process the motor shaft must be locked.

Current Loop Proportional Gain Adjustment   

—
—

1.

2.

3.

4.

5.

6.



FIGURE 4.5 Current Loop Response

Time

Target Current 
Signal

Output Current 
Response

Current

FIGURE 4.4 S-Series Drives

Analog Servo 
Drive

Motor

Motor A
Ref In A

Square 
Wave Input

Motor B

Current 
Probe or 
Resistor

Motor C

The current out of the drive can be forced to go 
through Motor A and Motor C by applying the square 
wave command signal to Ref In A only. Attach the 
current probe to either Motor A or Motor C.

The motor shaft does 
not need to be locked 
since the drive is not 
commutating.

FIGURE 4.3 Brushless Drives

Analog Servo 
Drive

Motor

Motor A
+Ref

Square 
Wave Input

Motor B

Current 
Probe or 
Resistor

Motor C

The current out of the drive can be forced to go
through Motor A and Motor B by:
1) Disconnecting the Hall sensors from the drive
2) Setting the 60/120 degree phasing switch to 60 degrees

The motor shaft does 
not need to be locked 
since the drive will not 
commutate without 
the Hall Sensors.
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7.

8.

9.

Current Loop Integrator Adjustment   
1.
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2.
3.

4.

Because the oscilloscope measurements are voltage representations of 
current, the commanded and actual currents will most likely have 
different current to voltage scalings and tolerances. Therefore, even with 
perfect current loop tuning, the two amplitudes (scope traces) may not 
line up as shown in Figure 4.5.

5.

Voltage or Velocity Loop Tuning   

• Voltage Loop or Duty Cycle Loop

• IR Feedback Loop

• Velocity Loop (Encoder, Halls, or Tachometer)

Analog Position Loop   
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 A Through-hole Component Tuning

ADVANCED

ADVANCED

•
•
•

A.1 Through-Hole Tuning

• Use pin receptacles to reduce the need for soldering

Any damage done to the drive while performing these modifications will 
void the product warranty.
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Through-hole Component Tuning / Through-Hole Tuning

• Use a potentiometer to find the correct current loop gain value

• Progressively double the resistance value when tuning the current loop gain for
faster results

• Be aware of any components that are in parallel with the values you are trying to
tune

• Safety

Always remove power when changing components on the drive.

Float the oscilloscope and function generator grounds to avoid large 
ground currents.

Decouple the motor from the load to avoid being injured by sudden 
motor movements.

ADVANCED

TABLE A.1 Through-Hole Tuning Component

Component Description
Current Loop Proportional Gain Resistor Through-hole resistor that can be added for more precise current loop tuning.
Current Loop Integrator Capacitor Through-hole capacitor that can be added for more precise current loop tuning.
Velocity Loop Integrator Capacitor Through-hole capacitor that can be added for more precise velocity loop tuning.
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Through-hole Component Tuning / Through-Hole Tuning

A.1.1 Procedure

ADVANCED

Tune the Current Loop Proportional Gain   
1.

2.

—

—

3.

4.

5.

Tune the Current Loop Integral Gain   
1.

Remember that for Sinusoidal Input (S-Series) drives, all three current 
loops must have identical through-hole component values (i.e. the 
through-hole resistor value for phase A must match the through-hole 
resistor values for phases B and C, and the through-hole capacitor value 
for phase A must match the through-hole capacitor values for phases B 
and C.
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Through-hole Component Tuning / Through-Hole Tuning

2.

3.

—
—

4.

5.

Velocity Loop Integral Gain Tuning   
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 B Troubleshooting

B.1 Fault Conditions and Symptoms

•
•
•
•
•
•
•

Over-Temperature   
º º º

º

Over-Voltage Shutdown   
1.

2.
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Under-Voltage Shutdown   

Short Circuit Fault   
1.

2.

3.

Invalid Hall Sensor State (Brushless Drives only)   

1.

2.

3.

Inhibit Input   

Power-On Reset   

B.1.1 Overload
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FIGURE B.2 Peak Current Foldback

Current Command

Max Peak Current Limit
(Positive Direction)

Max Continuous 
Current Limit Current Measured

t t+1

0

FIGURE B.1 Maximum Peak Current Foldback

Current Command

Max Peak Current Limit
(Positive Direction)

Max Continuous 
Current Limit

Max Peak Current Limit
(Negative Direction)

Current Measured

t t+2

0

Sustained maximum current demand, when switching between positive 
and negative maximum current without allowing sufficient time for fold-
back, will result in drive damage. Drive RMS current should be below the 
continuous current setting!

B.1.2 Current Limiting

•
•

•

•



FIGURE B.3 
Max Peak Current Limit

(Positive Direction)

Max Continuous 
Current Limit Current Measured 1

t t+2

0
Current Measured 2
Current Measured 3

Above Continuous Current Foldback
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•

•

•
•

—
—
—
—

•

B.1.3 Motor Problems
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Troubleshooting / Technical Support

B.1.4 Causes of Erratic Operation
•
•
•
•
•

B.2 Technical Support

FIGURE B.4  Analog Product Label

B.2.1 Product Label Description

1.

2.
3.

4.
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Troubleshooting / Warranty Returns and Factory Help

B.2.2 Drive Model Information
•
•
•
•
•
•
•
•
•

B.3 Warranty Returns and Factory Help

web www.a-m-c.com/download/form/form_rma.html
telephone (805) 389-1935
fax (805) 389-1165
e-mail amcsupport@a-m-c.com
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