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through-hole or SMT location can scale the tachometer’s maximum input voltage range from 
10V to 60V.

To determine the maximum feedback voltage for the application:

1. Determine the absolute maximum speed required of the motor for the application (Sm, in 
kRPM).

2. Look up the tachometer’s voltage to speed constant (Kv, in V/kRPM).
3. Calculate for the tachometer’s maximum voltage output in the application:

Example
An application’s maximum motor speed is 4.7 kRPM, and the tachometer is rated for 7 
V/kRPM. Using the above equation, the maximum voltage from the tachometer input, Vmax, 
will be 33V. Therefore, the equivalent tachometer input resistance must be at least 33k. 
Choosing an equivalent resistance value of 35k, solve for the required resistance of the SMT 
resistor.

As solved for above, the equivalent 35k resistance can be acheived by adding a 50k SMT 
resistor in parallel with the existing 50k resistor on the drive tachometer input.

4.1.5 Current Limiting Procedure
Before operating a drive, the current output of the drive must be limited based on motor and 
system current limitations. Depending on the drive model, ADVANCED Motion Controls’ AxCent 
servo drives feature a number of different current limiting methods. However, the procedure 
for setting the current limit will essentially be the same for each drive. Consult the drive 
datasheet to see what current limiting options are available on a specific drive.

The current limiting steps should be taken with no power applied to the drive.

1. The following option may be used to reduce the current limits:
— If available, position any current scaling or current limit ratio DIP switches to the 

desired position (see “Potentiometer Function Details” on page 41).
2. If further current limiting is necessary, use the Current Limit potentiometer to "fine tune" 

the current limit to a final value (see “Potentiometer Function Details” on page 41).

Example

A drive is going to be used with an application having a continuous current requirement of 1.5 
amps and a continuous current limit of 2.5 amps, and a peak current requirement of 6 amps, 

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.

Vmax Kv Sm=

Tach Gain Additional Resistor (in kohm)
50 Vmax  500–

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

60 35–
------------------------------------ 50k= = =
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and a peak current limit of 10 amps. The drive has a Current Scaling and Current Limit Ratio 
switch, a Current Limit potentiometer.

1. Typically it is recommended to set the current limits of the drive below the continuous 
and peak current limits of the motor or application, allowing some headroom for safety. In 
this case, the drive continuous current limit will be chosen at 2 amps, and the peak 
current limit at 9 amps.

2. Setting the Current Scaling switch to OFF will scale the peak and continuous current limits 
by half, yielding a peak limit of 15 amps, and a continuous limit of 7.5 amps.

3. Setting the Current Limit Ratio switch to OFF will change the continuous-to-peak current 
ratio to 25%, yielding a peak limit of 15 amps, and a continuous limit of 3.75 amps.

4. To further reduce the current limits to the desired values, the Current Limit potentiometer 
can be used. Begin with the continuous current requirement, using the equation to 
determine the number of clockwise turns for the Current Limit potentiometer:

Solving for the number of turns yields approximately 7.5 turns in the clockwise direction 
from the fully counter-clockwise position.

5. Since the continuous-to-peak ratio was set at 25% in Step 3, the number of turns 
calculated above will yield a peak current limit of approximately 8 amps, thereby 
satisfying both the continuous and peak current requirements of the application.

4.1.6 Drive Set-up Instructions

Single Phase (Brush Type)   
1. It is recommended to reduce the drive output current to avoid motor over heating during 

the setup procedure. Make sure the current has been set appropriately within the system 
and motor limits based on the procedure outlined in “Current Limiting Procedure” on 
page 44.

2. Check the power and connect it to the drive. Do not connect the motor lead wires.
3. Make sure the drive is in an enabled state via all inhibit/enable inputs. See drive datasheet 

for details.
4. Check that the status LED indicates normal operation (GREEN).
5. Set mode according to the drive datasheet for Voltage Mode.
6. Set the Test/Offset switch to Test mode. Measure the voltage across the motor output with 

a DC voltmeter. Slowly turn the Test/Offset potentiometer; the voltage should vary 
between ± bus voltage. Set the output voltage with the Test/Offset potentiometer to a low 
value.

7. Verify that the load circuit meets the minimum inductance requirements and that the 
power supply voltage does not exceed the drive rated voltage or 150% of the nominal 
motor voltage.

8. Turn the power off. Connect the motor. Turn the power back on. Gradually turn the 
Test/Offset potentiometer to change motor speed in both directions. Set the Test/Offset 
switch to Offset.

9. Ground both reference inputs and then using the Test/Offset potentiometer, set the motor 
for zero speed.

# of turns 2amps
3.75amps
------------------------12 1+=
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10. Set the control mode suitable for the application.

Three Phase (Brushless)   
1. It is recommended to reduce the drive output current to avoid motor over heating during 

the setup procedure. Make sure the current has been set appropriately based on the 
procedure outlined in “Current Limiting Procedure” on page 44.

2. According to the the mode selection table on the drive datasheet, set the drive for Duty 
Cycle (Open Loop) Mode, and set the Test/Offset switch to Test.

3. Check the power and connect it to the drive. Do not connect the motor lead wires.
4. Make sure the drive is in an enabled state via all enable inputs. See drive datasheet for 

details.
5. Set the Hall Sensor Commutation Switch for the appropriate phasing (typically 120 

degree). Connect the Hall sensor inputs. The drive status LED should be GREEN. Manually 
turn the motor shaft one revolution. The LED should remain green. If the LED turns red or 
changes between green and red:
— check the Hall Sensor Commutation Switch
— check power for the Hall Sensors
— check the voltage level of the Hall inputs (see Table 4.3)
— for 60 degree phasing interchange Hall 1 and Hall 2
(for more information see “Invalid Hall Sensor State (Brushless Drives only)” on page 57)

TABLE 4.3 Commutation Sequence Table 

6. Remove power. In all, there are six different ways to connect the three motor wires to the 
Motor A, Motor B, and Motor C pins. All six combinations must be tested to find the 
proper combination. The correct combination should yield approximately identical motor 
speed in both directions. If the motor runs slower in one direction, or if the motor shaft 
has to be moved manually by hand to start the motor, the combination is incorrect. Motor 
speed can be verified by using the velocity monitor or by measuring the frequency of the 
Hall Sensors.

7. To begin, connect the three motor wires in any order.
8. Apply power to the drive, and slowly turn the Test/Offset potentiometer in both 

directions. Observe the motor speed for both directions. Remove power from the drive, 
and rewire the three motor wires for a different combination. Test all six different 
combinations before proceeding.

9. Once the proper combination has been found, set the Test/Offset switch to Offset, ground 
both reference inputs, and then adjust the Test/Offset potentiometer for zero speed.

10. Set the control mode suitable for the application. If necessary, to change the motor 
direction for a given command input, interchange Hall 1 and Hall 3, then Motor A and 
Motor B.

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 - - -
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Three Phase (Brushless) Drive with Brushed Motor   Three Phase (Brushless) drives 
are also compatible with Single Phase (Brushed) motors. However, because there are no Hall 
Sensors on a brushed motor, one of the following course of actions must be taken to properly 
commutate the drive:

• Set the Hall Sensor Commutation Phasing DIP switch for 60-degree phasing. Leave all the 
Hall Sensor inputs on the drive open. These inputs are internally pulled high to +5V, 
creating a "1-1-1" commutation state (see Table 4.3 above) which is a valid state in 60-
degree phasing. Only use Motor A and Motor B output in this configuration.

or:

• Tie one of the Hall Sensor inputs on the drive to signal ground. Since the Hall Sensor 
inputs are by default internally brought high to +5V, this will put the drive in a 
commutation state where two Hall inputs are high, and one is low (as shown in Table 4.3, 
having all three Hall inputs pulled high is an invalid commutation state in 120-degree 
phasing). Depending on which Hall Sensor input is tied to ground, consult Table 4.3 to 
determine which two motor output wires will be conducting current for that specific 
commutation state.

4.1.7 Current Loop Tuning Procedure
The standard tuning values used in ADVANCED Motion Controls AxCent servo drives are 
conservative and work well in over 90% of applications. However some applications and some 
motors require more complete current loop tuning to achieve the desired performance. The 
following are indications that additional current loop tuning is necessary:

• Motor rapidly overheats even at low current
• Drive rapidly overheats even at low current
• Vibration sound comes from the drive or motor
• The motor has a high inductance (+10mH)
• The motor has a low inductance (near minimum rating of the drive)
• Slow system response times
• Excessive torque ripple
• Difficulty tuning position or velocity loops
• Electrical noise problems
• High power supply voltage (power supply is significantly higher than the motor voltage 

rating or near the drive’s upper voltage limit)
• Low power supply voltage (power supply voltage is near the drive’s lower voltage limit)

The above indicators are subjective and suggest that the current loop may need to be tuned. 
These can also be signs of other problems not related to current loop tuning.

The resistors and capacitors shown under the current control block on the datasheet block 
diagram determine the frequency response of the current loop. It is important to tune the 
current loop appropriately for the motor inductance and resistance, as well as the bus voltage 
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to obtain optimum performance. The loop gain and integrator capacitance of the current loop 
must both be adjusted for the tuning to be complete.

Since most ADVANCED Motion Controls servo drives close the current loop internally, poor 
current loop tuning cannot be corrected with tuning from an external controller. Only after the 
current loop tuning is complete can optimal performance be achieved with the velocity and 
position loops.

The general current loop tuning procedure follows these steps:

1. Determine if additional current loop tuning is necessary.
2. If available, tune the drive using the current loop DIP switches.
3. If the current loop cannot be satisfactorily tuned with the DIP switches, then the current 

loop components must be changed.
- Tune the current loop proportional gain.
- Tune the current loop integral gain.

4. Once the current loop is tuned, then the velocity and/or position loops may be tuned as 
well if necessary.

Current Loop Proportional Gain Adjustment   The Current Loop Gain should be 
adjusted with the motor uncoupled from the load, and the motor secured as sudden motor 
shaft movement may occur. The following points should be kept in mind before beginning the 
tuning procedure:

— Brushless drives should be configured for 60 degree phasing in order to get output 
current. The current can be measured through either motor phase A or B.

1. Use the DIP switches and Current Limit Potentiometer to select Current Mode, the input 
range (if applicable) and to set the appropriate current limit for the motor.

2. Connect only the motor power leads to the drive. No other connections should be made at 
this point.

3. Using a function generator, apply a ±0.5 V, 50-100 Hz square wave reference signal to the 
input reference pins.

4. Short out the current loop integrator capacitor(s) using the appropriate DIP switches or 
jumpers (see the specific drive datasheet and block diagram for details).

5. Apply power to the drive. Use a bus voltage that is approximate to the desired application 
voltage or the current loop compensation will not be correct.

6. The drive should be enabled (GREEN LED). Observe the motor current using a current 
probe or resistor in series with the motor (<10% of motor resistance). This observation 
should be done for both the high and low current loop gain (see drive datasheet for 
available current loop gain DIP switch settings). Different drives need to be set up 
differently to view the current loop response properly, as shown in the following figures.

Improper current loop tuning may result in permanent drive and/or 
motor damage regardless of drive current limits.
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FIGURE 4.2 Brushed Drives

FIGURE 4.3 Brushless Drives

7. The drive output should follow the input command. The best response will be a critically 
damped output waveform, similar to what is shown in Figure 4.4.

FIGURE 4.4 Current Loop Response

8. If neither current loop gain DIP switch position gives a proper square wave response, then 
the current loop gain resistors may need to be changed to optimize the response. See 
“Additional Tuning” on page 51 for more information.

9. When the proper response has been achieved, remove the input signal from the drive, and 
disconnect power.

Current Loop Integrator Adjustment   
1. Enable the Current Loop Integrator through DIP switch or jumper settings (see the drive 

datasheet for available options).
2. Using a function generator, apply a ±0.5V, 50-100 Hz square wave reference signal.

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.

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.

Time

Target Current 
Signal

Output Current 
Response

Current
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3. Apply power to the drive. Use a bus voltage that is approximate to the desired application 
voltage or the current loop compensation will not be correct.

4. The drive should be enabled (GREEN LED). Observe the motor current using a current 
probe or resistor in series with the motor (<10% of motor resistance). If available, use any 
DIP switches to adjust the current loop integral gain capacitance. The output should settle 
to a flat top with minimal current following error (difference between commanded 
current and actual current). There can be some overshoot, but it should be less than 10%.

5. If the square wave output overshoots too much or is over-damped (sluggish), the current 
loop integrator capacitor will need to be changed to optimize the response. See 
“Additional Tuning” on page 51 for more information.

Voltage or Velocity Loop Tuning   These adjustments should initially be performed with 
the motor uncoupled from the mechanical load.

Configure the drive for the desired operation mode using the DIP switch settings (see the block 
diagram on the specific drive datasheet).

• Voltage Loop or Duty Cycle Loop- Compensating the voltage loop requires the least 
amount of effort. Turn the Loop Gain potentiometer clockwise until oscillation occurs, 
then back off one turn.

• IR Feedback Loop - Start with a very high (or open) IR feedback resistor with an 
unloaded motor shaft. Command a low motor speed (about 20-200 RPM). Without the IR 
feedback the motor shaft can be stalled easily. Decreasing the IR feedback resistor will 
make the motor shaft more difficult to stop. Too much IR feedback, i.e. too low a resistor 
value, will cause motor run-away when torque is applied to the motor shaft.

• Velocity Loop (Encoder, Halls, or Tachometer) - The velocity loop response is 
determined by the Loop Gain potentiometer. A larger resistance value (clockwise) results 
in a faster response. The velocity integrator capacitor can be used to compensate for a 
large load inertia. A large load inertia will require a larger capacitor value. Either using the 
DIP switches to add in an extra capacitor or installing a through-hole capacitor may 
accomplish this (see “Additional Tuning” on page 51 for more information). The need for 
an extra capacitor can be verified by shorting out the velocity integrator capacitor by DIP 
switch setting. If the velocity loop is stable with the capacitor shorted out, and unstable 
with the capacitor in the circuit, then a larger capacitor value is needed.

Analog Position Loop   Use of an encoder or tachometer for velocity feedback is recommended 
to obtain a responsive position loop, since the position loop is closed around the velocity loop. 
First the velocity loop must be stabilized (or voltage loop for undemanding applications). The 
position loop gain is determined by the fixed gain of the input differential amplifier of the 
drive. Contact ADVANCED Motion Controls for additional information on configuration for 
analog position loop mode.

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 4.4.
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In general, ADVANCED Motion Controls’ AxCent servo drives will not need further tuning adjustments. However, 
for applications requiring more precise tuning than what is offered by the configuration DIP switches and 
potentiometers, adjustments to the tuning circuirtry can be made either with on-board tuning DIP switches or 
with through-hole resistors and capacitors as denoted in Table A.1 below. Consult the drive datasheet to see 
which option is available. On most drives, the through-hole locations are not populated when the drive is 
shipped.

It is recommended to contact ADVANCED Motion Controls to discuss application requirements and proper drive 
tuning prior to adding and through-hole components.

Before adjusting the tuning DIP switches or attempting to add through-hole components to the board, see 
“Current Loop Tuning Procedure” on page 47. Some general rules to follow when adjusting the tuning circuitry 
are:

• A larger resistor value will increase the proportional gain, and therefore create a faster 
response time.

• Use non-polarized capacitors.
• A larger capacitor value will increase the integration time, and therefore create a slower 

response time.

Any damage done to the drive while performing these modifications will 
void the product warranty.
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A.1 Tuning DIP Switches

Certain drive models feature DIP switches on the drive PCB that are used for tuning 
adjustments. Note that these tuning DIP switches are different from the drive configuration 
DIP switch bank (SW1). The configuration DIP switch bank is accesible from the connector 
side of the drive, while the tuning DIP switches are only accessible if the drive cover is 
removed.

Tuning DIP switches are available for the following functions:

• Adding additional current loop proportional gain resistance
• Adding additional current loop integrator gain capacitance
• Adding additional velocity loop integrator gain capacitance

Consult the drive datasheet for a table of the resistance and capacitance values that can be 
achieved using the tuning DIP switches. Follow the procedure in “Procedure” on page 53 to 
properly tune the drive.

A.2 Through-Hole Tuning

Proper tuning using through-hole components will require careful observation of the loop 
response on a digital oscilloscope to find the optimal through-hole component values for the 
specific application.

The following are some helpful hints to make the loop tuning process easier:

• Use pin receptacles to reduce the need for soldering - Some drives have pin receptacles 
that make it easy to change the tuning resistors and capacitors without the need for 
soldering. Other drives do not have these receptacles, so soldering is required. To avoid the 
need to solder every time a tuning value needs to be changed a pin receptacle can be 
soldered into the the through hole location of the tuning component.

• Use a potentiometer to find the correct current loop gain value - A potentiometer can 
be used to continuously adjust the gain resistance value during the tuning process. Install 
a potentiometer in place of the gain resistor. Adjust the potentiometer while viewing the 
current loop response on an oscilloscope. When the optimal response is achieved turn off 
the drive, remove the potentiometer, and measure the potentiometer resistance. Use the 
closest resistor value available. (Note: This method will not work if the optimal tuning 
value is beyond the range of the potentiometer. This method also does not work for sine 
drives since it is difficult to keep the tuning values in the three current loops the same).

• Progressively double the resistance value when tuning the current loop gain for 
faster results - If the gain resistor needs to be increased during the tuning process the 
fastest results are achieved by doubling the resistance from the last value tried. Use this 
method until overshoot is observed and then fine tune from there.

• Be aware of any components that are in parallel with the values you are trying to 
tune - On some drives, there may be one or more gain resistors in parallel with the 
through-hole resistor location. The equivalent resistance value of the SMT resistors on the 
board and the additional through-hole resistor will be limited by the smallest resistance 
value of the group of resistors in parallel. Consult the block diagram on the drive datasheet 
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to determine the specific resistor values. The same situation can occur when trying to 
decrease the integrator capacitor value, since capacitors in parallel will be added together.

• Safety

Table A.1 lists the different through-hole components that can be used for loop tuning. Consult 
the drive datasheet to see which options are available for a specific drive. Please contact 
ADVANCED Motion Controls Applications Engineering for assistance in determining the PCB 
location of the through-hole component options for the drive model in use.

TABLE A.1 Through-Hole Tuning Component

A.3 Procedure

Before adjusting the tuning DIP switches or changing any components on the PCB, follow the 
steps in “Current Loop Tuning Procedure” on page 47 to determine if any additional tuning is 
necessary. Observe the drive output current response on an oscilloscope for all the different 
DIP switch gain settings (if available on the drive in use). If further tuning is necessary or 
desired, please contact ADVANCED Motion Controls before proceeding through the following 
steps.

Tune the Current Loop Proportional Gain   
1. Follow the steps outlined in “Current Loop Proportional Gain Adjustment” on page 48 up 

through Step 8.

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.

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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2. Observe the drive current response on an oscilloscope. Small step tuning is different than 
large step tuning, so adjust the function generator square wave amplitude so the drive 
outputs a current step similar to what will be expected in typical operation.
— If the current response does not rise quickly enough to the step input command, or if 

it never reaches the input command, the equivalent resistance of the current loop 
proportional gain resistor will need to be increased. This will increase the current 
loop proportional gain, and achieve a faster, more aggressive response.

— If the current response overshoots the step input command, the equivalent resistance 
of the current loop proportional gain resistor will need to be decreased. This will 
decrease the current loop proportional gain, and provide a slower, more stable 
response.

3. Finding an acceptable equivalent resistance may take a few iterations. If using a drive 
model with through-hole tuning components, using pin receptacles or an external 
potentiometer will make the process easier. Remember to remove power from the drive 
prior to changing the tuning DIP swithces, or removing or adding any components to the 
PCB. Also remember that it is not just the through-hole resistor value that is important, 
but the equivalent resistance of the through-hole resistor and any SMT resistors that may 
be in parallel with the through-hole location. Use the block diagram on the drive datasheet 
to assist in determining the equivalent gain resistance.

4. Use an equivalent resistance value that brings the current response right to the point of 
overshoot. If there is a large amount of overshoot, or if there are oscillations, decrease the 
equivalent resistance value until there is little or no overshoot. Depending on the 
application requirements, a little overshoot is acceptable, but should never exceed 10%.

5. When an acceptable resistance value has been found, remove power from the drive.

Tune the Current Loop Integral Gain   
1. After the proportional gain resistance has been adjusted to an acceptable value, re-enable 

the current loop integrator capacitor (either through DIP switch or jumper settings, 
depending on the drive model).

2. Using the same function generator input command as in the previous section, apply 
power to the drive and observe the current loop response on an oscilloscope.

3. Depending on the drive model, the current loop integrator capacitor can be changed or 
shorted out of the circuit by DIP switch setting. Test both settings while observing the 
current loop response.
— If the current response square wave oscillates or overshoots, a larger equivalent 

capacitance value is necessary.
— If the current response square wave corners are too rounded, a smaller equivalent 

capacitance value is necessary to sharpen the corners.
4. As in the previous section, using pin receptacles at the through-hole locations will greatly 

assist in finding an acceptable capacitance value. Also keep in mind that the through-hole 
capacitor location may be in parallel with SMT capacitors on the PCB. Use the block 
diagram on the drive datasheet to determine the equivalent integrator capacitance value 
(capacitors in parallel add together).

5. Although the ideal current loop response after integral gain tuning will be a critically 
damped square wave, the application requirements will determine what the desired 
response will be (i.e. how much overshoot, steady-state error, oscillation, is acceptable).
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Velocity Loop Integral Gain Tuning   The velocity loop proportional gain is adjusted by the 
on-board Loop Gain potentiometer. The velocity loop integral gain can be adjusted by DIP 
switch settings similar to the current loop integral gain (capacitance value can be changed, 
capacitor can be shorted out, extra capacitor can be added in parallel). However, some drive 
models also include additional through-hole locations where through-hole capacitors can be 
added to further adjust the velocity loop integral gain. As in tuning the current loop integral 
gain, use larger value equivalent capacitors to correct for overshoot or oscillation, and smaller 
value equivalent capacitors for a quicker response time.
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This section discusses how to ensure optimum performance and, if necessary, get assistance from the factory.

B.1 Fault Conditions and Symptoms

An inoperative drive can indicate any of the following fault conditions:

• over-temperature
• over-voltage
• under-voltage
• short-circuits
• invalid commutation
• inhibit input
• power-on reset

All of the above fault conditions are self-reset by the drive. Once the fault condition is removed 
the drive will become operative again without cycling power. To determine whether the drive 
is in a fault state, measure the “Fault Output” pin with a digital multimeter or voltmeter. A high 
at this pin (or a low, depending on the drive model and configuration - see drive datasheet) will 
indicate that the drive is subject to one of the above fault conditions, and the drive will be 
disabled until the drive is no longer in a fault state. To remove the fault condition, follow the 
instructions in the sections below describing each possible fault state.

Over-Temperature   Verify that the baseplate temperature is less than the maximum allowable 
baseplate temperature as denoted on the drive datasheet, typically 65ºC (149ºF) or 75ºC 
(167ºF). The drive remains disabled until the temperature at the drive baseplate falls below 
this threshold.

Over-Voltage Shutdown   
1. Check the DC power supply voltage for a value above the drive over-voltage shutdown 

limit. If the DC bus voltage is above this limit, check the AC power line connected to the DC 
power supply for proper value.

2. Check the regenerative energy absorbed during deceleration. This is done by monitoring 
the DC bus voltage with a voltmeter or oscilloscope. If the DC bus voltage increases above 
the drive over-voltage shutdown limit during deceleration or regeneration, a shunt 
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regulator may be necessary. See “Regeneration and Shunt Regulators” on page 22 for 
more information.

Under-Voltage Shutdown   Verify power supply voltages for minimum conditions per 
specifications. Also note that the drive will pull the power supply voltage down if the power 
supply cannot provide the required current for the drive. This could occur when high current 
is demanded and the power supply is pulled below the minimum operating voltage required by 
the drive.

Short Circuit Fault   
1. Check each motor lead for shorts with respect to motor housing and power ground. If the 

motor is shorted it will not rotate freely when no power is applied while it is uncoupled 
from the load.

2. Disconnect the motor leads to see if the drive will enable without the motor connected. If 
the drive enables with the motor disconnected, there is a possible short circuit in the 
motor wiring.

3. Measure motor armature resistance between motor leads with the drive disconnected. 
Verify these measurements against the motor datasheet to determine if there is a short or 
open circuit in the motor windings.

Invalid Hall Sensor State (Brushless Drives only)   See the “Commutation Sequence” 
table in “Hall Sensors” on page 11 for valid commutation states. If the drive is disabled check 
the following:

1. Make sure that the Hall Sensor Commutation Phasing switch is in the correct setting per 
motor data sheets. When driving a single phase (brushed type) motor with a three phase 
(brushless) drive use the 60-degree phase setting (see “Three Phase (Brushless) Drive 
with Brushed Motor” on page 47 for more information on this particular configuration).

2. Check the voltage levels for all the Hall Sensor inputs. Turn the motor by hand while 
measuring the Hall Sensor inputs to verify that all three Hall Sensors are changing. The 
voltage should read approximately +5V for a "high (1)" Hall state, and approximately 0V 
for a "low (0)" Hall state.

3. Make sure all Hall Sensor lines are connected properly.

Inhibit Input   Check inhibit input for correct polarity (that is, pull-to-ground to inhibit or pull-to-
ground to enable). Inhibit configuration depends either on the DIP switch settings or a 0 ohm 
SMT resistor marked on the board. Also, keep in mind that noise on the inhibit line could be a 
cause for a false inhibit signal being given to the drive.

Power-On Reset   All drives have a power-on reset function to ensure that all circuitry on the 
board is functional prior to enabling the drive. The board will only be disabled momentarily, 
and will quickly enable upon power up.

B.1.1 Overload
Verify that the minimum inductance requirement is met. If the inductance is too low it could 
appear like a short circuit to the drive and thus it might cause the short circuit fault to trip. 
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Excessive heating of the drive and motor is also characteristic of the minimum inductance 
requirement not being met. See drive datasheet for minimum inductance requirements.

B.1.2 Current Limiting
Most analog servo drives incorporate a “fold-back” circuit for protection against over-current. 
This “fold-back” circuit uses an approximate “I2t” algorithm to protect the drive. (see “Non-
Foldback Current Limiting” on page 59 for S-Series and Direct PWM drives current limiting 
description)

• Maximum peak current output level can be sustained for about 2 seconds.
• To actually achieve maximum peak current output for 2 seconds requires the current 

command to fully swing from peak in one direction to the other.

FIGURE B.1 Maximum Peak Current Foldback

• For most applications, it’s a rare occurrence to fully swing from peak in one direction to 
the other. It is more likely the drive will be commanded from zero to max peak current. 
Under this condition, the drive will only sustain the maximum peak current for about one 
second.

FIGURE B.2 Peak Current Foldback

• Commanding maximum peak current output starting from above zero command will also 
yield reduced peak current output time.

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 rating!
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• When commanding output current less than the max peak limit, but more than the max 
continuous limit, the current output can be sustained for a longer time period than a 
maximum peak command before folding back.

FIGURE B.3 Above Continuous Current Foldback

• The closer the commanded current is to the peak current limit, the shorter the peak 
output time will be.

• Any command at or below the maximum continuous current limit can be achieved for as 
long as there are no fault conditions present.

• When the drive is configured for any of the velocity modes, the user is no longer in direct 
control of the current output. The current commands will be determined by the velocity 
loop. Though internally the current loop still functions like it is described above, it will do 
only what is necessary to meet the velocity demand. The current output depends on:
— How tight the velocity loop is tuned
— The load characteristics
— The speed the motor is already turning
— Magnitude and slope of velocity step

Non-Foldback Current Limiting   On S-Series and Direct PWM ("BD" and "DD") drives, if the 
RMS current through any motor phase rises above the maximum continuous current value, 
the over current fault output pin will trigger a fault state, and the drive will be disabled until 
the RMS current value has returned to a value within the acceptable operating range. Typically 
this results in the drive output rapidly switching on and off (several 100 Hz) until the 
command signal is reduced to a value below the continuous current rating of the drive.

B.1.3 Motor Problems
A motor run-away condition is when the motor spins rapidly with no control from the 
command input. The most likely cause of this error comes from having the feedback element 
connected for positive feedback. This can be solved by changing the order that the feedback 
element lines are connected to the drive, or changing the feedback polarity switch on the DIP 
switch bank to the opposite setting.

Another common motor issue for brushless motors with Hall Sensor commutation is when the 
motor spins faster in one direction than in the other for the same velocity command in the 
opposite direction. This is typically caused by improper commutation, usually because the 
motor power wires are connected in the wrong order with respect to the Hall Sensor wiring. 
Try all six combinations of connecting the motor power wires to the drive to find the correct 
commutation order. The proper combination of motor wires will yield smooth motion and 
identical speeds in both directions. Improper combinations will cause jerky motion, slow 
movement in one direction, and/or audible noise. As a final verification that the commutation 

Max Peak Current Limit
(Positive Direction)

Max Continuous 
Current Limit Current Measured 1

t t+2

0
Current Measured 2
Current Measured 3
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is correct, use the Velocity Monitor Output pin to measure motor speed in both directions . 
This can also be caused by invalid Hall phasing. Check to see if the drive is set for 120- or 60-
degree phasing, and verify that the drive DIP switch setting corresponds to the Hall phasing 
used on the motor. See “Hall Sensors” on page 11 for more information.

For a brushless drive, if the opposite motor direction is desired for a given command input, 
interchange Hall 1 and Hall 3, then Motor A and Motor B.

B.1.4 Causes of Erratic Operation
• Improper grounding (i.e. drive signal ground is not connected to source signal ground).
• Noisy command signal. Check for system ground loops.
• Mechanical backlash, dead-band, slippage, etc.
• Noisy inhibit input line.
• Excessive voltage spikes on bus.

B.2 Technical Support

For help from the manufacturer regarding drive set-up or operating problems, please gather 
the following information.

1. Model Number: This is the main product identifier. The model number can have a suffix 
designating a change from the base model.

2. Revision Letter: Product revision level letter (’A’ is the earliest release from any model).
3. Version: The version number is used to track minor product upgrades with the same 

model number and revision letter (’01’ is the earliest release of any revision).
4. Proto Designation: When included, indicates that the model is a prototype unit and model 

number will also begin with an ’X’ designator.
5. Serial Number: The serial number consists of a 5-digit lot number followed by a 4-digit 

sequence number. Each product is assigned a unique serial number to track product life 
cycle history.

6. Date Code: The date code is a 4-digit number signifying the year and week of manufacture. 
The first two digits designate the year and the second two digits designate the week (e.g. 
the drive label shown would have been built in the year 2011 during the 18th week).

7. Input and Output Power Data: Includes basic power parameters of the product.
8. General Information: Displays applicable agency approvals, UL file reference number, and 

compliance approvals. More complete product information is availabe by following the 
listed website.

B.2.1 Drive Model Information
• DC bus voltage and range
• Motor type (brushed, brushless, AC induction)
• Motor characteristics (inductance, torque constant, winding resistance, etc.)
• Position of all DIP switches
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• Length and make-up of all wiring and cables
• If brushless, include Hall sensor information
• Type of controller and full description of feedback devices
• Description of problem: instability, run-away, noise, over/under shoot, etc.
• Complete part number and serial number of the product. Original purchase order is 

helpful, but not necessary

B.3 Warranty Returns and Factory Help

Seller warrants that all items will be delivered free from defects in material and workmanship 
and in conformance with contractual requirements. The Seller makes no other warranties, 
express or implied and specifically NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR 
A PARTICULAR PURPOSE. The Seller's exclusive liability for breach of warranty shall be 
limited to repairing or replacing at the Seller's option items returned to Seller's plant at Buyer's 
expense within one year of the date of delivery. The Seller's liability on any claim of any kind, 
including negligence, for loss or damage arising out of, connected with or resulting from this 
order, or from the performance or breach thereof or from the manufacture, sale, delivery, 
resale, repair or use of any item or services covered by or furnished under this order shall in 
no case exceed the price allocable to the item or service or part thereof which gives rise to the 
claim and in the event Seller fails to manufacture or deliver items other than standard products 
that appear in Seller's catalog. Seller's exclusive liability and Buyer's exclusive remedy shall be 
release of the Buyer from the obligation to pay the purchase price. IN NO EVENT SHALL THE 
SELLER BE LIABLE FOR SPECIAL OR CONSEQUENTIAL DAMAGES. Buyer will take all 
appropriate measures to advise users and operators of the products delivered hereunder of all 
potential dangers to persons or property, which may be occasioned by such use. Buyer will 
indemnify and hold Seller harmless from all claims of any kind for injuries to persons and 
property arising from use of the products delivered hereunder. Buyer will, at its sole cost, carry 
liability insurance adequate to protect Buyer and Seller against such claims.

All returns (warranty or non-warranty) require that you first obtain a Return Material 
Authorization (RMA) number from the factory. Request an RMA number by:

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

http://www.a-m-c.com/download/form/form_rma.html
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