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Chapter 4. APPLICATION DESIGN 

Chapter Objectives 

Motion Control 
Concepts 

Move Profiles 

The information in this chapter will enable you to: 

• Understand basic motion control concepts and apply 
them to your application 

• Recognize and understand important considerations that 
must be addressed before you implement your application 

• Understand the capabilities of the system 

• Customize the system to meet your requirements 

• Use sample applications to help you develop your 
application 

This section discusses and deSCribes basiC motion control 
concepts that you should be familiar with as you develop your 
application. 

In any motion control application •. the most important 
requirement is precise position. whether it be with respect to 
time or velocity. A motion profile represents the velocity of 
the motor during a period of time in which the motor changes 
position. The type of motion profile that you need depends 
upon the motion control requirement that you specify. The 
basic types of motion profiles are deSCribed below. All of the 
profiles discussed in this chapter can be performed with the 
AX Drive. 

Most indexers can only accelerate at a constant rate. which 
produces triangular or trapezoidal profiles. The AX. however. 
allows you to define your own velocity profile or use pre
programmed profiles that optimize the performance of the 
motor. You can define any acceleration by using RM 
commands. 
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Triangular 
and 
Trapezoidal 
Profiles 

For constant acceleration indexing systems. velocity. 
acceleration. and distance parameters are defined before the 
system can execute a preset move. The value of these 
parameters detennines the type of motion profile as either 
triangular or trapezoidal. A triangular profile results when 
the velOCity and acceleration are set such that the defined 
velocity is not attained before the motor travels half of the 
specified distance. This results from either a relatively low 
acceleration. a relatively high velOCity. or both. For example. 
if the acceleration is set to 1 rps2. velocity is set to 20 rps. and 
distance is set to 2.590 steps. a triangular motion proffie is the 
result. By the time the motor has traveled half of the defined 
distance based on the acceleration setting of lrps. the motor 
begins decelerating to complete the move. The motion profile 
for this move is shown in Figure 4-1. 
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Figure 4-1. Triangular Profile 

A trapezoidal move profile results when the defined velOCity 
is attained before the motor has moved half of the specified 
distance. A trapezoidal move may occur if you specify a low 
velocity with a high acceleration or a long distance. The 
resulting motion profile will resemble the profile shown in 
Figure 4-2. 
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Figure 4-2. Trapezoidal Profile 
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You can define a custom profile with the Rate Multiplier in 
Velocity Streaming Mode (RM) command. With this 
command. the AX makes an instantaneous change to the 
specified velocity. The timing between issuing each RBI 
command determines the exact move profile. Sending RBI 
commands to the AX in rapid succession provides smoother 
motion by virtue of an S-cuIVe acceleration (see Figure 4-3). 
Testing and modification may be required to establish the 
correct sequence of RM commands. 

NOTE: To perform custom projUing with the RM command. 
you mustjirst set the AX Drive to the Velocity Profiling Mode 
with the Ql command Use the Q€J command to exit the 
velocity profiling mode. 

Command 
01 
RM0190 
RM0320 
RM0460 
RM0640 
RM0460 
RM0320 
RM0190 
RM0000 
00 

pescription 
Enter Velocity streaming mode 
Accelerate to 1 rev/sec 
Accelerate to 2 revs/sec 
Accelerate to 3 revs/sec 
Accelerate to 4 revs/sec 
Decelerate to 3 revs/sec 
Decelerate to 2 revs/sec 
Decelerate to 1 rev/sec 
Decelerate to 0 revs/sec 
Exit velocity streaming mode 
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Figure 4-3. S-CuIVe Profile 

You can calculate the time it takes to complete a move by 
using the acceleration. velOCity. and distance values that you 
define. However. you should not assume that this value is the 
actual move time. There is calculation delay and motor 
settling time that make your move longer. After you issue the 
Go (G) command. the indexer can take up to 5 milliseconds to 
calculate the move before the motor starts moving. You 
should also expect some time for the motor to settle into 
position. Settling time varies depending on the load. but it 
can be 50 milliseconds or longer. 
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Incremental vs. 
Absolute 
Positioning 
Modes 

Incremental 
Preset Mode 
Moves 

A preset move is a move distance that you specify (in micro
steps). You can select preset moves by putting the AX into 
normal mode using the Mode Normal (MN) command. Preset 
moves allow you to position the motor in relation to the 
motor's previous stopped position (incremental moves) or in 
relation to a defined zero reference position (absolute moves). 
You can select incremental moves by using the Mode POSition 
Incremental (MPn command. You can select absolute moves 
using the Mode Position Absolute (MPA) command. 

When you are in the Incremental mode (MPn, a preset move 
moves the shaft of the motor the specified distance from its 
starting position. For example, to move the motor shaft 1.5 
revolutions, a preset move with a distance of +19,200 steps 
(1.5 revs @ 12,800 steps/rev) would be specified. Every time 
the indexer executes this move, the motor moves 1.5 revs from 
its resting position. You can specify the direction of the move 
in one command. You specify the direction by using the 
optional sign (D+20.000 or D-10.000), or you can define it 
separately with the Set Direction (H) command (H+ or H-). 

Command 
MPI 
A2 
V5 
025600 
G 
G 
H 
G 

Description 
Sets unit to Incremental Position Mode 
Sets acceleration to 2 rps2 
Sets velocity to 5 IpS 
Sets distance to 25,600 steps 
Executes the move (Go) 
Repeats the move (Go) 
Reverses direction of next move 
Executes the move (Go) 

The motor moves two CW revolutions and stops. It then 
moves two more CW revolutions in the same direction and 
stops. The motor changes direction and moves two 
revolutions. 



Absolute 
Preset Mode 
Moves 
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A preset move in the absolute mode (MPA) moves the motor 
the distance that you specify (in motor steps) from the 
absolute zero position. You can set the absolute position to 
zero with the Position Zero (PZ) command. by issuing the Go 
Home (GH) command. or by cycling the power to the drive. The 
absolute zero position is initially the power-up position. 

The direction of an absolute preset move depends upon the 
motor position at the beginning of the move and the position 
you command it to move to. For example, if the motor is at 
absolute position +12.800, and you instruct the motor to move 
to position +5,000. the motor will move in the negative 
direction a distance of 7.800 steps to reach the absolute 
position of +5.000. 

The AX powers up in Incremental mode. When you issue the 
Mode Position Absolute (MPA) command. it sets the mode to 
absolute. When you issue the Mode Position incremental 
(MPI) command the unit switches to Incremental mode. The 
AX. Drive retains the absolute position. even while the unit is 
in the Incremental mode. You can use the Position Report (PR) 
command to read the absolute position. 

Command 
MPA 
A2 
V10 
PZ 
012800 
G 
025600 
G 

00 
G 
MPI 

Descriptjon 
Sets unit to Absolute Position mode 
Sets acceleration to 2 rps2 
Sets velocity to 10 rps 
Sets the current position to as home 
Sets distance to 12,800 steps 
Executes the move (Go) 
Sets distance to 25.600 steps 
Moves the motor to absolute position 25,600 
(Go) 
Sets the move distance to 0 
Executes the move (Go) 
Sets indexer to Incremental Position mode 

The motor moves 1 revolution and stops. It then moves 
another revolution and stops. Then the motor moves in the 
opposite direction two revolutions. 
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Positional 
Accuracy vs. 
Repeatability 

Open Loop 
Accuracy 

Closed Loop 
Accuracy 

In positioning systems, some applications require high 
absolute accuracy. Others require repeatability. You should 
clearly define and distinguish these two concepts when you 
address the issue of system performance. 

If the positioning system is taken to a fixed place and the 
coordinates of that point are recorded, the only concern is 
how well the system repeats when you command it to go back 
to the same point. For many systems, what is meant by 
accuracy is really repeatability. Repeatability measures how 
accurately you can repeat moves to the same position. 

Accuracy. on the other hand, is the error in finding a random 
position. For example. suppose the job is to measure the size 
of an object. The size of the object is determined by moving 
the positioning system to a point on the object and using the 
move distance required to get there as the measurement value. 
In this sItuation. basIc system accuracy is important. The 
system accuracy must be better than the tolerance on the 
measurement that is deSired. 

For more Information on accuracy and repeatability. consult 
the technical data section of the Compumotor Catalog. 

Open-loop absolute accuracy of a step motor is typically less 
than a precision-grade system. but is better than most 
tangential drive systems. Of course. when you close the loop 
with an incremental encoder. the accuracy of these systems is 
eqUivalent to the encoder's accuracy. 

The worst case accuracy of the system is the sum of the 
following errors. Accuracy = A + B. 

A Uni-directional Repeatability: The error measured by 
repeated moves to the same point from different distances 
in the same direction. 

B HystereSiS: The backlash of the motor and mechanical 
linkage when it changes direction due to magnetic and 
mechanical friction. 

Closed-loop accuracy is determined by the resolution of the 
encoder. When enabled. the AX attempts to position the motor 
within the specified dead band from the encoder. Typically. 
this means the motor will be positioned to within one encoder 
step. To do this satisfactorily. the encoder must have a lower 
resolution than the motor. If the step size of the motor is 
equal to or greater than the step size of the encoder. the motor 
will be unable to maintain the position and may become 
unstable. In a system with adequate motor-to-encoder 
resolution (4: 1), the motor is able to maintain accuracy 
within one encoder step. See also. Selecting Encoder 
Resolution Values discussed later in this chapter. 
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Successful application of a rotary motor system requires 
careful consideration of the following important factors: 

• Mechanical Resonance 
• Ringing or Overshoot 

Resonance, a characteristic of all stepper motors, can cause 
the motor to stall at low speeds. Most full-step motor 
controllers Jump the motor to a set minimum starting speed 
to avoid this resonance region. This causes poor performance 
below one rev per second. In nearly all cases, the stepping 
features of the AX will overcome these problems. However, in 
some cases the drive will need to be optimized with some 
simple adjustments to overcome resonance. 

Resonance occurs at speeds which approach the natural 
frequency of the motor's rotor and the first and second 
harmonics of those speeds. It causes the motor to vibrate at 
these speeds. The speed at which fundamental resonance 
occurs is typIcally between 0.3 and 0.8 revs per second and is 
highest for small motors and lowest for large motors. 

Motors whIch will not accelerate past one rev per second may 
be stalling due to resonance. The resonance point may be 
lowered to some extent by adding inertia to the motor shaft:. 
ThIs may be accomplished by putting a drill chuck on the 
back shaft. Note that this teclU1ique is applicable only to 
double-shaft motors with the shaft extending from both ends 
of the motor. In extreme cases, you may also need a viscous 
damper to balance the load. One of the manufacturers of 
viscous dampers is listed below: 

Ferrofluldlcs Corporation 
40 Simon Street 
Nashua, NH 03061 
(603) 883-9800 

Adjusting the wavefonn (WV command) or changing the 
velocIty (V command) and acceleration (A command) may 
also help a resonance problem. 

The motor's springiness, along with its mass, fonn an 
underdamped resonant system that rings In response to 
acceleration transients (such as at the end of a move). Ringing 
at the end of a move prolongs settling time. Overshoot occurs 
when the motor rotates beyond the actual final posItion. The 
actual settling time of a system depends on the motor's 
stiffness, the mass of the load, and any frictional forces that 
may be present. By adding a little friction, you can decrease 
the motor's settling time. 
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Modes of Operation 

Open Loop 
Operation 

Utility 
Commands 

This section contains examples of open loop moves that you 
can perfonn with the AX Drive. Open-loop moves do not use 
external sensors to provide position correction signals. 

The utility commands below may be useful throughout the 
following section while testing your AX. 

Command 
K 

S 

Command 
L03 

Command 
"'Ii 

Command 
PS 

Command 
Z 

Description 
Halts the motor immediately. The immediate 
deceleration may cause a loss of position. This is 
a paniC stop. This command takes effect 
immediately after you issue it. 
Decelerates the motor to a stop using the last 
defined acceleration value. The system 
executes this command immediately after you 
issue it. 

Description 
Disables the limit switch functions. It allows 
motor motion with no limits connected. 

Descriptjon 
Instructs the AX to backspace the cursor and 
delete the last character you entered 

Description 
Instructs the motor to pause for a period of time 
that you specify. Commands that following the 
Pause command are not executed until the 
indexer receives a Continue (C) command to 
clear the pause and resume execution resume. 

Description 
Resets the system (like cycling power) 
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Incremental 
Mode Moves 
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The moves shown below are incremental moves. The distance 
specified is relative to the motor's current position. This is 
the default (power-up) positioning mode. You can invoke this 
mode with the Mode Position Incremental (MPI) command 
Whenever you do not specify the direction, the unit defaults to 
the positive direction. 

Command 
LO" 
MN 
A2 
V5 

04""" G 

Description 
Enables CWand CCW Umits 
Performs a Single preset move 
Sets acceleration to 2 revs/sec2 

Sets velocity to 5 rps 
Sets distance to 4,000 steps 
Executes the move (Go) 

The motor moves 4,000 steps in the positive (ew) direction. 

Command 

0-4""" 
G 

Description 
Changes the distance to 4,000 steps in the 
opposite (CCW) direction. 
Executes the move (Go) 

The motor returns to its original starting pOSition. 

Command 
H 

G 

Command 

01 """ G 
T2.5 

05""" G 

Description 
Toggles the motor direction of the next move, 
but maintains existing acceleration, 
velocity, and distance parameters. 
Executes the same move profile as the previous 
move, but in the opposite direction(Go) 

Description 
Sets distance to 1,000 steps. 
Executes 1,OOO-step move (Go) 
Waits 2.5 seconds after finishing the move 
Sets distance to 5,000 steps 
Executes 5,OOO-step move (Go) 

As soon as you enter the T2.5 command, the time delay starts. 
If you wish to load all the commands before executing them. 
you may use the Pause (PS) and Continue (C) commands. 

Command 
PS 

G 
T3 
G 
C 

Description 
Pauses execution until the indexer receives a 
Continue (C) command 
Executes the 5,OOO-step move (Go) 
Waits 3 seconds after the move 
Moves 5,000 steps 
Starts G T3 G commands 
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Sample 
Absolute 
Mode Moves 

The moves shown below are absolute mode (MPA) moves. The 
distance specified is relative to the AX's absolute zero 
position. 

Command 
MN 
MPA 

Command 
PZ 
A5 
V3 

05""" G 

Command 

01"""" 
G 0" 

G 

Description 
Sets the AX in Preset Move mode 
Sets the AX to the Absolute Position mode 

Description 
Sets the current absolute position to zero 
Sets acceleration to 5 revs/sec2 
Sets velocity to 3 rps 
Sets distance to 5,000 steps 
Executes 5,OOO-step move (Go) 

Description 
Moves the motorto absolute position 10,000. 
(Since the motor was already at position 5,000, it 
moves 5,000 additional steps in the same 
direction.) 
Executes the move (Go) 
Moves the motor to absolute position O. (Since 
the motor is at absolute position 10,000, the 
motor moves 10,000 steps in the opposite 
direction.) 
Executes the move (Go) 
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The Continuous Mode (MC) is useful for applications that 
require constant movement of the load, when the motor must 
stop after a pertod of time has elapsed (rather than after a 
fixed distance), or when the motor must be synchronized to 
external events such as trigger input signals. You can 
manipulate the motor movement with either buffered or 
immediate commands. After you issue the G command, 
buffered commands are executed in the order in which they 
were programmed. Immediate commands are used to 
instantaneously change the motor's acceleration and velocity 
when the motor is already in continuous motion. 

The following example demonstrates buffered commands in 
the continuous mode. 

Command 
MC 
A10 
VS 
CL2 
CVS 
CTMS 
CV2 
CTM3 
CN 
CV0 
G 

Description 
Sets mode to continuous 
Sets acceleration to 10 rev/sec2 
Sets velocity to 5 rev/sec 
Loop continuously 2 times 
Changes velocity to 5 rev/sec 
Waits 5 seconds 
Changes velocity to 2 rev/sec 
Waits 3 seconds 
Ends continuous mode loop 
Changes velocity to 0 
Executes the move (Go) 

The motor accelerates to 5 rps, waits 5 seconds, decelerates to 2 rps, 
waits 3 seconds, accelerates to 5 rps, waits 5 seconds, decelerates 
to 2 rps, waits 3 seconds, then comes to a stop. Note that issuing the 
CV0 command stops the motor (the S command is not a buffered 
command and cannot be used in a sequence). 

The following Continuous Mode (MC) commands will 
accelerate or decelerate the motor to a specified velOCity and 
continue at that velOCity. To make an immediate change in 
acceleration while the motor is moving, use the Acceleration 
Change (AC) command. To immediately change the velocity 
while the motor Is mOving, use the Velocity Change (VC) 
command. To stop the motor, issue the Stop (8) command or 
enter VC(Z). The motor will stop if a limit is encountered. 

Command 
LD0 
MC 
A1 
V.S 
G 

Description 
Enables CWand CCW limits 
Sets all moves to the Continuous mode 
Sets acceleration to 1 rev/sec2 
Sets final velocity to 0.5 rps 
Executes move (moves continuously at 0.5 rps 

While the motor Is in motion, enter the following commands: 

Command 
VC.4 
Command 
AC3 
VC.2 
Command 
VC0 

Description 
Immediately changes velocity to 0.4 rps 

Descriptjon 
Immediately changes acceleration to 3 rps2 
Immediately changes velocity to 0.2 rps at 3 rps2 

Description 
Decelerates the motor to a stop 
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Closed Loop 
Operation 

Encoder 
Compatibility 

Selecting 
Encoder 
Resolution 
Values 

This section contains examples of closed-loop moves that you 
can perform with the AX Drive. Closed-loop moves use 
external sensors to provide position correction signals. 
Motor position may be adjusted to reach the desired position. 

The AX Drtve is capable of interfaCing with an optical 
encoder. Incremental encoders with quadrature (single
ended or differential) TTL Square wave outputs may be used. 
The encoder may also be used as a means of creating a closed
loop system or as an independent means of verifying motor 
position. The functions that are added to a system when an 
encoder is used are listed below: 

• Encoder referenced positioning 
• Encoder position servoing 
• Motor stall detection 
• Higher accuracy homing function 
• Multi-axis stop (also available without an encoder - see 

FSF command deScription in Chapter 5) 

To implement the closed-loop functions, you must connect an 
incremental optical encoder to the AX. The AX can supply up 
to 250mA to power the encoder. When you use encoders with 
single-ended outputs, do not connect channels A-, B-, and z- to 
the AX Drive's encoder connector. 

The number of encoder steps that the AX system recognizes is 
equal to four times the number of encoder lines. For example, 
a 1000-line encoder mounted directly on the motor will 
generate 4000 encoder steps per revolution of the motor shaft. 
A minimum of three motor steps per encoder step is required 
for successful operation of the POSition Maintenance 
function. Ratios above three motor steps per encoder step 
ensure stability of the position maintenance selVO function. 
Positional resolution is determined by encoder resolution. 

If you install a reducer between the motor shaft and the 
encoder, the number of encoder steps that the indexer receives 
is equivalent to the number of encoder steps divided by the 
encoder gear ratio. 

For example, using a 12,800 steps/rev motor, a l,OOO-line 
encoder, and a 10: 1 reducer, the ratio of motor revolutions to 
encoder steps would be changed as deSCribed in Table 4-1 
below. 

Parameter 1:1 Ratio 10:1 Ratio 
Number of encoder steps 4,000 400 
recognized by the AX (per motor 
rev) 
Required ratio of motor revs to 1/4,000 1/400 
encoder steps 
Motor-te-encoder step ratio 3.2/1 3211 

Table 4-1. Motor-to-encoder Ratios 
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You can use the encoder to achieve greater accuracy or stall 
detection. Typically. the incremental encoder improves the 
overall accuracy of your system. 

Since there are many different encoders with different 
resolutions, you must specify for the AX what type of encoder 
you have connected to the system. Using the following 
example as a gUide. you can specify the encoder's resolution to 
the indexer with the Encoder Resolution (ER) command. 

Command 
ER4000 

Description 
Tells the indexer that the encoder has a 
resolution of 4,000 steps/rev after quadrature 
(1,000 lines) 

The indexer can perform moves in either motor steps or 
encoder steps. In Motor Step mode (FSB0 ), the distance 
command (D) defines moves in motor steps. In Encoder Step 
mode (FSB 1). the distance command defines moves in encoder 
steps. 

You must set up the indexer for the correct encoder resolution 
The Encoder Resolution (ER) command is used to define the 
encoder resolution. 

The sample move below assumes the use of an encoder with an 
encoder-to-motor step ratio of 4: 1. 

Command 
MN 
ER4000 

FSB1 
A10 
V5 
04000 
G 

Description 
Sets mode to normal 
Sets up encoder where 4,000 encoder steps 
(1 000 lines) are produced per 1 revolution of 
the motor. 
Sets move to encoder step mode 
Set acceleration to 10 revs/sec2 
Set velocity to 5 revs/sec 
Set distance to 4,000 encoder steps 
Executes the move (Go) 

The motor will turn in the CW direction until 4,000 encoder 
steps (1 revolution) are received. 

If this move does not work, refer to Chapter 7, Maintenance 
and Troubleshooting. 
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Position 
Maintenance 

Example 

This POSition Maintenance (FSC) command enables and 
disables the position maintenance function. 

You must enable Position Maintenance (FSCI) to activate 
closed loop seIVOing and ensure that encoder step moves are 
positioned to the exact encoder step commanded. Enabling 
position maintenance will cause the indexer to seIVo the 
motor until the correct encoder pOSition is achieved. This 
occurs at the end of a move (if the final position is incorrect) 
or any time the indexer senses a change in position while the 
motor is at zero velocity. You must have an encoder 
connected. and the indexer set in Encoder Step mode (FSBI) in 
order to enable position maintenance. 

POSition maintenance will be disabled (turned OFF) 
automatically if a stall is detected (refer to the FSR command 
in Chapter 5), or if the encoder is forced outside of the dead 
band window. 

The sample move below assumes the use of an encoder with a 
encoder-to-motor step ratio of 4: 1. 

Command 

ER4""" 
FSB1 
FSC1 
MN 
A1" 
V5 

04""" G 

Description 
Sets up encoder where 4,000 encoder pulses 
(1,000 lines) are produced per 1 revolution of 
the motor. 
Sets move to encoder step mode 
Enables Position Maintenance 
Set indexer to normal mode 
Set acceleration to 10 revs/sec2 
Set velocity to 5 revs/sec 
Set distance to 4,000 encoder steps 
Executes the move (Go) 

The motor will tum in the CW direction until 4,000 encoder 
pulses (1 revolution) are received. The Position Maintenance 
function instructs the AX to seIVO the motor until the correct 
encoder position is achieved. 

If this move does not work, refer to Chapter 7, Maintenance 
and Troubleshooting. 


