
Compumotor Plus ta Drive User Guide 

Section 5. TONING 

5.1. TUNING THEORY 

The Compumotor Plus Drive can be divided into two major areas: the 
digital controller board and the analog amplifier board. All of the 
positioning compensation (Proportional, Integral and Derivative gains) and the 
velocity gains are set by users and handled by the digital controller board. 
Once the values are set, they can be stored or saved in the EEPROM. The units 
are shipped with error gains for a typical load. 

If certain high-performance requirements are necessary, you can use the 
RS-232C or front-panel push buttons to change these gains. If you adjust the 
gains and the system appears unstable, use the Return to Factory settings 
(RFS) command or push-button combination to return to the factory settings 
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Figure 15: Block Diagram 
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(push buttons P and I together). The controller board sends two digitized 
waveforms from its digital-to-analog converters (DAGs) to the analog amplifier 
board. These waveforms represent two commanded, motor-phase currents. The 
analog amplifier board measures the actual motor current to determine the 
correct voltage to apply to the motor windings. 

A block diagram of the Compumotor Plus Drive servo system is shown in 
Figure 13. The controller commands a desired current to the amplifier board, 
the amplifier board then attempts to generate that desired current in the 
motor's windings. The position of the motor's shaft is sensed by the 
controller via the resolver attached to the motor. The controller uses this 
positional information to generate the -desired current" command to the 
amplifiers. 

The controller current command to the amplifier is based on several 
quantities, not just the position of the servo motor's shaft. It is based on 
a desired position, which is generated by the indexer, and on previous 
position errors. 

The controller subtracts the motor's actual position from this desired 
position to determine the positional error. The positional error is the 
difference between where you want the motor to be and where its actual 
position. This positional error is put into an equation, along with previous 
positional errors, to generate the current command for the amplifier. 

The equation is a mathematical function that is evaluated at periodic 
time intervals. In the case of the Gompumotor Plus Drive, the equation is an 
approximation of an analog, continuous-time, PID (proportional, integral, and 
derivative) control network. The analog, continuous-time PID is traditionally 
used to stabilize conventional servo systems. It consists of several 
potentiometers, resistors, and capacitors. In the Gompumotor Plus, the 
potentiometers, capacitors, and resistors are replaced with digital logic, 
which is controlled by a microprocessor. 

The Compumotor Plus Drive's equation is the discrete-time equivalent to a 
continuous-time PID network. It is called a discrete-time PIO network because 
it operates on sampled digital data rather than on continuous analog data. 
The sampling rate of the Compumotor Plus Drive controller is the rate at which 
the recursive equation is evaluated and the rate at which the current command 
to the amplifier is changed. The sample rate of the Compumotor Plus Drive 
controller is 300 microseconds. By using such a fast rate, excellent dynamic 
response is achieved. 

The mathematical model for the tuning algorithm is based on the four gain 
values that you select plus the feedback from the resolver: proportional, 
integral, derivative and velocity. 

Compumotor Division 38 



Compumotor Plus~ Drive User Guide 

The resolver is read three times every 300 microseconds. This provides 
position information. The desired position is compared to the actual position 
and an error value is generated. 

The current velocity is calculated to be used in the following formula: 

(Command Velocity from the PID filtering of positional error) 
(Proportional Gain) * (Positional Error) 

+ (Integral Gain ) * (Sum of All Previous Positional Errors) 
+ (Derivative Gain) * (Difference Between Last Two Positional Errors) 

The velocity term affects the responsiveness of the system as a whole. 
The proportional term affects stiffness. The derivative term affects settling 
time and dynamic response. The integral term affects the final positional 
accuracy. All gains interact with each other. 

5.1.1. P, I, D, and V Tuning 

P, I, 0, and V (Proportional, Integral, Derivative, and Velocity) tuning 
can be implemented through RS-232C commands or through the front-panel push
buttons. The factory values of the tuning algorithm are based on the 
assumption of load-to-rotor inertia of 10 to 1 or less. and that the load is 
purely inertia, that it is directly and solidly coupled to the motor, and that 
a 4% overshoot is tolerable. (If your system cannot be tuned with the push 
buttons, the load to rotor inertia may be outside of the range required to use 
the factory settings, there is a significant amount of friction in the system, 
or the coupling to the load is torsionally flexible). In situations like this, 
you are faced with a complex series of tradeoff decisions. You can increase 
the speed of your machine at the price of motor/drive heating, final position 
accuracy, and settling time. Or you can improve system accuracy at the price 
of final position stability. You can trade final positional accuracy for 
system response time. Each application requires you to decide which of the 
variables will be traded to optimize performance in your situation. 

5.1.2. General Tuning Considerations 

You should remember that all of the terms are interactive and it may take 
considerable experimentation to find the exact combination of values to get 
the best performance in your application. In a very general sense, the 
velocity term should be set first, followed by proportional. integral, and 
finally the derivative terms. . 
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5.1.2.1. Velocity Gain 

This gain affects the overall responsiveness of the system. If the 
system is too sluggish, increased the velocity gain. If the system is 
overshooting badly, or there is excessive ringing that the derivative term is 
not able to adequately compensate, reduce the velocity gain. 

5.1.2.2. Proportional Gain 

Proportional gain affects system stiffness and accuracy. As the 
proportional gain is adjusted higher, the influence of the feedback signal 
becomes greater. If the gain is sufficiently high, the system will oscillate. 
This happens because very small resolver changes are amplified into very large 
error signals, and the inertia of the motor and load will not allow the system 
to follow the electronic commands fast enough. The system lag time eventually 
reaches a point where the feedback and the command signals are in phase. At 
this point, oscillation results. When this occurs, you must reduce the gain 
below the oscillation point. 

5.1.2.3. Integral Gain 

Integral gain allows the system to compensate for position errors (due, 
for example, to friction). Integral gain reduces velocity ripple. It does 
this by slowing down the electronic response time so that it more closely 
resembles the response of the mechanical components of the loop. 

5.1.2.4. Derivative Gain 

Derivative gain adds damping effects to the system. In the case of a 
system oscillating at the end of a move, or around a change in velocity, 
increasing the derivative gain will reduce the oscillation. The derivative 
gain adds phase lead to compensate for the systems natural phase lag. 

5.2. TUNING THE COMPUKOTOR PLOS DRIVE SERVO SYSTEM 

The most important aspect of a servo system is setting the controller'S 
gains (described in the previous sections). The controller in a conventional 
continuous-time (i.e., analog) servo system is an active or passive filter 
network, usually an op-amp with resistive and capacitive feedback. The values 
and configuration of the resistors and capacitors in the filter network are 
determined by the compensation necessary to stabilize the servo system. 
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The values of the resistors and capacitors can be thought of as being the 
gains of the controller. To stabilize the servo system,you must adjust the 
gains (potentiometers) to match the system being controlled (the system being 
the motor, its load, and the amplifier). In the case of the Compumotor 
Plus-Drive the gains of the controller are the constant coefficients of the 
recursive equation (software). The form of the recursive equation determines 
how many of these gains must be adjusted in order to stabilize the system. 

Fortunately, there are only four user-changeable values in the equation 
and, better yet, it is not necessary to know the equation to tune a Compumotor 
Plus Drive servo system. Tuning a Compumotor Plus Drive servo system usually 
requires adjusting only one controller gain. The other gains are predefined 
and, in most cases, require no further adjustment. 

There are two methods available to adjust an Compumotor Plus Drive's 
servo compensation network. 

* The six push buttons on the Compumotor Plus Drive's front panel 
* The RS-232C communications port 

5.2.1. Push-Button Tuning 

The Compumotor Plus Drive has six push buttons on the front panel that 
provide a simple push-button method of fine-tuning the system's performance to 
a specific attached load. The Compumotor Plus system is factory preset for 
typical user loads and for the individual motor supplied with the system. For 
many applications, little or no adjustment is required. 

Once you have the system installed and the motor connected to its 
intended load, you can determine whether any fine tuning is required by 
observing the response of the system to commands from your indexer and by 
observing how stiff the system is when at rest. 

With the motor is at rest, try to deflect the shaft. You should not be 
able to easily turn the shaft away from its rest position. If it feels very 
soft, the system gains probably need to be increased. A very soft system will 
not respond very quickly to move commands. If the shaft feels stiff, be 
certain to check that the system is not vibrating. If it is vibrating, the 
gain may be too high. This causes the drive to provide excess current, and 
can shorten the life of mechanical components. In extreme cases the vibration 
grows in amplitude, producing violent motions that cause the drive to fault or 
break something. For this reason, you should tune the Compumotor Plus Drive 
with some caution. 

On the front panel of the Compumotor Plus Drive, you will find a two
digit display. Underneath the logo plate, you will find six push buttons. 
The buttons are labeled UP, DOWN, P, 1, V, and D. The button labeled P 
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selects the PROPORTIONAL term in tuning the drive. The button labeled I 
selects the INTEGRAL term in tuning the drive. The button labeled V selects 
the VELOCITY term in tuning the drive. The button labeled D selects the 
DERIVATIVE term in the drive. 

Select one of the P, I, V, or D buttons and hold it down. When you do, 
the two-digit display lights up to indicate the present value for the term you 
have selected from (0 - 99'). You should note this value in case you wish to 
return to it. While holding the button for the term you selected, push the UP 
button to increase the value of the term. Push the DOWN button to decrease 
the value of the term. You must hold a button down while using the UP and 
DOWN buttons. Continue to hold the UP or DOWN button, the proportional term 
will change automatically. If you do not select one of the term buttons, the 
display will not be lighted, and no value changes occur from holding the UP 
and DOWN buttons. 

The value that will be used is the one displayed when you release the UP 
or DOWN button. This value will be used by the drive immediately. Push
button tuning allows rapid adjustments to be made to tuning parameters. 

If you ever wish to retrieve the factory default values, all you need to 
do is push both the P and I term buttons together. This causes the factory 
values for each term to be reloaded. 

After you have completed the push-button tuning procedure, it will be 
necessary to save the values you have selected into non-volatile EEPROM. This 
is done by pressing all four term buttons (P, I, D, & V). 
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Figure 16: Push-Button Operation 
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Set Integral Gain: Press I to show values. 

Set Velocity gain: Press V to show values. 

Set Proportional gain: Press P to show values. 

Set derivative gain: Press D to show values. 

Set device address: Press V and P together 
to show values. 

Set Baud rate: Press D and V together 
to show values. 

Miscellaneous Functions: 

Return to factory settings: P and I together 

Press I and + or - to 
increase/decrease the 
percent gain. 

Press V and + or - to 
increase/decrease the 
percent gain. 

Press P and + or - to 
increase/decrease the 
percent gain. 

Press D and + or - to 
increase/decrease the 
percent gain. 

Press V and P and + or - to 
increase/decrease the device 
address. 

Press D and V and + or - to 
increase/decrease the first 
two digits of the baud rate. 

Save tuning values to non-volatile memory: P, I, V, and D together 
Reset: + and - together 
Display Software revision level: D and I together 

5.2.2. Tuning Via the RS-232C 

The tuning process of the front-panel switches can be duplicated via the 
RS-232C communication port. (Refer to the Tuning Commands subsection in 
section 6.) 

5.3. TYPICAL TUNING CONSIDERATIONS 

You should remember that all of the terms are interactive and it may take 
considerable experimentation to find the exact combination of values to get 
the best performance in your application. In general, the velocity term 
should be set first, followed by the proportional term, then the integral 
term, and finally the derivative term. 
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5.3.1. Position Errors Due to Load Inertia 

Load is the inertia (mass times the radius of rotation squared) seen by 
the shaft of the motor measured in (Oz-In-In). The amount of inertia affects 
the torque required. The torque required is a function of acceleration and 
inertia. If you find that your load inertia is larger than 10 times the motor 
inertia, you may want to trade some speed performance for accuracy at the 
final position. In this case, reduce the velocity gain and increase the 
integral gain. 

5.3.2. Slow Response Due to Load Inertia 

In a system where the load inertia is larger than the factory setting 
allowed, it may be possible to increase the system response time by allowing 
the overshoot to increase. In this case, increase the velocity gain, increase 
the proportional gain, and decrease the integral gain. 

5.3.3. Position Errors Due to Friction 

Significant friction in the load may cause the end-of-move position to be 
unacceptably in error. In this case, you can trade off system response for 
final positional accuracy. To do this, increase the integral gain, increase 
the derivative gain, and if necessary, decrease proportional or velocity 
gains. 

5.3.4. Shaft and Coupling Vibration 

If the load is coupled to the shaft through a non-rigid coupler, it is 
possible for the shaft and coupler to oscillate at a frequency greater than 
would be possible for the system as a whole. In this case, it may be possible 
to trade system response for system stability. To do this increase the 
integral and derivative gains, while decreasing velocity or proportional 
gains. 

5.3.5. Frequency aesponse 

Some systems may involve very little inertia, but need the torque for 
very high acceleration. In this case, you may want to narrow the range of 
values that the system can handle to optimize the move profile for a light 
load. To do this, increase the proportional and velocity gains while 
decreasing the integral term. 
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5.3.6. Overshoot 

If the system exhibits excessive overshoot (when making the transition from 
acceleration to constant velocity or from deceleration to a stop), it may be 
caused by a commanded acceleration that is much higher than what the system 
can actually produce. If this occurs, reduce the commanded acceleration on 
your indexer until this overshoot is minimized. Reducing the integral gain 
will also limit overshoot in most cases. 

45 

NOTE 

If you find that you are tuning a given parameter in the extreme range 
(i.e., 0-5' or 95-99%), you might consider changing the maximum gain 
value via the ClM. CPM, CVM, and COM commands. Refer to the 
Programmer's Reference section for details. 
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