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Tuning a servohydraulic actuator or system can be quite a chore in many cases. Yes, it is relatively easy to tune an actuator that is not attached to anything; however, that is rarely the case after most systems have been installed. This document will discuss the 3 main ways to tune an actuator and will outline when it is practical to use a particular method and when it is advisable to not use that method.

First, the 3 tuning methods are: 1) square-wave step response, 2) sine waves of different frequencies to optimize response, and 3) band-limited random excitation. 

I. Square Wave Tuning

A. Method

     With the Square Wave Tuning method, the hydraulics is excited by a small amplitude square wave of about 0.5 Hz frequency. This gives any ringing in the response some time to die out before the next step occurs. The goal is to get a step response that overshoots about 10% and smoothly returns to the command level. In most cases, it is quite safe to start with a gain of 1.0 in displacement control and a gain of 0.1 in force applications.
B. Pros
· The best point for Square Wave tuning is that it is fast. Within a few step cycles, the gain and any other parameters can be quickly set to get the desired step response.

· The user can be sure that the system will probably not go unstable since it did not do so during tuning, assuming that a big enough amplitude was used to get out of friction zones or other mechanical poor-response regions.
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C. Cons

· The Square Wave command is quite violent. Because of the high velocity of the response, it is quite easy for the system to go unstable. If the hydraulics is connected to a complex system or has an expensive specimen, then this tuning method can be quite difficult to do successfully without damage should the hydraulics over-response or even go unstable
· The actuator/system might not like the high force mechanical shock of the square wave command. This usually causes things to move around, including oil supply/return hoses.

· This method does not guarantee a flat frequency response, just a stable one.

· It is difficult to estimate what would be an adequate square wave command amplitude that is safe for the system, yet not too small to be of value. If the amplitude is too small, there is the danger that friction may be damping the response heavily. Tuning at levels lower than or near the friction levels results in large over-response at higher levels and perhaps even total instability.

· A high-Q resonance will be excited; however, the ringing response will be damped. The response will ring for a while, though. The ringing peak amplitude will be determined by the step amplitude.
D. Best Use

     Square Wave tuning is best used for free-standing actuators in stroke control or in cases where the actuator/system response is limited. For example, the vertical channels of a Bearing Test System are not very high velocity response. Because of the limited bandwidth possible, square wave tuning is practical for such cases. This method can also be used in load control cases where the specimen is fairly soft and would not be damaged by small command steps. Stiff specimens, high mass/force ratio platens or tables, or fragile mechanical systems are not good candidates for the square wave tuning method.
II. Sine Wave Tuning
A. Method

     To use the Sine Wave tuning method, first determine the lowest and highest frequencies to test. For most cases, the low frequency limit is fairly easy to determine. For very slow systems, 0.1 Hz is probably best. For others, 1 Hz is definitely a good starting point. The high frequency limit should include the highest test frequencies that are expected. Next, pick out 4-5 frequency points to test. The same starting gains stated before should apply here as well. Run a set of frequencies at the selected frequencies and record the results. Adjust the gain slightly up or down as required and run the set again. Iterate until the flattest response possible is obtained.
B. Pros
· This method is safer than the Square Wave tuning method and will do a better job of testing the frequency response.

· The response is tested over a wider velocity range, from low to high.

· Actuator/system response can be tested without the need for random function generation and transfer function measurement capability.

· Using a Sine Sweep can speed up the data measurement and iteration

C. Cons

· Takes a long time to perform, considering all the data points that have to be measured and plotted.

· Might miss high-Q (narrow peak) resonances in or beyond test frequency band.

· A sine wave or sweep that encounters a high-Q resonance would undoubtedly cause a very large response that could be damaging. The full magnification will result. For example, a Q=50 would get a 50x command amplitude response. Neither of the other 2 methods would result in such a large response.
D. Best Use

III. Random Tuning
A. Method

B. Pros
C. Cons

D. Best Use
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