
Using intelligent servo drives to filter 
mechanical resonance and improve machine 
accuracy in printing and converting machinery  

Printing and converting machines 

driven by distributed servo drives and 

motors provide several key benefits 

over their gear-driven counterparts. 

Each axis is directly driven by its own 

servo motor, eliminating the need 

for line shafts, gear sets, and oil 

baths (and associated maintenance). 

Product changeover is much faster 

and easier, as the motors can change 

speeds and cam profiles with the 

press of a button, instead of physically 

replacing gear sets or mechanical 

cams. In addition, process controls 

for registration and tension can be 

handled by directly changing position 

or velocity command values of the 

servos, without needing compensators 

or other auxiliary hardware to affect 

the motion. 

But unlike a gear set, a servo motor 

usually requires tuning to achieve 

optimal performance and overcome 

Integrated diagnostic and filtering features combat mechanical 
resonance and improve accuracy by more than 50 percent
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Challenge:
Controlling machine resonance—the 
“white noise” generated by machine 
motion—in servo-driven printing and 
converting machines.

Solution
Rexroth intelligent IndraDrive 
servo drives provide advanced 
programming tools, diagnostic 
features and integrated 
filtering capabilities to combat 
mechanical resonance

Key Steps
•	Understand fundamental nature of 

mechanical resonance and natural 
frequencies—how they arise and 
interact with control loops

•	Use white noise tests to identify 
the resonant frequency as the 
starting condition that needs 
to be controlled through servo 
drive tuning

•	Filtering can be used to minimize 
the impact on the control loop

•	Tuning the position control loop, 
the velocity loop and the current 
loop by adjusting the various 
“gains” of each loop so the actual 
motion matches, as closely as 
possible, the desired motion
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mechanical resonance. In the position 

control loop, the commanded position 

is compared to the actual position. 

The difference is multiplied by a factor 

(gain) and the output becomes the 

command for the velocity control 

loop. The output of the velocity loop, 

in turn, becomes the command for 

the current loop, and the output of 

this final loop dictates the direction 

and magnitude of the current that is 

delivered by the servo drive to the 

motor windings. All three control 

loops have several types of “gains” 

associated with them, and tuning is 

the process of adjusting these gains 

until the actual motion is matched 

as closely as possible to the desired 

motion. In practical terms, this results 

in colors that are tightly registered 

with each other for a clear printed 

image, or a die-cut that is matched 

precisely with the speed of the paper 

feed so that no tearing or buckling 

of the paper occurs. Higher gain 

generally results in higher bandwidth 

(responsiveness), but too much gain 

will result in overshoot and instability.

The challenge of 
mechanical resonance

In theory we can calculate the ideal 

control loop gains based on the load 

characteristics (e.g. inertia, stiffness) 

and desired response. But some 

factors can limit these gain values 

and prevent us from achieving the 

desired bandwidth. For example, if 

the sampling frequency of the control 

loop is too low the output will never 

settle on a stable value. But a more 

challenging issue that we will address 

here is that of mechanical resonance. 

Mechanical resonance results 

from the excitation of the natural 

frequency of a mechanical system. 

The natural frequency is one where 

vibration or “ringing” occurs with 

minimal stimulus, and is an inherent 

characteristic of a mechanical 

system. The couplings, bearings, 

gears, and machine frame can all 

influence this frequency. Resonance 

can reduce the life and product 

quality of a mechanically driven (line 

shafted) machine, and its effects 

are particularly noticeable at certain 

machine speeds that are related to 

the natural frequency. On distributed 

servo-driven machines, these effects 

can be further exaggerated when the 

control loops act upon feedback that 

contains significant components of 

the natural frequency. Since there is 

already a natural amplification that 

occurs at this frequency, compounding 

it with the gain of the control loop can 

easily cause resonance to manifest in 

the form of excessive vibration and 

instability. At best the product quality 

will suffer and the components of the 

machine will wear and fail sooner. At 

worst the machine will not run without 

motors overheating or frequent 

web-breaks.

Dealing with natural frequencies

When problems arise due to 

resonance, one might use 

accelerometers to collect vibration 

data. Supporting software can be 

used to analyze the data and distill 

the natural frequency of the machine 

or various sub-structures. Then 

modifications could be made, such as 

adding support beams to stiffen the 

machine structure, or using higher 

grade couplings or bearings, in an 

effort to move the natural frequency 

out of the range of machine operation. 

These mechanically-oriented means of 

diagnosis and correction require tools 

and expertise, and incur additional 

project costs. Alternatively, a “try it 

and see” approach of making changes 

and hoping for good results can be 

time consuming and fruitless.

Approaching this from the control 

side, we could lower the gain of the 

velocity loop in the servo drive. We 

focus on the velocity loop because 

the effects of resonance are very 

evident in the velocity feedback and 

then amplified by the velocity loop. 

In some cases, resonance may be 

mild enough that simply lowering the 

velocity loop gain will avoid instability 

while still providing enough ability 

to control the motor adequately and 

meet the demands of the application. 

In other cases, the gain would have 

to be so low to avoid the problem 

that the servo performance becomes 

noticeably compromised. This may 

mean that a print cylinder has high 

position deviation—causing the print 

registration to move in and out of 

tolerance from image to image (some 

images look good, others are blurry). 

Or a tension roll may have inadequate 

velocity regulation, resulting in 

fluctuations that cause reduced print 

quality, stretched or shrunken images, 

and unevenly wound rolls.

With Rexroth IndraDrive intelligent 

servo drives, we can overcome 

the effects of resonance without 

compromising performance or 

investing additional resources. To 

illustrate the implementation and 

benefits of our solution, we used a 

Rexroth IndraDrive converter drive to 

control a synchronous AC motor. An 

inertia wheel is coupled to the motor 

shaft to provide a load for testing. 

The wheel is slightly unbalanced 

and attached to the motor using 

only a screw that passes through 

the center hole of the wheel and 

into the threaded bore of the motor 

shaft. There is no coupling device 
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this unpleasant, but it tells us that 

the motor is on the verge of going 

completely unstable—causing the drive 

to fault with a position or velocity loop 

error. Lowering the gain will dampen 

the oscillation, but at the cost of 

lowering the performance. This cost 

would be unacceptable for the plate 

roll of some flexographic printing 

machines, for example, that tolerate 

no more than 0.002" of registration 

error for the more demanding print 

jobs. Figure 1 shows the position 

deviation seen while running at 

500 RPM using default gains. Error 

of as much as .065 degrees peak-

to-peak is observed. On a 24-inch 

circumference cylinder, this would 

correspond to 0.0043" of error at the 

surface. We want to improve on this 

by increasing the gains, but we must 

overcome the oscillation first.

White Noise Test Identifies 
Resonant Frequency

The first step is to identify the 

resonant frequency by doing a “white 

noise” test. Using Rexroth’s Drive-

Integrated Command Value Generator 

(Fig. 2), we apply a noise signal to 

the torque command input of the 

motor. Using a pre-defined amplitude, 

the generator outputs positive and 

negative torque values alternating 

at random frequencies. This causes 

the motor to vibrate, and we can 

literally hear a white noise similar to 

TV or radio static. Without the use 

of a hammer or mallet, the motor is 

“hitting” the mechanics with a wide 

range of frequencies in order to see 

if one or more generates a stronger 

response than the others.

To see the frequency response, 

we employ the Drive-Integrated 

oscilloscope software utility. This 

allows us to collect and display drive 

data at a resolution of 250 micro-

seconds. The captured data is stored 

in the drive over a fixed duration, 

and then uploaded to the software. 

The data is deterministic and is not 

dependent on communication speeds 

or scan times. There are hundreds 

of drive parameters to choose from, 

but for this test, we are primarily 

interested in the motor feedback 

to dampen vibration or compensate 

for misalignment. 

When the motor is first enabled, there 

is an audible, oscillatory “humming” 

that indicates some instability in our 

simple mechanical system. Raising 

the velocity loop proportional gain 

above the default value causes the 

humming to grow louder. Not only is 
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velocity. While the motor is vibrating, 

we capture 1 seconds worth of data 

and the results are uploaded to the 

oscilloscope window in Rexroth’s 

IndraWorks engineering suite and 

displayed as a function of time. But 

we are concerned with the frequency 

domain, so we select an FFT (Fast 

Fourier Transform) plot to display 

the signal amplitude as a function of 

frequency (Fig. 3). We would hope to 

see a relatively flat curve across the 

frequency range. But in this case, we 

observe a noticeable spike around 

1075 Hz. This is the primary source of 

the disturbance.

Filtering to minimize the impact on 
the control loop

Now that we’ve identified the 

resonant frequency, we can use a 

velocity loop filter to minimize the 

impact on the control loop. In addition 

to a smoothing time constant (low pas 

filter), the IndraDrive offers a host of 

additional filtering options. Up to four 

filters can be applied simultaneously. 

For this test, the frequency is high 

enough that a simple low-pass filter 

may be effective. But often the 

problem frequencies we see are in the 

200—300 Hz range. A low-pass filter 

that effectively dampens frequencies 

in this range will also have the 

negative side-effect of reducing the 

velocity loop responsiveness This 

is especially true for a direct drive 

motor, where the bandwidth of the 

velocity loop could approach the 

range of the disturbance. Rather than 

using a “broad brush” approach, we 

want a targeted solution that focuses 

on the problematic frequency while 

minimizing the impact elsewhere in 

the frequency spectrum. The best 

solution is a band rejection filter, 

sometimes called a notch filter. The 

band rejection filter is parameterized 

using a center frequency and 

bandwidth. Signals around the center 

frequency are heavily attenuated, but 

the attenuation drops off dramatically 

as you approach either end of the 

bandwidth. (Fig 4) 

Based on the results from the 

white noise test, we apply the filter 

with a center frequency of 1075 

Hz and a bandwidth of 100Hz. The 

smaller the bandwidth, the greater 

is the suppression of the resonant 

frequency. But a narrow bandwidth 

in turn requires greater accuracy 

in setting the center frequency. In 

practice, the default value of 100Hz 

usually works well. As soon as the 

filter is activated (Fig 5), we can 

hear that the audible humming is 

greatly reduced. 

Using the oscilloscope we can 

see graphical evidence of the 

improvement. The following plot 

(Fig. 6) shows velocity feedback 

before (red) and after (blue) the 

notch filter is applied. Notice how the 

“noise” in the signal has been reduced 

by more than half. 

A check of the position deviation 

shows that the peaks are reduced 

by about 25 percent. But the most 

significant benefit is realized when 
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we increase the velocity loop gain. 

Before the notch filter was applied, 

increasing the gain only served to 

make the motor run louder and 

position deviation grow larger. This is 

because increasing the gain amplified 

the disturbance seen at 1075 Hz. 

But with this frequency effectively 

notched out, increasing the gain has 

the desired effect of reducing the 

position deviation.

After a few iterations of increasing the 

proportional gain, we find that a value 

of about 2.5 times the default yields 

the best results. Beyond this value we 

get significantly diminishing returns 

and the motor noise starts to increase 

again. Another scope trace shows 

the peak-to-peak position deviation 

reduced to .029 deg—or about .0019" 

on a 24-inch roll (Fig 7). We have 

more than doubled the accuracy of 

our print registration and achieved 

results that would meet or exceed the 

specifications of almost any print job.

Sometimes it’s helpful to adjust the 

center frequency during the tuning 

process to see if even greater gain 

can be achieved. This can be done 

by increasing the gain to the edge 

of instability, and then moving the 

center frequency up or down in small 

increments to see if the oscilloscope 

readings and audible noise improves 

or worsens. This may help to confirm 

that the original center frequency 

derived from the white noise test 

is the best place to center the 

filter, or we may find that there is 

a “sweet spot” slightly offset from 

the original value that can allow us 

to realize greater improvement. It 

is also possible to apply multiple 

notch filters—in different locations (if 

more than one salient frequency is 

observed) or in the same location (to 

increase the suppression).

This was a simple demonstration to 

illustrate the benefits of using the 

integrated diagnostic and filtering 

features of the Rexroth IndraDrive 

to combat mechanical resonance. 

In some applications the results 

are more profound, and in others 

this process may not be necessary 

or beneficial. But it is one of many 

capabilities in the drive to help 

improve machine accuracy and 

performance. Additional features—

including compensation algorithms 

for friction, backlash, and cogging 

torque—allow us to overcome 

mechanical issues to push the 

envelope of servo drive performance. 
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