ScannerMAX Saturn 1B and Saturn 2B scanning sinewaves from 1kHz to 5kHz with a 3mm beam
This document describes the sinewave scanning performance of the ScannerMAX Saturn 1B and Saturn 2B scanners, with the
standard ScannerMAX 3mm mirror set. Our standard 3mm mirror set is capable of projecting a 3mm beam through a 60 degree angle.
For this test, a sinusoidal scanning waveform is used with frequencies ranging from 1kHz to 5kHz.
The Saturn 1B is available in several coil configurations, including “standard” and “-80P”. The “standard” coil configuration is intended
for vector scanning applications, while the “-80P” is intended for raster imaging applications, and use with lower power supply voltages.
The Saturn 2B is basically a stretched version of the Saturn 1B, having a 50% longer rotor and stator. The Saturn 2B is also available in
several coil configurations, including “-80S” and “-80P”, which is discussed in this document. The Saturn 2B-80P has similar torque-toinertia ratio of the Saturn 1B with “standard” coil configuration. However, the coil resistance is less than half that of the Saturn 1B, and
therefore will generate less heat while performing a given scanning task. This makes the Saturn 2B-80P a good choice for those
applications that are limited by heat, where the slightly longer axial length of the Saturn 2B is tolerable.

This report describes scanning performance with the scanners driven by our Mach-DSP digital servo driver. For convenience and for
low heat dissipation by the servo driver, the Mach-DSP uses a single-ended power amplifier – not an H-bridge as is the case for some
of our competitors. As it turns out, this particular application would not benefit from the increased coil voltage that an H-bridge could
supply. Moreover, if an H-bridge were used with the same power supply voltages, then the heat generated by the servo driver would be
up to four times that seen in this report. However, the Mach-DSP does have a 10-amp-peak, and 5-amp-RMS current limit, and this is a
performance-limiting factor for the Saturn 1B-80P and Saturn 2B-80P. Each of these scanners is capable of scanning wider than shown
in this report if more RMS current is made available. This is discussed further in the section titled Conclusions.

The Mach DSP has a built-in oscilloscope function. This comes in handy as it can be used to measure virtually any quantity of the
overall scanning system. For example, the screen shots below show four separate channels being measured. In the most important
screen shots, the yellow trace shows the Input Command to the servo (in degrees); the pink trace shows the angular Position
reported by the position sensor (in degrees). The blue trace shows RMS Current flowing through the scanner coil and the green trace
shows Coil Voltage applied to the scanner coils. (Note that Input Command and Position are both in mechanical degrees, thus, optical
scan angle is double that shown by the oscilloscope traces).
For all of the testing, we drove the Input Command signal using a separate function generator.

Table showing scanning performance
The table below shows the maximum optical scan angle at the various frequencies for the Saturn 1B and Saturn 2B scanners.
Frequency

Scan Angle (S1B Standard)

Scan Angle (S1B-80P)

Scan Angle (S2B-80P)

1kHz

44.0° optical p-p

42.0° optical p-p

50.4° optical p-p

2kHz

11.2° optical p-p

11.0° optical p-p

13.2° optical p-p

3kHz

5.0° optical p-p

4.8° optical p-p

6.0° optical p-p

4kHz

2.72° optical p-p

2.72° optical p-p

3.3° optical p-p

5kHz

1.64° optical p-p
91W electrical @ +/-24V
50W heat at servo driver
33W heat at scanner

1.64° optical p-p
87W electrical @ +/-18V
48W heat at servo driver
21W heat at scanner

2.0° optical p-p
101W electrical @ +/-22V
60W heat at servo driver
22W heat at scanner

There are always limitations to how fast and how wide galvanometer scanners can scan. For frequencies well below 1kHz, Saturn
scanners can project a beam at angles greater than 100 degrees, while not encountering any heat, inductance or power limitations. But
for scan frequencies in the kilohertz, these limitations appear. Sometimes the limitations are related to heat. Sometimes the limitations
are related to the inductance of the scanner’s coil. Sometimes the limitations are related to the servo driver’s inability to completely
extract performance from the scanner. For these tests, the applicable limitations are described in the following paragraphs.
For the Saturn 1B with standard coil configuration, the limiting factor is the 33W heat dissipation limit of the scanner.
For the Saturn 1B with the “-80P” coil configuration, the limiting factor is the 5-amp RMS current limit of the Mach-DSP power amplifier.
Note that heat dissipated by the scanner is lower, and generally the servo driver is operated at a lower power supply voltage as well.
For the Saturn 2B with the “-80P coil configuration, the limiting factor is the 5-amp RMS current limit of the Mach-DSP power amplifier.
Since the torque-to-inertia ratio of the S2B-80P is similar to the S1 with standard coil, but the coil resistance is much lower, heat
dissipated by the scanner is lower, but heat dissipated by the servo driver is higher, even at the slightly lower power supply voltage.
A close look at the table above will reveal that when frequency is doubled, scan angle is reduced by roughly a factor of 4. This is
because the heat inside the scanner is proportional to the fourth power of frequency, and heat inside the scanner is proportional to the
square of the scan angle. Thus, scan angle must be reduced once you hit the scanner’s thermal limit.
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To ensure long scanner lifetime, ball bearings may require periodic “exercising”
We are often asked about the lifetime of our scanners, and about the factors that limit lifetime. When our scanners are operated within
the datasheet-prescribed parameters related to temperature and electrical drive, there are only two things that limit the lifetime of the
scanner. One is related to the light output from the LED used in the position sensor of the scanner. The other is related to the ball
bearings that support the rotor.
Regarding the light output from the LED, in most cases this will not be a lifetime-limiting factor due to the small amount of current
flowing through the LED, and the AGC circuit which maintains light output regardless of ambient temperature and scanner aging.
Regarding the ball bearings that support the rotor, these can definitely limit the lifetime of the scanner, depending on the scan angle,
scan frequency, and type of bearings and lubricant used.
For most vector-scanning applications including laser marking, 3D printing and laser displays, ScannerMAX scanners will outlast the
useful lifetime of the laser-based product in which they’re installed. This is because vector-scanning applications will sometimes scan
quickly and other times scan slowly, sometimes over wide angles and other times over narrow angles. The vector scanning itself
provides enough variety to constantly move the balls around and constantly distribute lubrication around the bearings. However, with
small-angle sinewave scanning, this is not the case, and there are several bearing failure modes that are sensitive to this type of
scanning.
When both the balls and the races are made from the same material, micro-welding can occur, especially at the high-frequency small
scan-angle applications discussed in this report. This micro-welding dramatically reduces the lifetime of the bearings. For this reason,
our Saturn-series scanners use so-called “hybrid” bearings, which use ceramic balls and the hardest bearing steel available called SV30 stainless steel. Because of our choice of bearing materials, micro-welding can never occur in ScannerMAX Saturn-series scanners.
ScannerMAX scanners also use specially-formulated lubricants to promote long lifetimes.
Nevertheless, although micro-welding can never occur, another phenomenon called “false brinelling” can occur, when the film of
lubricant between the balls and the races gets squished out during very small angle movements.
When the scanning occurs repeatedly over small angles (perhaps 5 degrees or less), it is useful to exercise the bearings by performing
what are called “clearing moves” from time to time. These are scan patterns intended to redistribute the lubricant in the bearings. Some
scan patterns can also reposition the balls within the races, thus reducing the concentration of wear.
The Mach-DSP has several built-in tools that can be used to occasionally exercise the bearings. Bearing exercise can be saved as part
of a scanner tuning, and then called using the external serial port or external TTL IO. To ensure the longest lifetimes in small-angle
high-frequency applications, it is recommended that the bearings be exercised as often as practical for a given application.

Conclusions
Galvanometer scanners offer the ability to scan a wide variety of scanning waveforms, including sine, square, triangle, and sawtooth as
well as combinations of all of these, as well as vector waveforms that project recognizable graphic images. Galvos offer the ability to
instantly change scan angle and position (offset) as well. And they offer the ability to scan multi-wavelength light beams with very high
optical throughput. All of these factors make galvanometers a very versatile tool for laser scanning.
However, all systems have their limitations. For galvanometer scanner systems, these limitations first manifest themselves as
“rounding” of the scan waveforms, especially vector graphics. For example, a waveform that starts out as a triangle wave or even
squarewave will inevitably become more and more sinusoidal as frequency is increased. This is related to the torque that the scanner
can provide and the inertia of the mirror, which is related to the size and thickness of the mirror. Ultimately a galvanometer scanner and
servo driver system behaves like a 2-pole low-pass filter, with a typical bandwidth in the range of 2kHz to 5kHz depending on servo
tuning. Any harmonic content in the scanning waveforms that lies outside of this 2kHz to 5kHz low pass bandwidth will be attenuated.
Another limitation is the heat generated either by the scanner or by the servo driver. For sinewave scanning, this is the primary
limitation of scan angle and scan frequency.
For the Saturn 1B with standard coil configuration, maximum sinusoidal scan angle is consistently accompanied by 91 watts of
electrical power needed (+/-24V at 1.9 amps) and 50 watts of heat being generated by the Class AB amplifier used on the servo driver,
while the scanner itself generates 33 watts of heat during scanning.
For the Saturn 1B with “-80P” coil configuration, maximum sinusoidal scan angle is consistently accompanied by 75 watts of electrical
power needed (+/-15V at 2.5 amps – or more power needed for 5kHz) and 42 watts of heat being generated by the Class AB amplifier
used on the servo driver, while the scanner itself generates 21 watts of heat during scanning.
For the Saturn 2B with “-80P” coil configuration, maximum sinusoidal scan angle is consistently accompanied by 101 watts of electrical
power needed (+/-22V at 2.3 amps) and 60 watts of heat being generated by the Class AB amplifier used on the servo driver, while the
scanner itself generates 22 watts of heat during scanning. Since the Saturn 2B is capable of operating at up to 50 watts, a wider scan
angle would be possible if driven by a servo driver with a power amplifier capable of delivering 6.3 amps RMS.
Heat generated by the power amplifier is usually dealt with by attaching the servo driver to the typically large chassis of the laser
product itself. Heat generated by the scanner may be dealt with in a similar way, when and where the X-Y mount can be attached to a
large chassis. Otherwise a separate heat sink and cooling fan will be needed for each of these.
For applications that can work within the limitations outlined above, those applications can take advantage of the benefits that
galvanometer scanners offer in terms of scan flexibility and high optical throughput.

