8. Vibration Damping Experiments for BL-Operation
UFO Doctor, Dec 4th, 2010

1. Introduction
The mechanical Gyro is very sensitive to vibration in the 40-60 Hz range due to gyro
circuit which makes a differentiation of the angle signal for angular velocity signals.
The operation range of the BL motor is 2000 to 7000 rpm. The main vibration will
occur between 33 to 116 Hz. Thus we expect maximum noise at the gyro signals at
about 3600 rpm. This report shows that this is true and that we can reduce this noise
by mechanic and electronic countermeasure
2. Test set-up
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Fig. 1. Test Setup for vibration experiments.
1: BL motor Turnigy 2204 with Silverlit Prop; 2: Triax-Accelerometer Freescale
MMMA7260Q; 3: Elastic suspension with 1.5 mm PU; 4: Auxiliary China board;
5: Lipo 12V/1.6Ah; 6: Damping material (simulating free flight); 7: Turn-Table
Fig. 2. Gyro signal
Pitch signal at medium throttle
0.5V/div, 10ms/div
The roll signal is similar
Standard China board with 4 BL motors
Lower trace: Standard mounting,
Noise 0.4 V Amplitude
(Signal range +/- 1.5 V)
Upper trace: Gyro dampened by holding
the Gyro in the hand
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3. Investigation with a single BL motor at one wing
Suspension: almost perfect damping (see Fig. 1)

Speed and vibration vs Current
7000

Fig. 3.
Vertical vibration
versus motor
speed

6000

rpm

5000
4000
3000

rpm

2000

Acc z mVpp x0.1

Acceleration Acc
z:
1000 means
100mV
or 0.33g
acceleration

1000
0
0

1

2

3

4

BL Current A

Current: 0.25A
Acc z: about 40 mVpp

Current: 0.5A
Acc z: about 50 mVpp

Current: 0.75A
Acc z: about 60 mVpp
maximum amplitude

Current: 1.0A
Acc z: about 40 mVpp

Fig. 4. Measured acceleration at three axis x,y and z
Sensor: Freescale MMMA7260Q
Data logger: LabView NI USB 6008
Sensitivity: 300mV/g
Trace 0: z-axis blue (vertical); Trace 1: y-axis red; Trace 2: x-axis green
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4. Influence of the dampening method
With optimal damping
and Lipo 1.6Ah as damping
mass

Without damping
China board fixed firmly on the
X-frame
and with Lipo 1.6Ah as damping
mass

Without damping
China board fixed firmly on the
X-frame
without Lipo 1.6Ah
(The mass of the lipo show here
no effect)

Fig. 5. Gyro signal 0.2V/div and 10ms/div, BL-current 0.75 A, 3600 rpm
Noise Frequency 60 Hz (direct related to the first vibration mode of the motor)
These noise signals show the worst case:
Maximum sensitivity of the Gyro due to differentiation at 60 Hz at 3600 rpm
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5. Noise reduction with electronic countermeasure

Fig. 6. Standard Gyro mounted firmly on X-frame, with 1.6Ah Lipo as mass,
Only one wing equipped with a BL motor, with balanced propeller

Fig.7. Original maximum noise at 1.6 A
Osci: 0.2v/div, 10 msec/div

Fig. 8. Reduced noise by a 1010nF at
C5 at the output of the roll signal

Fig. 9. Frequency response of the Gyro electronics from 1 to 100 Hz
Simulation with C5 for 10nF, 510nF, 1010nF.
With 1010nF the upper cut-off frequency is still 16 Hz, ok for the X-UFO control
4

6. Current Measurements on X-UFO with 3 different RC-Transmitters
By accident it came out that the Graupner MX-12 delivers slightly jittering remote
control signals. The Jitter of the RC Signals can also be seen at the servo outputs of
the standard Graupner R700 receiver.
The following pictures show the current (0.5A/div, 20msec/div) of two BL motors with
Yaw function activated.

Fig. 10a
MX-12 Nr.1, CH 79T

Fig. 10b
MX-12 Nr.2, CH 79T

Fig. 10c
Silverlit 27.045 MHz

The differences seam not to be important, but are relevant in practice.
With the MX-12 Nr 2 (used up to now) the current variation is worse.

7. Conclusion
Four Turnigy motors 2204 are not ideal for a small X-UFO stabilized with a
mechanical gyro. BL running at 3600 rpm (giving a thrust of about 2.8N) produces a
noise on the gyro signals which is not acceptable.
Mechanical damping may give a damping factor of 2, but means lot of mechanical
hard ware modification on the X-UFO frame.
Electronic countermeasure (low-pass filter) gives a damping factor of 5 and is easy to
establish. The limitation of the angular velocity signal at 16 Hz might be ok for UFOs
with a weight of more than 400 grams, but this has not been checked in flight up to
now.
So far, not so bad: but there is a much more important problem:
There is a PWM jitter problem at low throttle if the yaw function is enabled.
This jitter is about 50us (at a PWM period of 680us). It depends also on the applied
remote control transmitter (MX-12, two different units or Silverlit Original transmitter)
The PWM drives the motors from 0 to 100% power.
With brushed motors this PWM jitter is a minor problem, but with Bl-motors the
current consumption is far from being stable at low throttle setting.
This means excessive power consumption
Thus, we come to the following conclusion:
The X-UFO with china board, Turnigy 2204 BL-motors and mechanical gyro makes
only sense for UFO in the 400 to 600 gram range.
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