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Abstract
In this experiment I tried to examine the disc brake and tried to find the resonance frequency of the disc brake using the PolyTec Scanning Laser Doppler Vibrometer PSV-200 to monitor and determine the resonant frequency modes and shapes of the disc brake. The disc brake mounted on the fixed bench wise and used solenoid actuator driven from the LDV function generator excitation for produce vibrations in the disc brake. The distance between the disc brake and the scanning head is 110 cm (about 3.61 ft) fixed throughout the experiment. In this course I studied 7 different frequencies which are measured by the LDV. The highest displacement is found in the frequency of 221.875 Hz. In this frequency the displacement rate of the vibrating surface is 2.8 mm/s. So, we can say that 221.875 Hz is the resonance frequency for this disk brake in this specific set up. Working on this frequency have maximum possibilities to failure the brake.
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1. Introduction
To study vibrations are especially important in every field like biology, medical and health care, acoustic, automobile development, aerospace engineering, data storage, material research, mechanical engineering and civil engineering, production testing to understand effect of vibration on subject. This task is done with the help of vibrometer.
In the field of industrial research and development, vibrometer are used to study objects of very different sizes including large automobiles bodies, ships, and plane engines to small objects like electronics and data hard drives.
Demanding tasks such as automotive parts and bodies vibration measured by laser doppler vibrometer. This method is very precious and used optical transducer to measure displacement and velocity at a point by frequency shift and phase variation of back scattered laser beam from vibrating object.
1.1 Working principle
Laser Doppler Vibrometer (LDV) is working on principle of Doppler Effect. When a laser beam is traveled towards vibrating or say moving object which we want to examine, laser beam will reflect by this object. Due to the subject vibrating, the frequency of reflected beam will be change due to displacement of the object. This induced beam is linearly proportional to the velocity component in the laser beam direction. In this way we can established a linear connection between laser beam frequency and velocity values. But the frequency of the reflected laser beam is very small compared to the laser fundamental frequency, typically 1 part out of 108. So, the only way to eliminate such a small quantity is to use interferometer, which combines high frequency to the measured frequency. 
[image: ]
Figure 1: Working principle of Laser Doppler Vibrometer

The laser light from the laser source split into reference beam and measured beam by the beam splitter 1. Then measured beam from beam splitter 1 passes through beam splitter 2 and finally through focal lens and impact on the vibrating surface. After impacting, this reflected beam passes through beam splitter 2, where it diverts the beam to the beam splitter 3. Beam splitter 3 combine measured beam with reference beam and finally passes through photo detector where optical signal converts into electrical signal. Vibrometer usually used He-Ne lasers, so we have doppler shift frequency about 3.18 kHz for each mm/s. The output signal at the operational amplifier is given by equation (1),
……………. (1)
where A is the amplitude of the laser beam.
We also know that frequency of the reflected beam is directly proportional to the displacement rate or velocity of vibrating surface. So, the wave’s measured frequency shift can be expressed by the question (2).
…................... (2)
Where, v is velocity of object,
  is wavelength of emitted wave.
By substituting (2) into (1) we have s(t) as the frequency function (in the terms of ). By calculating further, we measure velocity. The velocity of the vibrating object can be determined by measuring the frequency shift at a known wavelength.
Most scanning laser doppler vibrometer have maximum velocity of 10 m/s with highest frequency limit 20 kHz, a resolution of 1 µm/s and a base accuracy of 1-2% of RMS reading. Laser power is less than 1mW, so it is not very harmful. Even with such a small amount of power we can scan tens of meters with 1 mm resolution. All this software is computer based so it is easy to transfer and record. 
The significant limitation of laser doppler vibrometer is that it can only measure the response at one point at a time. For the small size object, it will be considerable but for the very large components like automobile bodies, ships engines, plane parts, buildings it will take much longer to scan. So, for the large size bodies components this method is time consuming. The other limitation of the LDV is that the shining surface may be less accurate because the shining surface spreads the laser beam and gives bed reflection of the laser beam. 

2. Experiment set-up
A typical experimental set up and main components for the Laser Doppler Vibrometer (LDV) PSV is shown below in figure (1). 
[image: ]Figure 1: Data measuring equipment set up
· An Excitation will produce vibrations in the object which we want to examine.
· The measuring beam from the interferometer in the scanning head is positioned on the object through mirrors and it reflects to the scanning head.
· The backscattered laser beam will interfere with reference light beam in the scanning head. 
· A photo decoder will record the interference.
· The decoder in the controller will generate voltage which is proportional to the velocity of the vibrating object.
· The voltage is then digitized and converted into signal form and shown on the screen.
In this experiment I tried to examine the disc brake and found the resonance frequency of the disc brake using the PolyTec Scanning Laser Doppler Vibrometer PSV-200 to monitor and determine the resonant frequency modes and shapes of the disc brake. The disc brake mounted on the fixed bench wise and used solenoid actuator driven from the LDV function generator excitation for produce vibrations in the disc brake. The distance between the disc brake and the scanning head is 110 cm (about 3.61 ft) fixed throughout the experiment. An experiment disc brake and solenoid actuator are set up as shown in Figure 2.
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Figure 2: Experimental Set up of disk brake and solenoid actuator
In this experiment the actuator gives periodic jerks to the brake and the brake will vibrate. The laser scanning system generates a laser light beam and hits the front surface of the brake. A brake reflects the laser light beam and records on the interferometer in the laser scanning device. Interferometers generate voltage proportional to the velocity and displacement of the disk brake and decode this signal into digital signal. The output of this experiment is a displacement v/s frequency graph which gives visual effect as well as graphical presentation.



3. Methodology
This experiment used two different software namely PSV Acquisition and PSV presentation. PAV acquisition is used to set up the exam like set up the laser, object set up, excitation on off. On the other hand, PSV presentation allows us to present the analysis on the base of data which acquired from the Acquisition software. This software shows graphical and animation presentation.
To perform this experiment there are five steps through which we need to pass.
· Acquisition setting
· 2D alignment
· Grid definition 
· Assign focus values
· measurement
An experiment started with Acquisition software. First, I needed to set the acquisition setting. 
In acquisition setting, I only needed to change in general. I used FFT measurement mode so that I can get results in form of frequencies. In averaging box, I chose magnitude because we were only interested in this experiment is displacement of the disk during vibration. I used an average number as 3, which is minimum. I could choose a number higher than 3 but it will take more time to scan. So, I chose 3. Remeasure box was ticked ON, which helps software to increase average point values if signal is not strong enough. All other remaining setting sections are same as inbuilt and no needed to any changes.
The second step is to set up 2D alignment. I chose 6 2D alignment points at same distance on the disk. This is the point where we want to scan 2D LDV scan.
The third step is defining component surface scan points. I chose the pattern as shown in figure 3.
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Figure 3: Surface scan points selection
The fourth step is to start actuator. An actuator continuously jerks to the disk brake and brake vibrates. At same time, laser scans the defining points and measure values of the objects like displacement and/or velocity whatever we interested in and finally plots the displacement rate into graph. After completing the scanning process data will Analise in the PSV analyzing software.
Next step is to open the data in the analyzer. Where we choose the different frequencies based on peaks and through bandwidth. Analyzer represents this data into graphical as well as 3D animation representations. Analyzer allows to simulate all the Singal data. 

4. Results
In this experiment I measured 7 frequencies which are more significant and can impact the disk brake. The minimum frequency which I measured is 87.5 Hz and the maximum frequency that I measured during the experiment is 3375 Hz. In this experiment we used FFT (Fast Fourier Transform) domain which computes time and converts into frequency domain.
[image: ]
Table 1: Measured frequencies
In the graph (1), there are 7 picks values for frequency which I selected.
[image: ]Graph 1: Selection of frequencies
The following graph represents the frequency (Hz) v/s displacement rate or velocity of vibration (µm/s) of the disk brake.
[image: ]Graph 2: Frequency (Hz) v/s Velocity (µm/s)
As shown in graph 2, the maximum average magnitude of the vibration is at the 2nd frequency range which is 221.875 Hz. At this specific frequency, the average displacement rate is about 340 µm. So, we can say that at 221.875 Hz frequency with bandwidth 96.875 is the resonance frequency for the disk brake in this experimental condition and set-up. The disk brake will vibrate more at this frequency and set up and there is more probability of the failure of the brake. All other measured data and animation of brake for all frequencies at specific points are demonstrated further in the following.


[image: ]
Figure 3: Maximum displacement of point at frequency 1
As a colored graphical representation of the displacement on the disk, I am interested in dark red and dark blue zone where the displacement rate of the vibration is significant. A point as shown in figure 3 is the point which has maximum displacement at 87.5 Hz frequency which is about 380 µm. On the other hand, the point which is located at the excitation is minimum displace as shown in figure 4. Figure 5 illustrates the 3D amination visualization of disk brake under frequency 1.
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Figure 4: Minimum displacement of point at frequency 1

[image: ]
Figure 5: Animation of disk displacement at frequency 1

As shown in figure 6, the highlighted point is vibrating with maximum magnitude which is approximately 2.8 mm (about 0.11 in). It is also notable that maximum and minimum magnitude points change in all frequencies. On the other hand, the minimum displacement point is located at the bottom side where we fix the disk. The minimum displacement during this frequency is nearly 340. 
[image: ]
Figure 6: Maximum displacement of point at frequency 2

[image: ]
Figure 7: Minimum displacement of point at frequency 2
Visual demonstration of the disk brake displacement during this frequency is shown in figure 8.
[image: ]
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Figure 8: Animation of disk displacement in frequency 2


The displacement distribution is shown in figure 9 for frequency 3 which is 725 Hz. There are not any significant changes in this range.
[image: ]
Figure 9: Displacement of point at frequency 3

The displacement distribution is shown in figure 10 for frequency 4 which is 1.778125 kHz. This time the maximum displacement point is at excitation where actuator jerks the disk. Maximum displacement in this frequency range is about 1.4 mm/s.
[image: ]
Figure 10: Displacement of point at frequency 4


There are no significant changes in this frequency domain.


There are no significant changes in this frequency domain.

In the last frequency domain, which is 3.375 kHz, the displacement distribution is demonstrated in figures 11 and 12. In this domain, the maximum displacement occurs at the bottom point of the disk where it is fixed as highlighted in figure 11. While minimum displacement occurs at the top free point of the disk as shown in figure 12.
[image: ]
Figure 11: Maximum displacement of point at frequency 7

[image: ]
Figure 12: Minimum displacement of point at frequency 7




5. References
1. https://www.azosensors.com/article.aspx?ArticleID=717
2. Laser Doppler Vibrometer, Polytec user guide.
3. http://www.science4heritage.org/COSTG7/booklet/chapters/ldv.htm#3.3.3

2 | Page

image1.png
Prifysgol Cymru

X'::.q Y Drindod Dewi Sant
§ %

University of Wales
Trinity Saint David




image2.jpg
BeAM SPUTTER |





image3.jpeg
Function generator———

Reference channel

Scanning head

Vibrating object

==-
Junction box way — o )
SE

= W

Controller Lis D & s

el || F==3
e =+

9
.'~=
PC 5 s





image4.jpeg




image5.jpeg




image6.jpg
Bi.i N 5=204375kHz ~

ﬁZ’X





image7.jpg
[B File Edit View Setup Presentation Analyzer Profle Animation Macro Window Help -8 x
h- 06 %%%X O ke vEET 6N
4 = 2.04375 kHz - 1‘-7 Q&«t»-

A2 > 4138343 X ¥ 7

Domain FFT Band 4 2.04375 kHz
Signal L Angle (1050 ===
Vib Velocity Ditection
Inst. Value
um/s Frequency Band Definition - Sc2109787b. x
- . LT LK IR !
0 50 No. Start End Peak Bandwndth Unit | #

Components 46.875 128125

oot Component 181.25 278.125

675 775 725 100| Hz

1987.5| 2115.625 204375 128125 Hz

2471.875 2621.875

i
2
S
74 1703.125 1840.625 1778.125 137.5| Hz
5|
6|
7

Width 93.8 Hz

3334.375 3428125 75| Hz
I
Vib Velocity
Index 1
Band 7 3375 Hz
w Start 33344 Hz
£
2 End 3428.1 Hz
o
3
2
E
B
=

2000 3000
Frequency [ Hz

g v

For Help, press F1 FFT AvgMag 3 20 kHz 6400 320 ms 3.125 Hz VD-03 100 mm/s/\V





image8.jpg
NS LI QR bl

300

200

Magnitude [ um/s ]

100

g 1 ———
1000 2000 3000
Frequency [ Hz]

4000





image9.png
Domain

Signal

Inst. Value

Components

FFT

Vib Velocity

um/s

200 400

Root Component

300;

200y

Magnitude [ um/s ]

100y

1000

2000
Ereatiencvy TH7 1

3000





image10.png
ASRER A I NS ]

SIS YL

H.- oe- A - pp- B30 M N 1-875Hz
Domain FFT
Signal L
Vib Velocity zZ X

Inst. Value

um/s
o
400200 200 400
Components

[¥/Root Component

ove23 e NI AL AL I B - QR b [ 4k

g

a
g
8

5

Magnitude [ pm/s |

N

1000

2000
Frequency [ Hz]

3000





image11.jpg
> oAb 38343 X v 7

(- oe-*2-~N-Rh- B L] AN 1=875Hz

Domain FFT
Signal

Vib Velocity
Inst. Value

um/s

_— -
400 200 0 20 40
Components

Root Component

e

%





image12.png
Domain FFT

Signal
Vib Velocity
Inst. Value
mm/s
- .
1
Components
[V|Root Component

o - NN

MNAIS X

i
1%

=

Magnitude [ mm/s ]

Eﬁ
F

1000 2000 3000
Frequency [Hz]




image13.png
B- oe-*5-A-8y- B-0|M N 2-218751 - F- R[S QR 4 e A

UMW ERENE NS a4

Domain FFT
Signal

Vib Velocity
Inst. Value

mm/s
-
SRR S I S
Components
[VIRoot Component

i

7%

—y -
oo i A Mo INDAAL IS B - QR 4 [H Y
3
S
Eg‘l
d A

1000

2000
Bt P11

3000




image14.jpg
- oe-*2-~ -8 Emg N 2-221875Hz - F - ,NWQMEGA? 2P 13833 X Y 2

Domain FFT

Signal 2
Vi
Vib Velocity
Inst. Value
mm/s
-1 0 1
Components

[VIRoot Component





image15.jpg
‘S—W. N 2=-221875Hz - B - k@Qﬁmaq A2lr d P 138313 X Y Z

= ol
W L E o s (83 1L





image16.png
Yoo B0\ A -7 o B [R|OQRbECAC > db 131343 X (7

- oe-28- -

Domain FFT
Signal f’__
Vib Velocity Z X
Inst. Value
/s
|
20 0 2
Components
[¥IRoot Component

oo o NI LN B QB LAY

800;

Magnityde [im/s]
8

1000 2000 3000
Frequency [ Hz]




image17.png
DO & »8E X O RO $ESI ON el
Ev0‘-’:-N-%vaMLA:LUHZSkH.' F-R[QQRbac A > AP 131343 X ¥ Z

Domain FFT

Signal L
Vib Velocity Z X
Inst. Value
um/s

40 20 0 20

Components
[¥IRoot Component

oo 78 A e LI A B o QR (334

(=]
g

Magnitude [ mm/s ]

o] J}lj
3000

1000 2000
Frequency [ Hz]





image18.png
B o028 A Bo: B[0[M A 7=335ke o) B NOQR b A P AP t31343 X ¥ 2

Domain FFT
Signal
. i tZ‘ X
Vib Velocity
Inst. Value
m/s

4 5 0o 5 10
Components.

[VIRoot Component

o2t ANl AL AL IS B - QR 4 13 4

15
£
£ 1
3
2
£
g
=

0.

0,

200 400 600
Frequency [Hz ]




image19.png
chow B imEX OO ®BETONS o
Bl i Ao B0 N7 =335k o B NS QR i A2 b b 1383430
Domain FFT
Signal

i . EZ’x

ib Velocity
Inst. Value

um/s
E 10T 5 B ) ST O
Components
[VIRoot Component

ooz Ay - [INILA AV IS B - QR 13 4

400

o
S
S

Magnitude [ pm/s ]

200 400
Frequency [ Hz ]





