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Introduction

The aim of this report is to provide in details about the experiment and findings of the damped motion on a plastic ruler attached with the accelerometer ADXL335 chip connected through the NI ELVIS Board by creating a program to run it and find it through the “LabView” program. The basic process is convert the voltage to acceleration to angle, we used various methods and operations inside the LabView with the help of MatLab program to read the oscillations and vibrations of the ruler with the accelerometer attached when its moving.
We concluded that the formula for the damped motion is the following: 
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Apparatus
In this project the equipment and programs we used are in the following:
· LabVIEW

· ADXL335 3-Axis Accelerometer

· NI ELVIS Board 
· Plastic ruler 
· Blue tack

· Wires

· MatLAB

Methods

Individual Tasks

Maryam AlHamar 

· the wiring part ( connecting the accelerometer to the National Instruments elvis board)

· changing the voltage -1g,0g and 1g offsets of the accelerometer chip for each axis (x,y, and z)

· creating indicators and clusters

· added the conversion formula to labVIEW

· converting angle from radian to degree

· added the “Write to Measurement file” so the user can save the reading data of each axis on and an excel file.

· Searching for a suitable matlab source on the internet to plot the graphs 

· Found out the theoretical formula of damping motion 

· Made a subvi for the project 

· Divided the report sections equally and revised Zainab’s parts of the report.

Zainab Ali: 

· Analyzing and checking the connections between Labview and the National Instruments elvis Board.

· Taking readings in labview of the voltage -1g, 0g and 1g offsets for each axis  (x,y and z)

· Found out the conversion formula (voltage to acceleration)

· Found out how to connect the conversion formula and the Attitude Indicator to get the angle measurements.   

· Added tab then inserted the graph and the attitude indicator inside it.

·  Searching for a suitable matlab source on the internet to plot the graphs

· Compared the theoretical formula with the experimental results 

· Divided the report sections equally and revised Maryam’s parts of the report
Programming
We started off by analyzing the datasheet for the ADXL335 accelerometer to understand its behavior and how it works. The wires were connected on the ELVIS board where 3 axis Accelerometer were connected on the block diagram for the main VI through the DAQ input in 3 terminals “ai0, ai1, ai2” from the ELVIS board and the DAQ output was set on 3V for voltage in the terminal “ao0” on the board. The input was wired on the block diagram to get through a formula to convert the voltage to acceleration in g-units. The formula that we found was [image: image5.png](V—0g offset)
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, where (a) stands for acceleration, offset is the typical voltage for the axis, sensitivity goes for the chip. The offset was found by using a table and measuring the values of -1g, 0g, and 1g, which in our program was [image: image6.png]


  (1.5) is the voltage for the z-axis when the acceleration is 0g, 0.3 is the sensitivity. We compared the values found with the ones in the datasheet to check if our method was right and it was. 3 numeric indicators were wired before and after the conversion of voltage to show the data for each axis, 2 graphs were also placed, one to show the axis in voltage, and the other one was for acceleration.
The Sub VI contains the formula to convert the acceleration to an angle coming from 3 inputs coming from the main VI for each axis x, y and z, that were calculated through the acceleration formula. The formula in the Sub VI for the angle is (arccos(a/g)) for the x-axis and the function is multiplied with (180/pi) to convert the angle from radians to degrees.  The y, and z axis had the (arcsin(a/g)) formula and it was also multiplied with (180/pi) to get the angle in degrees. All three were then connected to the attitude indicator in the Main VI. The Sub VI contained the formula for the angle conversion to locate the acceleration direction in the attitude indicator. 3 numeric indicators were added for each of the acceleration and the angle results and each 3 were put in a cluster and wired in the main VI.
Designing

Work design on the front panel for the main VI was 1 graph, 1 tab, 1 button, and 3 clusters, whereas the graph represents the voltage which shows all 3 axis readings as a line on the graph x(white), y(red) and z(green), and the tab had 2 windows, one with an acceleration graph that shows all 3 lines as well, the other one has the attitude indicator that has angle readings connected to it. The button goes for the data logging of the oscillations of the accelerometer to enable saving it in a LDVM file. Each cluster has 3 numeric indicators for the results for each of the x,y,z axis for the voltage, acceleration and angle. The saved readings were transferred to an excel file so that the MATLAB program can read it, we researched online to find code to do the graphing for the data of the oscillations with respect to time. We used the logarithmic decrement which was also researched online to plot the graph theoretically.
Results

Experimental
	X axis
	Y axis
	Z Axis

	-1g offset
	1.175 V
	-1g offset
	1.142 V
	-1g offset
	1.169 V

	0g offset
	1.50 V
	0g offset
	1.49 V
	0g offset
	1.51 V

	1g offset
	1.77 V
	1g offset
	1.7 V
	1g offset
	1.77 V


Equations used to convert the following:

Sensitivity= (Voltage of x axis in 1g offset – Voltage of x axis in -1g offset)/2

                 =   (1.77-1.175)/2 

                 = 0.2975 approximately = 0.3 V 

Offset (from Voltage to Acceleration)
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Angle measurements (Acceleration to Angle)
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Theoretical
The logarithmic decrement for the damping ratio formula:
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But we need to find the damping ratio δ through this equation:  
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δ represents the damping ratio, n represents the period, and a1 is the acceleration in the first period and an is the acceleration for the n. Then we need to find the time period which is found by [image: image14.png]T
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 so we can find the frequency in this formula:
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And this is how we found this connection for the acceleration:
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Comments
From the graphs that were plotted on matlab, you can notice that there are some differences between the theoretical and experimental findings. We can find that the frequency in the experimental is higher than the one in theory, as well as the amplitude where we can see that the amplitude in the experimental oscillations is not equal on the y axis, but it’s equal on the theoretical graph, in addition to the difference in duration of the oscillations on both graphs which shows that the experimental lasts longer than the theoretical, but in the end the errors are minor and the graphs are close to each other in the readings.
Conclusion

All in all, Labview was the main program used to run the experiment with the help of Matlab, to find the measurements for the accelerometer from the ELVIS board. The input data from the accelerometer of the 3 axis were converted from voltage to acceleration and to angle, having the readings shown for each axis through numeric, attitude, and graph indicators, in addition to an enable button to save logging data of the oscillations. Here where the matlab enters, which was used to plot a graph for the saved readings when the ruler flicked. We also used the logarithmic decrement equation to find the readings and plot its graph. Many errors have happened during the process, but in the end we overcame it and we were able to complete the program. To prevent having errors in the future, always check if the connections were identical on both sides, refer to the accelerometer datasheet to help understand its characteristics, and finally, make sure that the ELVIS board is switched off while connecting so the accelerometer won’t be damaged, and switched on when you are running the program.
Appendix
[image: image17.png][foe Formutaforthe conversion of the sccelration o sngle |

Dynamic Data n
“““ - Dynamic Datsout
Dynamic Dats 5 s
Sral B> Dynamic vato4
Dynamic Data
F Dynamic Data 3




 [image: image18.png][Formula for the conversion of
[voltege to sccelration (v-1.5)/0.3

[Button to enable saving.
ldata for the flicker

Enable Virbration Logging

[Inthis tab was added the attitude indicator in one window and the]
lother window has the acceleration graph





[image: image19.png]Accelerstion | Astude Inicator
cois Y
vois M
e s ||
= ok

0

0 o002 o004 006 008 01

Time.
Voltage
. . Acceleration
o o x z
o o
¥
o ¥
o

ois AN
yor: W
data zais [N
"o - 1
18
$174
- o !
e ol
o
147 D D D D g
%0 200m 4obm 6obm Enom 1000m
. o Time. d

Enable Virbration Logging




[image: image20.png]ANALOG
DEVICES

Small, Low Power, 3-Axis +3 g
Accelerometer

ADXL335

FEATURES

3-axis sensing
Small, low profile package

4mm x 4mm x 1.45 mm LFCSP
Low power : 350 pA (typical)
Single-supply operation: 1.8V to 3.6V
10,000 g shock survival
Excellent temperature stability

BW adjustment with a single capacitor per axis

RoHS/WEEE lead-free compliant
APPLICATIONS

Cost sensitive, low power, motion- and tilt-sensing

applications
Mobile devices

Gaming systems

Disk drive protection
Image stabilization
Sports and health devices

av
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ADXL335

‘GENERAL DESCRIPTION

‘The ADXL335 is a small, thin, low power, complete 3-axis accel-
erometer with signal conditioned voltage outputs. The product
‘measures acceleration with a minimun full-scale range of 3 g.
It can measure the static acceleration of gravity in ilt-sensing.
applications, as well as dynamic acceleration resulting from
‘motion, shock, or vibration.

‘The user selects the bandwidth of the accelerometer using the
Cx, Cr, and C:z capacitors at the Xour, Your, and Zour pins.
Bandwidths can be selected to suit the application, with a
range of 0.5 Hz to 1600 Hz for the X and Y axes, and a range
0f0.5 Hz to 550 Hz for the Z axis.

‘The ADXL335 is available in a small, low profile, 4 mm x
4mm x 1.45 mm, 16-lead, plastic lead frame chip scale package
(LFCSP_LQ).

FUNCTIONAL BLOCK DIAGRAM

ouTPuT AN

ouTPuT AN

ouTPuT AN

Fioure 1.





[image: image21.png]ADXL335

SPECIFICATIONS

T 25°C, Ve= 3V, Ge- G- G-
guarsateed. Typical specifictions are ot gusrameed.

1 acceleration =0 g uales therwise noted. All minimom and maximu specifications are

Table 1.
Parameter Condiions Wn T e [t
SERSOR NPT B

Messurement Range El—. ]

Nonlinearty SRl zcle 03 %

Package Algnment Error ) Degrees

Iterais Algnment Eor a1 Degrees

Crose i Sensiviy” = %
SERSTITY RATOVETRC)

Sensitity a X, Yor, Zor w w 3 [mvg

Sensitiy Change Due toTemperature” om0 src
7560 g BAS LEVEL (RATIOMETHC)

0gVolageat o, Your s s v

0gVoageatZar oo s v

09 Offet v Temperature = mgrc
WOSEPEFORMANCE

Noise Densiy Yo, Yaur 190 boniHzms

Noise Densiey Zur 0 boriHzrms
FREQUENCY RESFONSE"

Bandicth Xor, Yar* Noextemal fiker 1600 b

Bandwidth Zur* Noexemal fiter 0 He

R Tolerance 2s15% o

SensorResonant Frequency ss kit
Eg

LogecnputLow 0 v

LogicInput High 24 v

ST Actution Current ) A

Output Change 3t Xer SefTestOmsekTest1 [ 150 32 o0 [my

Output ChangeatYour SefTestOtselTest1 [ 4150 4325 w0 [my

Output ChangeatZa SefTestOtosekTest1 | 150 550 41000 | my.
GUTPUT AMPUFER

Output SwingLow Noload o v

Output SwingHigh Noload 28 v
FOWER SUPPLY

Operating Vltage Range. 15 s |v

SupplyCurren: ve=3v. 0 A

T On Time” o exteml fiter ' ms
TENPERATURE

Operatng Temperature Fange - s |

100 scouping beween sy o s
Sy sy oA 5

e v ot g T St s gt SOt 0 i e,

R i s ooy et 3P et P €, . .
A e A% 3 Koo 1003,

©Saratrapona cranges by winVe

T i epanain o . . o3 3pomE 160 0 1, Wt .G, e mrofaacs .

4. B 500Kz o1 . G- 101,





[image: image22.jpg]NATIONAL
IN.

STRUMENTS

8

CSssssnsnnns

.
"
"
.
.
.
"
.
.
E





[image: image23.jpg]



Bibliography

SparkFunRedboard. (n.d.). Retrieved June 7, 2015, from

https://www.sparkfun.com/datasheets/Components/SMD/adxl335.pdf
Logarithmic decrement. (n.d.). Retrieved June 8, 2015, from http://en.wikipedia.org/wiki/Logarithmic_decrement
Accelerometer Project Report





ENB5010





Bachelor of Engineering Technology





Course Title:





Engineering Computing Fundamentals








Maryam AlHamar – Zainab Ali 





201300270 - 201300423 





Mr.Conor Sheedy





8th June 2015





  8th June 2015








By submitting this assessment for marking, either electronically or as hard copy, I confirm the following:


This assignment is my own work


Any information used has been properly referenced.


I understand that a copy of my work may be used for moderation.


I have kept a copy of this assignment











14

