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INTRODUCTION

Smart phones have many MEMS sensors inside them
including, accelerometers, microphones, cameras,
gyroscopes, temperature, humidity, magnetic field
sensors and more. Apps can be obtained that will output

these sensor signals..
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APPS — FOR ANDROID 0S

Andro Sensor — free
Location, Accelerometer, Light Level, Magnetic field,
Orientation, Proximity, Battery Status and Sound Level.
Sensor kinetics — free
Accelerometer, Gyroscope, Magnetic Field, Temperature,
Humidity, Proximity, Light and Pressure.
Wift1 analyzer — free
signal strength vs wifi channels
FrequeSee — free
dB versus Frequency
Speed Gun
uses camera to detect speed
Many More......
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INTRODUCTION TO ACCELEROMETERS

Acceleration (a) 1s the term given to
the condition where an object
experiences a change in velocity (v).
Objects of mass (m) experience a
force (F) equal to m times a. (F =ma)
Earths gravity exerts an acceleration
on objects creating a force. The
acceleration due to gravity (g) has
been found to be 9.8m/s? .
Acceleration, velocity and position (X)
of objects are related by the following
equation:

___a=dv/dt=d*x/dt?
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Acceleration
Earths Gravity 1g
Standing on the moon 0.16g
Passenger Car in a Turn | 2g
Indy Car in a Turn 3g
Bobsled in a Turn Sg
Human 7g
Unconsciousness
Human Death S0g
Car Crash Survival 100g
Mechanical Watch 5,000g
Electronics in Artillery | 15,000g
Haldron Collider 1.9E8¢g

, © March 1,2013 Dr. Lynn Fuller =

Page 4




INTRODUCTION TO ACCELEROMETERS

An accelerometer 1s a sensor that can be used to measure
acceleration. These sensors are used in systems for car air bag
deployment, tilt sensing, and motion control. Most accelerometers
are sensors that measure the force on a known mass (proof mass).
The proof mass 1s supported by a spring, of spring constant (k), that
will create a force equal and opposite to the force due to
acceleration. The position 1s measured in response to changes in
acceleration. There is also a friction or damping force.

anchor

F=ma
F =kx
m d2x/dt? = kx
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ACCELEROMETER EXAMPLE

Place your smart phone flat on a table. The x
and y accelerometer outputs should read near
zero, the z output should read near 9.8 m/s?, the
acceleration due to gravity.

Stand the phone upright on its bottom edge.
The x and z outputs should read near zero, the y
output should read near 9.8 m/s?.

Stand the phone upright on its left edge. The y
and z outputs should read near zero, the x output
should read near 9.8 m/s?.

Stand the phone upright on its right edge. The y
and z outputs should read near zero, the x output
should read near -9.8 m/s.

MrThhEDELIE

“ﬁ_/ Sensor Kinetics 'S 2

X=10.199
4 Y=1.439
2=-24.419

Rate:FASTEST
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ACCELEROMETER EXAMPLE

Place your phone at a ~ 45 degree angle. Record the magnltude of
the Ax, Ay, and Az acceleration vector. —

Calculate the acceleration, A, using the following equation.

A=\J(Ax2+ Ay? + Az?)

The acceleration on a stationary
object is the acceleration due to gravity, 9.8 m/s?.

Type: LIS3DH

Mfr: STMicroelectronics Ver: 1
Power Consumption: 0.01TmA
Resolution: 0.020 Range: 39.227
Min Delay: 10000 ps

98Hz m/s?2

Rochester Institu X=0.4511

Microelecironic HACIGAR.A S V=7 2961
Z=6.7274
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ACCELEROMETER EXAMPLE \

Set up your phone to give a plot of the Ax, Ay and Az output versus
time. The vector sum of Ax, Ay and Az should equal
~ 9.8 m/s? at all times as you slowly rotate

the phone in any direction. tEOE L A
/[ Accelerometer 5 E
Kinetics .

Calculate A at 24 seconds Accelerometer Halted

Calculate A at 30 seconds

o
)

W

—~—

£
'

acceleration
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THE CANTILEVER BEAM

A cantilever beam (spring) with a mass (m) at the free end.

L = length of beam

b = width of beam

h = thickness of beam

= maximum deflection

Ymax
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EQUATIONS FOR CANTILEVER BEAM

The maximum deflection at the free end of the cantilever is
Ymax = F L3/3EI
where E = Youngs Modulus
and I = bh3/12, moment of inertia
and F = ma

The resonant frequency (f)) of the cantilever beam is
f,=1/27 {3EI/ (L*(m+0.236my)}->
where mg 1s the beam mass and m is end mass
and E is Young’s Modulus for beam material

Mechanics of Materials, by Ferdinand P. Beer,

E. Russell Johnston, Jr., McGraw-Hill Book Co.1981
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EQUATIONS FOR CANTILEVER BEAM

We can write an expression for the position of the end of the
cantilever beam after deflecting the beam by Ao and releasing.

X(t)=-Ao0 cos (2 1 ft)

Taking the second derivative we write an expression for the
acceleration experienced at the end of the beam on the test fixture.

a= d?X(t)/dt* = Ao (2 ® f)> cos (2 1 f,,t)

Rochester Institute of Technology
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ACCELEROMETER EXAMPLE \

Set up your phone on a cantilever beam similar to the one shown.
Using the equations shown above calculate the resonant frequency of
the beam with your phone setting near the end of the cantilever. Set
the beam 1n oscillation by pressing down on the end of the beam
~15mm and releasing, record the acceleration versus time. Extract
Ymax, resonant frequency and maximum acceleration and compare to
the calculated value.
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MEASUREMENT OF YMAX AND fo

Movie

Record xyz acceleration versus
time and extract resonant frequency

Ymax =39 — 14 = 25mm
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CANTILEVER BEAM CALCULATIONS

Example: Wood Beam h=5mm thick, B=36mm wide, L=0.56 meters long, Youngs
Modulus, E= ~7.5 GPa, Wood density D = ~ 1.0 gm/cm3
phone mass is 126 gm, Ao = 15 mm

Calculated Ymax: Vi = (0-126Kg)(9.8m/52)0.56m)3

F=ma I=bh3/12 Ymax =.0253 m =25.3 mm

Calculated Resonant Frequency:

fo=1/2n {3EI/ (L’(m+0.236mg) }* 3(7.5E9Ke m/s/m2)(.036m(.006
m=.126 Kg fo=0.159{( (7.5E9Kg m/s*/m=)(.036m(.006m

0.56)3(m +0.236 mb
mb =D eVolume=0.097Kg fo = 3.05 hy ( )(m mb)
Calculated Max Acceleration:
e Ao (EC; ?%zlon a=0.015(2 (3.14)3.05)> m/s>
Ve \\ ! a=5.5 m/s?above or below 9.8 m/s?
Rochester Institute of Technology

=

Ymax = F L.3/3E] 3(7.5E9 Kg m/s*/m?)(.036m(.005m)3)/12)

0.5
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CANTILEVER BEAM MEASUREMENTS

MTDOE®E ¥ 31
W Accelerometer

Measured Ymax:
Ymax =25 mm

Measured Resonant Frequency:
fo= 6.5 cycles/2 sec =3.25 hz

o
)

W
—~
=

Measured Max Acceleration:
Ao = ~ 5 m/s? above and below

9.8 m/s?

acceleration -
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RESULTS

A comparison of the theoretical and measured values are shown below. The value
for Young’s modulus 1s approximate and if a different value is assumed the
theoretical results will be different. The 7.5GPa is in the range given for
various wood types.

Y max 25.3 mm 25 mm
fo 3.05hz 3.25hz
Max Acceleration 5.50 m/s? 5 m/s?

Rochester Institute of Technology
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HOMEWORK - SMART PHONE SENSORS

1. Use your smart phone to investigate MEMS devices and sensors.
Repeat all the examples in this document with your phone.

2. Create an experiment (different from the ones in this document)
based on one selected MEMS device in your smart phone. You are
to write a technical document that includes an experimental
procedure and your results. The experiment should use mathematics
to theoretically predict the sensor output. Measure something and
compare your results with theoretical.

(If you do not have a smart phone do a literature search on using
smart phones for sensing, measurements and diagnostics. Write a
one page summary of what you have learned. Attached a paper copy
of your main reference)

—
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EXAMPLE FROM THE LITERATURE
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