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ABSTRACT

This thesis presents on vibrations levels detected on bridge as a potential energy

source for any sensors. Monitoring the traffic and the structural health of bridge requires

numerous sensors. Powering these remote and partially embedded sensors from ambient

energies will reduce maintenance costs, and improve the sensor network performance. The

measurement results showed that the vibrations at any location on the bridge are too small

for useful vibrations harvesting. In contrast, the bridge edge features usable vibrations and

sufficient mounting space. For this application site, a robust piezoelectric vibrations harvester

was designed. The project has been conducted as in the following steps. First, survey any

local street to measure frequency. Second, analyze those frequencies to find the useful

vibrations levels. After that, use those frequencies to design energy harvester. Finally,

improve energy harvester for maximum performance.
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Materlal Safety Data Sheet (MSDS) PSI-5A4E Plezoceramic Material

Company Name: Piezo Systems, Inc.
Address: &5 Tower Office Park
Woburn, Massachusetis 01801 USA
information Telephone Number: {781) 8633-4850
Emergency Telephone Number: (781) 833-4743 (ask for Safety Director)

Identification:
Chemical Family: Ceramic Materials
Formula: _ Proprietary
Physical Data:
Form: Solid Caramic Material
Appearance: Yallow - White
Odor: None
Solubility in Water: Insoluble
Components:
Malerial Percent % CAS #
Lead Oxide 80-70 1306-60-0
Zircondum Oxide  20-25 1314-23-4
Titanium Oxide 10-16 13463-87-7
Lanthanum Oxkie 2-4 1312-81-8
Hazards/Reactivity:

Instability: This product is normally siable
Incompatibility: None
Polymerization: This product does not rormally polymerize significantly

Fire & Explogion Data:
Flash Point None; solid material

Fire & Explosion Hazards: None, nonflammable

Health Hazard Information:

The primary route of entry Is either by inhalation or ingestion. This material can be in the
form of a powder or solid. If inhaled or ingested the toxicology of lead predominates. This includes
the potential for damage to the kidnays, blood forming organs as well as the reproductiva system
and the nervous system. Ingestion can cause vomiting, diarhea, nausea and abdominal pain.
inhalation may cause irritation of the nose and throat, cough, dyspnea, chest pains, fever and chills.

PIEZO SYSTEMS, INC.  a/w/2008 MSDSPBLEAIE  Page-1
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Material Safety Data Sheet (MSDS) PSI-5A4E Piezoceramic Material

Acute lead poisoning can lead to a condition called acute encephalopathy, which may rapidly devel
op into seizures, coma and eventually death.

Exposure Limits:
Material Name: OSHA PEL (mg/im3) ACGIH TLV (mg/m3)
Lead 0.05 0.05
Zirconium 5.0 5.0
Titanium 15.0 (respirable dust) 10.0
Lanthanum 15.0 (respirable dust) 10.0

First Aid instructions:
Ingestion: If conscious, induce vomiting.
Inhalation: Remove to fresh air and if breathing is difficult give oxygen.
Skin Contact: Wash thoroughly.
Eye Contact: Flush with plenty of water for 15 minutes.
In all cases seek appropriate medical advice & treatment.

Personal Protection Information:

Respiratory Protection: Selection of a suitable respirator will depend on the properties of the conta-
minant(s} and their actual or expected air concentration(s) versus applicable limits. Consult ANSI
Standard Z88.2 for decision logic to select appropriate NIOSH/MSHA approved respirators. If respi-
rators are needed to meet applicable limits a respiratory protection program in accordance with
OSHA Standard 29 CFR 1910.134 is mandatory. This includes monitoring, selection, medical
approval, training, fit testing, inspection, maintenance, storage, etc.

Gloves: Gloves should be used when the possibility of skin contact exists. The suitability of a par-

ticular glove and glove material should be determined as part of an overall glove personal protection
program. Considerations should include chemical breakthrough time, permeation rate; abrasion, cut
and puncture resistance; and duration of contact, etc. Recommended glove material: Latex.

Other personal protection practices: Appropriate eye protection such as safety glasses should be
used where the possibility of eye contact exists. Protective outer clothing should be used where the
possibility of body contact exists. Contaminated work ciothing should not be allowed out of the
workplace. Smoking or the consumption of food or beverages should be prohibited where the mate-
rial is handled or stored. After handling this material wash hands thoroughly before leaving the work
area.

Additional Engineering Controls: Local exhaust ventilation is recommended where an airborne dust
or powder is generated. Work practices and training may be required depending on the exposure
level. Many of these points are discussed in the OSHA Respiratory Protection Standard (29 CFR
1910.134), the OSHA Hazard Communication Standard (28 CFR 1910.1200) and the OSHA Lead
Standard (29 CFR 910.1025).

FiEZO SYSTEMS, INC ~ 3/0/2006 MSDS/PSISA4E Page-2
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Materlal Safety Data Sheet (MSDS) PSI-5A4E Piezoceramic Material

Disposal Information:
Contaminated items: Empty product containers, contaminated clothing and cleaning materi-

als, etc. should be considered hazardous untit decontaminated or properly disposed of. Dispose of
waste in accordance with federal, state and local regulations. Typically defined as a hazardous
waste by EPA.

Storage information:
Store in tightly closed containers. Label with name of contents and hazard wamings.

Requiatory Information:
This material is listed on EPA's TSCA inventory. Lead is regulated under EPA's SARA

Regulations.

FIEZO SYSTEMS, INC ~ 3/3i2006 MSDSPSI-5A4E  Page3
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D50-2080 US8 Manual

DS0-2000 USE Manual

Certificate of Product Warranty

This product’s y. provided by our comp covers a period of 1 year
form the date of purchase. All faulty parts andlor fimctions, resulting despite
user’s normal use, will be repaired and/or replaced at no charge during the
‘warranty period.

However, if any of the malfimctions are caused by user care} inad

and product are fimctionmy to your requirements before relying caused on them
or the data that they generste. We do not accept responsibility for any loss or
injury caused by the use of the prodnct or software. Tt is the user’s responsibiliry
10 ensure that the product is suitsble for the user’s application.

We will pot be held [egally for any malfancrion resulting from user carelessness,

maintenance, of natural disaster, we will the provide repair and/or replacement
services for a fee regardless of warranty period.

In the event our product does not prove suitable for your application you can
retum the product for an exchange or refind To claim, the product must be
returmed in good condition within 14 days. Before retuming a product, please
contact and provide us a serial mumber. The customer is responsible for all
shipping costs.

Products covered by this warranty are limited to those that are registered at the
We headquarter or branch offices and repairs, replacements. or refimds will be
issued according fo mamnfacturer’s discretion. When in need of warmanty services,
the purchaser may visit ow headquarter or one of our sales offices with the

product or send the product with a detailed description of services required via

it use, andior panwal disaster. Even if we are in receipt of prior
notification of such dangers, we will not be held legally liable.

Product Warraaty Gaide
Please read through the “Precawsions for Safety” carefnlly to obtain a long and
safe use of this product.

procedures. Any malfunctions occurring during normal use are covered under the

postal service fo any of our sales offices (the purchaser will be responsible for
the supplier will retum the product to the purchaser (retum postage will be paid
by the supplier)

He , if we determined required services to be outside the boundaries of the
waranty coverage, we will first contact the purchaser and provide an estimate of
repair costs and obtain authorization to conduct services before any work is done.
In such a case, Tetum postage along with the repair costs will be billed to the
purchaser when the repaired product is retumed

We do not warrant that the software and the product with which it was supplied
are completely emor free or that will finction comectly in all operating
mﬁmhkmﬂm:m?mmﬂd\ﬂg'ddhm

puidelines of the “Certificate of Product Warranty™, which is incindad in this
Mamual,

If you experience product malfimction, plesse comtact our headquarters or any of
ou sales offices.
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Precautions for Safety

The Hlowing instructions are provided for safé and comect use of the product
and to prevent 2 ially d i or damage in advance. Be sure to
read through them before you use the prodnct.

¥ GangN

Recommended Usage Eavironment

®  The ambient tempersture and relstive humcidity should be 0—40C and
10-80% respective for the normal operation of the product.

Power Source

®  The USB terminal and DSO-2090 USE are connected via a USB csble for
DC +5V power from the PC. The product does not require an outside power
sowce.

‘Warning: Be careful not to input excessive power veltage

®  The product’s input power capacity is fived as shown below to prevent
electric shock andior fire. Please DO NOT wse toltage higher than that
prescribed below.
(Warning) Be sure to check the probe attenuation before measuring the
voltage. The voltage that is higher than the maximum input voltage can
canse damage o the device and you. In particular, there is the risk of
am dectric shock when measuring high voltage. So you meed to pay
extra attention not to have your hand touch the terminal

®  Please sliminate all wmsed peobes or testar leads so that they do not coma in
contact with surounding high volmge pans.

®  Make sure that the PC’s power source is grounded

DSO-200C USB Marwsa |

D50-2000 US8 Marmal

Handing Precantions

®  The probe grownd fead is st ground potential Do not connect the gromd
lead 10 2n elevased volmage. Connect the ground lead of the probe to earth
ground oaly.
If messuning the floating p ial we will rec the by
the differential motion method using CH1 and CH2.

® Do not connect or disconnect the product with the probe or test lead which
s connecred 10 3 Toltxge sowoe.

® Do not attempt to operate the prodnct at the sinmtion that a risk of
dysfumction or shock expected to happen.

®  Swp using the product inwmediaely when you notice something wmsual
about the smell. smocke or sound.
And then remove the USB coanection form your computer,

8 Epop the product out of the reach of children or these who cannot be trusted
with the nse.
Do not use the product with your hands wet_ J can csuse sn electric shock

® Do not ry the product for the purposes other than those stated

Usage Location

@ If the producrs crevice is exposed to electric conductars (solids or liquids),
the product will short circuit and possibly create danwers of electric shock or

® DO NOT use this product mear gas as well as other flammable andior
explosive materials,

®  Store the product where direct sunlight can’t reach.

® DO NOT use the product where it's dirty, other machines are operated o
there is a high level of electromagnetic waves.

® DONOT piace the product on an mstable cart, stand, or tripod. Such usage
Creates the dangers of accident snd/or damage to procuct.

4

DS0-2000 USB Marwua !

Afsintemance and Storage

®  Ifnotusing it for a long term, remove the USB cable from the product.

®  The mcommended temperature and hamidity for equipment storage is 25T
at 50% bomidity.

After Service

@  There are no parts that You can replace inside the product Do Dot amempt
replacing a part yourself I can give you an elecmic shock.

® Do not attempt to open the case or 7epair yourself It can cause an electric
shock or other safety accidents.

®  Once you open the case, you cannot have the privilege of mm after-sales
SETVICE.

Alinimum $ystem Requirements

To install and run DSO-2090 USB, you should have the following.

Operating System

‘Windows 983 E2000XP/VISTA

AMemory

128)Mbyze

Graphic Card

Microsoft DirectX supported

Color depth: 16bit

w

Hardware Specification

Toput

Max sample rate | Realtime sampling: 100MS-s using one channel,
50MS:'s using two chammels

Channels 2

Bandwidth 40MHz analog bandwidth

Vertical 8 bite/channel

Tesohuion

Gain range 10mV ~ 5V7div @ x1 probe(l 0oV, 20mV, 50mV,

100mV, 200mV, 500mV, IV, 2V, $Widivl, 2,5 sequence)
1001V ~ 50V/div @ x10 probe
1V ~ 500Vidiv 4 x100 probe
10V ~ SKVidiv @) x1000 probe

Range 8 divisioas

Offser level +/~4 divisions

Coupling AC,DC

Offses 0.02 div

increments

Irpedance 1M olm

DC accuracy +-3%

Input protection | 350k (DC + peak AC < 10 k¥z, without extemal
attenuation)

Display Mode | Y-T,X-Y

Timebase i

Timebase mnge | 4osdiv  ~ Ih/div(4ns, 10ns, 20ms, 40ns, 100ms, 200ns,
400ns, lus, Jus, 4us, 10us, 20us, 40us, 100us, 200us,
400us, Tms, 2ms, 4ms, 10ms, 20ms, 40us, 100ms, 200ms,
400ms, 15,25, 45, 105,205,405, 10m 20m 40m. 1h /div

6



PSD-0000: 1355 Mandial DS0-2000 USE Marusa!
| Dimensions | 187x100x 33mm) | -

You can change DSQ-2090 USB screen size as vou need.
Introduction R

‘Various data format processing

D50-2090 USB can save waveform in the following formats: text file,
DSO-2090 USB developed by our company. is a portable PC-based jpg’bmp graphic file, MS excel/word file.
High performance Software Installation

DSO-1090 USB has the following feanwes: 40MHz analog
bandwidth 100MHz resl-time sampling.

1. While in Windows, incert the installation CD into the CD-ROM drive.

2. The mstallasion should start up sutomatically. Otherwise in Windows Explorer,

L switch 1o the CD-ROM drive and rum * Setup. exe™,

D50-2090 USB uses USB that supports plug’n play, with
12Mbp communication speed.

P20 R HSANVE 00 & i lonem

iisirng War Innelthar Wizes

Best performance for your dollar

DSO-2050 USB has mumy feanures thar are comparable to the
high speed stand-alone DSOs. But it costs a fraction of the
price.

3. The D50-2090 USB Insmallation is started. Click "Nexr’ 10 continue.

No external power required

DS0-2090 USB does not need an exsesnal power source,
because it is bus-powered from US3

Easy to mse

4. Choosa 2 destinanion directory. Click Nexr' to consinue.
DSO-2090 USB is easy to use. It is intuitive and easy to understand.

D50-2000 USB Manual

DS0-2000 USB Manual

[ Sk

1, i

5. Check the setup information. Click Next to start copving of files. Hardware Setup

1. Coanect the A-Type Piug of USB cable %o your PC'S USB pont.

7. Updating Your System Configumation

3. New hardware is found.

i
i ﬂ g Spito G, Frin ot
E % >

8 The installation is coroplere.
10 11
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4. New hardware search wizard stars.
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8. New hardware is found.

i) foundNew Hardware %
[5-209) LISB DRI YER 2

T e e v
i ot

R L STT R —
ol ey e e e
i e e T

terih e sy i g Mmcamn .
s DA S

wizard

10. Mew hardware search wizard starts to seach.
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Sefup DSO-2090 USB.inf under windows 2000

When DSO-2090USB inf file is not detected amomatically, you see the
following dislog box.
In this case you must install DSO-2090 USB.inf file mamally.
1. Choose 'Search for 3 suitsble dnver for mmy device’ button. Click Next 1o
continue.
2. Specify a location Click Next to continue.
3. The DSO-2090 USB.inf file is locared in DSO-2000 USB CD-ROM roat
directory. Specify the location by eitber ensering or browsing.
4. DS0-2090 USB.inf file is detected suomarically. Click Next to continue
3. Click Finish.

Probe Calibration

DS0-2090 USB Calibration

1. When magufacnzed, DSO-2000 USB is calibrated mamnaily 1o obtain
‘murcinmm performance.

2. ¥ou may calibrate DSO-2000 USB 5 or 6 manths after purchase.

Probe Compensation

1. You muest use a probe with maore than 40MHz bandwidth to get undistorted.
signal.

2. Probe should be compensated whenever it is connected for the first time.
3. Connect calibratioa signal o channel 1, then push AUTOSET

4. Check the shape of the displayed waveform.

5. Adjust the prcbe until the displayed wavelorm is compensated.

16 17
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Abstract
This paper presents on vibration levels detecied on bridge as a potential energy scurce for
ary sensofs. Monitorng the waffic and the structuml health of bridge requires rumerous sensors.
FPoweering these remote ard partislly ermbedded sensars from amblent erergies witl reduce
rairtenance oosts, and improve the sensor network performance. The measurement results showed
that the wibwations &t any location on the bridse are too grall for useful witeation hareesting. In

contrast, the bidge edpe featurss usable vihrations and sufficient mounting space. Fog this

application

site, a rabust piernelectriz vibeation hareester was desigred.
Keywords: bridee, vibwation, energy harvesting ard Piercelectric
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