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ABSTRACT

This research reports on energy harvesting from the environment from
piezoelectric vibrations. The aim of this project is to design the piezoelectric energy
harvesters to harvest wind energy. This research involving producing electricity from
low speed wind aims to create small-scale generator. Piezoelectric PVDF material; a
type of material transfers even less vibration to elect.ricity is designed to stick with
different form of PVC sheet. Width, Length, Depth of PVC sheet causes different
frequency and amplitude of voltage as well. Due to PVC sheet with PVDF, vibration
occurs when wind blows through. This research might be alternative energy in the

future.

Keyword : energy harvesting, piezo PVDF, wind type generator, power management circuit
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g‘dﬁ 2.8 N3 Poling of Piezoelectric Ceramics [6]
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D=dE+ £'E (1)
E =sE+dE )

e D= iBEJSU’i:,"\}iLﬂgEJU‘ﬁ’ (Electric Displacement)

T = auLAu (Stress)

E = aunulwh (Electric Field)

S = A1LA3ER(Strain)

d = Aasiiweuilele (Piezoelectric Coefficient)

& = mpaiiladidnn3n (Dielectric Constant)

s = AmasTagdild (Material Compliance

raaeladiinvinesifemutuaulwihilAnainusadu enmendeuluglves
wssiunien ¢ Imheaduladdelfunenisiuuns dsauns

__ Open Circuit Eletric Field

AN Applied Machanical Stress

& 2 1 da o o ¢d v w o &
FeA1 ¢ (Wuanfimnuduiusinendestu d fad

g:

e & = mmrwdumy (Permittivity)

& = Aasiinasanslainein (Relative Permittivity)

g = AANNTNYIVANYSal (Permittivity In free space =8.854 x10-12 F/m)

daumauannsaunsUisund i dundnuna sdelumandufueadle
TaBidnv3n(Piezoelectric Coupling Factor) sl

K = Energy Output
"~/ Total Machanical Energy Input

Farn K Uy szdunausingmsalvenileladidnn3nit navanssuaznanmsdourisasansdl
wazAIUB4 k dulzdellinnioend 1 waue
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2 (1 2 ( 1 2 -
wld AFS = LEmv2 + mgh, | — 5 Mvi + mgh,
A (PA)S = Emvz2 + mgh,| — Emvf + mgh,

1 | [1
APy = [ (ov)v} + (pv)ghy| =[5 (ov)vE + (pv)ghi

s
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1, 1,
AP —P, = [Epvz +P9h2] - [EPW +pgh1]
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sUuvurBsds LUt uasaud annsossunldnugluuuro M
vunldluiindsgdriu duldnn ndnuluiuasndsnuniuieu lnegluuureunalulad
Tumsifivazaumwdsruannsasuunidu 5 ndulvy fenseit 1 Tnewmelladveinisiu
azaundanuiiiudiuinduile 1 Wuguduuds paggaUszasdiiTlulssgndldly
nsinues uavn1sUesiuatanion Taswmeluladiliduizuuuuillidudounntndediey
futlagtiu wu msfafiuilfuuiigs deveneiuiinsygnlinniu viemmideuiuly
AusmAuuulenusims weliiduemsluasnsuuntaseamen dudu udilafinsduny
wiasnilii fedlarmasanauielunisldeo T lhAnnsWauaTasdnsuasgunsal
AraqlidensufugUuuvrsswdsauliin suisseuvresnisifivazdundseuiiiaang

FuaUUNNTUAUEU



20

Sun's heat
17.3X10"watts

Heating air, land,
sea
8.1X10" watts

Reflected back into space
s.2><|q‘°wans

U7 217 wamadBinamdanuilanlasuninanseafindlunaas Tu [9]
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d air energy | Electric)
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Wiy | dnd¥eu-
Al |y
FoU (Hot —Cold
water
tank)
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JUT 3.2 uvasniinay

a a
3.3 welydiannia
lumaveaeuilldinelegyiinPVDF Ju LDT0-028K/L ¢sgui-3.3. 310 Measurement
Specialties iflosamitelegiinueadil AoutsgeuRuaziivuiaiin - ngiun1sviing
vnaeul FullauanUfnieg aannsiad 3.1
Protective Coating

/ ) Piezo Film
Polyester Laminate

8
&
=]
Arectan

1
PE
0
i\ 4

&
¢
£
_Stach

1 s = * L E 1T b e
1cm. LA\ I _..— —
- i >
0.20 - 9007 020003 )
(510 0201) (5.10+ 0807 Connector

Uit 334l Tawiln LOTO -~ 028K/
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P19 3.1 wansnuaNTRReTgiln LDT - 028K/L

Resonant Frequency 180 Hz
Sensitivity at Resonance 1.4 V/g
Capacitance 480 pF
Operating Temperature 0°C to 85°C
Storage Temperature -40°C to 85 °C

o s a
3.4 gUnInlIAA21ULTAVBIAY
P < ¢ O a < Ll w2 o & Ay v o <
isseuanluglusfautiuiamuilivinduidndunseddgunsaiinnnud
183aLTIiFEN Anemometer daauS1vesaulundazgavsglusdanlag Anemometer 7ild

z a e J
Uundnlag Brannan 43U 3.4

| v <
JUT 3.4 gunsalinAusivesay
(8198970 : http://th.element14.com/brannan/13-430-0/anemometer-digital/dp/1271858)
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JUN 3.5 @aauiuy

3.6 n198anuuy Wind Belt

Wind Belt \luavnsaifindnndsnuliihanautasldvdnarsvesdunwiminde
belt finauimantlinsiuateaes belt finsdusanamiild windnsderuvaaindsvinlian
nszualiiirusndaguit 3.6

o .
3U# 3.6 Wind Belt
(81989370 : http://api.ning.com/files/r-dc7vbDbl1ZhwbPRdJysMm7NSbOpJgd-
KHOybCMIjGr7oc2lxKG30Zu6GS2Kdg8971c208usm3iHpMY 124aw6KOMBwWAYy9g/windbelted02.jpg)

Wi Wind Belt #vinduliilaldvannisvesauinwdiwdnlumsiudandsuusldiie
leddnvsalunisiniandanu laeniseanwuuaas Wind Belt aiunsauvsnisesnuwuutdu
v i
2 du ssaludl
3.6.1 N139NLUUALLATIAS19YBY Wind Belt
TAsawes Wind Belt vinannunussASaAnilAuwul 5 laawsasiauinainuniig 7

<
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LEURALUAT UUUIAANUETT 13.6 LGUALUAT bETUAIUN 6 L‘UUG\LNﬂiWQEUVI 3.7
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— ) CM.

JU7 3.7 Tpaai1euea Wind Belt

3.6.2 N138BNWUU Belt

Belt tuduiiidiandseniwsizazUsznauludeielanntuusuiiianlsuuie
1NIINFIF UL ULUUEET 39 Belt fluuraninuntie 13,5 fadums wavilaniuen 13.2
AUALLAT ﬁ’ag’dﬁ 38
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JU# 3.8 belt #vmseanuuy
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Wiatlaseanewes Wind Belt uag Belt uusznauiu dsgui 3.9 lasndnniavina
J o 5 a J s 1 a
984 Wind Belt #vinseenuuutiu iinainileliauwariu Tuuiiiuves Wind Belt azusing
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< 1

MeguTion Belt tufivuanibivinduiviliiAnnsdures Belt wieiin1sduves Belt Javin
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— 2 CM.

g'dﬁ 3.9 Wind Belt tilgUsynauiasa

3.7 21995389N U
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fin lalen lnelalemimdantiu \Uulalen wiln Schottky -3u Batd6  faguit 3.9 nsrzilang
Reverse Voltage W& 250 fladlian nuaudfsneg a1um1s1ei 3.2

P a '
U7 3.10 lalen wila Schottky Ju Batdé
(91989770 http://th.element14.com/stmicroelectronics/batdé/diode-schottky-small-signal/dp/9801456)
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A9l 3.2 AuaudRd1vedialen wila Batdé

Repetitive Peak Reverse Voltage 100V
Forward Continuous Current (Ta= 25°C) 150 mA
Repetitive Peak Forward Current (tp< 153 < 0.5) 350 mA
Surge non Repetitive Forward Current (tp = 10ms) 750 mA
Power Dissipation (Ti=80°C) 150 ma

Storage and Junction Temperature Range

-65 to +150 °C
65 to +125 °C

Maximum Temperature for Soldering during 10s at 4mm from
Case

230 °C
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NN 15 LuRng 89 12 Wwudlns wun 0.4 Taainas
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Vrms (mV)
BUIMAY 'ssu_-.:' 5”\3N5”1E ﬁiziﬁ ﬂ%ﬂﬁ Flgdd Fﬁ%ﬁ ﬂisd'fl ﬁ%“dﬁ ﬁé‘dﬁ ﬂ‘?ﬂﬁ Fﬁ“dﬁ Fﬁa\\d VrmS Lﬂgﬂ
il B e I R R R R R R
€my (o471)
90 0 188 | 219 { 192 | 185 | 203 | 197 | 204 | 201 | 195 | 183 196.7
90 45 197 [ 179 | 205 | 217 } 174 | 211 | 162 | 205 | 184 | 192 192.6
90 90 1851210 | 185 | 188 | 197 | 182 | 192 | 200 | 167 | 182 188.8
8 120 0 182 (173 | 174 | 191 | 173 | 177 | 170 | 179 | 188 | 179 178.6
120 45 175 | 176 | 170 | 174 | 162 | 163 | 186 | 185 | 179 | 163 173.3
120 %0 170 | 154 | 155 | 168 | 149 | 155 | 152 | 156 | 163 | 163 158.5
150 0 137 [ 136 | 146 | 163 | 166 | 146 | 150 | 153 | 143 | 154 149.4
150 45 134 | 129 | 142 | 138 | 133 | 145 | 140 | 135 | 136 | 145 137.7
150 90 129 | 127 | 136 | 144 | 128 | 143 | 129 | 127 | 123 | 136 132.2

ATNT 4.1 ANTNHANTVIAABITBIALIULTWIAATINES 8 Wufuns N9 1.5 s

U1 0.4 Jaalunsg

T | SeUs a“'mjsu::m'i afill | edwil | ndit | edilt | edeil | ededl | addl | il | ek | nded VIS 1ade
9?::.::1 (:::) ;:IE:J 1 2 3 4 5 6 7 8 9 10 mv)
cm) foeri)

90 0 179 | 185 | 180 | 176 | 189 | 190 { 169 | 170 | 188 | 193 181.9

90 45 199 | 204 | 209 | 210 | 218 | 220 | 213 | 215 | 219 | 216 2123

90 90 159 ] 169 | 170 | 157 | 160 | 170 | 155 [ 154 [ 150 | 160 160.4

. 120 0 169 | 177 [ 171 | 170 | 167 | 167 | 160 | 163 | 163 | 164 167.1
? 120 45 212 ) 216 | 203 | 220 | 207 | 213 | 210 { 210 | 210 | 204 210.5
120 90 128 | 141 | 134 | 130 | 138 | 141 | 129 | 127 | 135 | 139 134.2

150 0 133 ] 134 | 128 | 137 | 133 | 133 | 126 | 131 | 125 | 147 132.7

150 45 167 | 146 | 155 | 139 | 148 | 141 | 136 | 151 | 137 | 141 146.1

150 90 120 | 141 134 | 130 | 138 | 141 | 129 | 127 | 135 | 139 106.1

A4 1.5 wudims wun 0.4 Dadung

< b b
f195719% 4.2 ATINHANTIVINFDIUYRAULUUTUIRAIINEN 12 1 9URALURS
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JUT 4.9 FuuuunanIe 2 [wufens §e 8 igufiuns vun 0.4 dadwns Auwuy

Y

YPIANIN 3 LYURIAT 9 8 L9URNeT 11 0.4 Jaduns

U7 4.10 funuuauiantia 2 wuiuns ge- 12 @ufiuns vl 0.4 faduns Auwuy
PIANTN 3 LWURLAT g4 12 cm. w1 0.4 Tadiuns

Faruinawgs 8 iufiems alHEnuaENISRILUY 0 sy IEnTInae s Ny
MSRITITLIAAIINES 8 LeuRlms xiimusstuinsdndesnuuniiandedisunu 45 s
LAz 90 BIM UATTLIAAIINY 12 LwuRuins arlddnuaznisaaduuuy 45 ssr s
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z o d
AUAI Y AIALYDSAULUUBAY TTEZNISAIVAIAULUY AU Vrms 1a88va3fuluuTuInAIL
g9 8 LURNT uay 12 [wuRung fegu 4.11-4.12

Vrms (mV)

WMRNAIU mmni’w ib’ﬂs’ H"i“iﬁ ﬂ%"dﬁ‘ ﬁ%‘{i'ﬂ ﬂ%‘s‘lﬁ Fﬁ.{lﬁ Fl‘]nﬂﬁ‘ F’]’i:‘sﬂllJ ﬂ%‘ﬂd H%V\ H?ﬁﬁ Vrms Lﬂéﬂ

ol Il B I ARA R RN
{€cm.) (cm.)

1.5 120 | 182|173 | 174 | 191 | 173 | 177 | 170 | 179 | 188 | 179 178.6

2 120 | 202 | 198 | 198 | 197 | 203 | 204 | 192 | 198 | 210 | 208 201

8 120 | 208 | 225 | 187 | 214 | 201 | 222 | 202 | 186 | 201 | 222 206.8

1.5 150 | 137 | 136 | 146 | 163 | 166 | 146 | 150 | 153 | 143 | 154 149.4

2 150 | 180 | 187 | 170 | 181 | 172 | 168 | 189 | 202 | 187 { 190 182.6

150 | 167 | 169 | 168 | 171 | 185 | 170 | 174 | 175 | 169 | 173 172.1

A W =y o a
#1519 4.3 AT HHANTNARBIVBIAULUUTUINAIES 8 uslimT vu1 0.4 Uaatung

Vrms (mV)

AUINAU mmn"ﬁa 73?]]2’: ﬁ%ﬁ ﬂ%\lﬁ ﬂé}ll’l ﬂi:{‘iﬁ ﬂés\i'l.l"l Fl%ﬁ ﬂ%‘s‘lﬁ ﬂ%j\lﬁ ﬁ?ﬂﬁ ﬁ%‘{lﬁ VrmS Lﬂﬁ'ﬂ
o | e e ISR SRR E S TR o [ |
(cm. (cm.)

15 120 1203 | 220 | 207 | 212 | 216 | 213 | 210 | 210 | 210 | 204 210.5
120 | 120 | 119 | 122 | 122 | 118 | 115 | 125 | 127 | 128 | 124 122
12 120 {116 | 123 | 113 | 118 | 125 | 115 | 114 | 125 | 122 | 116 118.7
1.5 150 | 155 139 | 148 | 167 | 146 | 141 | 136 | 151 | 137 | 141 146.1
2 150 {106 | 107 | 112 | 109 | 109 | 112 | 111 | 112 | 109 | 106 109.3
150 | 116 | 109 | 110 | 115 ] 109 | 120 | 110 | 104 | 111 | 108 111.2

AJ 2/ = a a
M1INN 4.4 ATNABNIINAADIVBIRULUUIUINATAEN 12 wuaes uu 0.4 Uagung
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13U 4.11 WatRuaunINIRiuAuLUUILIAAINEY 8 LwudumT 8vilisediu
AadngATY uiangl 4.12 WeanuniNRiuAULULILIAAILEY 12 [ufwms 92i1li
wseAUANAndanas

1 L J o d

4.1.3 NISNAABIANUWUIVBIAULUUTIHaRBLSIAURNANgTiaanun
Tunismeass WunisAnwanuvuituilnasauwsanuaadng lunvnasniatiage

. Y LY . 48 -
LAAIINNUITDIAULUY LASNISNAADIATITALYINNEITEosAf 120 QURLLAT WA 150

a o d 0 i a )

LBUALLAT IRgsuLUUYIIN1IVRaeasiivianes 6 LUUAe TUIAAINEA 8 Leufiuns N 1.5
WURLLAT 9EiAUMEN 0.4 Hadums 0.8 Nadluns way 1.2 Nadluns Muasuanwuens
paduiuu 0 83m1 wavauInAINge 12 wuRms-ad1e s wuiwessziiaiiumun 0.4

fiadlums 0.8 Tadwns way 1.2 Tadwas dnvuensaaduwuy 45 asmesgy 4.13-4.15

'

JUT 4.13 Auluunnnndng 1.5 ufling g8 wuins vt 0.4 fadwns suuuy
WIANINL.5 URlAT g9, 12 lEUAWAT vu1 0.4 Jaawms
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JUN 4.14 fuuuuminandne L5 udaing ge 8 leufiluns vt 0.8 fiadiuns suwuy

u

PWNANTN 1.5 19URLAT g9 8 lufiluns vur 1.2 Dadling

JUT 4.15 AunuuruIandng 1.5 ufitens ge 12 wudiwes v 0.8 faduns duuuy

PWANTN 1.5 WUALIAT 84 12 lwudwng vl 1.2 Jadwns

lagnsiiuAIINABILTWIULHUNIE WU 4.16 Fawanisvaassliniy

o v = a v v v o

P15 4.5-4.6 wazlanTMuanInISUTeUTEUAIIUN T8 IAUTBIRULUULASTEEZN1TAY

YINULUY U VIms LaFIY8IfuLUUILIAAIINGS 8 LUURIAT WA 12 Lwufuns fAagui
4.17-4.18
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4 o a a @ a a
U7 4.16 Auvun 0.4 faduns 0.8 fiadwns way 1.2 Jadns

Vrms (mV)
eAIN | AN ssoy | pdad | et | edei 2 avt | i | asao| edt | Ade Adadt VIrms s
Quuas 89 AL 1 2 3 ia 6 8 9 10
Funuu AUUUY cmy \ (mVv)
(cm.) (mm.)
0.4 120 | 182 173 | 174} 191 173 { 177 1170|179 | 188 179 178.6
0.8 120 | 128 | 126 | 1151108 | 108 | 116 | 115-f 113 | 108 115 116.6
8 ¥2 120 95 | 898|943 97 909|854 | 949 | 884|839 | 89.1 90.78
0.4 1507 | 137 | 136 | 146 | 163 166 | 146 | 150 | 153 | 143 154 149.4
0.8 150 1-96.7 | 103 | 94.7 | 912 | 88.7 | 97 | 858 1919|926 | 93.9 93.49
1.2 150 | 724 | 804 | 788 | 88.4 78 82 | 7551792843 | 776 76.66
o v P~ v
M1 19N 4.5 miwwamivmaawamuuuwmmmmqq 8 UALNNT NI 1.5 cm.
Vrms (mV)
umeN | AU T afil | pdait | edul | pdad | edit | et |caded | edd | aded | ndedt VIms wde
qaues 194 AR 1 2 3 4 5 6 7 8 10
Funuy L cm.) (mV)
(cm.) (mm.)
0.4 120 | 203 | 220 | 207 | 212 | 216 | 213 | 210 | 210 | 210 | 204 210.5
0.8 120 - - - - - - - - - - -
12 1.2 120 - - - - - - - - - - -
0.4 150 | 155 | 139 | 148 | 167 | 146 | 141 | 136 | 151 | 137 | 141 146.1
0.8 150 - - - - - - - - - - -
1.2 150 - - - - - - - - - - -

o v a
M99V 4.6 ATTNHNANTINAFNVIAULUUIUINAIIUEGN 12 LUNLUAT

A4 1.5 WURAS
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V7277 Thickness 0.4 mm.

XY Thickness 0.8 mm.
Thickness 1.2 mm.

220

200
180

160 —

140
120—-

%/

Vrms Output (mV)

60

40 -
20

JUT 4.17 n3mianensiUTeuiigununu IR uTessiilu ULAS T28E N1 5RaT8Y
v o t:l ¥ <
RUKUUAUVIMS RBIYERULULTUINATILEN 8 LauflnT

V77ZZ] Thickness 0.4 mm.
200 - XXX} Thickness 0.8 mm.
B Thickness 1.2 mm.

180

160

140 -

120

" %

Vrms Output (mV)

60 -
40 -

20

T T T
120 cm. 150 cm.

JUR 4.18 n3MLanIn1sl3euiieun i veIiuT el UULAE SE 88N 1989
AULUUAUVIMS 188U WuRUUTUIAAINES 12 LUUAMAT
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103U 4.17 uaz 4.18 ziulannIsinAI MUzt IS U1 afngRaanun
y . - ; . o
anad YAINEY 8 LURIAT Uay 12 lBURLLAT NaN1TNAABITITUIAAINEY 12 [Wufiwns 7
a Y] o P & 5 @ v - S Y a o 9 v
wnauvun lutuliinanisneasauduwsiznivinvesdunuuiiimnunuluvial
= a a dw : Y] £ o 1
wigladidnvsansudminlyle wevialnliiinanisveasy

4.2 N1SNARBINTINUNAIU Wind Belt

msnaaesiiduninimantmaassediusnutszgndld Tnevwvindu wind Belt
Tnomsveaesiifiosnisunin Aufes Belt szoznisnisnvaaieleddnvsarunsuids
fnasausafurnadndadnels udidndnisivdnnuieledidnvialaenisiesuynsunieruiu
Inaneussunsdndeadnals

4.2.1 N5YAABIAURYES Belt uazsraznmsAavaniulydianusanuusunI gl
nadaussduRedndlaanun

Tnumsmaaseilovitadne belt Wamig 5 9uin feamenn 13.1 Lsuiung 13.2
WUALLAS 13.3 WUAWnT 13.4 @uUileing uag 13.5 Wwuakias a1Na1au wasiinisaauie
TeBianviaduusuiia 3 szazdo 0.5 louAlns 1.0 (Wufues tay 15 wuilmsiagui
4.19

fn i - B a - 2emn. A — 20T

1.0cm. 1.5cm.

1 0.5cm.

JUT 4.19 Belt 1ua AL 13.6 WwURnT wazszuziafisledidnvdaiuuduiidsses
199

Tnerihnsusznaudaguit 3.9 uazansuuglusdan 3 9a Aefiszoy 90 wuURLAT 120
WUALAS WAy 150 lwuRums nunasniiaay auaiu Inenisuaasaldvinnisnaasaiu
A 10 At nn1svnaesldnaniunnIed 4.7-6.9 wagldnsmuansnsisouiiisuszosnns
AnvoudisledlanySafunduiia AU Vrms 1aduwes Wind Belt Aued 13.1 wwufiuns
13.2 lwufilues 133 lwuAles 134 WUAWAT Uay 135 LuRlunT Faguil 4.20-4.22




45

Vrms (mV)
& & & H & H o H & ] o
SLYLNNS YUIR ey | AT | A9 [ ASY | A9 | ASY | ASe | ASS | AT | ASe | @S9 | Vrms L@@y
a a P { o o o { o o Py P
fadieled | Adw e (Rl n2|a3 || a5l neln7i{as|{n9 N1 (mV)
I3 a [ .
w|nnsany | 81vee | Wind
WHURIT Belt Belt
(cm.) (cm.) (em.)
90
151 24 | 278 | 272 | 31 | 281 | 257 | 215 | 2a5 | 29 | 254 27.26
: 120 | 268 | 235 | 214 | 235 | 216 | 207 | 229 | 229 | 214 | 251 22.98
150 [ 194 | 19 | 176 | 189 | 187 | 197 | 175 | 195 | 194 | 185 18.82
90 108 | 101 | 918 | 824 | 822 | 8a6 | 657 | 999 | 854 | 799 88.09
152 120 | 728 [ 712 | 698 | 651 | 744 | 814 | 751 | 986 | 737 | 787 76.08
' 150 | 436 | 466 | 485 | 402 | 469 | 332 | 463 | 396 | 365 | 338 4132
90 128 | 126 | 118 | 108 | 101 | 103 | 110 | 110 | 109 | 127 114
15 133 120 | 786 | 731 | 8a8 | 708 | 106 | 922 | 884 | 743 | 815 | 91 84.07
' 150 | 602 | 564 | 506 | 67.8 | 513 | 433 | 624 | 538 | 565 | 511 5534
90 998 114 101 83.7 109 88.3 103 106 96.1 81.2 98.21
134 120 | 793 | 691 | 720 | 783 | 558 | 788 | 726 | 70 | 702 | 704 71.69
150 | 536 | 683 | 64 | 573 | 658 | 588 | 569 | 585 | 523 | 699 60.50
90 208 189 215 224 225 190 231 263 243 203 219.1
135 120 167 | 162 | 143 | 159 | 186 | 151 | 166 | 170 | 147 | 150 159.9
: 150 102 | 102 {849 | 98 | 106 | 106 | 115 | 111 | 938 | 131 104.97

d .
ATV 4.7 11T NNAN1INAaUae Wind Belt

a = a a @ 1 add a
iSU%ﬂ’]’iﬂﬂLWEJI‘ZIE]LaﬂVI‘iﬂﬂULLNUW’J‘?j 1.5 L9UsLng
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Vrms (mV)
g z z g z g T g A z i
SLUYNT YU segy | Ase | Ase [ Ase ] Ase | Ase | Age | aSe | ASe | mSe | @S9 | Vrms Laaw
a a o o { i P | o < | |
Aofielad | Aanu M (P12l v3|aa | a5 |6 | AT |A8| N9 |%10 (mV)
I3 a s .
WNnsAny | 81989 | Wind
AL Belt Belt
(cm.) (cm.) (cm.)
90 cm.
131 35 | 401 | 373 | 374 | 49 | 341 | 333 | 414 | aas | 39 39.1
: 120cm. | 206 | 239 | 236 | 29 | 29 | 261 | 25 | 281 | 235 | 308 26.36
150cm. | 183 | 188 | 192 | 15 | 197 | 164 | 178 | 185 | 201 | 188 18.26
90cm. | 203 | 208 | 189 | 217 | 206 | 200 | 241 | 207 | 256 | 197 212.4
13y | 12oam | 170 | 199 | 190 | 155 | 137 | 156 | 155 | 162 | 128 | 146 149.8
: 150cm. | 853 | 926 | 124 | 979 | 89.7 | 971 | 715 | 111 | 941 | san 94.73
90cm. | 185 | 231 | 219 | 237 | 232 | 229 | 234 | 220 | 234 | 229 225.9
1.0 133 |120cm. | 187 | 169 | 157 | 165 | 136 | 150 | 148 | 167 | 178 | 155 159.2
: 150cm. | 115 | 106 | 825 | 917 | 111 | 917 | 917 | 100 | 102 | 825 97.41
90cm. | 190 | 184 | 243 | 200 | 228 | 229 | 210 | 220 | 191 | 200 210.4
1aq |1200m | 150 | 198 | 1a6 | 160 | 156 | e | 167 | 170 | 157 | 61 156.2
150 cm. | 89.4 | 938 | 89.4 | 87.2 | 917 | 959 | 104 | 959 | 959 | 959 9391
90cm. | 235 | 265 | 210 | 205 | 247 | 211 | 212 | 217 | 292 | 228 227.2
135 |120cm. | 195 | 184 | 169 | 167 | 190 | 165 | 152 | 193 | 176 | 176 176.7
i 150cm. | 126 | 113 | 122 | 106 | 111 | 13¢ | 108 | 133 | 131 | 124 121.8

< 4
AN 4.8 MINNAN1TVIRADEY Wind Belt
a = a e a  a 1 oddd a
SEJSﬂ'l’iﬁlﬂLWHI‘UE}LﬁﬂWiﬂﬂULLNuW’J‘ﬁ 1.0 19URLUnT
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Vrms (mV)
S3UYMT YUIR szay | Ase | ASe | efe | Aase | ASe [ mSe | Ase | A | ASe | Ase | Vims a8y
a a o T d o o ] o] o A i
faelad | A2u TN (N1 n2|n3| A4 |5 |6 |NT|{N8| N9 710 (mV)
a a w
WANIANY | 8179989 | Wind
WEURAE Belt Belt
(cm.) (cm.) (em.)
90 cm
131 80 | 872 | 894 | 775 | 748 | 849 | 825 | 872 | 721 | 100 8356
: 120cm. | 632 [ 748 | 775 | 80 | 825 | 721 | 748 | 721 | 663 | 60 72.33
150cm. | 60 | 529 | 447 | a0 | a9 | aa7 | 520 | 529 | aa7 | a9 47.08
90cm. | 351 | 299 | 320 | 302 | 367 | 316 | 386 | 302 | 312 | 346 3331
13p |120am | 280 | 237 | 209 | 274 | 285 | 297 | 263 | 277 [ 317 | 329 281.2
' 150cm. | 167 | 128 | 152 | 166 | 161 | 178 | 139 | 1390 | 144 | 170 154.4
90cm. | 353 | 294 | 317 | 223 | 353 | 332 | 309 | 353 | 268 | 268 311
0.5 133 |120an | 297 | 265 | 265 | 262 | 208 | 271 | 256 | 259 | 204 | 250 2537
' 150cm. | 173 | 162 | 156 | 190 | 126 | 140 | 140 | 162 | 131 | 144 147.6
90cmn. | 268 | 240 | 294 | 270 | 215 | 256 | 200 | 203 | 230 | 256 2476
(3q |120cm | 256 | 226 | 17 | 215 | 196 | 192 | 208 | 79 | 237 | 204 208.7
150cm. | 165 | 126 | 165 | 155 | 126 | 144 | 150 | 139 | 155 | 133 1458
90cm. | 265 | 212 | 208 | 262 | 223 | 259 | 200 | 277 | 2a7 | 262 2015
135 |120cm | 277 | 208 | 208 | 259 | 208 | 2t9 | 250 | 247 | 219 | 250 2305
: 150cm. | 113 | 120 | 165 | 106 | 130 | 104 | 126 | 139 | 126 | 155 1333

J )
A7 NN 4.9 AT NNaNITVNSaBIVaY Wind Belt

a = a a a  a | o
SEI::’ﬂ’TiG’IﬂLWEJi?I@LﬁﬂV]iﬂﬂULLNUW’J‘d 0.5 [unLung
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1
13.3 cm.

1
13.2 cm.

250

-—

{AW) s abeyjon

13.5em.

13.4cm.

13.1cm.

£I88BNITHNUDT

fiu

Wind Belt

7IYUAINUGIYDY Belt ua

=l

UM 4.20 nsmluansnsiSeul

1
=

WY 1.5 LBURLURNT
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a
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Vrms L3

¥IBULNITFAIVOY

{
13.5cm.

v/ 90cm.
XX 120cm.
150cm.

1
13.4cm.

13.3cm.

)
IR —er

13.2cm.

i
13.1cm.

50 S

v

Wind Belt
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JUN 4.22 nrviuaaensilIsuiiguaaiieuss Belt wazTseen15eues Wind Belt fiu
= a o ad a w 1 e a

Vims inaguasszesn1saaiialeBianvrduwsuiilg 0.5 wudung

N3y 4.20-4.22 ziulidnAruiiaves Belt fnaliuswusrdndinfosunlunis

nauinUdes Belt srafull Azgllavannisvinauves Wind Belt iwsiznisdudunisludn
& A M YD & 1w [ & Y o &

sduvuninpe laladulununuas windunarallumsdulussdusuldiuiu Jsainnisnis

2 & Y o 9 val 1 a 4w a o 8 ¥ a @ Y wa
naaafiiuladn mevihlidvuiaasenbinafuliniedesiulvasibiinnisdules
fgn Fadunaslumafeafiuieldruadieasissenieiiuunssesnsiafieledianvsa
AiurziuinszesifnUareieleddnnsnainsaliivsediusndndeanuilduniian

a o ol a2 = [ =1 = ]
4.2.2 msueaasnisiiudIuineladianninlaenisAsaynsunsavuIulinasis
s ] ot d
wsasudedndiaanun
NNNITNAGEIN 4.2.1 anseasuliin Belt fifmisaziivuin 13.2 19U wazals
o a o a d a w | cadd a v v 1w o«
fsvaznsinvaafeledianySatunnuiiansses 0.5 WURWAT d1U15a ks IAUaTIafne
ganulauiniige Jauauwsedusndngildeanuidudvhiisezuiniinaazidiulasiiu
wasule FevilmAnnisneasatduimdn arsnduuReladidnnsaazamisalingesiy
' ¢ o 5 o ! a o pe| a @ ayMvogw w 1 o & a &£ &
padndindy dwalaingiinisiudunuialedidanialulavinliussiusnsdndiiugudy
1 ™) ol a & a ] oo o :i 1w £ o b Y] 1 cd =l
Wi nsdureuiigladianniandazmiiinnsduiidwindu Feinlrusedunnsdndiasnunil
Aasad LAIDIANHANITNAGEIT 4.2.1 FEWiudnsIsududnd laanuity aN1saR1y
1aseanszualagehulalan qu Bat 46 16 lagn1svnassazneasdiasnisiiusuiuieled
LEnv3ATiNIuIRTSBInsEId Tuseussdndiluedslsuagnisdeaynsunasauiues
=Y = -y A 1 ﬂ‘
WaneaLannsAaziinastelsdaussiudndngnoanuiadiels lnan1svnansazisuniaveass
Tnalieladidnnsmsuain 1 61 laglifouinees Belt 812 13.2 Wwufung dszeenis
Aafleladidnvdafuwiuiifiiszes 0.5 wufwms 119 Wind Belt Tuglusd fiszez 120



50

WUAUAT warfseey 150 wwuias wavvinnisiiuieledidnnsaan 1 Wy 2 waz 3
o w @ . @ o
aud1diu Inednwazn13e Belt Tu Wind Belt 213da3uU 4.23

4 Lo -~ o
JUW 4.23 dnvaimsrnvaaisledidnvsalu Wind Belt

< < v = < a o - a @ a
FINANINAAINTUATNT 4.7 uazldnsisudsuntsiuinuielediannia
Tunseynsuuazyud fU Vavg Wadpvas Wind Belt filsiasnuy sagy 4.24-4 25
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Vavg (mV)
Sunmdle | dnwnz | ssaz | s | as | ede | e | ede | e | ede | edo | eds | ade | vave
Twadnvsa | mssie | msne | 91 | A2 | @3 | da | @5 | de | A7 | dis | #o | 10 | e
Wind (mV)
belt
(cm.)
120 103 | 101 {98.3 | 107 | 103 | 100 | 106 | 107 | 825 114 | 102.18
1 - 150 853|758 753706739 (816806603657 738 74.29
120 200 | 199 179 {201 | 186 [ 215 | 211 | 190 | 188 | 179 | 194.8
ayny 150 155 | 146 | 136 | 150 | 132 | 148 | 167 | 156 | 142 | 143 | 1475
2 120 293 | 271 | 264 249 | 218 | 206 | 329 | 335 {300 | 293 | 2758
YUY 150 118 {109 | 106 | 123 | 116 | 119 [ 100 | 116 | 117 | 106 | 113
120 206 | 283 | 277 | 254 | 242 [ 253 [ 232 | 230 {242 | 203 | 242.2
aUNIU 150 184 | 168 | 203 | 180 | 174 | 199 | 203 | 209 | 205 | 182 | 190.7
3 120 384 1380 | 381 [372 {403 | 411 | 412 | 391 | 437 | 405 | 397.6
YUY 150 315 1319 | 303 | 314 | 300 | 268 | 278 | 260 | 298 | 269 | 292.4

al a' o = a o a
#1374% 4.10 NEiﬂ’]‘a"l/'lﬂaE]\‘i‘ll@\iﬂ’ﬁLWll'fﬂ']U’JULWUI"li@Laﬂ‘VIiF]
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measurement .

SPECIALTIES vt @

LDT with Crimps Vibration Sensor/Switch .

Piezo Film Sensors
High Sensativity
AC Coupled
Laminated

Robhust

The LDT0-028K is a flexible component
comprising a 28 um thick piezoelectric PVDF
polymer film with screen-printed Ag-ink
electrodes, laminated to a 0.125 mm polyester
substrate, and fitted with two crimped contacts.
As the piezo film is displaced from the
mechanical neutral axis, bending creates very
high strain within the piezopolymer and therefore
high voltages are generated. When the assembly
is deflected by direct contact, the device acts as
a flexible "switch", and the generated output is

sufficient to trigger MOSFET or CMOS stages s N
directly. If the assembly is supported by its vie ) .
contacts and left to vibrate "in free space" (with i

the inertia of the clampedffree beam creating [ Flroe
bending stress), the device will behave as an Pil
accslerometer or vibration sensor. Adding mass, - A

or altering the free length of the element by §oe— e -
clamping. can change the resonant frequency PN £ : %
and sensitivity of the sensor to suit specific
applications. Multi-axis response can be Yo 3T
achieved by positioning the mass off center. The \
LDTM-028K is a vibration sensor where the M >
sensing element comprises a cantilever beam .
loaded by an additional mass to offer high F@a, 4
sensitivity at low frequencies. =

FEATURES

+ Solder Tab Connection
Both No Mass & With Mass Version
Withstands High Impact 118 |REF,
Operating Temperature: 0°C to 85°C - 980
Storage Temperature: -40°C to 85°C
Higher Temperature Version up to 125 °C
available on a Custom Basis

APPLICATIONS
= Vibration Sensing in Washing Machine
Low Power Wakeup Switch
Low Cost Vibration Sensing
Car Alarms
Body Movement
Security Systems

10-028K Piezo Vibration Rev 1 WWW.Meas-Spec.com 10/1572008
fof 4
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measurement .

SPECIALTIES ‘e

LDT with Crimps Vibration Sensor/Switch o',

exampies of properties

Four different experiments serve to illustrate the various properties of this simple but versatile component.

LDTO Sensitivity: Effect of Added Mass
Experiment #1 (Figure 1)
LDTO as Vibration Sensor - with
the crimped contacts pushed through a
printed-circuit board, the LDTO was
soldered carefully in place to anchor the
sensor. A charge amplifier was used to
detect the output signal as vibration from
a shaker table was applied (using a
charge ampilifier allows a very long
measurement time constant and thus
allows the “open-circuit" voltage
response fo be calculated). Small
masses (approximately 0 26g
increments) were then added to the tip of 01t
the sensor, and the measurement
repeated Results are shown in Table 1
and the overlaid plotsin Fig. 1. Without

4 r——
PRSI WA AR AL

Sensitivity (V/g)

0.01 *

adding mass, the LDTO shows a
resonance around 180 Hz Adding mass 1
to the tip reduces the resonance
frequency and increases “baseline”
sensitivity,
TABLE 1: LDTO0 as Vibration Sensor (see Fig 1)
Added Mass Baseline Sensitivity at Resonant +3Db
Sensitivity Resonance Frequency Frequency
0 50 mV/g 14Vig 180 Hz 90 Hz
1 200 mvig 4vig 90 Hz 45 Hz
2 400 mV/g 8Vig 80 Hz 30 Hz
3 800 mV/g 16 Vig 40 Hz 20 Hz
LDTO: Voltage Output vs Tip deflction
i (Figure 7)
Experiment #2 = A

LDTO as Flexible Switch - using a charge i
amplifier to obtain "open-circuit” voltage sensifivity,
the output was measured for controlied tip
deflections applied to the sensor (supported by its
crimped contacts as described above). 2 mm
deflection was sufficient to generate about 7 V
Voltages above 70V could be generated by
bending the tip of the sensor through 80° (see
Table 2, Fig. 2).

12
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SPECIALTIES . *%g @

LDT with Crimps Vibration Sensor/Switch .

examples of Properties (continued)

TABLE 2: LDTO as Flexible Switch (see Fig 2)

Tip Deflection Charge OQutput olc Voltage Output
2mm 34nC Vv
5 mm 7.2nC 15V
10 mm 10-12nC 20-25V
max (90F) >30nC >70V

Experiment #3

LDTO Electrical Frequency Response -
when the source capacitance of around 480 pF is
connected lo a resistive input load, a high-pass
filter characteristic results. Using an electronic
noise source to generate broad-band signals, the
effect of various load resistances was measured
and the -3 dB point of the R-C filter determined LDTO Efectrical Frequency Response
(see Table 3, Fig. 3). (Figure 3) C: 480 pF

£ .
Y ARSI, AN
AR |

TABLE 3: LDTO Electrical Frequency Response
(see Fig 3)

(480 pF source capacitance)
Load Resistance -3 db Frequency

1 Megohm 330 Hz
10 Megohm 33 Hz
100 Megohm 33 Hz

LOTO-028K Piezo Vibration Rev 1 ' - WYY MEAs-3D8C . com I T 10013/2008
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measurement
LDT with Crimps Vibration Sensor/Switch’"*""""'"" “¢¢

LOTO: Resonant Freq vs Clamped Length
Experiment #4 (Figure 4)
LDTO Clamped at Different Lengths -
using simple clamping fixture, the vibration
sensitivity was measured (as in (1) above) as
the clamp was moved to aliow different “free”
lengths to vibrate The sensor may be “tuned”
to suit specific frequency response
requirements (see Table 4 Fig. 4)

4 6 8 10 12 “ 16 18 20
Length of Tab beyond Clamp (mm)

TABLE 4: LDT0 Clamped at Different me: (Seo Fig. 4)
Length Beyond Resonant

Clamp Frequency ‘5 cyc)
20'mm (ne clamp) 180 Hz 28 msec
16 mm 250 Hz 20 msec
11 mm 500 Hz 10 msec
7 mm 1000 Hz S'msec
The nformation in this sheet nas been carefully reviewed and & beSeved to be accurate. however, nnMn-ﬂ—dhm Furthenmore, this information does not
coavey to the purchaser of such devices any license under the patent rights 1o the i Inc. reserves the to make changes without further notice
to any product herein. Measurement inc. makes ad the swiabibty of s for any panticular purpose. nor does
luwtm-nm-t.hs nmwhﬁmaﬂdh mmamummumﬂmm-wmwm including witheut kmaation
age can md do vary mn Giffecent Al must be apo
s exports " Ries, inc. does not convey any hcense under #s patent nghts nor the rights of others.
ordering information
Description Part Number
LDT0-028K 1002794-0
LOTM-028K 1005447-1
North America Europe Asia
Measurement Specialties, Inc MEAS Deutschland GmbH Measurement Specialties (China), Ltd
100C Lucas Way Hauert 13 No. 26 Langshan Road
Hampton, VA 23666 44227 Dortmund Shenzhen High-Tech Park (North)
Sales and Customer Service Germany Nanshan District
Tel +1-800-745-8008 or Sales and Customer Service Shenzhen, China 518107
+1-757-766-1500 Tel +49 (0)231 8740 21 Sales and Customer Service
Fax: +1-757-766-4297 Technical Support Tel' +86 755 3330 5088
Technical Support Tel. +48 (0)0074 862822 Technical Support
Email: piezo@meas-spec.com Email: piezoeurope@meas-spec.com Email- piezo@meas-spec.com
3 n WWW mMeas-Spec com
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G Wind Speed Meter - Anemometer

tel: +44 (0)1946 816600 fax: +44 (0)1946 816625 email: sales @brannan.co.uk web: www.brannan.co.uk

An easy to use, hand held, electronic
instrument giving an accurate wind
speed measurement and ambient
temperature.

Product Features:

* Wind speed measure in mph, ft/min, Km/h, m/s or knots
* Wind speed in Beaufort wind scale bar graph
» Wind chill display
» Temperature display in Celsius or Fahrenheit
» LCD back light
¢ Auto power off
¢ Neckband included
= 3V lithium battery operation
Product Specifications:
Unit Range Resolution Threshald Accuracy
m/s 0to 30 0.1 0.1 +5%
ft/min 0 1o 5860 19 39 5%
knots Oto 55 0.2 0.1 5%
km/hr 0to 80 03 03 5%
mph 01to 65 0.2 0.2 +5%
Unit Range - Resolution Accuracy
4 10 to +45°C 0.2 +2°C
"I 1410 113°F 0.36 +3.6°F
Battery CR2032.30V
Bearing Sapphire bearing
Thermometer NTC thermometer
Operating Temperature -10 to +45°C (-14 to 113°F)
Operating Humidity 590% RH
Store Temperature -40 to +60°C (-40 to 140°F)
Current Consumption Approx 3 m A

Weight 52g (including battery and lanyard)

S Brannan & Sons Ltd
Leconfield Industrial Estate » Cleator Moor + Cumbria = CA25 5QE « UK
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:77 BAT46

SMALL SIGNAL SCHOTTKY DIODE

DESCRIPTION
General purpose, metalto silicon dicde featuring DO-35
high breakdown voliage low turn-on voltage.

ABSOLUTE RATINGS (limiting values)

Symbo! Parameter Value unit
Vizrm Repelitive Pedk Reverse Valtage. 100 V'
e Faorward Confinuous Current® Ty=26°C 150 mA
I | Repetitive Peak Forward Current® o 350 mA
lez ‘Surge non Repetitive Fonvard Current* k= 10ms 750 mA

Pt Power Dissipation® Ti=80°C 150 mwW
Tatg Storage and Junction Temperature Range -65to + 160 o
T -65to+ 125
7 gl::!emum Temperature for Soldering during 10s at 4mm from 230 oG
THERMAL RESISTANCE

Symbol Test Conditions Value | unit

Ring Junction-ambient* 300 “CMV

“ Oninfinite heatsink with 4mm lead length.

Qctober 2001 - Ed. 2B 174
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ELECTRICAL CHARACTERISTICS

STATIC CHARACGTERISTICS )
Symbol Test Conditlons Min. Typ. Max. Unit
Vsr Ty=25C Ir = 100uA 100 v
A/ Ti=25°C e =0.1mA 0.25 v
T;=25°C IF = 10mA 0.45
T,=25°C: Ir = 250mA 1
Ie ® T,= 25°C VR = 1.5V 05 HA
T;= 60°C 5
T;=26°C Ve = 10V 0.8
T;=60°C 7.5
T;=25°C Vp-= 50V 2
1,= 60°C 15
T,=25"C Vg = 76V 5
T, = 60°C 20
DYNAMIC CHARACTERISTICS :
Symbol Test Conditions Min. Typ. Max, Unit
c Ti= 25ic Ve =QV f= 1Mhz 10 pF
T, = 25°C V= 1V 6

* Pulse test: 1,5 30005 3<2%.

2/4
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BAT46

Fig. 1-1: Forward voltage drop versus forward cur-

rent (low level, typical values)
T

18 bt S R <

i s e S 5

14 - S— — e v Gl St

12 i o Ty / TFST

100 o

4 4 a ” / .

e e i e g

%.0 01 02 03 04 05 06

Fig. 2: Leakage currert versus reverse voltage ap-
plied (typical values)

Fig. 4: Junction nce versus reverse voit-
age applied (typical values)
C{pF)
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Fig. 1-2: Forward voltage drop versus forward cur-
rent (high level, typical values)
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BAT46
PACKAGE MECHANICAL DATA
DO-35
REF. DIMENSIONS
c A c Millimeters Inches
Min. Max. Min. Max,
A 3.05 4.50 0120 | 0177
i ,
e T o S 8 153 2.00 0.060 | 0.079
7 s PR
] c 28.00 1.102
D 0458 | 0558 | 0018 | 0.022

= Cooling method: by convection and conduction
= Marking: clear, ring at cathode end
= Weight; 0.15g

Inft tion furnished isbelievedtobe {e and refiable. However, STMicroeledtronics assumes na responsibifity for the consequences of
use of such information nor for any infingement of patents or other rights of third parties which may result from its use. Nolicenseis granted by
implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications menticned in this publication are subject to
change without notice. This publication supersedes and replaces all information previously supplied.

SThicroxtectronics products are not authonzed for use as eritical compenents in fife support dew or sy without exp wrilten
approval of SThiicrcelectronics.

.The ST logoe is a registered trademark of STMicroelectronics
® 2001 STMicroelectronics - Printed in ltaly - All rights reserved.

STMicroelectronics GROUP OF COMPANIES
Austrafia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy ~ Japan - Malaysia
Maita - Morocco - Singapore - Spain - Sweden - Switzeérland - United Kingdom - U.S.A.

httpriivwww.st.com
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maxim
integrated..

EVALUATION KIT AVAILABLE

MAX756/MAX757

3.3V/5V/Adjustable-Output,
Step-Up DC-DC Converters

General Description

The MAX756MAXT7E7 are CMOS slep-up DC-DC switch-
g regulators for simall, low input voltage or battery-povw-
ered systems. The MAX756 accepls a positive input
voltage down to 0.7V and converts it 1o a higher pin-
selectable output voltage of 33V or 5V The MAX757 is
an adjustable version that accepls an mput voltage down
to 0.7V and generates a higher adustable output voltage
in the range from 2.7V 10 5.5V, Typical full-load efficiencies
for the MAX756/MAXT757 are greater than 87%.

The MAX7H6MAX757 provide hiee Triprovements over
previous devices. Physical ®ize gs'reduced—the high
switching frequencies (up 100 5MH2) made possible by
MOSFET power transistors allow for tiny (<5miri diameter)
surface-mount magnefics.  Efficieney s improved to 87%
(10% betler than with low-vollagesegulators {abncated in
bipolar technoloay). Supply-current 15 reduiced 1o GOPA
by CMOS construction and a unique constaint-off-tirne
pulse-frequency modulation control schen'e

Applications
23V 1o 5V Step-Up Conversion

Palntop Computers

Portable Data-Collactan Equipment

Personal Data Corprmunicaters/Camputers
Medical Instrumentauon

2-Coll & 3-Cell Battery-Operated Equipment
Glucose Matérs

Features

-

. - >

QOperates Down to 0.7V Input Supply Voltage
87% Efficiency at 200mA
60pA Quiescent Current

20pA Shutdown Mode with Active Reference and
LBl Detector

500kHz Maximum Switching Frequency

+ +1.5% Reference Tolerance Over Temperature
+ Low-Battery Detector (LBVLBO)
+ 8-Pin DIP and SO Packages

Ordering Information
" PART  TEMP.RANGE  PIN-PACKAGE |
[ MAXTSBCPA A~ T O\ SPastic DIP__
[ ax7eecs C 10 +70°C 5 ;
g MAXTESCD { ]| 0°Clo «70°C !
LMAXTSEEPA | e DIP |
; MAXZEEESA |
+ MAXTSTCPA 1
| MAX757CSA f
{ MAXTEFCI) !
MAXTETEPA

MAXTS/ESA

“Vige are leStead at T = r25°C only.

Typical Operating Circuit Pin Configurations
”n::u':m TOP VIFW -
seo8 L p EL"
E MAX 256 % f;“
w0 4] 5]
—=—] SHEN
DIP/SO
Y Nt
—1% s [1] o
,E MAX757 3 N
s WertRy 7. A T
u.-[-_d A L G 5] |
:[T: —L DIP/SO

For pricing, delivery, and ordering information, please contact Maxim Direct
at 1-888-629-4642, or visit Maxim's website at www.maximintegrated.com. 190113, Rev. 2, 1/9%
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MAX756/MAX757

3.3V/5V/Adjustable-Oulput,
Step-Up DC-DC Converters

ABSOLUTE MAXIMUM RATINGS
Supply Voltaga (OUT 10 GHLY)
Switch Voltaga (LX 10 GHND).
Andiary Pin Valtage s (SADH, LBI, LBO, REF,
35, FB 0 GMD) cererr 0.3V, (VoUT + 0.5Y)
Ralerence Current (4 2.5mA

23Y, -7V Qperating Terperature Nanges:
V7Y MAXTE C. : . DG lw +70°C
[RPNRUUURPURRORRE. | 01 "o -0 ¢
L+ 150°C

-850 + 180°C

notion Toirgerature
Storage Termparsture Rangs....

Continuous Powar [Nszipation (T = +70°C) B Lead lervpsrature (soldadng, 10 . w300°C
Plgstic P (dorate 9.020WHC shove +70°C) L. T2TiTN

SO {drrate 5ABTWEC above 1 70°C)....... AT UV
Sirasses bayend Estad rndar "ARSolS blrvemim RAngs' may oause permansat (imaga [o ha Jovin. THhoss fro si8ss g3 onty, and funetional

vrserathn of the device af these or any ofer condions beyord those ndleated in s opes.
RSARI MANIOUIN Pty ConRinons 1o exlerelod porisds may piiets devicy rotabiliy,

atonal seclians of the speelications s nol fnpiad. Exsasura o

ELECTRICAL CHARACTERISTICS

{Circuts of Figure 1 and Typical Operating Circull, Yy = 2.5V, lLnap = 00A, Ta = Tazw 10 Taea, unitess sthervdse notad.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
MAX?ES, 35 = OV, Gmf < hioan < 200MA 4.8 50 5.2
Quigui Volisge V< W < Y] MAXIEE, 315 = 3V, O < loan < 300mA | 307 auo 3.43 v
TRARKTET Vo = BV, A < | pap < 200000 | A8 EX) 52
Winimuem Ston-Up Suppty Voiage | loap = 10mA i1 1.8 v
inftnirn Oparating Sunpt s
Quigscant Supply Curend in l%c;;.g = OQ‘A 3/5 :‘.’EV. LB = 128, Vour = 3.47Y, &0 HA
3.3Y Modae (Kote 1) FB = 1.3V (MAXTST only)
?1; . '?{;{:ﬁ,i ‘r‘(;‘; L’g y Quipta 561 fof 3.3V 60 LA
(Qr\rj::xuu\)m Quigscert Cumant ETT.E \(J“(;HLI\BAI/;;,: Oa;;;;) /5 = 3V, Vaur =347V, 20 40 A
‘Peferance Voltags H& NMEF icac. Crer = 0,10l 123 ves | 2t | v
Retsrenca-Voitage Regulation 35 = 2V, -20uA < REF load < 2800A, Crgr = 0.220F BT 20 1 %
LB Inpus Thegshold With i9i8ng cdgo 1.22 1.25 1.28 v
LBI 1nput Hysigresis 25 Y
1.BO Outpet Voltage Lew faae = 2004 0.4 v
“LBO Ouitist Leakane Cumrera (B =5V 1 "y
SHOM, 35 topi Voiags Low G.4 Y
SHTH, 3/ inpt Valtage High 1.6 v
STIDN, 375, FB. LBl Input Gurrent IE,HEI :gv?c';"s\l;u = 1,25V, SHOH = 0V er 3y, + 103 | nA
k8 Vollage FANKT BT 1.2 1.725 1.28 v
[ Ot Veliage arigo MALTET, I, gap = OMA (Note 2) % 27 55 v

Noto 1: Suoply surzent irerithe 33V SusOL s Teasicd wWith an aomeier helwean: e 3.3V utpur and OUT pin. This surrent
Sereclaies gircclly Wwith cotunl baliery SUDRlY Surrant, Bin IS reducad in value accerding 10 tha step-up ratlo and eifigicnsy.,
Note 2: Minirurmvaiua is produstion 8siad, Maximum value is cusrantesd by design and is not production tasied.

2 Maxim Integrated
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3.3V/5V/Adjustable-Output,
Step-Up DC-DC Converters

(Circuit of Figure 1. Ta = +25%C, unless othenwise noted.)

MAX756/MAX757

Typical Operating Characteristics

.

MAXIMUM QUTPUT CURRENT
vs. INPUT VOLTAGE

N

/,’ 0DE

FUT CURRENT (m
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SHUTDOWN QUIESCENT CURRENT
vs. INPUT VOLTAGE
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LOAD REGULATION

.

o

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
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Maxim Integrated
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MAX756/MAX757

3.3V/5V/Adjustable-Output,
Step-Up DC-DC Converters

Typical Operating Characteristics {continued)

{Circuit of Figure 1, Ta = +25°C, unless otherwise noted )

LOAD-TRANSIENT RESPONSE START-UP DELAY

W = 28V Vig= 25V

HORIZONTAL - Syt HOREONTAL = Seasiliv

5¥ Mode ¥ Mode

Pin Description
PN NAME FUNCTION
MAX756 | MAX757
1 1 SR Shutdown lnput disables SMPS when low, but the voltage raference and low-baltery com-
parator iemain active
2 - 3K Salacts the main cutput voltage seiting; 5V when low, 8.8V whan high
8 - B Feadback Input for adjustable output operation, Connect to an exiemal veltage divider
i between OUT and GND
3 “ PEF 1.25V Relerence Yoltage Cutpit  Bypass with 0.22pF to GND{O 1uF if there is no external
- elerence load) Meximum load oapability is 250uA source, 20pA sink
4 4 LRO Low-Batlery Output. Anopen-drain N-channel MOSFET sinks ourrent when the voltage at
g LBt drops below +1.25V.
X . L8 Low-Battery Input When the voltage on LBI drops below +1.28V, LBO sinks current
- - Connect to Vi if not used
6 & ouT Connact OUT to the ragulator output. It prowdes bootstrapped power 1o both devices,
and alao sensesthe output voltage for the MAX756

7 7 GND Power Ground. Must be low impedance, solder directly to ground plane
8 8 X 1A, 0.5Q N-Channel Power MOSFET Drain

Maxim Integrated
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MAX756/MAX757

3.3V/5V/Adjustable-Outpul,
Step-Up DC-DC Converters

Detailed Description

Operating Principle
Tha MAX736MAXT7ST combing a switch-mode reguiator
with an N-channel MOSFET, precision voltage referance,
and powerfall deleclor in a single monolithic device.
The MOSFET is a “sonse-FET™ type for best cfficiency.
and has a very low gale threshold vollage 10 ensure
start-up under low-baltery voltage conditions (1.1V typ).

Pulse-Frequency
Modulation Control Scheme

A unique minimum off time, current-imited, pulse-frequen-
cy madulation (PFM) control scheme is a key feature: of
the MAXTSG/MAXTS7. This PFI scheme combings the
advanlages of pulsc-width modulation (PWI) (high oulpul
power and efficiency) with thoss of a traditional PFid
pulse-skippar (ultra-low quiescent currents). There is no
oscillator; at heavy loads, switching is accomplished
through a constant peak-current fimt in the switeh, which
allows the inducler current 1o self-oscillale between this
peak limit and soire lesser value. Al ight loads, switching
frequency is governed by a pair of ona-shots, which set a
minimum off-tire (11is) and a maxinum on-time {(4ps).
The switching frequency depends on the load and the
inpul voltage, and can range as high as 500kHz.

The peak swilch curtent of the inlernal MOSFET power
swilch is fixed at 1A £0.2A. The switch's on rosistance
is typically 0.5Q, resulling in a swilch vollage drop
(Vaw) of about 500mV under high output loads. Tha
value of Vew decreases with light current loads.

Conventional PWK converlers generate canstant-fre-
quency switching noise, whereas this archilecture pro-
duces variable-frequency switehing noise.  However,
the noise does not exceed the switch current lirmit times
the filter-capacilor equivalent serics resistance (ESRY),
unlike conventional pulse-skippers.

Voltage Reference
The pracision vollage reference is suitable for driving
external loads such as an analog-lo-digital converter.
It has guarantced 250pA source-current and 20pA
sink-cutrent capability. The reference is kept alive
aven in shuldown mode. It the reference drives an
extemnal load, bypass it with 0.2201F to GND. {f the ref-
erence is unloaded, bypass it with al least 0.1pF.

Control-Logic Inputs

The contrel inputs (3/5, SHDN) are high-inpedance
MOS gates protecled against ESD danage by normally
reverse-biased clamp dindes.  If these inputs are dri-
ven from signal sources thal exceed the rmain supply

Maxim Integrated

vollage, the diede current should be limiled by a scrics
resistor (IMQ suggested). The logic inpul threshold
level is the same {approxirnalely 1Y) in both 3.3¥ and
5V mades. Do not feave the conlrol inputs Hoating.

Design Procedure

Output Voitage Selection

The MAX756 cutput vollage can be sclected 1o 3.3V or
5V under logic control, or it can be left in one mode or
the other by tying 3/5 to GMD or OUT. Efficiency varies
depending upen the hattery and the Joad, and is typi-
cally beller than 80% over a 21mA to 200mA toad range.
The device is internally boolstrapped. with power
derived [rom the output voltage (via OUT). When the
outpul is set at 5Y insteand of 3.3V, the higher inlernal
supply voltage rosults in lower switch-transistor on
resislance and slightly greater oulpul power.
Bodistrapping allows lhe ballery voltaga 1o sag to loss
than 1V ance the system is started. Therefore, the bat-
tary vollage range is from Vo + Vo to less than 1V
(whete Vp is the forward drop of the Schottky rectifier).
If the ballery voltage exceeds the prograrmmed output
valtage. tho output will follow the ballery vollage. In
many syslems this is acceptable; hovever. the outpul
voltage must not be lorced above 7V.
The output vollage of the MAX75T is sel by Wwo resis-
tors. R1 and R2 (Figure 1), which forma voltage divider
hetwoen Lhe output and the FB pin. The output valtage
is set by the equation:

Vour = (Vrer) [((R2 + R1) /R2]
where Vpgr = 1.25V.
To sirmplify resistor selection:

R1= (R2) [(Vous / Vees) - 1]
Since tho inpul bias current al FB has a maximum
valug of 100nA., large values (10K to 200kQ) can be
used for R1 and R2 with no significant loss of accuracy.

Far 1% error. the current through R1 should be at least
100 linvies FB’s bias current,

Low-Battery Detection
Tho MAX7E8MMAX757 conlain on-chip ciruilyy for lowe-
hallery delection. | the voltage at LBl {alls below the rey-
ulalor's intemnal reference vollage (1.25Y), LBO (an open-
dirain output) sinks cunrent to GMD, The low-batlery mon-
ilor's thresheld is sel by two resistors, B3 and R4 (Figure
1), which forms a voltage dividor batweon the inptil volt-
age and the LBI pin. The threshokd voltage is set by R3
and R4 using the (ollowing equalion:

R3 = [{Vin/ Vrze) - 11(R4)
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MAX756/MAX757

3.3V/5V/Adjustable-Output,
Step-Up DC-DC Converters

Vi
9] A+
1tF
= I
2 I
a MAXTS? g
= s
e
‘33—[ D
O.‘.n?I =

L

Figure 1. Standard Application Sisull

where Vi is the desired threshold of the low-battery
deteclor, R3 and R4 are tha inpul divider resislors al
LBI, and Vegr: is the intarral 1.20V referenco.

Since the LB current is less than 100nA, large resistor
values (typically 10kQ to 200kQ) can be used for R3
and R4 o minimize loading of the input supply.

When the vollage al LBI is below the internatl threshold.,
LBO sinks current lo GND. A pull-up tesistor of 10kQ
or more connecled from LBO to Vouy can be used
when drivingg CMOS circuits.  Any pull-up resistor con-
nected 1o LBO should not be relurned lo a voltage
source greater than Vous., When LBI is above the
threshold. the LBO output is off. The low-baltery cor-
paratar and reference voltage remain aclive when the
MAX7H56/MAXTE7 is in shutdown rode.

Il the low-ballery comparator is not used, connect LBY
to Vi and leave LBO open.

Inductor Selection

The industors should have a saturation {incremanial)
current rating equal Lo or greater than the peak switch-
current limil, which is 1.2A worsl-casc. Howevar, ii's
generally acceptable to bias the inductor into satura-
tion by 20%, although (his will ceduce the cfficiency.
The 22uH inducior shown in the typical applications cir-
cuit is sufficionl for most MAX7SGAIAXTST application
cireuils.  Higher inpul vollages increase the energy
transferred with cach cycle, dus to the reduced
inputfoutput differential. kinimize excess ripple due to
increased energy lransfer by reducing the induclor
valuo (10pH suggested).

The inductor's DC resistance significantly affects cffi-
ciency. For highest efficiency, fivit L1's DC resistance
16 0.03Q or less. See Table 1 for a list of suggested
inductor suppliors.

Table 1. Component Suppliers

PRODUCTION INDUCGTORS CAPACITORS
METHOD

Suriase-Monuni | Surnida AVH
CO&4-220 (22uM), | TPS sddes
ColiCratt
DT3316223 Sprague
Coiltrenics 5350 series
CTX20-%
Surrida Sauyc 08-CON

RCHEGSA-220 O5-CON sarias
lew-ESR organic

semisanduaior

ColiCraft
PCH-27-223

Nicticon
Pl sares
lov-ESR
aleaiolyic

Lows-Cast
Thraugh-Hols

Urited Cnans-Con
LXF series

(207) 282:51 11, FAX{207) 2531941
(B00) 28240074

2 (V08) €.8400, FAK {708) 8321059
USA: (407) 241-7878, FAX{407) 241-2333

Serfconciucios BISA (214) 233 1582

Matoroly SA: (€02) P44-3576, FAX {€32] 284-40115

Nichigon UBA: (708) B45.7500, FAX{708) BAL-2704
Japan: «B1-7-5201-8481, FAX{ +81-) 7-5260-4158

Nion USA: (B75) 567-2556, FAX, {805) BG7-2556

Japen; «81.3-3405- 7413, FAXL+ 1) 3.2404.7414
Ssnyo OS-CON - UBA:

Japan:
Spr UsA:
Sutpkia USA:
Japan:
Unzen
Chami-Con LIZA: (708) 8362008, FAK{708) 840-8011

Capacitor Selection
A 10DUF, 10V surface-mount {SMT) tantalurm capacitor
lypically provides 50mY oulput rpple when stepping
up from 2V 1a 5V at 200mA. Smaller capacitors, down
to 10uF. are acceptable lor light loads or in applica-
tions that can tolorate higher cutput ripple.

Maxim [ntegrated



76

MAX756/MAX757

3.3V/5V/Adjustable-Output,
Step-Up DC-DC Converters

The ESR of both bypass and filter capacitors affects
efficiency. Besl perfotrnance is oblained by using spe-
cialized low-ESR capacitors, or cennecting lwo of more
filter capacitors in parallel. Tho smallost low-ESR SMT
tantalumn capacilors curfently available are Sprague
5950 serigs, which are about half the size of compeling
products. Sanyo OS-CON organic serniconduacior
1hrough-hole capacitors also exhibit very low ESR, and
are aspacially useful for operation at cold tempara-
tures. Table 1 lists sugyested capacitor suppliers.

Rectifier Diode

For optimum performance, a switching Schattky diede,
such as the 1NSG17, is recomunanded. 1N5817 equiv-
alent dicdes are also available in surface-mount pack-
ages frorm Colimer Semiconductor in Dallas. TX, phone
(214) 233-158%. Tho parl numbers are SE014 or
SE024. For low outpul power applications, a pn junce
lion switching diode, such as the 114148, will also
work well, although efficiency wifl suffer due o the
grealer forward vollags drop of the pn junstion diode.

LBt

oM (oL
4 OFFTMME}  onE-sior
o QNE-SHOT
- £F
i 3
ot GND
(AAXINUET g = |
ONTRE ¢—TRE @O L
GUE-SHOT
GNESHOT - ——E ouT
MAX756 / —
\

/&
IH—

—I REFERENCE

iqure 2. MAXZ56 Bloek Diagram

Maxim integrated
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MAX756/MAX757

3.3V/5V/Adjustable-Output,
Step-Up DC-DC Converters

PC Layout and Grounding Chip Topography
The MAX756/MAX757 high peak currents and high-fre- —
quency operation make PC layout important for mini- SHON L

mizing ground bounce and noise. The distance

belween the MAX756/MAX757's GND pin and the ‘
ground leads of C1 and C2 in Figure 1 must be kept to |
less than 0.2° (5mim). All connections 1o the FB and LX 3/5 (MAX756)
pins should also be kept as short as possible. To bl aian
obtain maxitmum outpul power and efficiency and mini-
mum outpul ripple voltage, use a ground plane and GND
solder the MAX756/MAXTS7 GND (pin 7} directly (o the 0.122°
ground plane. {@.10mm)
- GND
— ouT
LBl |
v
THANSISTOR COUNT: 758
SUBSTRATE CONNECTED TOOQUI
Package Information

INCHES MILLIMETERS

0.010 | 0620 | 025 | 0.50
0018 } 0050 | 040 1.27
(1} 8 0 8

DIM 38N | MAX | MIN_ | MAX
A 0.053 0.068 138 1.75
1AV A AL | 0004 | 0010 | 0.10_ | 0.25
o ry B 1 001a | 0018 | 035 | 049
i ¢ | 0007 | 0010 019 | 0.25
D 10489 | 0197 | 480 | 5.00
Fol £ 10150 L0157 | 380 | 400
' e 0.050 BSC 1.27 88C
“y 110228 | 0244 | 560 | 620
h
L
%

h X 45 e el

‘ % ” !‘ JE\-} 8-PIN PLASTIC
oo NN s, |’ SMALL-OUTLINE
—B‘_ c L o - PACKAGE

8 Maxim Integrated
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Humdinger
Wind Belt Kit

instruction,
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Humdinger Windbelt Kit

Parts

2 Sator

4 Top bok

4 Washars

4 Nyton insent lock nut

4 Wosher, 1/4"

2 Spoo
Double-sided tape

| Belt

2 Magnet, 1/8" thick

2 Magael, 1/16" thick

2GR Cip eordsels

| Rectifier

INER ved

i Fhbbaoio,

You need to supply

b Meosiring io8He fdos@ Ihe Dremsiaidisionce (abou 39 inches]
Berntsehibonghes
Wirénthesiol Shove bilis pd-nuts

¥ Dril Ottt oc! 1 fomi hclesd mmfithe cordbeardoba,

1 Cutting'blade (b cifterer Hodksawblada) Iadormaaich forsiator in
the cardboard rhé

Douti Sided topk {10 altaghmagnéls 1o bel,
Tookdici o, nasking tope, Samantsape, eic.

i Sholghisdasta ok et foreuling:

A/ Blans g/ sdseore o a bet
Asmol daupanied s squod Felps make uethe boll hgles o perpen-
dicglatohe ng, sholid youinaseto meke your rams Witi one

Congrond@ions, Yol asabou fcembee7h creagiourtey Kid
WiE hos provided hathasd dors pesded for o Wifidbelll We hove
a6 nclidéd matenaisfiesded iodonsir: the *frdma” Ygu will hove
rddgsigiand Ty yoie dwr, WeBre including sulested design ideos;
YOG use een gt e -When yopget youf \Windb '
wE'd Ieve Beh Diftios olift




MAKE YOUR OWN BELT

| The pre-cut belt has o width of about 3 inch; and o length of

" about 43 inches.. I you wont fo ry different widbhs, you con cut
‘; the additional belt material. The belt can be slit to width with o
" blode ond siraight-edge; or marked and cut with o scissors.

A TIP ON BELT LENGIH

The materiafs will work the best if the mounted fengih of the
belt is about ane meter (about 39 inches). But feel free fo try
onything ebse.

L
1
I
I
i
1

-

""‘..’..’i i

You can use a cardboard shipping tube to
make a krame for your Windbel,

Lt top down view
/1
o
I't
I
&rconusewooden spoals fo lension your
b
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o Film conisters, hand held. [plastic pipe ends, pieces ot wood dowe's. )

o Step on one end, hold filmn conister in hand

o Film coni oi othes spools with bell tope
» Bolts on a bood

o Two boords with hinge

 Tumbuckle on a bood

» Wood waorkess clomp as frame

« Pipeclamp os frome.

« Suspend a weight from ends of bell. as it goes over vertical supports
Important operating considerations

oAb BTOTNG aradughe Maquercy produces higher voltage

« The,mpgnifude, of the mognets’ vilgiomigfiuences electrical output

nt. The VWingbelt will work much better
wir g Gl matalter han with an inskgensive plostic fan.

o TheWind spotd /& oy impefic

o Alsc-ty d5ing o plostie windew-lghsnext 10 each,Cther, 5o tho! they

Haftiblow oo e Miadbelr
o Belidat sionts axeinany imBarent aadimust be finetuned,

o The distdric o mtgnals g the SiGiolls exie elfimgogriiThe mag
ndis mushibe vesy €losB G.ihe siattwathou™ielbelt rubbingthastator
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Operation

1. Ploce the Windbel so it reteives moximem air from the fan. The-
Windbok can be hotizontol or verdfeal.

2. Tumm on lan, Adjust tension in the Windbsti {by lurming eithar bol] unsl
the beh vibeoas. Maka sure thot the magnets are always direcly in
front of the siotor.

L

snd opecsit the sator 1o
vibsations

You may uss your kand on the belf {on he
opply teaston 1o sos how it offects tha beb

.. Sometimes the bek will go inio . “Gisional® mode {rowting back and
fosth slong s longihl; this sorsion will allow the Windbelifa poduce
o ‘minimal amount of eleckiziny, But the Windbel produces more
pover il he. bl is in “longhudinal” inode {o long wove lhmql‘a\ 3
the balt thot lonks fike haif of & sing wave f viewad fom thasidsl.

.

5. W the beltis in a.tessional mode, you conalten prod it into long i
nal mode by touching # with a fingar, by cbcr ging the tension with o
finger, or by skghily chianging Ihe orgle io.the fan,

Experiments.
“Chongs thesa vorioblas
“Wind Speed
o Vory thie fon spas

ond obseive ony changes in produciion.

o Hold the Windie ot vorious disiznces from the fan,

+ Hold the Windbsit ! various angles to the fon.

«Cno windy doy, toke the Wirdksh cusids:

Magnets -

« Chiongs the sicndord pait of mognais to ondther polr [ohwitys uss 1wo
clthe-some size mogheis). Maunt tha inognst
described. Fyou won! to try e Windbel with olher megnets,
www kimognaiicsicom is ong good souce,

Belt

« Take.off the narow beltand insioll-the wide Balt {imount moghats o tha
wide Balt first].

« Useé your fingers (starting of the end opposiiewt the siator) 1o pinch the

beh, Move your fingsrs taward the siator, sffciivaly: shortening the bell
s Staler ond Magnats: Move them 55 dillérent focation alerig the bel,
« Whig two or meie Windbahs in parallel 1o power a biggerioad.

s Cozs adding an sleciicol load changs the vibration of the Bah?

on the Bell'as previcushy”

Place windbelt accross your fan so thai the full
Iengih of the belt is inside the oir siream, but so.
that it dc'es not cross the lower-spéed center of the:
fan.

Windbelts can be placad i front of the fon hori
zentolly or vertically.

Orientthe windbell so tha¥ihe belt sids is facing
the fan, If the magnet'sticks to the stotor, you can
iy flipping the orientation so that the wind blows
the belf'and magnel dway from the stator, A better”
long-term fix is fo readjust the balt so that it sits
slighily further from. the stator.
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Troubleshoot

The Glssic Windbelt will only work well with apowerfidfon. It =~ Q: /vt 1o b ! vibrate?
WH#“M‘“M!’WUW“ A Make sur ’ e i Bish scsver fan Acdiuet tha boll ¥
oty o fons nd o b more poero o cheap s Pl i i PRl o
ones. A melol oge  onesignof o srong fom iy Ghciise i ; it
“ﬂmhlfnmﬂmdhm cloge ko the sialor thal he magnsts oe 3ing ko t

s the amount of electricity it drows. Look f the specs fo find wiating the Windbel so that the wind blows thy

omperage. Mony weaker fans drow less than 1 amp. These will jo. Chars 1 the beit witt
not work. Look for o fon that draws oround 2 amps. bel and s

Longitudinal Hutter is more effective ot generafing Wb AR G
electricity than torsional futter

E —"“——-—---'—-~--.“::;._°] Q: \-"1 gty f H o T “‘.9

‘-Q-_-~----- -

Longitudinal Flutter

4

J—— bhbslfensigr K voarfling: Y ting the: VREINGK
7 ¥k iy thibddh Loihe @b side

Torsional Flutter

Shgane) of 157 phill Ggatag: 3

AR of WA TAck harluoin adveic!| | posifE®iopog

vVindbelt my Wlhrdofbdfc goil of the Sher Vignalfe

Wl (e e W f il genos

Windbelts wired in parallel.
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Using your multimeter

{ N g B

e e _________X

; ot - ~ ~ ~

s, depead d spesd. 0 20
letiveredd 10 Q s 3 :

s i e end st ing Measuring DC voltage  Measuring AC voltage
¥ A o™ TR
N p »

& i 1
S CIOT n L%

THE FRACTIC AL VALUE OF F1FCTRICITY

| One day s, you may hox it
— Farday's supposed reply 1o the Brifich Minister of Finance,
. when asked about any proctical valve of electriaty.
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Windbelt Theory

Intil racantly the | y sind horvesting de e
n S VVindt L§ R i ¥ ¢
. id opp
te Sing enfiona qirtoills 10 pull energy
¥ r the W sbelt 2 amc J‘_ TS
t ¥ e o ir
J 1§ 1 or crng the
. b b J 4 1 e
A ) 16 ¥ i 1

Jow(doaghe VWindbelhpeits Futer-int elecin g Apd
irsiened Wihe beb (0 95heb 0% Wi h
g o IP) Y Sahets iakes &
S Aewcgast : i
20 10 KO t A "
wt act cifecanit | LA t
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Electricity
Direct Current (DC)

§ ol

GET DIRECT CURRENT FROM YOUR WINDBELT

Using fhe provided reciifier will allow you fo obtain dired ax-
rent (D) from the Windbelr

Wire the Windbelt's two leads to the wo enter leads of the

led the Power Supph F = ts houss 1 AL hedachaiied
t
o :
Alternafing Current (AC) The ottt termingls from the rectifier are lobeled “+* and *,”
\C s vary cifferant fom DG o the o\ Nk Ao i may bo gl M leusk
wael, W8 Torvwrrd Theado oA 'rv:m:,“, " If you ese the red LED, you will nokice that it ights with one
» 2L . ~) . polarity o wiing. butnof the ofhe polarity (since s only
R e ey e : ": = - llowcorreat b i one drecion)
g i e @ gl it ve i ot TR e n DRI R %
o e s Then A s you book up the red/green tED, one color willlight for each

1 g0 & Fe G anartifen Ry o f0la
ince AT f8 gons@nlly chomging IR g 278 Jrd bofltant

ity e el thif son Hodeumi ! el d 08 Olobiibog
onsianil. e TR
Amercd) dhoneed difieTad Bad thti &0 Tiad

th sfnglaxicds, sufh oo xah! aintp ol Ak §

¢ Bedtusgay dhohosvapyingt

4

i AoSelen

S

elft nicdduipmel ™ 8. ehtipgedl vt b imEosnt
mde ! affes 1ot o7 bl dy) WUTEECIES THe
v Thdlreabey mecarrgtlieg los Jehdadad (LS ol
afled Helly izl
\miol, off Wilities prowtar myvitv A -SRI BN §e othe
parts of the Wk THEGe Euicpe. B8 shuofia i< B Uingtie

ot

e pvided BRA < siant iy BRImITG, U 5
know how much usalije Bevwe R e NERE (1 R
iing of he TASIMEH @t a@hic!

CaCy i thcl!

!t of PPy

tive W @iedahe AC

0

S e G

VA otgtcmettatn AR ¢hAEA W SRGRAIND (g

e

W,

: poloity of iing.

USING THE AL FROM YOUR WikLSEL

. The Windbelt produces aliemating crrent (A() cs the mogrels
move up and down next fo the siator (cofl). f you wire the

 cotpotloihe e 14D you il got apuked hgh s 1EDsonly

 accept gne direction of current flow ). 1f you can count fast (very

+fost), you raay be able fo cunt the LED light pulses ond figure

; the frequency of ihe belr' vibrarion. (A weer belt usunlly

 vibrates at roughly 70- 100 cycles per sewnd A 1 meler belt
willvibrote moce slowly, in the 20--50 cycles per second range.

" Connect the rod/green LED. The red willight ith current flow-
; ing i one direction; he groesswil lightwith curren flowing in
* theother directon

" With a LED hooked up, I toaptimize the Windbelts output:
the brighter the light the mare the output. Slightly vary the
\ Wimdbelr's angle o the fen; move the Windbelt soi receives
it foma different portion of the fan. Vary the fension of the
ekt




DC

Time
Rectified AC=DC

Time
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The lschnicol s for this ellacive {usable) power of AC §s the BMS fog!

. Tha RAS valos 0‘ o &C eyt 5

mear squarst valiz of the volioge
x'n nunbes which reprserits fhe soms powar that of UC curtent of fhot

vellage would produce.

fa Morth America, mosthomes hove 110 o 120Velis AC slenircity. {120
vollz & the masi comimonty yssd tsim; 115 velts 13 e official Maéngl
leciical Code Standord.} This 120 VAC is the BAS volug; so the AC
alet in power ke 120 VDG,

elaclicity ds.a¢

ith cin RS of 120rvishsactualy goas bnt ol +170 volisto
A7 Chvalls. Sidents with o stong Interist con sadiich nd findd s lormwle

o coloilons RIS,

o~

2Cusually comes from large.sesla power gensralion by ufilty compe-
1igs.

The odvanioge of AC is that 15 aasy 1o trorns ddormvieloges: Soiteon be.
run- effict ~mi/ o high valtege Jorlung distonces, gid he on d wansfmier.
i Inwer the voltoge for msldantiol or business use.,

Diirsct Cunmat nvary b ebicinad lom Allamatisg Corent By using @ roli-

far, o devics thar Gllovws cursnt ko flow o only-eneditdelion,

Aligracting Cunant may booblained iom Dirc Cursent by using 6o
invetler

How a Generator Works:

Elscremognetic lndiction: liis the producion o cument ocrass a con
ducior in @ changing magnelic field. if a mognet moves nearawirs, it.
arodures elkciizity in he wire, If o wirs moves sear a mogna! il will alio
pothics elociricity in the wire:

Elsc :mugne' 2 inchuction i ussd in gensmions, eleatic molors, transtoree

o1, solencids, et

Further Readmg

o Dirzct Crrant

Abemating Cyrrent

RAAS (Rl dtean Saucss
® Thomos Edison

o Nikola Tesla

Michoel Feraday

Incuziion

o Hainrich Heslz
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The Design of Piezoelectric Grass for Harvesting Energy from Wind.
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The Design of Piezoelectric Grass for Harvesting Energy from Wind.

ey 8Ans* deailes dunuie suwe ygled yans Fwdeudy uaswtass Yuwas
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Abstract

Nowadays, natural energy is all around human being; therefore, harvesting
energy from that efficiency will be benefit in the future absolutely. This research involving
producing electricity from low speed wind aims to create small-scale generator.
Piezoelectric ceramic material (PZT) a type of material transfers even less vibration to
electricity is designed to stick with different form of PVC sheet. Width, Length, Depth of
PVC sheet causes different frequency and amplitude of voltage as well. Due to PVC sheet
with PZT, vibration occurs when wind blows through. This research might be alternative

energy in the future.

Keyword : energy harvesting, piezo PVDF , wind type generator , PVC sheet
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