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(Nikkei Elec-tronics Asia, Nov., 2010)
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4 ¢ Poling Direction

Pinion gear
on generator

- |
- Toothed rack " Pack frame
. Spring s Vertical rod
Linear transducer 1 Bushing
— Load cell - g — Arm strap
| - o
8 (d) lztel EdolA e of{X| g (Paradiso and

Load plate —
(c) ZE olHX| &2 2I5t L™ (piezoelectric), X
(electrostatic), ®A7| Fx(electromagnetic Starner (2005), Rome et al. (2005), Donelan

Locking mechanism

induction) et al. (2008)
u Ene Tunable
M\crophones reclamatlon electromechanical

module Imer cell

A Energy
|Passive loads| Controller harvesting
converter
Continuos centre Striped electrodes,
Flo electrode front- and backside
W
disturbance

Von Karmén
vortex street

Mean flow direction

)y dz2zx ZZ7|E2 0|23t 22 olX| =& (Liu et al.

] (2008)), o 2g ojZst ojo|2z E& YE H(Myers et
(e) TV RF ol4X] ==H(Intel AD), &2 al. (2007)), woist diol2= ot —_r‘_._a(Poberlng and
)

2} Qe 2&(Powercast Af) Schwesinger (2004)
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1 TS ollfx| Ha o] ofj x| 2

Practical Aggressive
Type maximum maximum

(mJ/cn’) (mJ/cnmy’)

Piezoelectric 354 335

Electrostatic 4 44

Electromagnetic 24.8 400

(Roundy et al. (2005))
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e A7 Aoz Al el d & Hha) 24 2] of Zho]
md o2 AA A :18V,33 V) AF

7} Q3| o] & 93 HE wigk 2o 7
AL T8 duA] ol weba] 2 74 o] - Ol X| S 2 2>(energy delivery)
Aazitt. &, Holu & Fuj7t oA Y A7 5 282 ot T 38 okl A%
785 AR 5 Aol A T g 7] = ot o {2 Ak AFgh o] = YA A
A EEV 22 AAY ARola, Aeds F 8L quUA AR 2 9] HE B
o] &3 A5v LFEA AR S Ft Hekalr] 98] B asit o & 59, dluiA
02 &8 SA40] Holsith. ¢ AEE ©f A% Tgo] E2 et AR 9 A 1AFE
&3 2 F A 5 FA| 9] A5 2 A AZs] gl £ 2E AHAEHE AL 5
4 =1 39 ot X5 A2 f = Atk g 95 g d A F S A8 A
AYE o] &3 7 ¢ 99 W) G HSte] o =717 483 A5 glon, o] A%
Sk kA, o] A5 ol & 4 oy YA 27 840 EAJ o whebA] A Hs
A 53 FR & AHE-ote] Dojzl A7 Ay A] 3| 2o A7 = 73771 LRk o]t}
7t dRkg F83 URA 2 WgE gl evt
olm o]zlo] MY =9 FEA ot} o] & 3.5 =%k
A3l M3 A &2 Eo|7] $I% TF
o] 9]l ~ 7% g}(impedance matching) 52| 3] 2 20094 39, mlo] A2 oA 3 #H
of &3t A nj-$- =23t A 2 &A7F 2¢ ‘Embedded Systems
Conference W] 2] ol|UA] =8 el ofd o] A
- Of|{ X| M & QA (energy storage) “What has really changed energy harvesting in the
nlo]| A2 oA &S 53l d& F e last two decades?” 2} oA 2 E&0] It
Z= o] ko] A3 Ezl, 3§ Fole] 38 7] nlo] A2 o qA] 82 A4, MEMS 7]< 9
e 3 dUA] A 94 gA] o] E DAY gEo FA AL AdE AR 7=
ofof| A ul - F a3ttt wlo] AR oYA] £ o 2Fo 2 JHFE F UAThE A oY
71 AHEE F A EAUA AF 8422 = & A9 L] 384 Fobol tidt Ao] F
71E9 drARl ARAH, 3 AFHAH, W&otk 1 5 2% oA 48 x| 3 1t
ahek 2] 9 2l F o] A9 23 AA| o] A 2F AA| 2 £+ g PerpetuumA} o} CymbetAl=
ot &g A7) AU A & FH 8t AV BES 247y B AA W ES A oteh 253 dd
= Q42X A7) FAo] Hojol e B o (smart bulldmg)/X] % 7+ A (intelligent
o Ay A] A% 2he AyA FF HF W monitoring) 5 A ¥ & HokEA FH}
d=o FH s ol 99| 8Tk whetba %132, Hlinois o} 8}¢] Champman 1/ 4= MEMS
Azt &, 2l F o] 2419 24} AR = 60= AA 24| 7} A A] 428 2] 241 Td S 8t
o|4to] =L w0l 21 BHA oA = uiErA) A 2 Aolgta &tgith A nlo] AR o1
stA| ot 18|31, Wt 2 9] B e & A 78 FR Y &8 FofR FH WAL A
& LM<= HY FE AR/7 4 mA=R T5 3 e Boks UEsiA o2 2ok
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B3 YOUR PAYBACK/ROI
» 18 et s n
few COMAnICton
= » 0% cont g -

f retrches
‘_J u 4% energy savngs '\/
== m Unkemited ety .
%f/

| o
| (Piezoelectric, NASA) (Electromagnetic, EnOcean)
o AT ‘Wireless Switch

Building Automation
(http://www.enocean-alliance.org)

Detection of Disk Brake Piezoelectric Floors ofjRah A
Frictional Heat (in the Tokyo station) (BHMEEANZRE)

Automotive Sensor Network mal Tracking
(MicroStrain) (U. of Florida)

: L | Science 309, 2005
' Voltaic Systems

Solar Cell Phone
(Samsung Crest E1107)

Source US Army Nike + iPod Sport Kit

Energy harvesting in military applications

T2 b5 Ojo|3Z ollX| 2t 7|=2 S8 Zok
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: ?rﬂ%%—, PDA 59 FUl& IT A F, 9%
5 A A} A Z(stretchable electronics)

%64 7 37 E (wearable computer)

3 RFID: £, 25 5] A2 917

off o

ﬂ N ofr i
12 ol

B A MEYZ - +Z X H(SHM :
structural health monitoring), ok T& 3
7] (anaimal tracking), 2} & Al Y EY =,
A5d U9 (&, As 7] A E A%
B ~9% 23 5

-8 Fof  AA AYT 9= 77
(medical implants, in-ear device, skin-of-
surface device), 283 2|8 2ot 7]7]
(wearable health monitoring) -

= ok Y AR AA AT W, A

T3l &5 A, 78§) 2 24F 771 AA
AE B4 3, A2 26 A2
9] A gto] glo] AT At

A4 919] ok o3 WA 2%

N HARE FHo7 Fu ¥E WPAN
(wireless personal area network)S- HjE] 2] A
4 glo] FAse] 41 A2 A8 2 A A
0 2 7t53A ste Eokolth. ¥ & o],
WPANS] ZigBee 2 553 RFID 32+ A
9 227} w1 ol A Aeo] v g
wholZiz AuA] £ 71&FE & Rt
wieb, Zighee 241 €24 94 294
ZigBee Alliance 9 A] oA 48 7]%9] 7}
s/ FE8) gkon, oA —’Fi—}%ﬂ e
A B4 Alokol ZigBee Green Power X
B 93 =22 2000d FUEE A e
o

¢

4. 718 AT 5%

B3} 59 Ak g & nlo] A2 R §

o gt 2= E A el et7|7F A A 9} o] o
A g BEZ ol digAE 2 HA AF
de] 4l A &skeh 2, 2000
F8k Eof ulo] AR YA o g
&< U3 2x 2 g=A AA =7 A7)
As] F7betA A, /50 71959 B4
71%011 g 3dst wge] Axg Fro| o
o] 23| Wrisl xltt. o] AMd & mlo]aZ
F3 Fofo] A7 2 7| T W)
3 FLEGH0R HolF 3 gtk

AAR R FH S v 7= o5 2 F7}
7] #¢] 3}l MIT Technology Reviewl] A =
Y dE A A 1€ S 20099 10T
4 71& Fof2 A4 g vl Tt o] ZllA
= A e 2 F A 7HA] A FH o] & o] A
2 o] 428 7]&o gigt e 2 = 7]
&/ 5 el i) Au Boktt

l-ﬂ r1r

U

41319 7= 5

8 2 50 A goM = oA 717 ke
A A 2 ot o] HX mlo] AR o qA]
g7zl gt AFE R CE ST} =
< A Fol 7H“‘EJ<>1 A AAA o= Ful 5
ALt olof] HE FQ 3 wlo] AR ofj 17
g AE A= AR A9 V)& B¢

4

o % B

fFHAME EHo] nlo]a 2 F A

S8 AR @ A7 FAE] g
Fol At Bl Fope] 27] AR 4P
Southhampton t] €+2] Steve Beeby w8 =
FA o2 97) &4 7 A3 sto] VIBES
(vibration energy scavenging) 3 2 4] E E- 2004
WXE 20073714 42808 u} Qi) o] S &
73 872 215 A U o] §3hf 74
A NEDD AN wEe] AL AL s
174 stk g A2 vA 7t
2 mme] QH 912 o U] S5} 43 = 840
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Hz, 2 g9 9|5 7}l thaf oF 1.4 uWe] 24
o] HAE S HATHH 6(2). =3 A2}
FE @2 o] &3 YA 3 FA = 50
Hz, 60 milli-ge] 2% 7}l thal] 700 mVin
o] AT} 55 4W o] ] A o] TR
(29 6(b)).

20043 Southhamptont] &S 7]¥to 2 A
% PetpetuumA}E PMG17(perpetuum micro
generator) (18 7(a))o| 2t= A A7 = A
719 A F ol| x| 8 AR A 4_3E

O 6 (a) AW x| 2 Fx|o| 7E 24 zZEn
SEM % (b) MAP| RE S 7 =
x| W M ISR diMollel HE

% 7 (a) PMG17 % (b) FSH(free standing
harvester) 2=

o] & I tolth. A ThFF RES LSt
A AA HEYHZY AA == AE
T4 &5 thdsiA A&t
PMG A€ A|F2 Aol = 20 o]
T Rlo] A& Ttsste S AAEHNH O F
FSG RE(2¥ 7(b)= Hdl 5 VoA 9] & A
7] §35t8] A7) #A L] 4 mAS] AF7}
A 7hsot Aol 20mWe] A TAo] 7}
3trt.

T A= £ Zarlink ¥h=H] 3] ALe] F
L3l PerpetuumALS E3Hek 67) A 7F A
2N DS FA3Fe] SIMM(self-energizing
implantable medical micro systems) X 22 &
£ s 231 ot o] 5 20069 F-E B
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