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Owing to miniaturization and low-power electronics, mobile, implanted, and
wearable devices have become the main trends of electronics during the past
decade. There has been much research regarding energy harvesting to achieve
battery-free or self-powered devices. The optimal design problems of a
double-pendulum kinetic-energy harvester from human motion are studied in this
paper. For the given form factor, the weight of the harvester, and the known
human excitation, the optimal design problem is solved using a dynamic
non-linear double-pendulum model and an electric generator. The average
electrical power was selected as the performance index for the given time period.
A double-pendulum harvester was proven to be more efficient than a

single-pendulum harvester when the appropriate parameters were used.
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Table 1 Parameters and variables in the Kinetic energy harvest

system
Symbol Descriptions
h(?), v(t) Displacement of frame
mi, m Mass of pendulum 1, 2
Ly, L, Length of pendulum 1, 2
6, 6, Angle of pendulum 1, 2
b, Damping coefficient of bearing for pendulum 2
7l Torque of generator
Jq Moment inertia of generator armature
Vg Voltage of generator
Re, Ly Electrical resistance and inductance of generator
Vb Voltage of rechargeable battery
Ry Internal resistance of rechargeable battery

Fig. 4 Free body diagram of pendulum 1
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Fig. 6 Circuit diagram of generator and battery charger
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Fig. 7 Configuration of the double pendulum in the parametric
space

Table 2 Parameters of generator considered

Parameter Value Unit
Nominal Voltage 48 v
Resistance 79.7 Q
Inductance 2.71 mH
Torque Constant 483 mNm/A
Speed Constant 198 rpm/V
Rotor inertia 1.99 g cm’




Journal of the Korean Society of Manufacturing Technology Engineers 24:6 (2015) 619~624

3.4 A|S2o|M Zx}

3.4.1 O|BXIXI| =& &HA

ol F91E 9 F Sde o]FRAR] IS TRt 4 (23),
240l AAE KA} doje} Aol diet i o, oS WA
StA7IEA 2] (22) AAE B A pas TR o] AlE
HoldellMe gt ng 0.02 AR 27 WA 0.04~
0.0967k212] 2ol thste] AlEFo]AE &9t g.old aol 0.0
7 1.00] He FHER] A= dAE gulsiAY, Seldoz
d4o] E7Fsst7] Wil wiAlstt) AlEdleld A= Fig. 8
7 2.

o] Az M2H p=0.8, 5,~0.994 Nk ppe=4.3 mW]
Mol Yt} Fig. 9= ¥ AHE mW T92 5oz &
AEtaet o] A7E B $= 4T 5>0.75, 5,=>0.6 F2o]
A S FA3 Wyt Bty o] dee 2R AHe
3j710] Yol Htolrk. 70| E}E} ] AAsH AIREERE Ulol
*154 A7 9] el shgEe E3pF GEbA AL o] g

VIS vAA sletule Wl met AL Be] dojdt 9l
AT A AFeF E=(chaotic)@7Fo] A Folglar Hok
1=

iril

Average Power(mW)
S

0.2

Fig. 8 Simulation results of the energy harvester
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Table 3 Comparison of single and double pendulum system

Pendulum Condition Average power (Pave), mW
Single m=0.05, L=0.05 2.1
Double p=0.8, 0,=0.9 43
Theoretical 2mghf 39.2
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