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Abstract: In this paper, we designed and fabricated electromagnetic induction based scaffold type energy
harvester. For energyv harvesting, mechanical energy of vertical motion is transferred to rotational energy

using rack gear and multiplying gear was used to maximize energy transfer. To optimize design
parameters, physical structure of energy harvester was modeled using finite element method. The effect

of multiplying gear ratio and frequency levels of applied mechanical energy on energy generation

efficiency are analyzed by computer simulation and experimental test. Experimental results showed that
maximum 25.36 W of electric power can be achieved at the frequency of 2 Hz and 1:77 of gear ratio
with only 5 mm of vertical changes on scaffold structure.
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Structure of designed scaffold tvpe energy

Fig. 1.
harvester.
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Fig. 2. Relation of moving distance between rack gear
and pinion gear.
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Fig. 3. Structure of generator and speed multiplying gear
module. (a) speed multiplying gear module, (b) two-spur
gear, and (c) generator module with speed multiplying
gear module.
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Fig. 4. Block diagram of electrical connection of

generator modules and rectifier circuit.
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Table 1. Modeling parameters for computer simulation.

Parameters Values Units
Generator size D30 = 40 mm
Coil thickness 0.2 mm
Coil material Copper

Number of turns 1,400 turn
Magneﬂf; flux 054 T
density
Magnetic material Samarium cobalt
" (SmCos)

Frequency 05 ~ 2 Hz

20 V]

15

10

s 4

0

=5
=10
=15
-20

Fig. 5. Simulation results of generated output voltages

on various frequency levels.

sojol whojubare] sjdo] Held Hid ouE =
dglel B8e wok Bpe M 57t Aok 7t
Aste] BHAWES Wl A Bl DAL

4% Wy mEel st A7lfEel the WA
o M71E AT A7) BEA WAHE Ae
4 @k ol A4S Astel we AAGEe] A7)
o e miel me BA4es BAE & Aok (1)

[V] (4)

A7NA, B z4Fd g dAAZES Zv|eld,
LE EA9 Zo], A4 EAMe WEH NE& FeFE
zbz} vrEldT
et o]&% 4 X< MultiphysicsE
1 &3ke] AlQtg o] spul e o] e} Wy
agla oRgFol uE Fx st 58 Hosa
drEAES Yeste 27 fkee] upg @A A7)
FE3L olet 22 WYow AlEHo|AE Y

o

O

il



A7 A2 A 5o 3 =4, 2279 Al12E pp. 858-863, 2014 124

3 Ay 2y 59 o] A} (sine curve) FH Q]

AFHGe) Fr1 o BAEE AL 5t
g 5% dl Aol Laz|elA dAE= shu2EH
A 9] HAHGE Fopgo] upeh Al EH oL 2
3 Astoln], o|u R&}A e gt 7SI £
Ad9E 29 9% (Zdd)s FEE £ 7 357
28] (2 Hz)e| A5 Hof A #Sbo] oF 18 VoliL
o AEZ ViefHe 1272 V7 uralalgc), E\ﬂ
I 857 0539 FFoA wAHE Ho AYe
oF 45 Vol], A #x 7L 318 V7l gl = AL &
A& F gk AlEHA A 2R FEE 3
7} ‘“ﬂ"‘%-‘?‘*% =, zi%“#*ﬁ FRFL7L FESFE WA
3 F7)8

A% E® FhekE AL ¥+ Ark

hé

o::“h'

3. @3 ¥ &
3.1 E8 B4

Azg oz sl A e WS AYss 9
a 120, 150, 1:77¢] M &S 2= A AR @A

2ES Adsela, dnHoR AgAst shzEE
We o st FR4E #etdtel 05~2 HoA
05 Hz¥ Z48 Z7H07W Ade ddaac

[0l Bgel Agd watAge Ay Agad =
of web WRAYH FA 33 Qo AL ALgald
wEE A Ade FPsdc. w4E AAge
4 (5)% ol gate] ARAGES ANT F 1 @2 o
gato] 4 (6)3} Tol ARALE AT,

1
Vs = \/m‘ X

> (v, K" ®

Ppys= mem‘ / R (6)
A7|M, L& AF 3o, RS F-5 AFPo|t
a9 62 §3AFY 33 QoA FHFL T 79

Hlo] W FaA98 43 agjzo|n £4 Ax

F BY 7]ojH|7t F7HESFE SAAFHE 7)o

vl ste] F7ele 54 & Holn, %‘-i}ﬁ‘*?} ol

T8 A5AS UL dYo] A AL g3l

Atk Aletst o2 &hu) ~E e 3115]]7.‘1@?3 45 7]

ofu] 177, ¥8M4& 33 Q, Fu4= 2 HzellA o 25.36 W2

AT § 861

Fig. 6. Effects of frequency and speed multiplying gear
ratio on output power.

Table 2. Experiment results of output power at load

resistance with 33 €. (Unit © W)
Frequency (Hz)
(Gear ratio
05 1 1.5 2
1:29 1.88 2.39 3.50 4.19
1:50 253 5.2b 890 12.81
177 3.59 8.34 1591 25.36

Rectifior circuit chip

Fig. 7. Picture of the developed energy harvesters.
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