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Dynamic Characteristics and Power Generation Performance
Evaluation of Customized Energy Block Structures

ABSTRACT

This study carried out structural behaviors and power generation performances of customized energy harvesting block structures,
especially for infrastructures such as parking facility. The improved energy block structures described in this study were represented by
using numerical and experimental models. In particular, the composite-PZT hybrid energy blocks are tentatively proposed for better
structural durability and power generation effects. The finite element model using ABAQUS program is used for studying static and
dynamic characteristics of block structures made of composite materials. In addition, we evaluated the various power generation
capacities of advanced energy block structures through laboratory-scale and field experiments.
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Fig. 1. Concept of Multi-Layer PZT-Composite Bimorph

Table 1. Cases of Composite-PZT Energy Block Structures

Case Module PZT Coating Layers
0.25mmt PZT-4EA . . 7-layer
I 2 F le-3EA (0.
0.25mmt GFRP module-3EA (0.75mmt) (1.00mmt) Coating/New bonding (1.75mmt)
0.25mmt PZT-3EA . . 7-layer
I 0.25mmt GFRP module-2EA (0.50mmt) (0.75mmt) Coating/New bonding (1.25mmt)
0.25mmt PZT-2EA . . 7-layer
1 0.25mmt GFRP module-1EA (0.25mmt) (0.50mmt) Coating/New bonding (0.75mmt)
0.25mmt SUS module (middle)-1EA (0.25mmt) 0.25mmt PZT-2EA . . 7-layer
v 0.25mmt CFRP module-2EA (0.50mmt) (0.50mmt) Coating/New bonding (1.25mmt)
v 0.25mmt SUS module-1EA 0.25mmt PZT-1EA Composite coating 3-layer
(0.25mmt) (0.25mmt) (0.15mmt) ( 0.65mmt)
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Fig. 2. Improved Hybrid Energy Block Structures
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Defon
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(c) CASE Il

Fig. 4. Static Analyses of Composite-PZT Hybrid Energy Blocks

Table 2. Maximum and Minimum Displacements and Stresses for

Three Cases
Stresses Displacements
max (Pa) min (Pa) max (m) min (m)
CASEI 2.172e+7 | -2.19et7 0 -4.85e-3
CASE I 1.802e+7 | -1.85e+7 3.108e-8 | -2.975e-3
CASE I 1.680e+7 | -1.705¢+7 | 8.188¢-9 | -3.112e-3
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Table 3. Induced Natural Frequencies for Three Cases

Mode Frequency (Hz)
I 39.33
I 236.18
CASEI I 275.46
v 644.61
I 48.53
II 294.10
CASE 111 325.15
v 795.94
I 44.48
1l 276.03
CASEI I 309.92
v 755.98
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Fig. 8. Laboratory-scale Experimental Setup

(b) Five Times Excitations

Fig. 9. Generation Performance Evaluation of Improved Energy
Blocks

Table 4. Generation Performance results of Improved Energy

Blocks
Max. Power Tileicilraert:gceal Improved rate
0,
W) Wih) %)
Existing | 53 271.80
Once results ’ ’
Excitation
This study 1.066 639.90 235
o Existing
Five Times results 1.032 619.20 -
Excitations
This study 1.830 1,098.30 177




(a) S-Model

(b) C-Model

Fig. 10. Generation Performance Experimental Setup for Modules in the Laboratory-Scale

(a)

(c) C-Model (10km/h)

v

(d) C-Model (20km/h)

Fig. 11. Generation Performance Evaluation of Improved Energy Blocks Under Passing Vehicle
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Table 5. Results of Field Tests

) Voltage (V) Generation rate (W)
Velocity - -
I 11 Evaluation I 1l Evaluation
1 8.8 - - 0.15 - -
2 6.2 - - 0.08 - -
Skm/h + 3km
3 6.0 - - 0.08 - -
Ave. 7.0 - - 0.23 - -
1 13.9 21.2 V13 0.39 0.90 ¥ 0.51
2 14.8 21.6 v 6.8 0.44 0.93 7 0.49
10km/h + 3km
3 15.0 21.2 Y 54 0.45 0.90 7 0.45
Ave. 14.7 21.3 vV 6.6 0.43 0.91 Vv 0.48
1 28.2 23.4 A48 1.59 1.10 A 0.49
2 23.6 25.4 V1.6 1.22 1.29 Vv 0.07
20km/h + 3km
3 25.0 24.2 Vv 0.8 1.25 1.17 2 00.08
Ave. 25.6 243 V13 1.35 1.15 vV 0.20
1 31.8 33.0 V1.7 2.02 2.18 Vv 0.16
2 29.2 34.6 V54 1.71 2.39 V 0.68
30km/h £ 3km
3 - 33.0 - - 2.78 -
Ave. 30.5 33.5 Vv 3.0 1.87 2.45 v 0.58
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o Aoz wehdck

(2) A 2304 7dE selre|= AurE=Re] W s
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AdE HEY duA &5 29 T4

past 135] & 7Hd Alelk= 1.066W, 53] 34 711 A=
1.830We] 271e ARt <= QISlek of= 3he B ¥ Y
sfo|He|= s Ee] 734 A 7Rdo] Felsitk WA,
A delxe] Al 2 Afslaedoll ] Al 20kmvhotr] ZHTh
0.76We] 71E At <= SI9Iek ol2fdh dAvk= A4
7He]] 2Jgh Adehths vk ditelnt. o] A3 7
2233 A 2] 7R 2339] Aol 2

) A=z AFEAet s ast A< 30km/hol
T Zd 2.16We] d2ate] Thssiin) & xlet A1d
A} FAAFe B Sty gedls v S 555
AAFE Aso] vl e R Folkit) ofd Bvhk= T
E2g U] spllge] H8Eoks e ¢ & Aow
7ol Tk

(4) A=Y At o7 AAAESL 4719 vpR7E A0l
] AR EES Sk 23 s CuRleSS At
= A 2 A7t ISiek webr - frAkRAe] =eg
ofuixst 2B 2] 7 Bl 28 Aol she] At ihe
olgshz WHo g Jehs o] aabdd Aotk

2 Qe ouAshIE Tiee SHAO R kel A
AW YESIE 7] HAN, B4 QA T Sol 483}
7} 7Fsd Ao Bk web) $5 g2 Jldite] Fxg
Eate] H29130] 284S S Wao] A=, nr}
ceget ] AMIESS o) A%H 0w o]
ofof & otk

ZAo] 3
E e (A)ESIITEITYY EXFE o] T
THA| 7] Koz E o, FE|QA FAeUIR|AE
Fx=2 Ago] L AFUTE o]of TAI=HYTh
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