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Design and Simulation of Power Generation Device Based on Tree Swaying

ZHUANG Shanyi, DI Haiting", ZHOU Ming
(College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: In order to solve the problem of self-power supply in forest monitoring system, this paper proposes a kind of
power generation device based on tree swing, which uses the driving energy collector of trees to convert mechanical en-
ergy into electric energy through the principle of electromagnetic induction. Firstly, the structure of the energy collector
is designed and the working principle of the power generation device is analyzed. Secondly, the differential equation of
tree vibration is established, and the mathematical model between the change of the tree’s swing angle and the wind mo-
ment and the tree’s own parameters is derived. Based on the dynamic equation of the electromagnetic vehicle in the en-
ergy collector under the forced vibration of the tree, the displacement response of the electromagnetic vehicle is ana-
lyzed. Using Ansys Maxwell software to simulate the electromagnetic vehicle and the change law of the induced electro-
motive force of the single-sided coil. The dynamic model and electromagnetic simulation results show that the displace-
ment response of the electromagnetic vehicle presents a “beating” change law, with a maximum value of 219. 38 mm,
the maximum induced electromotive force generated by the coil winding is 3.7 V, and the average induced electromotive
force is 1. 19 V. This study confirms that the power generation device based on tree swing can generate electricity effec-
tively, which provides ideas and solutions for the self-power supply system of forest monitoring.

Keywords: Tree; vibration energy collection; electromagnetic induction; power generation equipment; structure de-

sign; simulation analysis; dynamic; forest monitoring
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Fig. 1 Schematic diagram of the overall structure of the tree swing power generation device
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1. collector base; 2. magnetic fixing rod; 3. hollow annular permanent magnet; 4. carbon steel sheet; 5. spring 1; 6. inner baffle; 7. carbon steel col-
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Fig. 2 Schematic diagram of the structure of the energy collector
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Fig. 3 Diagram of two-degree of freedom vibration system
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Fig. 4 Displacement response curve of

electromagnetic vehicle

FH & 4 A, HELRE 4 B SL RS i R R 2% &2 4R IR T AR
s, e AME N 219, 38 mm, NULEE 224NEIE B EE
BEERAMER 3. 1415,



$E5H EEES ETHAERNKBRERITRAHESH 1037

3 REBEWERNBHAESR

Ansys Maxwell {F A E RS R E LIRS T
2% [ 7= A R RSORE FEL B 3ALT) R B AR ESR ) Ansys
Maxwell B 2D AR 200 FLIA ZE BB BOAE | G 4 25

2540 (45 BIARIC N Windingl . Winding2 . Winding3 1
Winding4 ) 7242 B R FL B 35 RN Je A2 AR AR HE 47
B iR, F R A RHE AR
SR E TR 1715 2,

x1 EEDHMHENE

Tab. 1 Material properties of main components

BB RN RN IR 7£7S B
component carbon steel column carbon steel sheet hollow annular permanent magnet copper coil
MHE‘E steel_1008 steel_1008 NdFe35 Copper
material property
X2 FERHHBSHIRE
Tab. 2 Parameter setting of main components

. 7 KE .
wE % . Fig /25 w
copper coil electromagnetic hollow annular sprin

PP vehicle permanent magnet pring
%12/mm R4 #E/(mm-s?)  JEE/mm  BHEF/mm  HHKE/mm FfZ2/mm %12/mm P %
wire diameter number of turns speed thickness diameter free length pitch diameter  wire diameter  number of turns
0.165 150 10 6 33 15 1.5 4

FEREPRETRNRAS s, 2RKHA0.01s. E5
HIEATISTA] 3. 2 s I HL 2 P AL ORI T 12893 A

e —
winding 1 V7 < T
P2 1 \S /) carbon steel
winding 2 1 [ sheet
PR B
carbon steel i | . ik
column ’ Ty hollow annular
2L 183 / “ % 1 ' permanent magnet
winding 3 T " I f, :
Zfeld 7/
winding 4 \ \(
{ W'

5 BHh&sH
Fig. 5 Magnetic field lines

F 1] 5 AT AN, 1 2 am i Ry — 2k R - R AN A A
SR 188 [ % , R B AN AR A X 8 2R IR, W1 2%
TERRIME BRI RS RS, I T EEF EE
FL 1 20 (R BN RE A £ SO FL R 2R T LA AR B ) 5
RN I &AL T 34T, UL 66

FH & 6 A, BRI ZEAE AL DL 10 mm/s BB RE 3

Yif—24 mm (A7 E 7] 24 mm (8 EHAEF . REEFHR
REFRE, LRI ARG % R A AR AU, 2R P8 152 377 1)
N BELRS N 1 47 % FE AR AR 75 Al o DA 6 HR g s [
0.5 s, 5277 F=0) N2 5, 45 Fa g 28 LTS Y
ENPEETIBON Y0 BN biix Wi TN < WA LR o =Y AR (il =
AUy BIAERTRIA 0. 3.0. 4.0. 5.0. 6 s B Ffr 07 B R
VAL kit

R L AAREALZE 0. 3 s ATAMATE 1 0. 4 s Firih
BRI RS, B FEE RN B 2R
N BT T2 B T R TG R, T 290 73 2k el TN Ol D 4%
e VAN = NN o115 w2 e AL A s el s N
W B S b~ B8 > 2R P A 0 2% FE I AR AR B, FL
W2 J LA BB BE AR BT 32 & DT B 75 (R Y b £ el s 2
R T LSRR 0. 4 s FR 1 B 17 0. 5 s Fr b B
BN FE R, G ZE ) LA AR R A S22 ) L (X 3 i T
5 N3 20, 5 s B HUREZE LA iR S A Fr sz
BINE L RHE AT RAE 0.5 s Fr AL E [
0. 6 s T BB RE F, R ZE T LAY P
532 P8 PR ATl D 25 0 155 G R T 81 43 4 P ATl
TIPS Pl INVE R K, FURE 2R T LI B B AR 52 5 )
B3 1A Y RITE 4l dEt b iAxT Rk ZE iRz st
FEEY ST, Fi S 45 R 5 i 2 ) L AL Y 52 7 il 26T
NS R AR AL B AR A — 5o



1038 O I iE E42E

25.0

4125

Y71 J1/kN
force-Y
()
{3 /mm
position

1-12.5

-25.0
5
Hﬂffﬂ/s
time
6 EBEERUBMSZHE

Fig. 6 Displacement and force curve of electromagnetic vehicle
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Fig. 7 Magnetic field distribution diagram of electromagnetic vehicle geometric model
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