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A Study on Various Structural Characteristics of 100W
Linear Generator for Vehicle Suspension
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Abstract Recently, the demand for electric energy has been increasing due to the spread of hybrid electric vehicles.
In this study, to meet this demand, the ANSYS MAXWELL electromagnetic simulation system was used to compare
the power generation characteristics of three types of suspension system that can generate electricity using energy
harvesting technology. Next, the optimal design was determined for each model by using the commercial PIDO
(Process Integration and Design Optimization) tool, PIANO (Process Integration, Automation and Optimization). We
selected three design variables and constructed an approximate model based on the experimental design method
through electromagnetic analysis for 18 experimental points derived from Orthogonal Arrays among the experimental
design methods. Then, we determined the optimal design by applying the Evolutionary Algorithm. Finally, the optimal
design results were verified by electromagnetic simulation of the optimum design result model using the same analysis
conditions as those of the initial model. After comparing the power generation characteristics for the optimal structure
for each linear generator model, the maximum power generation amounts in the 8pole-8slot, 12pole-12slot, and
16pole-16slot structures were 366.5W, 466.7W and 579.7W, respectively, and it was found that as the number of slots
and poles increases, the power generation increases.

Keywords : Energy Harvesting, Evolutionary Algorithm, Linear Generator, Orthogonal Array, Vehicle Suspension

B =R A Adste Wav)EdE ZEIF©No. 16-CM-EN-17) A7 FAR F3 = A&
Correspondlng Author : Ji-Hye Kim(Yeungnam Univ.)

Tel: +82-53-810-2441 email: newthinking0202@gmail.com

Received January 17, 2018 Revised February 19, 2018

Accepted April 6, 2018 Published April 30, 2018

683



AR Eee =R AW A4E, 2018

=2

—

1. M

42 AP Agle] WA met stolne= 27 4
B8] 0 ojol mek A719UAS] St Fheha
Itk [1-2]. olel met 22 ol A oA AAHEEHE
7140] HgHoA ek HEAL A7k A4 oY
A shla" @bgRolT A1 A bgAE A
A7bgA el WA Aol A R Al ww
SR RE WS AEAUAZ 253te] 17] AuIA
el Asae] Aol A%e] BAE Fal SA7
g AT [3-5],
A APA A% WA A F ) BR
A WAE 519 212 fudns B
FPAAE o83 W) IS Wy

A AP Ag3) 9% 349 o
B
%

o mju

1

h=

=
7
A

7} EQE9len, 2007d0)=
7IHko 2 gk ol x| 3|4 HH o A

7. 2 09»401]” 4ot A% 37

E3

of o] &l

Ball-screw 7]
Aol ML= AT [6-
g 34 A s
E}G]— Qx%ﬁﬂ HLX—] ]
A7) A% &Y
A 7|2 A

7l°ﬂL1XlE AL

a7 S T A

A S
T H

ATt [8]. & ol

[e] & o
%—E— Y gEo W

a7t =
= 899
Lkl

2] ﬁﬁé%ﬂdﬂ Alxﬂ%Ol
H &l HAE = o] 2t} [9-10]. 20129_011: 27] &
5 22719 A8 AuA s AE S 5§88l A7) @
9 A7 A ks Hevk FEE Sl o, 2014
ol o8] Gt uld 23E Y ddr]el A8
Z7] B9 gn] o 3.8u) WS AR At 7l
FEHIJA T W] Azld] wlF] Ao] FFHsio)
[11-12].

E AFoAE U st
7bed Abg d7HPgAe] TxE 7&56@
At ow drpga|er Ade *j‘
AN A2 2Y9 2qE A
Zg 3¢ ANSYS MAXWELLS

=

=

71

Aus

ol

T

ge 59

8}] ﬂx}ﬂ EIES]
ARgste] W
A RGeSl 3R A7) 29e) 23]
7] ellM 7H E

qq FEE 449 2 49

684

2. MXp7| A7rExl HE
27

2.1 x| A7PERIe f=

H7PA = odA] ant AA =
AR H o) A /\] iﬂdﬁi—’?—ﬂ
AE 2AAA }

53t

s

AHA| Afole]
&l

2]

F

S0 sk A 6
] el g2 2%
3} o] W2 &%
Az A9 HE

% HAYA 7, o

A= Flg l(b)sﬂr 7ol Oﬂ:rLXVUr A
& FA9r) o]y @ oux o}ﬂﬂ
7P W7t md QA o5 %
A AN T ARp7] 512 Abe] 247 €)
71 oA Aito] 7hgsitt.

= o
=

10{' JFI

Inner container Outer container

Oil chamber Piston lod

(a)

Permanent magnet Electromagnetic coil

(b)

Fig. 1. Structure of suspension (a) existing suspension

(b) electromagnetic suspension



A A7 AG 100w AT chpe 72 54

=
aQ
S}
to
N
o
X,
ot
o
(=
:
N
-
[\
N
2
lo
29
X

dl
A ol& ek A=

>
fr o
r_g_:
N
)
~
b
2
L
oft
-
lo
:oll=
ok £ j}% f -
1o 2 o M Mo 1 BN rIf

=

=
e
i
R 2
yo, 2
o
B
o
2

N
-

ot 2L Rk

ot

oz A oF AE AL Itk o]
5 |

F30) 23 A

lo off

O v &orF of o off ox
-1
_>|~l_,
£
rlo
R

] (8]

i l

g =)

I .
Axial "LE i’ Electromagnetic
permanent [I B coil
magnet I r =
Radial FE % 5’ Core
permanent (] H T
magnet i b |

u: g :u]

I

i .

|8 | |8}

I "l

d £

| I : ‘ Unit :mm

Fig. 2. Structure of linear generator

)

% 0% 9N UA-TEZ TR eTE
A4 9] & F5<) DDP-N4OSHE AHg-atglon v
& 47442 DDP-N5OSHE AR&-atolch. —1eja 4+
2] Afelef Aol B2 AR 3hS SH= Steell008
AA2] CoreE W&t 114 k9] Core F8F 7+ A
AE AHgatsl e 0.6mm 4740l 7] 2UdE AHE:

st

o=

2.3 HMxt7| AlE2o|M

kg A7pgR] A8 AE By AAEAE 9
A& Ax] AlEHelA =21

ANSYS MAXWELL Z 27138 £3) Fig. 33} 20|

1

3]
3l
=3 A=) [e]
54 A4S ol
5

A A Aol 240 mme} A7 100 mmE 2= 3744

2 72 27] Agedr|g nds A4 sk A
WA AFEA7)= 8 84 AR A7) 29
o 23zt mdoln] 5 A S Fel7b A
B A7) 2 23] FE AA 5 125 124, 18
165 167 720 REs AAsislen, 7 27] &
Aol g 5 124 3 29 © 5ok Aol B JRE

Table 10 YERNSATE

(a) (b) (c)
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Table 1. Geometry of initial model

8slot-8pole 12slot-12pole 16slot-16pole

pole pitch (mm) 22 16 13
number of coil
254 171 1
rums (N) 5 7 50
resistance (ohm) 17.2 11.58 10.16
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Fig. 4. Simulation result of initial model (a) 8slot-8pole
model (b) 12slot-12pole model (c) 16pole-16slot
model

Table 2. Simulation result of initial model

Maximum Average Maximum axial
power (W) | power (W) force (N)
8pole 8slot model 22 16 13
12pole 12slot 254 171 150
model
tépole 16slot 172 1158 10.16
model
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Fig. 5. Design variables of optimal design

Table 3. Boundary condition of optimal design variables

8pole 8slot 12pole 12slot | 16pole 16slot
model model model
low | high low high low | high
Tooth width 6 12 4 12 3 9
Axial PM width 8 14 3 12 4 8
Radial PM
thickness 3 ? 3 ? 3 ?
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Fig. 6. Simulation result of optimized model (a)
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Table 4. Simulation result of optimal design

8pole 8slot 12pole 12slot 16pole 16slot
max max max max max max
power | force | power | force | power | force
W) ™) W) ™) W) ™)
initial 316.3 3084 436.6 | 4091 546.3 4687
optimal 367.8 | 3248 468.4 | 4048 | 577.2 | 4730.2
simulation | 366.5 3245 466.7 | 4029 | 579.7 | 4733.6
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Fig. 7. Maximum power and maximum force of

optimized model
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