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2.1. A7] 8 @AA]
ZF7] 5-#H A A (magnetorheological elastomer, MRE) &= #}
olAR = Yy A7)0 AR RS} A @A HEH AR G
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()
10,
u)
BRI
2
o
>
o
e

2 29 (spinel) 725 7HAH #H2 A9 5

oﬁ:
ﬂl o
N
N
g
«
o

= Aol EEH AR AT T k. AT A A
B E EAskE 7S AR A =dolw o] AlgEo] U
Hho w2 o] &9H 4% vtE 4kshH (FesO4, magnetite) o]t [9]
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7} ARG QA GAT (multi domain) & ©) A}, webA
Apgte] ole] e A7 WA AT AshE e A7 94 27 of
AN BRATE olFi olf AA7] U (magnetostatic
energy) @) 3ol 743 Atk YA Z77k AQ W YA AT
ST ol A B A7) RrEd s 447 iAo A
& AR Ard 2 A7 BAFowA 2 A7 A7) BHE
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2.2.2 3 A 3 EZE YA

A7) BIA 3T AFAUAE AT AT AbolA BFA

ole] 9%} o] AV WA E ] 27)7} 242t my # m, ©] T 8]
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U=k o] g ojg 3l [12]

B, = oo (a5 @ - 30 - )@ dy (2D
2
E, = Z—;(%) (1 —3cos%(6 — a)) (2.2)

obel TR} o] oi714 RN e 2719 AL e YA
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2.2.3 ATt oA
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7170 ko] Bae uf HAvh Har kg3t Ao webA 7] 2wl
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H B o 2 olUA AEE 7HAA H A v /bR ol v A A
E7F =71 1A 2] RelEE EAE WA fn

1708 A7 97 A7 el 744 = ARt ol v A= 4=

A7) BHE ma} 27179 A7) B WA oz ¥dl & < 9k [12]

E,=—-m-B (2.5)
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E, = —Nii - uoH

= —NmugHcosa (2.6)
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T ATolM = A7) QIZbE = A I3t AEe A
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Aol =3k = Abelell M A7 i 7E A7) = A1 e Tt
A7 A7) EHEs 5 wAE [12] AdoM s 48T A7)
F= 7Pt R S35 Abolofl A7) FrulzE H gk fle Al
A Aol vy mEhd AZH O] A 52 Ao ASFE G

2717 diell A A3 &4 Qo Aol Y 2o AxE o] Zo]



WalE STl UolA LA AM el ek
Telste] 3t F Abolo] A RS SANR A Fuh 3 2
EL5em Helol A= A71ge] Ful7k Al ek

EI
_10
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o] A& o= Xinus lab®] Shore A A% 159 =8 A Z S

AFEE Z0H AR e JE R HEes B34S AR5 [15,16]

log19 E = 0.0234S — 0.6403 = 0.51MPa (3.2)

JdE= Ttk o] Aok Ae 2o ZeokEH] 0.495 thql et

E
=——=0.17MP .
G 21+ ) 0 a (3.3)
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3.2.1. A Ax 2] z}7] oA

AT e A XY 1) oA o] g3fo] 9% 7
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3.2.2 4ksHd Y 4Ae] A7) RHE HY
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oA Atz Ax® 59 54 Wgor oS vhE
o] ZZlolth. Alx2] WL 91314 Molding 2]E o] &3}o]
MREEZ AXY & wh50] & Zlo|th. MREE 743t Al7|HA AZ
%o A HFo R A7|gE vhel Fobd A7) HEF e Z MRE
o] A dakEol AbE el E sl s A Fk weEbA o) & FElA
A7) oS Ay 2 Az Ao F 4 gl

T Abshd v I AbE S o] &ato] oA S Aol Florm
2] B A Ak FHE g =S e AeE R
atel gttt MRE W] Abshd 1xke] 27]1& di2k 80nm =2 #1%
= AHgstl e m 2 MRE W] Abshd v YA shetbrl ek
(single domain) 2F3L 7} sk T}, wheba] o] Al "ol A a1 &l of
s A7) ellv A & A=A | A g ARkl A v aefal] = ¥
ok [12]

il A0 Aol wE 7| AA oAU E & st 71

A Ao oet F-xo B} A YA ot EFC] HY

ftlo

T8 Fohd 2] AxFe] a3 AZY A5E 7 olth
01714 B39 FYE A F/HAE AT FATh AvA = &
7] B} oy Ao 93t 7] RHEYE wh= B 9L AT o1 X o
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A A1 ey
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Ao gt B9 MAA B9 B BAo|.
o] ol A= A 7] ol g Aol olst 27| mwlE ] FE #A o il
A AvdstAleh. obel 1 3 o] A7 el A AbskE A v Sl
b AbEo] W B 27FA7F vk ok A kgl So] o] Al AEC
Mz A AU A= A=A S Agoll g ol %] &} ARE o U x| 7}
Atk ol oA E ztig nEaA HW 7 luAel F BEaE
T F AL o] F7HA oy A| e g EAVF BH S ol F= FAUHA
247] R E7} 5 A5k Bk,
WA A4S} Aol o Bt ALl do] WEgow el
9 o] Al2Rlel A& WA o 2 48R g7t AFEAL, N
& A e AL g, nE 458, mE A7) RAE, dE QA
ole] Az, o= AX A2, o A7 LAES) ¢12A7] G Abo] €]
7k ol ) o X 9} ol X o] ] EAt thg ) o] HoH) [12]

0.6uyN (m?

Eqip = %( ) (1 — 3cos?%(0 — a)) (3.4)
1.8uoN

Taip = :TIO <d )SmZ(G —a) (3.5)
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A oA ol 93 B A7) B A S i gFo

2 25t e o] A" = AA WEo R 2gsit) [12]

E, = —NmugHcosa (3.6)
T, = NmuyH - sina (3.7)
Tdipole
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T s veshd vk 22 8 Ao vhaof Zv

18N (m?)
NmuyH - sina — - = sin2( —a) =0 (3.8)
9l A& Aefshd v 2ol ghdshA A FolT

d3 sin a (3.9)

_ 1.8m <sin 2(0 — a))
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o] Ao AL ] 3 x| Zto] 0~10° Afol oA FA o] BE A
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At WEFo 2 KB 7] BWlEZFe] WElE 1Y X E plotdl] W3k
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HIEZF ol F= 2 6 — ot 9 A2F 89 oF 2.5% F= wHo]= AL
2 o ol o= volE oluA el g B ¥ Aetr] wi

o]},

2 ek



I I | | | I
0.25 - 10deg -
—— 9deg
0.20  |— 8deg ]
— 7deg
— 6deg
- 0.15 | 5deg i
< 4deg
| ——— 3de
0.10 - g 4
= —— 2deg
— 1deg
0.05 - -
0.00 - -
1 ] 1 ] L | | | ] 1
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30
H(T)
<29 6> A7 A7) o] mE A7) BRE ZhE 9] § 3}
28 A & 1_]| [

] W
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o] Ax o] Fof YA Hrhd <1 8> tha 3 o] Wkttt

Xgt+x

<19 9> 27| A28 2] 2D 1% Model

3 y
32 2



01714 D= AXH ] A F, fyv 27| I 4%, 0+ X7+ ¥
SH, xoE 27] AxR 0], xE AXF Ao|HEk, nd ~xH Y 3

A42 ou)stt), 7|14 A& 5 Q= V)5 BAR 0E x9 &5

= 3

r.l_\_‘;
i

) ) E Ths i,
n

o] HAE <IH 8>elA A& 3o

. Xg + X
sin(, +60) = (3.11)
nnD
ol HAE <Y PO EHE FE8 5tk
2] 13} 29] BAE o] &3 x5 09 g2 BT 3l
x = nuD{sin(6, + 0) — sinb,} (3.12)
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I external

<2¥ 10> AFA Ax o] Hk= 3l
N =] -'I_
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web] B9 B okt o] FAL F3vk

Texternal t Taipote = Trestoring + Tzeeman (3.14)

FEIIT
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Text = mDnkyzrx - cos(6y + 0) (3.16)
Tres = TDnkox - cos(6, + 6) (3.17)
Tyee = NMugH - sina (3.18)
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Abstract

Study on magnetic—field controllable
spring constant in magnetic helical springs
composed of
magnetic—particle—polymer composites

Ji—Yeol Yoon
Department of Materials Science & Engineering
The Graduate School

Seoul National University

A typical mechanical vibration system made of an elastic material
exhibits a unique vibrational tendency that is controlled by the
balance between the restoring force and the damping force of a given
system. Therefore, the dynamic properties of mechanical vibration
systems are determined by material and environmental variables
such as mass, spring constant and damping constant. In this study,
we propose a new conceptual mechanical vibration system—element
that combines magnetic and elastic materials.

In this system, the magnetic force acts as another key variable
that determines the behavior of the mechanical vibration system. The
magnetic anisotropy was used to control the mechanical properties
of the spring. Since a magnet is a ceramic material compressed with
magnetic material powder, it does not behave elastically, so the study
was conducted by implanting a magnetic material into an elastic

material. A magnetic composite mixed with iron oxide nanoparticles

3 3 1 |
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and elastomers was injected into a spring mold made with a 3D
printer to produce a spring. During the process, an external magnetic
field(50mT) was applied in a direction perpendicular to the axis of
the spring to form a chain of magnetic particles, thereby making the
easy axis of magnetization.

If the spring is compressed or stretched while a magnetic field is
applied, a torque is generated to align the magnetic particle chain with
the axis by the Zeeman energy, which acts as a force that can
externally control the behavior of the spring. This affects the
stiffness of the spring, and as a result, it is possible to control the

stiffness of the spring with an external magnetic field.
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