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Double Electro-Magnetic Force Compensation Method for
the Micro Force Measurement

In-Mook Choi’, Sam-Yong Woo", Boo-Shik Kim" and Soo Hyun Kim"™"

ABSTRACT

Micro force measurement is required more frequently for a precision manufacturing and investment in fields of
precision industries such as semiconductor, chemistry and biology, and so forth. Null balance method has been
introduced as an alternative of a loadcell. Loadcells have advantages in aspects of low cost and easy manufacturing, but
have also the limitation in resolution and sensitivity to environment variations. In this paper, null balance method is
explained and the dominant parameters related to system performances are mentioned. Null position sensor,
electromagnetic system and controller are investigated. Also, the characteristic experiment is carried out in order to
estimate the resolution and the measurement range. In order to overcome the limitation by the drift of position sensor
and the performance of controller, double electromagnetic force compensation method is proposed and experimented.
After controlling and filtering, the resolution under *+1mg and measurement range over 300g could be obtained.

Key Words : Force Measurement(3 5 7d), Loadcell(Z2 = 4), Null balance method(% 9 ), Electro-magnetic force
compensation( 7] 8 B4}, Resohution(E 3} )

7|54y C(s) = Controller function
K, = Sensor gain
B = Magnetic flux density Gu(s) = Mechanical transfer function
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9= Reluctance
I = Magneto motive force 1. B
= Permeability

¢ = Magnetic flux 4 HFL Had Eopol dg:3oz
L, = Lever gain AEEE Ao, §HFs, 93, s, AYF
K= Mechanical sensitivity coefficient 3 5 Be HopolM w3 ¥ FH £H9 =

- 20023 79 109 F+
* FIEFHNEATY

w  @ERsrled

104



39

2 &4 BaF 87HL St
A 3 £ Aade BEsd S8
wat AA Z=A(Loadeell) A3 ¢ H(Null

balance method) 202 UE = U} 2rHe
9% gol o WA AR WIS AN A
2 H8AA SHse YHoR Balse tdi

"ol x| uk A 7toln] Alzte] Hrl, R=AL zA|
o) 71AH W 9 nAgES 2, FAHS
7494 ‘ﬁi}"ﬂ Ugay] mEdd 54 sME B
2 FAAT7) o ] o ujsj % &
’5} e #AgsAT B2

=K
ro) 3ol W g

oy go] ZisiA wAUSe
MM 7b olF A8k ZY
7}&te] mithe] 2al3* Fl(Lorentz force)S
AZ1A Bk Alxel W9st 0 o & wi7hA] A
g 7tete] IR A dde fAC AxEH
AojatA H iR = g g3} mdel shaiA
= AR v BAE A g ojggk AR
g BAAg ol &% A —?—%‘-l} MPAE 7t
HzeFel] ot A °15“~°ﬂ Fykehohis Aol
AT & AW FFAd e ntA e 2
Aol sl F& 3 FHo] Ay diel AU
t} h2

olglol 3 ZAHE ¢
2 I QAR via § FA6 =

FHAHE ol g uaA
e sleiA ZIAIA
Holl A AgEE Al
H Aawle o) AAMH BEAHES
] A= 23kA 7] A El%ﬂl AAE 714
Hdg 2esl7] Ya B =Rl A
3 HA Wye] ol gd 4 Atk ¥ =
o) 9]??} A 3 A #dE o

i olE FAAAA17] f8l ol F ¥
°}'o]-OE] A g3z}t 3o}
HE o83 3 ZA g
9 FAdexe] 9 Fo s A
iz«] )\]/\Eﬂg] H‘:Q.

A A3} 4 Fol A

7F A 0}‘5,

=
1

T2
~da
3

1
Loat

—@_

o] 7R B o)
A g

-123 ZJ’Z]"] /ﬂ o
"301 vf$- Fa3tt
HE(Filter)s =
S FaAA

== p)
T
E

o>'

J i3

o

2 X
o

o

o AR pe 2 N, of o
08.2.01[‘

> o
s
Bl
Oft
ﬁd

2o
|
10

=
> m
"U'

o
£
o & M
oﬂ,
:L

A

(VS]
Mo} o
by

S oot o 1% (T, ox ok rlo e
2
1

oot o i of 1
é::::'_u
Mo o

105

Fig. 1 Conventional micro-weighing device
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