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Abstract: Inductive sensors are versatile and economical devices that are widely used to measure a wide variety of
physical variables, such as displacement, force, and pressure. In this paper, we propose a simple inductive sensor
consisting of a thin partial ring and a coil set. The self-inductance of the sensor was estimated using magnetic circuit
analysis and validated through finite element analysis (FEA). The natural frequency of the ring was estimated using
Castigliano’s theorem and the method of equivalent mass. The estimation was validated through experiments and FEA.
A prototype sensor with a signal processing circuit is built and applied to noninvasively sense the pressure inside a
flexible tube. The obtained sensor outputs show quadratic behavior with respect to the pressure. When fitted to a
quadratic equation, the least-square measurement error was less than 2%. The results confirm the feasibility of pressure
sensing using the proposed inductive sensor.
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Fig. 1 (a) Isometric sketch of the proposed inductive
sensor. (b) Application of the inductive sensor
for pressure sensing

AAI At V=V;sina,t ol T VbW =
do] HAiFE i=[sin(o+e) FEHZE HH, AR/

.
I, =—" 2
’ La)ext ( )
25H s dvh wEba] Aska dSe] 574
SR QJAYEAE 72 5 .

AN B As A F2E A 98 2
e E ek AIA dhepnlE e fAS ok Ao
- Fost AlAMe] 7] ®oAA el mhE
s mEle Al Ao A dA= & 5 3l
o 2 =M s der] Bl AbgE v
A 2ARSE S A gste] Al o] iEE s B
s rHstaA o

3. WA AA
31 2 IHEA 23
M slel AYElas JA Az, A

.‘_':__
7, Ao F 8 do] Tl ofs 2A AT &

E A3 =) 2ASte] EFEstaat g EA ol
Mol A7 FEE NEFH O R =A% Fig. 2 oA
o Us upet o), Ao FAd vs] SA
7} & A% 74 RS (leakage magnetic flux)©] # 3|
A& tiR-Es AFA e ¥ 0] & (permeance) =
&R F dE AR vE Aojdnh EAe o
nA=E P, A 9 ofgfo] FA Aol Fddt

= 7F4 Stell FAAE ddels Hu|daE
PR w7, & Audas

P="7P, +2P, A3)
SF o] & = glon, ;A9 QYR A=
L=NP 4



33 AgEn AMe 4A 2

2x
Fig. 2 Magnetic field pattern across the slit opening.
Most of the field takes the leakage path

20.670 | s FEA
Model
20644 |8
j— | |
T
E
g 20.618 | “
c
ol
o
=
2 20592
20.566 |
n
" " " 1 L 1 " 1 "
4 6 8 10 12 14 16

Slit opening [mm]
Fig. 3 Comparison between the results from finite
element analysis (FEA) and from the inductance
model given by (7)
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Fig. 4 (a) Enlarged ring with a slit. (b) Free-body
diagram of a ring section showing the internal
force and bending moment. (c) An infinitesimal
section of the ring rotates from 0 to 0°, when the
ring expands
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Fig. 5 Block diagram of the signal processing circuit
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Fig. 6 (a) Picture of the prototype sensor, (b) Experimental
setup
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Fig. 7 Experimental results obtained from the test rig.
The output of the proposed sensor is compared
with the reference sensor
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