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Eddy Currents Foucault Sensors

This type of transducer is comparatively low in the measurement field and depends mostly on the quality of a
high alternating source which is fed to a set of coils. One coil is called the active coil and the other provides
temperature compensation (Compensating coil) by being the adjacent arm of a bridge circuit. A conducting
material is kept close to the active coil so as to make it influenced by its absence or presence, or, by being any
closer or away. Magnetic flux is induced in the active coil and is passed through the conductor producing
eddy currents. The density of this current will be maximum at the surface and will lessen as the depth
increases.

The active coil is kept closer to the conducting material and both of them are placed inside a probe. The
compensating coil is kept further away from the conducting material. The high frequency source acts as the
bridge circuit and feeds the coil across the two capacitors. The amount of eddy current produced becomes
more as the distance between the conducting material and the active coil becomes less. This causes a change
in the impedance of the active coil and thus unbalances the bridge circuit. The bridge circuit produces an
output proportional to the amount of closeness between the conducting material and the active coil. The
output of the bridge circuit is given to a low pass filter (LPF) and then its dc output is calculated. The high
frequency allows a thin target to be used and also with this, the frequency response becomes good up to a
target frequency 1/10% the supply frequency.

It should be noted that the diameter of the conducting material should be larger or at least same as that of a
probe. If not, the output is prone to reduce linearity. If shafts are used as conducting materials, they should
have a bigger diameter so that their curved surfaces effectively behaves as flat surfaces.
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TYPICAL APPLICATIONS

1 - vibration, amplitude, clearance, run-out

2 - displacement, distance, position, elongation

3 - deflection, deformation, waviness, tilt

4 - dimensions, measuring tolerances, sorting,
part recognition

5 - stroke, deformation, axial shaft oscillation

6 - bearing oscillations, lubricating gap,
wear, displacement
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LVDT — Linear Variable Differential Transformer

25 July 2024

0

Output veitage, £,

—

o
Input voltage, &;
o

e e o e e —

ey — — e —— —_—

. ——— — —— ——

1132 NKD°20

Displacement

21D 7132

Input
displacement

] —

NN
B

20


http://en.wikipedia.org/wiki/File:LVDT.png
http://www.lvdt.co.uk/pdf/AML-M.pdf

N (nmo 2wn 7avn) "“wn 7ayn - LVDT

i) 1 1
E.(s) R,1+z,s

[ITYX 1TON O'D1N1 1'AVN 1IYX aun

E(s) _ M, s :0"wIN 0'NNN
E.(s) Rpl+z,s [IUXT 1TON 07122 1'AUn
E,(s)  M,—M, s XY NN
E..(s) Ry  1+7,8 DYIND D'NNNN W19

25 July 2024 21



=<

Gain (dB) = 20 log

0dB

(nmo 2wn 7aun) DNYYWIN D'NNn — LVDT
E.(s) M, S

E.(s) R, 1l+z,s

Wout
Win

1 !
Fass Band |
V
Frequency
Response
Slope =
| +20dBDecade
Bandwidth

-
-dB
Pha Freguency (Hz)
g0° (Logarithmic Scale)
+
+45°
UCI

25 July 2024

Freguency (Hz)

.0MYIin O0'Nnn

[ITYX 1TON O'Niaa 1'aAyn

" Egr b

Z

4
' AN/

¥

A

o N
AN\ /

Y

NS

Core in nuil position

WX 12I'N NTXO W90 72701
1772 'WN NIN'TNY 72D |07

22

Y



¥ NX'X'N NNn - LVDT
NINS wn 7avn
€, =€ =€, —€, << nimno nwn Ywn
EO(S) _ (Ml_MZ) S
E. (s) R,  1+7,8

p

g ! p; -
. | b
a — E¢ A [ I
@x g €o | I Core above nuil
— . / ! 1 >
i
g ; € 4

JIYX 1TON O'NIaA 1'aAVnN

Core at null
-

“ 4 [/{f\ Core below null
- -
N | )

Series -opposing secondcries

25 July 2024 23



X N R o o o
gl LN

-0.5 - - - -
0 0.5 1 15 2 2.5 3 3.5 4 4.5 5

Time (sec)

W AM - DIpMmM7 ATIV 79NN NXTITIN

LI17 D17'D0 TYXD

VTN 'ZXTIXION'O NN = NX'XY'N
NVI27 NTIV'79AX21 NO'ION

[9IX2 NINWA DI7'AN TWXD
WD YTN7 N'on' 'O'N

NX DI¥N DI7'NA D'"11'YN <<
NX'Y'N 7¢ NTIO'79AXN

D =0, T, ; @O >>0,

0]

:X'N NINS ¥ 72vn 12y N1oNNN N'X;7119 NIN'an n17010n

25 July 2024

NI 723 7217TA NTIAYV TN UN1A7

24



LVDT Tw n'mwn naian
(oniy ny) 1120 Twn 7ayn

€., _(Ml — Mz)dls [dt = ipRp + Lpdip [/ dt ‘IYXI 7avn
(M, —M,)di /dt=i (R, +R,)+Ldi /dt :2wn 71wn

Tp - Lp / Rp TS — LS /(RS + Rm) 7]

4V :(Ml_MZ)/\/Rp(RS +R,)

E,(s)  (M,~M,)R, s
E,(s) (R+R,R, (1+z'|OS)(1+z'SS)4—7,\2,|S2
N(Ml_MZ)Rm S

(for Ty << Z'pZ'S)
(R,+R,)R, A+7,5)1+7,S)

.nw yT1on BPE o2 71 yavnd nianann <<
25 July 2024 25



T LVDT 59 nin'Thn NAIAN NY719

(oniy ny) 1120 Twn 7ayn
E.(s) (M,-M,)R,

S

E.(S) (R, +R,)R, (L+7,5)(1+7z,s)

Bode Diagram

80 ¢

~
o

D
o

Magnitude (db)

a
o

40

30°

90¢

45

nnn 7¢ Nn'nNo
J(An7a) NX'Y'N

for 7, << /7,7,

0

Phase (deg)

-45

-90 ¢

2
10

25 July 2024

Frequency (rad/sec)

o,,=2 7 (2000) -0101v1
Rl BPF n>wn 7 n"no
T Y 70N
Y(S) S
X U(s) (@+7,8)A+z8)

26



v wn 7ayn — LVDT
NIAVYSOI NX'X' N0'1D
J10NNn N''X;7119
E,(s) (M;—M,)R, S
E.(S) (RAR)R, (1+7,5)A+7,8)+75S°

(XwI1 71) NI2a j7'901 1TN2A '77'XI011'0 NIX 10121 NNA

NI2INAI NIYI'TNA) 09X XIN NTXON W90 NIAVY NIN'TN 1IN27 TWOX
(-90 niniaa nirrnTnar +90 waonn

XWIIN 220 7w NTI0'"790X (N'X71TIN) [119'X 1 TTNIN NIXN TIT'j7
DYZITIN-'T 22un WINT JTTRIN NIXA NIIYO

...(Q¥nn1) xwi1-2a2 12an
X'N A0 wn 72N 112y NII0NANN N'X71I9 NIN'IA 117010
J09X NTO w1911 N1'A0 NTIV'79AX N'U2AY D120 DINNA NTIAY 1TN D7

25 July 2024 27



[

\V'_F
\

¢ (nTX9) nroa TTIpNn nTithn ID — LVDT

g

|
|
|
— 4 e, & |
€, &, |
E ’ | E Care above null
L S -
e & :

Core at nyll

o
r

¢ o

E‘a 5
| Core below null
NoAT Y >
Series -opposing secondories
il?ai i

- ange 4!

|
330:phuse shift

—-= - X

25 July 2024 28



Late)

=<

f TTNIA NIXA yI7'n — LVDT

(Awnna 0'v19) XWil 72 11N

T T T |
LT Hill
| Q- ————- o0 0 O o+—o0
; Ir T N t Phase-sensitive
’ Vi Vour sin (2nfsi+@)| demodulator Voe
| v J +low pass filter
Vgsin 2w fer | —~ O——— ———— e o—+4+—=0
| |
Primary I’z Secondaries
Voltage 4
A.C. :
characteristics Ei
D . + S
VouT | %
B I
| | _
0 C m:-::‘]L_‘.‘ x displacement
EC , ) t‘ Vﬂ.(_}:_/j F'flf |‘lr
characteristics —. S |
/ | phase F
. P .- |
25 July 2024 - lo | -
—180° ,' |




i

W Di>'o - LVDT

nannt Yi91 TIXN
(0.1%-n 2n1*) N210 N'xI7IT 25cm 7 100um:n pinn
7172 NX'Y' NNN 2avn 77210 — DCLVDT
n122 0''N UK — I'N ['X N'YZITIN-NTI V7 '7nen
NIYXI 72un 12 "7nwn TITA :(j1no'n) n'1>n nonvn
qni N2'70 7V ni> nnonn
(High repeatability) nnma 71t DTN VIAM7 '711'¥119119Y
,(0.05%) nimxa'7 2IYXN
AN NIV 7721 12712 '09X NIdN

DTITNA NN

D w"N2N NI N7ITA
n''712'7

12N N'NA2'T N22IAN

25 July 2024 30



NnAITLVUYON - LVDT

TABLE 4.3 General Characteristics for the Model 210A-0050, LYDT when Its
Primary Winding is Excited by a 5 V, 2000 Hz Sinusoidal Voltage (Courtesy of
Robinson-Halpern Company)

Parameter Minimum  Nominal Maximum  Units
Linear range 1.3 +1.3 mm
Lineanity =0.25 %FS
Optimal frequency 2 Hz
Full-scale output (each winding) 225 250 275 mV
Primary winding impedance 440 490 540 Q
+62 +67 +72 ?
Secondary winding impedance 159 177 195 0
+57 +62 +67 ®
Primary resistance 113.8 133.9 154.0 {1
Secondary resistance 63.1 74.2 85.3 (1
Phase shift (primary to secondary) +4 +9 14 . ?;S
Qutput at center position 0. o
Temperature coefficient o = —0.5 = 109 (*‘E}‘-

B=-2x107 O ¢
A00HZz <=3 17007 11700 DPRny N 85 907V N5 MTNT mnf*
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