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Linear Variable Differential Transformer (LVDT):
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Signal Conditioning
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e AC output from the LVDT is rectified to obtain a DC signal
ePhase shift of the LVDT output has to be checked separately to determine
the direction of motion
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Signal Conditioning

ioglite by (40,5 gy )

+
Ve v, excitation voltage
output voltage with
V., core left of null
secondary secondary
V0 TOLINS
- 7 +  COfe  — —m + v, g output voltage with
\ core right of null
g -
|-\.D.D.Q.r| B
: magnetic fields
rim
i P V@ 1 and associated

voltage polarities



gt gdliS gl (s >

(Demodulation) ;Ls esls .Y

DC
Power Supply

4

Carrier
Frequency
Generator
» Phase Shift —» Amplit}lde
Matching
Displacement
(Measurand) ¥ z DC . Measurement
—® LVDT » Demodulator | Amplifier i Filter =

www.mech.ubc.ca

4l 05 (o0 Ojge Jol> gae Bi> g HeruVgde 68 Slles g2 je JUSKw b (o295 JUSew dunlis
.03.3:: < oslo ) )&f w.g‘l.g. )Sls.‘) )| 9 0l &9‘933 wolazwl Lgb.g aS ol (o> @L?ub J.cL>



gt gdliS gl (s >

LVDT jlaw 0 29,5 JiKw 518 NS awslos
IS w295 Sl o GuiliSeal Lol gy s &

Slr S 5B pa (Bl z9e) 699)9 JWSe b (29>
Aol 58 NS Jade cl 23Y gV Sldos sl

Rp AN - Qj.u)
Core R,
e b g = Im& R+ ’iF.MLL kx
T L, I:Oad © | R, +joL, || (R, +R)+ jo(L, +L)
L wL
Primary Circuit Secondary Circuit ¢ =090°-ta l'l_:l —E + tﬂl'l_l m—L! - tEI'I._] ml:LL * L‘}
RF RI. RL T Rs

Measurand



gt gdliS gl (s >

Ao oo ol |, (LVDT) Lol Jows S JUKaws (500, g1y 0ol Slae Sy S

Carrier
Signal

Vv Ry Output

1 "

LVDT Amplifier Multiplier Low-pass Filter

W SIN@, 1




gt gdliS gl (s >

R
I\(r) AN
iy
— |
Carrier
: + g .
Signal L v, B Output k= ELPH—R’ = amplifier gain
wSin@,t / @ WA oW
- R, .
[ R
L R,
LVDT Amplifier = Multiplier Low-pass Filter

o, =v,rx(t)sin @t

v, = E}Pr’k .Tl.'“:l sin Wff 2,
r

v, =——x(1)[1-cos 2w {]
v, = vrk x(t) sin® a t 32

5 bz pa bl b cwlise (SO i5u 90 4 JiSKw wies el JUKw 50 sazme (0,5 wpo Jo
Silolaz 955 plid il o8 Lasn (S8 ad il 50 aSST Ged 0ph il il oS ol el g Jolts (55500
AS o olyen S sl b g sl |



gt gdliS gl (s >

i 2 g
Carrier
Si.gnal % ho4 \ vl Output k= m = ampliﬁer gain
V,SI@, 1 / X - R,
[ — i %Rz
- g A% R
= R,
LVDT Amplifier - Multiplier _ Low-pass Filter
vy
Vv, = — x(t)[1-cos2ew t]
v K
Batigcy =0  tPeyp =Ry oS eam
R R ~° dt R, v, (1+7s)
T=RC=filter time constant o k

i SRR R—
v, (1+Tjw)



@ oo S gl (b ySus>

1
o—rdi I
Carrier -+ o )
Signal %% v + , B Output k= ELRIi = Elﬂ'tpll[lEI' gain

1’( —
1}:3111()1' g % : B >—o v,
[ S—
- A% R, %

LVDT Amplifier Multiplier Low-pass Filter
vy
v, = —5— x(t) [1-cos2ew t] virkk,
'{J‘} R S x{ﬂ

2
v k k

ot I T : , _
v, (1+Tjw) Filter magnitude = m



gt gdliS gl (s >

- v, %1

el

1 rl'\ |

e AT

-\ | \Uf'\ﬂﬂ f 7 L | |'| |'| = I
; 3, YRVATRIE:

“U“U T 2 *H“..jLL.iI | Jll |I |

~L




gt lS gl (s S>>

VDT (b5
3,105 0929 51 ;0 (ale ¢ SKasl -

ol camlin JUKws 55 zelamw dze 13 g (ool Vo ¢ 390 ,8) el il o] (39,5 uilasal ¥
3,10 0929 Cpz auaiS Sl =Y

(oelen ¥ (6525 ojluil (6l joniilis S Jobo) Conl 09290 S555 Glojplus jo -F

sl Y o1 joe Job g ol biens T coosd asess 48 g 8,8 pglie g ools (5 ,5Lu -0

ol pogaaniliy 5l e OF 625 o3l igly;, -F



gt lS gl (s S>>

Rotatory Variable Differential Transformer FPCPC N W T S WO
Measurement

o v, T “chLiagfé Ad ‘_i.,. )'| oT o aS ij CJ..:.‘ l.g sl LVDT

Ca....:‘ oL oéLﬁ.’Z.u‘ Ul’)'?

J/:(:::::U::::{:Q‘.’.:::::J

5 L5?5)$ 3&5 J.é..o 4\.33‘} )O 9 | Q)LE.’{ (5‘)“3 And Jgfb

Primary
Secondary | \ Coil ‘ .
Coil /JJ '«\\ Rotating o bt J.n..o JJ.:.A
Ferromagnetic
R £
// AT \/ Core
/ \\

\\ (Measm‘an@/
Secondary
Coil

IIlll

p::::::_::::::_::::'::ﬂ

[



gt gdliS gl (s >

Rotatory Variable Differential Transformer

Measurement

o Vs T

| By e e o
s

ff_m\'l P Voltage

Secondary i Coil level
Coil / \ Rotating i
/ \ i Ferromagnetic \ i
/ i - _\ N Cote ~40° | 40° i Rotation\
0" ) | ;
S (Measurand I
0/ |

! Linear
L"‘“-u-.q__ = -

— S a Range

Secondary
Coil
/
eeccce |(escees (soesee
209009 (000009 secsee

o Vg ©



S 3> 55 031wl gl 3 F IGT S y gunw

(48,bg0) lize sl 5 yglne sl gmins V1
0 49l Slazmy pe 50 Wy S el Vb LuilS )3 AC pie SO L adgl gy o 435 L Y

o2 4 38lge 9 (S Sygo 4 gl Slazmy puw S cnl )3 RVDT o LVDT M 1 .09
Al eads ate

Vo
A

QJ e —= ™=

g L = <
z Vo R g I—p | Secondary
e (Measurement) 94— b ﬁ = g‘_‘_';/ Coil

= | : g 2

=" Primary k

8 Secondary Coil &

ot \ Ferromagnetic /
i - Ner i
Proximity \Q:'ﬂ Object
b
- o (Measurand)

www.ubc.com



S 3> 55 031wl gl 3 F IGT S y gunw

J L (43 ,bg0) lite slill 5 yglone (gl jguuis ¥/

= | , N S G :
,Secgﬁic}al} U‘ Oy GS..)'Q)J QT DA as (S C.'au v

(Measurement)

—1" Primary T4 - = .
Secon_daly Coil Z )o M.;L’;)% ? w.‘ol.i.i.og)s o«bLo GS..’. lg ‘) C—«.w‘
Coil \ Ferromagnetic /
Y Target Obj ecr/ . La..o N ‘S) .
x ‘ ;mJoL.’.A' Co Gy P
\‘h“v’” (I\-Iea;‘lu'aud) * 9 : o ° )J )J

Vo A 29 a8l Pro] (5“*‘»"“ Lise )L(f; e (UM.:US)J))

- - e b SO 4 oo Wl 5Ly amss
gﬂ ‘sb’ﬁ'c éo’ o U)"o . ) 9 o .
o b 25 ST WL SRS HIEN LU
= MW (P R T O 290 O )
=
=
=
-,

e
Proximity x

www.ubc.com



@ S 3> 55 031wl gl 3 F IGT S y gunw

(48,bg0) Jlize sl 5 glne sl i V1

J \\ 2 s ol )

T (b ) SzsS la alnly
Y

(Measurement) <

" Primary

Secondary Coil 4 o 4w
Coil . / ' e S 392 g Al
Ferromagnetic

e Target Object

e

—

X
— (Measurand)

www.ubc.com



S 3> 55 031wl gl 3 F IGT S y gunw

Vo
(Measurement)

Secondary
Coil

C|).>Llw| 6‘)‘3 9 S| 6‘ dielo qugM S yguo A3y Ggandan u.&‘ o (5>3f> JLi:.w

www.ubc.com

>
L=
9 >

Primary

Coil

Coil

Ferromagnetic
Tn get Object

/T

(Measumnd)

_ Secondary

(48,bg5) Jilize L)l 5 glne (6o gumins V7

DS Oygo gewYgae (50 Sldas Wil Hlai 0,90 CueS



gt LS gl (s >

P v 9 : Jolize I sla K
Sty slowl Ceb ad &= e 03 AC W5 ¢S o
Coil
00000000 SWy oSl 358 (oo 4 g e 03 WS
«— Core o & okd WL Ol 4y (Soy )5
uu :
i e 0T (6,8 o31bl & o 3,05 4 g6
e g0 oo O 3 i Sol 5 b gs 4 ol

Sosle sla K s RVDT LVDT A5l _publiie JLo e 0953 ubliins 3 o3l 5 5o =)
Jolaze Ll
Resolver, Synchro-transformer A4S Jf, S e e e ei, Y Y



S 3> 595 03I (g1 93 T IBT G y guuiw

v Resolver
239) g 5
I S5 o3Il (511 45 ol ol QU Jibsn S5 5 f s 5
D 39b onosliiul gl as gl olowl
m @w@b&idﬁRVDTg}wﬁ)‘,’ﬂ)J.}

VR

Sy S i 5o i Jole Ko g w4 S

http://www.parkermotion.com

»

)



S 3> 595 03I (g1 93 T IBT G y guuiw

v Resolver: Mutual induction transducer for measuring angular displacements
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I Vi = Rotor has the primary winding and is energized by the
supply voltage
% » Stator has two sets of windings placed 90° apart

VR
Supply voltage  Vyer = Vg SILOX

Induced Voltages v, =av, . cos@ Vo =@V, Smo

The induced quadrate signals are

v,, = av, cos@sin ot v,, = av,smfésmaot
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v" Resolver
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Multiply each quadrature signal by v . to get
, 1
Vit = VorVser = av,” cos@sin” or = 3 av,’ cos® [1 —COS Zmr]

—

] s b = ] 2 . . 2 o l 5 2 : "
Vs = Voo Vyer = aV,,” SINOSIN® @f = —av,” sin 0|1 —cos2at]

2
Low pass filter to obtain
1 > S . o I . .
vy =_av, cosé Vip =5 %%,
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Resolver Applications:
1. Permanent Magnet (PM) Motor Commutation and Speed Control
2. AC & DC Servo Motor Commutation and Speed Control

Advantages:

1. Fine resolution and high accuracy
2. Low output impedance

3. Small size (10mm diameter)

Limitations:

1. Nonlinear output signals

2. Bandwidth limited by supply frequency

3. Slip rings and brushes would be necessary if multiple rotations to be measured
(a brushless resolver can eliminate this)



