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CALIBRATING LINEAR VARIABLE
DIFFERENTIAL TRANSFORMERS

INTRODUCTION

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1008. The number immediately
following the designation indicates the year of acceptance or the year of last revision.

1. Scope

1.1 This designation outlines the procedure for cali-
brating LVDTs (linear variable differential transformers).

1.2 Method A outlines the calibration procedure using
precision gauge blocks; method B outlines the calibration
procedure incorporating a micrometer fixture.

2. Applicable Documents

2.1 USBR Procedure:
USBR 1000 Standards for Linear Measurement Devices
USBR 3900 Standard Definitions of Terms and Symbols
Relating to Soil Mechanics

2.2. FederalSpecification:
GGG-G-15C Gage Blocks and Accessories

3. Summary of Method

3.1 Readings from an LVDT and from either the pre-
cision gauge blocks (method A) or the micrometer fix-
ture (method B) are compared to determine the linearity
and repeatability of the LVDT. The results are used to
determine the acceptability of the LVDT for laboratory use.

4. Significance and Use

4.1 LVDTs must be calibrated for use in the laboratory
to ensure reliable linear measurements.

4.2 Calibrate LVDTs before initial use and at least
annually thereafter.

5. Terminology (see fig.l)

5.1 Definitions are in accordance with USBR 3900.
5.2 Terms not included in USBR 3900 specific to this

designation are:
5.2.1 NullPosition.-The LVDT core position within

the LVDT body that voltage output is zero.
5.2.2 TLR (total linear range).-Total distance that

may be traveled by the LVDT core in moving from the
position of maximum voltage output at one end of the
body--through the null position--to the position of
maximum voltage output at the opposite end of the body.

5.2.3 Full-Scale Displacement.-Total distance
traveled by the core in moving from the null position to

one end of the total linear range; i.e., one-half of the total
linear range.

5.2.4 Range.-Total distance traveled by the core
expressed in terms of percent plus or minus full-scale
displacement.

5.2.5 Repeatab17ity.-The degree of LVDT measure-
ment variation for successive measurements of the same
reference standard.

5.2.6 Linearity.-The variation of LVDT measure-
ments from a straight line. The measurements are obtained
using a series of reference standards applied over the total
linear range of the LVDT.

5.2.7 Percent Error.-The ratio (expressed as a per-
cent) of (1) the difference between an LVDT measure-
ment of a reference standard and the actual length of the
reference standard to (2) the total linear range of the LVDT.
Percent error also may be determined over a fraction of
the total linear range.

5.2.8 VoltageError.-The difference in LVDT voltage
output for successive measurements of the same reference
standard.
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Figure 1. - Terminology of the LVDT.
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6;. Apparatus

(i, 'l (k-,nCn:h•' A/:,]m'n i'elL•:
{:, IL ] LV])•An .cJe:..ctrlcal tvansduc:er ,.v]•ich ,u)r,,, er{s

i i •q, e a r d i s p ] •l c e Jl •-i u I::, • • ,::, c I ec t r i c • ] ,: ) t, • p u I A n LV D T' .I: ] i r* e a r
v:,ziabl¢ ,J:iKcs:enfi:ul r.r•,•sf,,:,rmer:, c(:,n,•;Ms. ,:S a s&•fi.,:}•.<}'
]:}?E)T l){:,d:S, al•:l.,:{ :] m,:l."•:d::,.]c' LVDT o,,re. The L•GI:)'T' (,1,re
is ffirc>&.d ,,,n, b,x,.vh c c,.,Js s.,:} the: ]LVDT c{:,re exce.nsii,:}n l:,,}ds
<J, 1.•c J{Ea,<hcd.

(, ] 2 ,%LL:,,m/ (;,::,n{{k/,: •ne,,' Jn{/' Rc,,,,d',:),!,rr £:ql:•,)•mes;!'L-
A si4na]i cc, ndid,:mcr pr,:•vJd, es exci:afi,,)r• vo,]t•gc fc,,• the
]LVDT. xs v,u].] •s apl-:,.r,u,p•i•e t•:]•:k:tr{H-:l{L• circoiEr 7 v{:, :make
tk, e ,:,_:<:put ,:>f due trans:51uce• =:LVDT:, .c,:,mF,•t:ib]e vckk,
read(:,.t]• e.,qUJl::,.•,en[ Read.c,c,t {:C]Lllip.meFJtt •<cepts; 'OLHp'LI[
{rc, m •hc s, iigm•l o:,,r,ti•ii,,•,nc• m-•,d c, wuver£s •ia i•t:,,:);• VliH;Llfl]

d, isjpl:,<, • ,:fl trxHsd, ucer ,JJ:sT:,Lwen-wr•t
d.l.::,. L U1) T (b,•e' .t:.vre.n'sn:,,n .R•:,.,./ ,: fig. 2a).-A

t • ,: :, n •: t • a •; n c: ii ,< r < :, ,:.1i ( p r e {e r • 51 >, 5 r; •, >; s :,., ¢ h r e • dl ,c d ,, ) n, k:, ,: • • h c •i I d s,
The .dklnle•o, •,.f •l-/•; rod alwl •lllre.::•,:!s i•ust Be' compafibJie
'i,:,,'i•i-:, d-it d iiLtlncter { :,f ¢ he I l{::,k' i n the. LV DT c,: ]le:. T']k,o
r{:,.d >;h.,:>lllld h,.c ik, rex{:ledl a JiImliF],iIIKILI:IFI .C],f ] iK]l,C]] (2{' :IFI•TJ.)

;iv e•cl•, ,:c,,:{ w i:¢l:• •,,, ;]ppr<,.xJh:,x•e. t,:)tLt] Ic'•q, gth {:,i: 2-1.'2
i r,,c ]]e,s, ( {5 •q,l rn :,.

,[Ll.il ].VJ';I'T 7•.,*)';m, {;'u'.Lbx ,:fig. 2a::,. T',s.,c•, LV'I3T
T'c[] c,:n gu ii,dc's a R: reqiu, J red, ;•, •q,d ,:::[r., ;>e F'LiI:C] lase,J f r,:;sn d:,c
LVI)T i:rlar•;4a•u.]rur. Tl•e pLaF]iuiL)5;€ {:li: [}GC T'c'fl:.,'•,n guides
:i s. [,::, m i ,] i nF],i z:e l-ra ns'q:< rb;e •:n,::}',• ei:]q,..'tl•[ ,• ){ t h e LV DT o:•rc

w i c }-* i •q, 1 ]:q,e IA ,'a DT Ix ,,,d],,,

(i, 2: </-'<<de ]£'<,:•{/,: (i]i!/L"v:;,r,'{t•n:
(:i.Z I Pre:;'>/;r;,.n (;7*i•U.."c H/;:•cks. A sc• ,,ff steel g:•u, gc

LG, I i; }c k •-; i i I: ], c 1-11- t2,{ } l II 11 {-• •lIlll CI :i Y 3] ] e [ ! i c :1 :, LI 5 i[ I JI 1 ] :i e g CC [ Zz I-J g L] ] ;i I:, []G <.1 [[

l:l']eCt re,:lU, irc'l]q, tl][S ,1{ F',L-<.krr•!l Spe<JtJc:•tici,[-J', (],(3t.{-(_]-] 5C

•LI] d C}-JI,L',,SC rL'qt3 [I'Cm'CI]Pi J,:JC'n tiit i::dl i =n, US, B}t ] { :il:){:l, fl xr F,.•. -

cisJ,;l.Ii gHLJig,c t:lliad.{s A g:Lll:l£(' b]L:i,LJ< SC[ Sh.,l:lIlLIhJ O:H31•in ";JZ.L'%

< <:,r c,: wnb[na:i:,:}r] •:,• siiz.es :, neccs.:s;]zy •,:} saldsf;•,•:< ,,r[:ly F,.erf,;],r m
the ,:;]]it:)r•Ei, :,n, :*s ,>,tli]:*ud in t-:,ar:lgraph ] 0

,:%.:: 2 (.La, si, LF,m,":,g<.ar Sm'n,d' ,:: {Jig. % :I-A s:and o: u-:,s{s•ing
{:li •.]• [>:lSl•. (]'{ V&-I[ tT'/]'Cte si;ik:,J:lJi•:!,' ;In,J cr,:..:rJ, dl :,:• • gu, z, rar, lee,:l
i[:]litlI(•'S,S,:: ;1 >iltlpF){)•'[ ,,,;}ILIIEI[G : ,]31,LI ;Ill adj:v:,s;L3Fle a,m <,,nt,:•

'a hidla •]i*c. [VDT m,:,,umi]:•g I3'I(K •i[ O.LI-] •-}•2 5,f2CtK[L [y ;•Hacl-mdl
,5.2.•, .L•7;;,7-']I/,:m,,rw•,:q<•[:M.<A. /1 .,Je'vice Lme,.•(,:l. aa¢£•,chl

t }]e [ V[')T 1,, ) V]lJL '¢c, It'lpal 1• £ ,: )1" St ;I D,:J : •;ie •' t:Jg,. 2 b :,.

,5.!, .,•,@.M,.o(4'/:i:--3£,.::T.,:•n;,e•er F;!vtu'.e'd' (2,,.)';'>n,n';:*n':
(;h I F.exm.ee {fig. 4)-A F:,recJskm

iir]s,3urne'nz fl:,r ]iirle:• ]:i,e•tst:,re,]qe'•q,t ,L;,F:.db,.]e ,:)f .::,.b•uinilq,.g
le•{dh•gs; (:,vet the l:(l,t:•] IMe.:,• range ,:){ {ll-•e' LVD'T: The
SF:.[rl.dlle IiVILl.";It" J['C ]/I;}l-l•'.l;:,{:•iOJiSag add :'•,]}n,l"JEig [t:i, actC,t]. 'T'}-lt:

l:l]iC],;}lTitl.el iTJ:xttlI:€' iS, 1,:)•L:iC CHt[>,r;ll.t-c4[ 41:2FiLial]l}' b,]}: [}]C

KI KI Z t Lil [<.1( { L• I-(J :1 ,; ):[ ,L I,'L I31'U F ,iqtJ a ] ii [J eci .b-,e r H, ) r, ,:i el
{,.. h2 [-7,:.c.rn:n:i,s,• t).(g,m,'] )*J.r{ ru.ri"e'cev ,:: fig. 4 i-A rl,

c ] e c t I: ,, ) •7• i ,: l'J2 i c: • ,: • li •q, € t c' • • :• •:; o cl t- c :, c: c :, n "• c. 37 1 ,]] i: S ]?, I •cc J: •:i e I-• t • :, t • [q, ,L:

t@•lJk ,:)f t}q,,• • rl,-fi,::r,:u,n( •,e'• {]xtt:ire l:t::, vj,;tla] FIUIGle2:ic c]J.'li:,•:7 }

7. Precaut[o.ns

7 !i ,%qb,&3 • };";{:'C;,i'u'tT',:*;'l',S:

-'. £ I The • VI'.I,T N::,,d>' sh<:,,u]l.d be: cx:al:nir, eL:l f',:•,• L: ,LH:F•,

aP, d. ,xr slmrp edges.

7 ].2 Verify all ck',•u:ii.c•,l wililiri,•, is .c.,:)nnec[ecll F,•,:,I•-
er]]!:. •in,.d th:lt the s.igrm] c<:,,rid[tJc, ncr ,: ii[ •:i•ie<:l:, bl gr{:,Lin{lcdl
pr, q-,.er]} tc, prc',•'ci]{ el:cctrica] s]•,,<k •.,) clic ,:,}R<rm.,n:.

7.2 Te•i':Lvim! ]->rec..,,uL/;•L*7>::
72.] The ]I.VDT cx:,•e and h,:My ;•s< :t n-i, xtc:]'ied, >i.e•

11 .s [at] ] ,L II ] •]l'.i, ec.!! i:]( )I]l 1: hC 11171{! ]:l I.] {Ll,E • L] •'t_'2" :: i,I ],l: •'lC'•,l p.12 T TI :,I" I'l l•l •71tt

c]<:, li*<,; [ntcrcl-l•ing,<: (:,:•res v,.i•h, c,,;hc.l: ,. VDT b,,•,:tics
72.2 •cp]la.L•.: tliac (,,re •t[sdl I-:,,Ll.dy i• •.[H-i, er s.h,,,:,vcs ;ill!qi:7

>;[•:.zq ,;x[ de']gtS, beI-idiIq.•. <,,r ,:)d:iLq7 deh:cts w]iii.ch IKIS}: ;U:{CC[

I•,Cl'i,: )rl]12•li,iL£' i•I Illie •JC"d [CC

723 T']:,u LVDT ,:,:,re ;irid ih(,.,J'.r S]I*<::,L•]I,J b,C ,avl,,re{I ii[-i

LI 5 LI i:4,1e b,:,::,: ,:,r c;,•e ,wl-m,-• n,: •i ih:q us.c
T'24 D,:• n,:•i exceed (h.c. :iriip'LK vdr;i,,2;e ,i)t c r.l:]ie ]1VT).•

•s :q-•,c,c i:fie, d by • tie, I]G•il RIILI{,JC[tl R:'r

8;.. C:allibratiion and S•andardi:zadon

,'-1.1 )u'uH!.,:><•' A-Verii:7 that g•uiigc, bh:,.,•ks used f,i•r
•i,b,E;l:i•rq:itG•: LVDT ,i:,:l,]ll-Ji]-:,.4riS(:,t'i re.a{lings •,,re. currcn•ly
CaI[[::,,I'LttCCl ii•qi w]it]l [_JS[g,]•L :1 {:i,(){). [{ •],•e g:aLt•;e

k:,](:<l: c:l]ibrafi, •:, is r],:,,c cu, r•e•:*L. •l•]c, ,c•alib•-;3•i,: n• l-:,r,::,ce,:!ure
sh<:,,,Lt]ld be l-:,,er{,L•,rm, cd hef,:•rc t,•;[ng [hc gu;ige bil.,::,cks.

d..2 ]•¢•::,*/}e}H Eil'-Veri@ it:,•u[ Cl:,e n-licr,:wne'[c• {iXtLlrC lms

[:::,ee.l!• .cal;[br,ted by •hc' ]FI:]I3LI{:ICTII:L'eF ',}Y ,[ :, •" }'] e l"

qm:ilii•iudl pors.,::,,r]nc]. If Ch, c callPorat[{:,.ri is n,:at ,CLirren, L •ll.•e.

,:a]ihr,•i,,)•:• .,.h<:,uhJ ]',e pe.•t•,rined l::,.(.•r,::•rc •,sir, g: the'
]:l'1 i C l-• :,•11 h• T• T i::i,X •tl 1" •,

9,, C::ond kio, nin, g

') ] •:"•.•l'f,:)l::i• :Isis ca]ib3:•3t J(:,,n ]l-:, •m cnvir,::ll-:i•:i]c']i• n:>, ,c: ] ,: :, <; e

•,:* ,i%S c• F;' (2:,1:) c: (2:) as p{ •ssi]>lc.
<I'2 TLn'n {:,c, all de.c>:u•k cqu, iprnc'n,• ;ll:•d •!lh :,w r•:, ',•'at n-i

*1}•. i,:_)r {•:,()]]qiFILHeS befl::,re LzSe

F{g:•r-< ". [ "+;'1 )'[ (:,:,m I,;,r•]•c,• ,':,]ud, H!,]i '1 V])T'

I:llii•t]ll[ i•G,.!; ]£)il:,,L k i: i3]CC]l':"l /',, ;, ,i : ',,iit•[:,,>l [
c,:•,i]l I:,, I:,; ,•d;u•t•/,c •:::ii, <J •'k'[)T I,,:)d:•
J:, LV]I:'T ii/,ltmlhl•. I,l,:•.<k ,,:, ] V]i;'q ,.,•ic ux•,[

1,1Li]l-I I(,, ,ll:J !' •:,:{",IL

] ':'i,
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I

•:i.,.!urc i ]IV]I)T ,Cali[b.n,•J[c,n a•s•:n,b.l} InJic[,:,.Jneter i•[xlllre i ]cth<,d [!i,:.. zl:, s[•J',:fil

,•/3.t:l<liti(:,,-i, eL I!::.) [emJ(:,LIt eqllij[:,tn(!1ql. (:, e]eLtr,::,nk: di•. E.t Jnici,:.]r3eEe[. d.] [.V[)T c/•tc

.:•:•:t'Cgh:<[.::m r,•d., e) ;[:,[n,Jk, if) ]]]icr,nlleter head .cai•[,•.• g;. H•licr,:l]:7,ecer head

:u,,J h:, ,,:hu,Lk

9,3 The LVD% ,c•dibr.ui,:.• gauge bk:,,•k< nn, fcrc, mem, r
fJixaa, x<, •r>tl ,<,,>rnp•J•lt,,:• •tm±d shou,]d be iir, fl-m e•<,vJh,::mrnem
h• wk,[ch d:,ey are to, l:,,e, ca•{brate(I f,:)r gL[ Ie•LS[ 24 hC, m'S
pr ii,or t•:• ,::a•ibrad,:m

10, Procedure

]1 0 IL All data a•e t.,:) be re,c,,:)rded ,:),s:] tl-•e '"Linear Variiahde
[?:ih::e•e•,tial T•an•.;former C:aliih,•:atJ!,on'" h:l, rm as .s h ,: m•' r:, ,:.m
fJigure 5

](2112 t;ke.oorcl, type a•ad s.eria• numh,er ,of the LVDT •:,,:)
be ca]lJh,,•'a•cd:; Jif k has •a,,,:)•erik, l tnm•t, be< rc,o,:)rd the m(:,.de[
n•an]h:,er and ;my ,:•ttncr iidenti•yJ;rLg mark[n.g:i,

];C:' 3 Re,o,:>rd the total li•e:•,r range ,,:)f tl•e LV]L)7:

]CI, 4 l%e,•ord •]lxe. rypc •md semi:all •.n, umber <14: the re.h.rer•¢e
s.mnd•rd ,tJs.cd.

]Cl,•i A_rtt•ct:l the c;•ble from ti-Je LVD, T t,:::, the sig;m•I
c, • n ,J :i • J[ o • •e r :, a r, ,J 'a t t ac I? t h e ,c, h, I e l:r ,:•,•: •-J t he' s Jg n a • c ,: •, n cl i r i o n er
,:+utput t,:•. tk, e read.out e.qL@mer•t: E"h,g Jin the re•]dc, ut
eqt•ipmenr t,•, a p,::).wer +ourc<-. and all]o.w a mJinimum 3(1-
• ]ql J I'J• L] [€ w a r n:-J Ul•l.

10.5 Slkle an LVDT Tef]l,,:,r• gt:l[Jle ora:,l:) e•ach erid ,::•.f
d-Je LVDT o::)rc as _.;.howe, <,,n, figure 2:a

10.7 Attach •he LVDT oc,•'e ex•e:ns.i,,::,n rod to,. the end
,:•f d-m LVDT c.,:,re by scre.wiing the I.VDT c,:>re e:.xter, silon
r,•,,J h-m:) •he d•readlcd ].VDT cc,.•.

]0.8 Me'd:i,,c;,J A--/;:TecA•'i•n G:.'*.2•:e E/'k:•.ck Ca,,•d:,,,t::•,E,,bn::
] (l'.S. ] X',!,,L!' P,,::>',,?,,'!,:),n ,,:•/k FY) 2V

108.1.1 Attach*]he LVDT tn•:,Lmdng Mock •:, the
adiu, st;nb]le •srm ,,)f the ,•,,:•,mF,,arat,,::,• stand as shown ,:}n
fiigare 3,

108.12 SJide the L\:DT o::•re and c,,:)re exte•-•sik•r•
>:•d a.ssembl.,,• ist•c, the LVDT body.

10.8. I.3 Pl•,c:e the LVDT body i:nvc,, the LVDT
n-Jc:,.untirag b[,:,,ck and t:i.ghte•a ttne. approp.r[a•e screw .on the
ITi<:,LH-lt][f-ig block (DO N(]T' ove:•tighten the screw .on the
me, u r•t ing h,.] c,,:k:, t:h, is. ca •q, det.,)r• n, the LVDT body )

](1,.S.].4 Applly v,:,,[tage t.,::) the L•v•I)T E•q,s,ure that
t••e' line v,::dtage i,:; cc,,n-Jp:,.atible w•ith the p..,:)we:r •e.qu, be:n-Jerm,;
,I]){ [[hl•: •'i,]ig•qlatl C(jII'J,JJt]()]l]L:'r Refer v:> iJqle [q,:].a•[],LJ[aC[Ikl$"•:[Is,

,•>peratm, g h-,s;• ucti•ms, f,,;,• v,:Jtage requ:irements.
11081[.3 P'lace. • gauge b[,•ck ,,,•r series ,,•,f b]o,cks)

w'h, ich t-ms a k,e igh • eq,•>, 1 t,:• ,: ,iTle- [q, a] •: t]!-•t_:, t,o•a 1! ] i •7,e;n r ra, •ge
.,::,f •he LVI)T ,Lmder tl:m' LVD'T o:are exte.•q, silc,.n r,•,,d:, iie.
f,,•r ,•[-J LVDT having •,/!:-]r:,ch (5,1L',•.-mm) t{:,•al ]lhmalr range,
a il-inch 1:25 'i-•n]3"Jl)gauge BLCIllt.::[< ]IS used.

]10.$;].6 Usm, g •t-*,:: adjL•Stat::,]e, arm, adjLxst the
LVLIT b,:,dy up c,,r d,•,v,,•:, .,:m the comp•r:]t,:,,• stand s•tpp,::,.r.•
oc, h•n-m as ,:•ecessary s<:,. the ,O'LJt:p,L•t o} the re:>d,:mt equ[prnem
is app.r.,<<imat:e])equal •,,:)() v<:,.lt

1() 8;.11.7 Secu, re the •tdj'ustab]e e•rnT• ,:>n tl•e ,_:L•pp<:,rt
,cohm-m of J-m cc,,:nparat{•r stand h, the:. pc:,.•;[ti,:m, .described

t7



USBR 1008

in subparagraph 10.8.1.6, by tightening the screw of the
adjustable arm.

10.8.1.8 Use the ZERO adjustment on the signal
conditioner to obtain a reading of exactly 0.000 volt. This
is the null position of the LVDT.

NOTE 1.-Adjustment of the signal conditioner may vary
slightly depending on the type of signal conditioner used. Refer
to the manufacturer's operating instructions for adjustment of
the specific signal conditioner used.

10.8.2 SignalConditionerSpanSetting(LVDTfactor
determination):

10.8.2.1 Remove the gauge block (or series of
blocks) from beneath the LVDT core extension rod.

10.8.2.2 Place a gauge block (or series of blocks)
which has a height equal to the total linear range of the
LVDT (as recorded in subpar. 10.3) under the core
extension rod; i.e., for an LVDT with a 2-inch (50.8-ram)
total linear range, a 2-inch gauge block is used.

10.8.2.3 Adjust the signal conditioner, using the
GAIN control screw, so that the output of the LVDT is
equal to -t-10.000 volts d.c. (Polarity depends on the wiring
of the LVDT.)

NOTE 2.-For convenience, subparagraph 10.8.2.3 specifies a
setting of +__10.000 volts d.c. for the LVDT output at full-scale
displacement. Other values of output at full LVDT displacement
may be used, if desired.

10.8.2.4 Remove the gauge block (or series of
gauge blocks) from beneath the core extension rod and
replace it with a gauge block (or series of gauge blocks)
having a height equal to one-half the total linear range
of the LVDT. The readout should indicate 0.000 volt; if
it does not, reset by adjusting the ZERO adjustment.

10.8.2.5 Repeat subparagraphs 10.8.2.2 through
10.8.2.4 until values of 0.000 and ___10.000 (see note 2)
volts are obtained.

10.8.2.6 Record the value of LVDT output at full-
scale displacement +10.000 volts (see note 2) as "LVDT
output 1" as shown on figure 5.

10.8.2.7 Remove the gauge block (or series of
gauge blocks) from beneath the LVDT core extension rod
and allow the LVDT core extension rod to rest on the
comparator stand base.

10.8.2.8 Record the LVDT output obtained as
"LVDT output 2" as shown on figure 5.

10.8.2.9 Calculate and record the LVDT output
change and the "LVDT factor" as shown on figure 5.

10.8.3 Linearity of the LVDT'.
10.8.3.1 Select appropriate displacement incre-

ments (gauge blocks) to displace the LVDT core through
its total linear range. It is recommended that the gauge
blocks be selected such that a minimum of four readings--
equally spaced throughout the LVDT total linear range--
are used.

10.8.3.2 Raise theLVDT core extension rod, and
place the appropriate gauge block(s) on the comparator
stand base beneath the LVDT core extension rod.

10.8.3.3 Record the gauge block(s) height in
column 1 and the corresponding output of the LVDT
readout equipment in column 2 as shown on figure 5.

10.8.3.4 Continue to displace the LVDT core at
the selected increments until it has been displaced through
its total linear range.

10.8.3.5 Record the gauge block(s) height and the
corresponding output of the LVDT readout equipment at
each displacement increment as shown on figure 5.

10.8.3.6 Calculate and record values of percent of
TLR and percent error for each displacement increment
as shown on figure 5.

10.8.3.7 Check the linearity of the LVDT in
accordance with provisions in subparagraph 12.1.

10.8.4 Repeatability of the LVDT:
10.8.4.1 Remove the gauge block(s) from beneath

the LVDT core extension rod.
10.8.4.2 Repeat subparagraphs 10.8.3.2 through

10.8.3.5 using the same displacement increments (gauge
blocks) selected in subparagraph 10.8.3.1.

10.8.4.3 Calculate and record the voltage error at
each corresponding displacement increment as shown on
figure 5.

10.8.4.4 Check repeatability of the LVDT in
accordance with provisions in subparagraph 12.2.

10.9 Method B Micrometer Fixture Calibration:
10.9.1 Secure the LVDT body into the chuck of the

micrometer fixture as shown on figure 4. (DO NOT
overtighten the chuck around the LVDT body.)

10.9.2 Slide the LVDT core with the Teflon guides
and core extension rod assembly into the LVDT body.

10.9.3 Attach the LVDT core extension rod to the
spindle of the micrometer head carrier using an appropriate
attachment assembly as shown on figure 4.

10.9.4 Apply voltage to the LVDT Ensure that the
line voltage is compatible with the power requirements
of the signal conditioner. Refer to the manufacturer's
operating instructions for voltage requirements.

10.9.5 Ensure that the signal conditioner has had
a minimum 30-minute warmup time.

10.9.6 Null Position of LVDT'.
10.9.6.1 Turn the GAIN control of the signal

conditioner (see note 1) to the minimum gain setting.
10.9.6.2 Adjust the ZERO control of the signal

conditioner to achieve an output of zero volt.
10.9.6.3 Turn GAIN control to approximately the

midpoint position.
10.9.6.4 Remove the LVDT core by sliding the

micrometer head carrier along the bed of the micrometer
fixture until the output is approximately 0 volt. Tighten
the micrometer head carrier to the bed of the micrometer
fixture.

10.9.6.5 Rotate the micrometer head to achieve
a reading of exactly 0.000 volt. This is the null position
of the LVDT.

10.9.7 SignMCond#ionerSpanSetting(LVDTfactor
determination):

10.9.7.1 Reset the electronic digital micrometer
to read 0.000.
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10.9.7.2 Rotate the micrometer head until the
LVDT core has been displaced a distance equal to one-
half the total linear range of the LVDT; i.e. for an LVDT
having a 2-inch (50.8-mm) total linear range, the digital
micrometer should read ___1.000 inch (25.4 mm). Record
the value of LVDT output achieved as "LVDT output 1."

10.9.7.3 Adjust the signal conditioner, using the
GAIN control screw, so the output of the LVDT readout
equipment is equal to ___10.000 volts d.c. (see note 2).
Polarity depends on the wiring.of the LVDT.

10.9.7.4 Rotate the micrometer head in the
opposite direction until the electronic digital micrometer
reads 0.000 volt. The readout equipment should indicate
0.000 volt; if it does not, reset by adjusting the ZERO
adjustment.

10.9.7.5 Repeat subparagraphs 10.9.7.2 through
10.9.7.4 until values of 0.000 and --+10.000 volts (see note
2) are obtained.

10.9.7.6 Rotate the micrometer head until the
electronic digital micrometer indicates the LVDT has been
displaced a distance equal to one-half the total linear range
of the LVDT. (This is to be equal displacement but opposite
direction as that achieved in subpar. 10.9.7.2.)

10.9.7.7 Record the LVDT output obtained as
"LVDT output 2."

10,9,7.8 Calculate and record the LVDT output
change and the "LVDT factor."

10.9.8 Linearity of the LVDT:
10.9.8.1 Select appropriate displacement incre-

ments to displace the LVDT core through its total linear
range. It is recommended that the displacement increments
be selected such that a minimum of four readings--equally
spaced throughout the LVDT range--are used.

10.9.8.2 Rotate the micrometer head until the
electronic digital micrometer output corresponds to the
desired displacement increment.

10.9.8.3 Read and record the digital micrometer
output and corresponding LVDT output voltage.

10.9.8.4 Continue to displace the LVDT by
rotating the micrometer head to the selected increments
until the LVDT core has been displaced through its total
linear range.

10.9.8.5 Record the LVDT displacement as
indicated by the digital micrometer and the corresponding
voltage output at each displacement increment.

10.9.8.6 Calculate and record values of percent of
TLR and percent error for each displacement increment.

10.9.8.7 Check the linearity of the LVDT in
accordance with provisions of subparagraph 12.1.

10.9.9 Repeatability of the LVDT:
10.9.9.1 Rotate the micrometer head until the

digital micrometer reads 0.000 volt.
10.9.9.2 Repeat subparagraphs 10.9.8.2 through

10.9.8.5 using the same displacement increments selected
in subparagraph 10.9.8.1.

10.9.9.3 Calculate and record the voltage error at
each corresponding displacement increment as shown on
figure 5.

10.9.9.4 Check repeatability of the LVDT in
accordancewith provisions in subparagraph 12.2.

11. Calculations

11.1 Calculations are as shown on the "Linear Vari-
able Differential Transformer Calibration" form. (fig. 5).

12. Interpretation of Results

12.1 Linearity.-Table 1 is to be used for evaluation of
LVDT linearity.

12.1.2 If percent error, at the listed percent of total
linear range, exceeds the amount listed in table 1 the LVDT
should be rejected.

12.2 Repeatability.-The voltage error should not
exceed -+0.05 volt at any displacement. If the voltage error
(col. 8, fig. 5) exceeds 4-0.05 volt, the LVDT should be
rejected.

13. Report

13.1 The report is to consist of a completed and checked
"Linear Variable Differential Transformer Calibration"
form (fig. 5).

13.2 All calculations are to show a checkmark.

14. Background Reference

"Handbook of Measurementand Control," Handbook HB-
76,, copyright 1976 by Schaevitz Engineering, Pennsauken,
NJ, Library of Congress Catalog No. 76-24971.

Table l. - LVDT percent error tolerances.

Total
linear
range

in mm

Range, Allowable percent error
plus or minus over indicated percent

of total linear range, %
in mm 50 75 100

0.10 2.5 0.050 1.25 0.10 0.25 2.00
0.20 5 0.100 2.5 .10 .25 2.00
0.40 10 0.200 5.0 .10 .25 2.00
0.60 15 0.300 7.5 .10 .25 2.00
0.80 20 0.400 10 .15 .25 2.00
1.00 25 0.500 12.5 .15 .25 2.00
2.00 50 1.000 25 .25 .25 2.00
4.00 100 2.000 50 .25 .25 2.00
6.00 150 3.000 75 .15 .25 2.00
8.00 200 4.000 100 .15 .25 2.00

10.00 250 5.000 125 .15 .25 2.00
20.00 500 10.000 250 .15 .25 2.00
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LINEAR VARIABLE DIFFERENTIAL
7-2347 (5-86)
Bureau of Rec]amation TRANSFORMER CALIBRATION Designation USBR 1008--•-9

HR I000. I• nl 15
LVOT TYPE MANUFACTURER -xamr'e SERIAL NO

GBII 2REFERENCE STANDARD USED: r• GAUGE BLOCKS SERIAL NO

[] MICROMETER FIXTURE SERIAL NO.

CALIBRATION PERFORMED BY DATE

CALIBRATIONCHECKED BY DATE

LVOT FACTOR DETERMINATION

(a) LVDTTOTAL LINEAR RANGE (TLR) Z,000 [] in [] mm

(b) LVDT OUTPUT 1 tO,000 v

(c) LVDT OUTPUT 2 -9.978 V

(d) LVDT OUTPUT CHANGE (b) - (c) 19.978 V

(e) LVDT FACTOR (a)/(d) 0.100 [] in/V [] mm/V

LI N EAR ITY

TRIAL REFERENCE PERCENT LVDT CHANGE IN LVDT PERCENT ERROR
NO. STANDARD OF OUTPUT LVDT OUTPUT MEASUREMENT (5) =•x 100

LENGTH TLR (VOLTS) (3) = (2) - (C) (4) = (3) X (e)
[] in [] mm (%) ( ....s) [] in [] mm

(1) (2) (3) (4) (5)

I 0 0 -9.978 0 0 0

2 0.250 12.5 -7.480 2.498 0.2498 0.010

3 0.500 25 -4.982 4.996 0.4996 0.020

4 0.750 37.5 -2.483 7.495 0.7495 0.025

5 1.000 50 0.000 9.978 0.9978 0.110

6 1.250 62.5 2.525 12.503 1.2503 -0.015

7 1.500 75 5.037 15.015 1.5015 -0.075

8 1.750 87.5 7.533 17.511 1.7511 -0.055

9 2.000 100 I 0.000 19.978 1.9978 0.110

REPEATABI LITY

LINEARITYTRIAL
NO.

REFERENCE
STANDARD

LENGTH

•in I'-} mm

161

PERCENT
OF

TLR
(%)

LVDT
OUTPUT
(VOLTS)

(7)

VOLTAGE
ERROR

(8l = (7) - (2)
(VOLTS)

(8)
I 0 0 -9.976 0.002

2 0.250 12.5 -7.519 -O.039

3 0.500 25 -5.003 -0.021

4 0.750 37.5 -2.5•2 0.039

5 1.000 50 0.000 0.000

6 1.250 62.5 2.532 0.007

7 1.500 75 5.040 0.003

8 1.750 87.5 7.531 -0.002

9 2.000 100 10.000 0.000

REPEATABILITY

REMARKS

[] ACCEPT

[] REJECT

[] ACCEPT
[] REJECT

Figure 5. - Linearvariable differential transformer calibration -- example.
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