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Accuracy analysis of the measuring structure with
an auxiliary correcting channel
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We considered two-channel measurement structure, which channels operate at different frequencies. Analysis of mutual
influence on operation of channels and conclusions concerning the specific structure eddy current thickness-meter of steel sheet
constructions are done.
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n auxiliary measurements method is one of the methods of correction the uninformative factors influence to the overall

measurements result. It is based on extracting of error caused by the influence of these factors, and using it to correct
measuring device transfer function. In particular, it can be done by separate measuring of each uninformative factors and
subtracting the results of these measurements from the general result [1].

Two-channel measurement structure

Fig. 1 shows a measuring structure, in which the method of auxiliary measurements presented.

We used the following designations: G - rectangular pulse generator with 2 off-duty factor; FD - frequency divider; BF1
and BF2 - band filters, that emit harmonic signals lower and higher frequencies; ADD1, ADD2 - adders; PA - power am-
plifier; CECS - combined eddy-current sensor, ie it is parametric (1, 2 coils) and transformer (coils 1-4) simultaneously [2];
M - modulator; BF, - and BF, - band filters main and auxiliary channel; SD,, and SD,. - synchronous detectors main
and auxiliary channel; MT - measuring transducer. Modulator M, filter BF,,~ and synchronous detector SD,, maked up
measuring channel, and BF,, SD, - maked up auxiliary channel.
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Rys. 1. Struktura pomiarowa z pomocniczym kanatem korekcyjnym
Fig. 1. Measuring structure with an auxiliary correcting channel

For example, it can be used for building dual-frequency thickness-meter of sheet steel constructions, which reduce the influ-
ence of lift-of between the steel constructions and CECS.

The lower and higher frequence signals from the output of BF1 and BF2 filters are added by the ADD1 and amplified by
the power amplifier, and then excited to the primary coils of the CECS. Signals from the parametric parts of the CECS coming
into the main measurement channel, and signals from the transformer parts coming into the auxiliary channel. As a result,
higher frequency signal is in the main channel and may affect its work and vice versa, lower frequency signal is in the auxiliary
channel and can affect work of auxiliary channel also. The evaluation of these effects is not obvious and it requires analysis.
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Analysis of higher frequency signal’s impact to the main channel work

In this case, the primary coils voltage of CECS can be applied as follows:

u(t)=U,sin(wt + @)+ aU, sin(mwr + mg) ,
u,(t)=U,sin(wt+¢,)+ aU, sin(mwt +me;) ,

where U, U, — accordingly amplitude of voltage on coils 1 and 2 of CECS on lower frequency o,
m — higher to lowest frequency ratio,
a— amplitude of higher frequency signal to amplitude of lower frequency signal ratio,
¢,> ¢, — initial phase of low frequency signals according on coils 1 and 2 of CECS,
@’} @, — initial phase of higher frequency signals according on coils 1 and 2 of CECS.
On the output of main channel amplitude-phase modulator M the signal can be evaluate:

UM(t)=KMU1;U2{1+Zilgj~xignsin(§2t+¢)}-sin{a)t+¢ 2¢2{ 2 zz 51gnsm(£2t+¢)}}

+ak,, vitb, 1+aU1_UZ-;zgnsin(Qt+¢) -sin 7rza)z‘+m¢l+(]>2 1+m¢1_¢2'sz‘gnsin(9t+¢) =
2 U +U, 2 &+

:KM{UHZ—U {a)t+¢l+¢2 ¢1 (2 xlgnsm(Qt+¢)} UZU - signsin (Qz + ¢)- sm{wt+¢ ¢2 ¢12¢2 szgnsm(Qt+¢)}}

Bl H-
2 2

+al(M{U1 ;Uz ~sin{mwt+m '.fz'gnsin(Qt+¢)}+

+—U1;U2-sigﬂsin(9t+¢)'Sin{mwl‘+m@+ w-t ”g”“n(gt""ﬁ)}}

where (U,-U,) - measured amplitude difference, ¢ - initial phase of modulation signal, Q - modulation frequency,

K, — modulator transfer coefficient, signsin(Q¢ + ¢) - managing output signal of the generator G.

After trigonometric transformations of expression (1) and considering that,

sign sin(Qt + ¢) = éi sin (271(;:)_(f;t + ¢)

n=1

we gCtZ

U,t=kK, V-, ~{E(COS(QH-(}5—6{)t—M)—cos(Qt-ﬁ-(]ﬁ+wt+('bl-'-('bz))cos(pl_('b2 +
2 T 2 2 2

+%(cos(wt+¢ ¢2) l(cos(2Qt+2¢ wt— (P;¢Z)+cos(29t+2¢+wt+¢1;¢2)))sin¢l;¢2}+

+K (sm(Qt+¢+wt+¢ ¢2)+sm(gt+¢ wr— ¢;¢2))sin¢1;¢2}+

M
T

—Ul +U, {sin(wt+—q>1 9, )cos——= ¢ = ¢2
2 2

Y ;Uz {z(cos(gﬂ-qﬁ —mwt — m@)—cos(9t+ ¢+mwt+ m('b1 ‘*2'(1’2 ))cosm¢1 ;¢2 +
JT

+ak,,

+— 8 (cos(mwt+¢ 2¢2)—l(cos(29t+2¢ mwt —m %%,)+cos(2§2t+2¢+mwt+m@)j)sinm@}+

w’

U+U,| .
5 sin(mwt +m

/+ 4 /_ ’
+aK,, ¢ 2¢2)cosm¢l 2¢2 +

¢'+¢;))Smmw—¢;}
2 2

2 /+ ’
+—(sin(9t+ ¢ +mwt+ m%)+ sin(Qzt + ¢ —mwt —m
JT
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Lets we will define how band filter BF - reduced the
amplitude of the signal with Q+mw frequency.

First we determine the distance between the required
frequency w_ and the frequency cutoff w_ (in decades) on
the frequency axis of filter’s LAFC (logarithmic amplitude-
frequency characteristic), to determine the signal reducing on
the required frequency w :

o

[ =log,,—~[dec]

w

c

Signal reducing 4, , (dB) on the required frequency
obtained by the multiplying this distance / on the slope S of
filter’s logarithmic characteristics:

—20log,, k., =15 =s-log,, “[dB]
.
Hence:
*Ll"gw&
/?m{ =10 20 w, (2)

Taking into account the previous formula and having
accepted that the maximum reduced error (it called forth the
higher frequency) can not be greater thand___ = -100 %, we

max
can write the expression for the reduced error due to the filter:

0 a-100%  a-100%
6ﬂf=kLZx= = — (3)

lé‘md zologm&
10 e

For example, the eddy current thickness-meter of sheet steel
constructions based on the above measurement structure will
be considered. Its main channel uses w=27 rad frequency, and
auxiliary channel uses mw=27-512 rad. Auxiliary channel
is used to reduce the influence of lift-of between CECS and
steel plate to result of the thickness steel plate measurement
by the main channel. Modulation frequency Q is much larger
than the working frequency of the main channel and it equals
Q =251-2048 rad. So, Q +mw =27 2560 rad.

Let us consider that the filter BE, . is 2-order filter with
multiloop negative feedback and Q=100 quality factor [3],
which set @ =27 -2048 rad operating frequency. In this case,
the frequency cutoff is

®, 2m-2048

7

w[: =
2Q 2-100

210,24 rad.

It is known [3] that LAFC slope at frequencies above the
cutoff frequency is -40 dB/dek in 2-order filter. So, from (3)
we received (for a=0,1, w ,= Q+mw=27 - 2560 rad):

s - @100% _ 0,1-100%

ref log @2 7—47010 272560
810 810 2710,24

- =1,6-10"%
10_50 w, 10 20

For such structure the error is second order small, ie it can

be neglected.

Analysis of low frequency signal’s impact to
the auxiliary channel work

The analysis will begin with the consideration that at 3 coil
of CECS is voltage

ul,(t) = kU, sin(wr+ @)+ O(k'IS,U1 sin(mwr + m(/)l,)

bl

and at 4 coil is voltage

w0, (1) = kU, sin(@t + ¢,) + ak,, U, sin(mort +me, )
where &, 3 and £, 5> ky; and k'~ the transformation coefficient
between 1 and 3 and 2 and 4 coils of CECS for w and
mo frequency.

At that the signal at the input of auxiliary channel band
filter BF,  will be:

U, (D)= u(0)u,(0) =k, Usin(@r +@) + ak, U, sin(mws +me) —
—k, U, sin(wt+¢,)+ ak, U, sin(mwt+mep, )

We write an expression for maximum reduced error,
provided that these harmonics are in antiphase and hav-
ing accepted that the maximum reduced error will be
determined by the ratio of harmonics amplitudes of higher
and lower frequencies:

= M.L.loo% 4)
ak, U —aky, U, by

Assume that #,,=Bk,, and k ;'=fk,, (where - relative
inequality of transformation coefficient), then expression (4)
is written as:

_ ﬂk%Ul B kz4U2 . 1

max - ’ 4 . 1000/()
Bhy U~k U, & o
k(BU,~U. '
_ 24,(ﬂ 1 2)_ 1 .100% = ﬁ -100%
kg (BU,-U,) * bt i
here
w P /e_M,
by

Substituting reducing coeficient from (2), we get:
8 =—L—100%

—Llogy 2
a10 2 ®)

Let us consider that the filter BF,. is 2-order filter with
multiloop negative feedback, which set @ =27-512 rad
operating frequency, with

o, 2mw-512
wc = —=
20 2-100
rad frequency cutoff and Q=100 quality factor. We can
calculate the maximum reduced error (5) for a=0,1

and '=0,015 (/€24= 0,004 and k24'= 0,27 was obtained
experimentally, so '=0,004/0,27=0,015):

=2m-2,56
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max = ijr . 100% = (6)
a- 10’%10&0;[
0,015 )
= —40 75 100%=3,77-10 o4
0,1.10 ® 2256,

Expression (6) shows that the error called forth by the in-
fluence of main channel frequency signal to auxiliary channel
can also be neglected.

Conclusion

Errors called forth by the mutual influence of channels of the
thickness-meter measurement structure can be neglected.
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Analiza doktadnosci struktury pomiarowej
z pomocniczym kanatem korekcyjnym

W pracy rozpatrzono dwukanatowg strukture pomiarowa,
ktdrej kanaty pracuja na réznych czestotliwosciach. Wykonano
analize wzajemnego oddziatywania kanatéw i otrzymano
wyniki dotyczace szczegdlnej struktury wiropradowego
grubosciomierza do badania konstrukcji z blachy stalowe;j.
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