1 ELECTRO MAGNETI C MEASURI NG PROBE The -present, invention rel ; o '
el ectrQ- nmagnetic neasuring probe haV|ngpa pot core Wwhi ch haségﬁgéigﬁgf’ C
bore, a -‘chanmber coaxi‘al to the central bore acconmopdating a wi-ndi ng,

and a poﬂgggnl a pol e-pi ece, which ¢s1flxed into the central bore at one of
Its ends, aAd which has a coaxial recess machined into its free front-face

such that an outer shell remain %{ound t he recess wel | as a hard-netal
pin which is seated iEEEEEEEeEégﬁrﬁéﬁa%EEEEEEEE ich forms a crowned
contact surface, whereby the contact surface stands a little proud of the
pot rim This probe is to be developed further without sacrificing the

characteristics deﬁgrlge eP%h Jkng¥3§ ﬁ%l%ﬁéé s{&llaQe Qfééhpbe to

nmeasure |ineally, sver Al e reg --avolding the

non-linearityps HEQQEGEEastTd§1prdﬁ%““ﬁav1ﬁ§(ﬁnpottéﬁ%gaﬁﬂfébsﬁééog curve
as well as the Seonetry of the crowned contact surface. The probe wll

still be suibaBkeafiopoFeasyr iptd Trldb&PesddeiEl td tise deshtedl bewever,
to achieve the follow ng addi tional benefits: a) The indication is to be
nmore exact inathemmega®ingoh wamdind ) coed iangsot ridrpr ansdheepiecef the
said probe is set down on an uncoated substrate, then, .
which is fixed into the central bore at one of its

ends,and which has a coaxial recess machined into its

%3 . free front—face'such that an outer shell remains around

the recess, as well as a hard-metal pin which is seated
in the recess, the front-face of which forms a crowned
contact surface, whereby the contact surface stands a
little proud of the pot rim.

This probe is to be developed further without
sacrificing ﬁhe characteristices described therein.
Thus, it will still be possible to measure lineally,

above...all in the region of thin coating, avoiding the

non-linearity problems which result from the
Eﬁ magnetisation curve as well as the geometry of the ' (~
crowned contact surface. The probe will still be

suitable for measuring small specimens.

It is desired, however, to achieve the following
additional benefits:

a) The indication is to be more exact 1in_the
region of very thin coatings. For instance, if the

said probe is set down on an unccated substrate, then,

despite the absence of a coating, a coating thickness



desplLe t he absence of a coating, a coating thickness ° -2- is indicated.

b) 1t ;is desired that a larger output signal is obtained for the same
coati ng thickress which, of course, aids a better indication. Thiss,;:
object is .achieved, according to the i nvention, in that theﬁiﬁ) N
el ectromagneti ¢ neasuri ng probe include 5 coaxial annular dis made

of highly perneable magnetic materiar, the margin of which is in contact
with the pot chanber riim the internal radius of which is greater than that
of the pol e-pi ecésbipdipghbedi cantly smaller than that of the pot chanber,
and is close to the front face of the pole-piece, whereby the magnetic
resistance between t hR)i nI&rnds ¢9§iﬁ§dsﬁh§gcé lapger °¥%@ ut y@lgnabf iszhe

pot chanber 6 LgnlflﬁantI¥ greater t han, t hat b tmeen the free front
face and the int 8PhaFEFdgi L8 suFREcEaRAencPRELIPE oD ?% pess coutekt ohith

the fol lowing adodRPageRtes A TRevEeF: 1eaTeRFAaPu e pi ays an even |ess
significant role. This objeet 1is achieved, according to the
| invention, in that.the electromagnetic measuring probe
"includes a coaxial annular disk, made of .highly
permeable magnetic material, the margin of which is iﬁ
N contact with the pot chamber rim, the internal radius
of which. is greater than that of the pole-piece but
significantly smaller than that of the.pot chamber, and
is élose to the frdnt face of the pole-piece, wheréby
the magnetic resistance between the internal radius
surface and the wall of the pot chamber is
significantly greater than that between the free front
face and the internal-radius surface when the probe is
in  contact with the coating being measured.
The invention has, among others, the following
advantages: |
1. The surface curvature plays an even less
significant role.
2. Better measurements can be made on smaller
specimens.
3. Almost the same or, in some cases, identical
cheractehisties are obtained for merkedly different
substrates.

4. The power consumption is so small that the



2. Better measurements can be nade on smaller specinens. 3. A.nost the-same
; or, in _sone cases, identical characteristics are obtained for mar kedly 7
‘differ substrates. 4. The power consunption is so-small that tHe T
pr obe be used in a battery instrument w thout an external power supply.
5. Despl'te the inproved characteridtics, the space for the w ndings must

not be enlarged, rather the sane space for the windings is sufficient. 6.
The probe psoB¥eNnchASSbeenseli 1A hobhtkeryginibeumtattuieroat chaim 2 al |l ow

the effect of the annular disk as-a short-circuit winding to be reduced.
The featuegsephatl powed suppwyt he annul ar di sk to have practically no
short-circuit winding effect. The features of claim4 allow, in the sane
manner, any danpi ngeepfibet tbe thmprpyedcoherastbeisbdrdedthndspranen the two
slots are nutual ly aligned, allow the disadvantages of a gossible bri dgi ng
whi ch coul §ore$bet windingsapyshr 80t b6 eBAAFERE :anyRAD et 5NBeSaPSI ded.
' space for the windings is sufficient. _
6. The probe is even less sensitive to tilting.
The features of.claim 2 allow the effect of the
annular disk as a short-circuit winding to be reduced.
The features of claim 3 allow the annular disk to
- have practically no short-circuit winding effect.
| ‘The features of claim 4 allow, in the same manner,
én& damping effect of the pot core to be avoided and,
when the two slots are mutually aligned, allow the

disadvéntages of a possible bridging which could result

in the appearance of damping anyway, to be avoided.



The features of.claim5 allow the reduction in danmping to be optimal for
such cases in which the internal Stress of the material allows the radial
slot Yo be ‘continued all-the way through. The features of im6 allow an
optim zation of the shunt on one hand and the bundelling @he field .on
the other. Factors which are too small bring with them a nt.. Factors

whi ch are too | arge cause bundelling. A fygther inprovenent within the
scope of the object of the invention. The features-of claim8 allow an

axi al -symretric constriction which is easy to manufacture. The features. of
cl ai m 9 Hie featurss afoedain 5t ol low kbelereductioneiss dampinghtadegoptinet ferc. . The

feature ' t | deld L hQut.
appr oacff‘i"%g‘ g%%&ﬁ'&?’é‘ﬁ“ qutﬂei Eﬁﬁefnrggi ,?s e{:tr';? s%%ﬁ gﬁ%@%%?ﬁ 4|.ls]%g?m(§‘teel f’é“aaés
tightly slodethde contioued @id tiie wantthrouglever, becomi ng saturated, because
saturation would falsify the result of the neasurenent. The features of
claim1ll allow the area which is enbossed downwards to be obtained in a

parti cul el Jeatawes mdhadaimiér 8 hipw he apdimizadion iofgthe sbents on Tone hand ands of
claim1l I [ - el ratd ' I [ a f
por nt's ot patten1 e i B FEREH Phd BBfert AR Bitchoire b0 et blifng
of cl ai witd thdmw shuwie Rifcters svhihh cret teo Rangd gapse bunddldingsk 37 and the
hi ghly perneabl e cylinder 41 of DE 33 31 407 have to be conpensated, since
t hese conponents are no longer to be found in the apparatus according to
t he i nvehtfuother improyeméndr eibinin dhedcopaiafi 4hé mbject ofathel ioyentdonl net al of
Toughly the conposition 48 %WC, 15 % Co; 2 % Ti C/ TaC/ NbS was used; this
has\myow been repl aced by a material of -

The features of claim 8 allow an axial-symmetric constriction which is easy

to manufacture.

The features of claim 9 allow measurements to be made in recesses such 'as
grooves etc.. '

The features of claim 10 allow the field to be better bundelled without
approaching saturation. It is important that the field is bundelled as

- tightly together as possible without, however, becoming saturated, because
saturation would falsify the result of the measurement.

\_s The features of claim 11 allow the area which is embossed downwards to be
obtained in a particularly easy manner during the manufacturing process.

The features of claim 12 allow field-line cdncentrations which would radiate
from the points of the stamp-fin if this were serrated to be avoided.

The features of claim 13 allow _thos_e' effects whicr:;}::_he highly permeable
disk 37 and the highly permeable cylinder 41 of edeim—P 33 31 407 have to
be compensated, since these components are no longer to be found in the
apparatus according to the invention. In the aforementioned claim a low
permeability hard metal of roughly the composition 48 % WC; 15 % Co;

2% TiC/TaC/NbS was ‘used; this has now been replaced by a material of
high permeability. '



hi gh permeability. Cptlnun1values with regard to the preC|S|on of f he
coating thickness indication and the optinmally 1arge signal are allowadvby

¥

the f res of claim15. The features of claim 16 allow t he.-opti mum of
cl ai b/to be particularly well adjusted. The features of claim’l7 allow
the f "adjustnent-to be particularly eq§iLy effected. Naturally, the

coils - as usual - are fixed and the pol e-piece noves relatively to themin
one direction, nanely outwards, when the grub screwis screwed in. The

i nvent i ght iigm RATUELHEER %@a#@'tﬂgﬂm QreETseon idf URd 1cBbEIR mﬂé@@ﬁcﬁcumn

Because of the exact dinensions, mlljinmeter scales are specif

dr awi ngdds kegvopEimgR11y largg stgtak arecal layed by dheHfeatures. @lf)\ﬁﬂaﬂ!ad§ur| ng
probe of a first design exanple Flg 2 a simlar section through a
second desi gn exanple, Fig. sim]ar section_through a third design
exanpl ethepfeatures ofacwwgﬁvﬂﬂew %aetwmcqfnﬁbmhéﬁ oo be rparticularly

st at e- Qfe‘ltlhﬁdﬁ"i:eﬁ‘ow much better the indication for an uncoated substrate
of one of t 3e3|gn exanples is, also as a function of the dianmeter of the
substrate which is in the formof a disk. Fig. 5 a graph showi ng the

i rrprovemmfeafurw%frrew urﬁgaﬁwnaJe m&qamrmaw tbObd 'B?rﬁc%‘i?ﬂ‘}f ?45:3? art,
Fig. he bottom vi ew of an annular disk for a nodification®o 6
effected Maturally, the coils - as usual - are fixed and the pole-piece
moves relatively to them in one d1rect1on, namely outwards, when the grub

screw is screwed in. \_)

The invention is now described using preferred illustrative embodiments. .
Because of the exact dimensions, millimeter scales are specified. The
drawings show:

Fig. 1 a radial section through a set-down measuring probe of a first
_ design example, |

Fig. 2 a similar section through a second design example,

Fig. 3 a similar section through a third design example,

Fig. 4 a curve which shows in comparison to the state-of-the-art
how much better the indication for an uncoated substrate of _
one of the design examples is, also as a function of the diameter N
of the substrate which is in the form of a disk.

Fig. 5 a graph showing the improvement of the measuring signal in comparison
to the state-of-the-art,

Fig. 6 the bottom view of an annular disk for a modification of Fig. 1.

A pot core 11 of soft iron is.rotationa]ly-symmetric about its geometric
Tongitudinal axis 12. It has a base 13 and a circular-cylindrical wall 14.



A potfdore'11 of- soft iron is rotationally-symetric about its g ric
| ongi fudinal, axis 12. It has a base 13 and a C|rcular-cyllndr|c | .14,

Near the base 13 in its lower half is a,horizontal threaded thro of.e
16. A grub screw 17 is screwed into sai @ bore. Coaxial to the geonetricat
| ongi tudi nal axis 12, the base 13 has a through-bore 18 which, however, has
a di aneter substantlally smal ler than that of the internal face 19 or pole

pi ece of Néahetb@s:esaas An Giits CHwakr- KN ﬂdral Révi 260t mraeeé@ thir6uth- Bdrembgle Of
mat eri al F %HF eti-c perpeability.is Ig;ateq H&he thro h bore 18 as
per the ﬁl pAsY ¥ bk g gfreved ipto tséib §°6% 354 g %F°B§ "’122 is at

t he lsi'irTFIt?fghtﬁirT]din@ auselsp,ndhé fvaeaot@dhidwraommubmmrMMhm Ih@me:bove and
paral lel, to

read t he b ew, 26, .t he shaft of
i o | shash apaameter RaBrtantt hiYommal e Hhan andh % 2 Threter fiks e
t hr ough- prthie Ihsei B3 smemdurntcm irhﬂr$ca1Tber gln&defof mateérial lanhojh t he
bevel 22 cor espond

er on t t um of e cone 27 so
Dhar, apmeRehEe BRpIeabi ity 36 Tocatelf s Te riububtborh dB ARt HBE £ s
addﬁddt ghilh'abf gﬁ gt e, m%i Cﬁ6p0§b1deh23 whiicti thas al bamoge nig hh]f!t_heofangﬂeitght be :
ushed downwar ds ore, wt or r,espondi n in ust ment .
‘Fl)'he crovfed PRAH né‘ 8%3 ggr?ﬁghf‘mﬁ"e 2%5‘“35’? é\lﬁg?’b%?]t%gﬁt%arﬂﬁlfg t f@ sure
t he ci rctﬂﬁ‘eea@m%ﬁrafght.b@-ecms e A%mﬁtﬂﬁﬁi'eﬂ 06, tthe $haifttoforhidh ¢ gﬁi\!ﬁéd ke
over come n the

whi ch haghea%‘bs}%f"a acEMS gyv aﬁ‘gl r?r)tfe‘a\,s\lteﬂ?et"nﬁﬁ"qur%hpé"%;ge\éx@zsrfe"rﬁﬁ% pot

core 11 inboothiy. nrmlaagl?e?oﬁforncaimuherf vhebengl 22 coreepponds drod that bhe

pla. esgggerggn the frustum of the cone 27 so that, when the grub screw 26 is
screwed inwards, the effect of its pitch is added to that-of the pitch of the
frustum 27 allowing the core 21 to be pushed downwards out of the bore with a _
correspondingly fine adjustment. The crowned leading face 28 of the grub screw 17
contacts under pressure the circumference of the core 21 supplying the friction
which must be overcome when the grub screw 26 is screwed inwards. A plastic
washer 29 which has a coaxial, central hole 31 of the same size is seated on

" the pot'core 11.

Two terminals 32 for a exciter winding 33 are provided on the plastic washer'29.
Two other terminals 34 on the plastic washer 29 are used for connecting the
induction winding 36. The exciter winding 33 and the induction winding 36

are wound on formers which are fixed relative to the pot core 11. The core 31

can move through the wind1ng.

In order to allow free passage for the wfres_running down from the terminals 32, 34

a vertical slot 37 is provided which 1ies radially, connected with the through-

bore 18, however, which does not quite reach the outside, so that as per Fig. 1,

a wall 38 remains left of th%:slot 37. Below the base face 19 coaxial to the geo-
hambev in 1the form o

metrical longitudinal axis 12 is aL;1rcu1ar-cyIindrica1 winding space 39. The

volume above the constriction described later is taken up by the exciter winding 33

and the induction winding 36. These are, naturally, not drawn to scale but only

represented symboliéa11y and have the usual configuration for this technique.



Two other -termnals 34 on the plastic washer 29 are used for eonneéting'the

ind non Wi ndi ng 36. The exciter w nding 33 and the induction mﬁqding;gﬁ
are d on fornmers which are fixed relative to the'pot core.l1. The core -
t hrough the winding. In der to allow free passage for the

31 curf hove

wires running down fromthe termnal’§ 32, 34 a vertical slot 37 is provided

which |lies

radially, connected with the through- bore 18, however,

whi ch

does not quite r&8adert hghsut siideular-cydtindsigal Fwglll, 14 wakl 88 remains
slot 37. Below the base face 19 coaxial to the geo- netrica
| ongi t udi nalRnBKLEr12Pcd arddt ddambdeh nishe ofor Mg ogmei tBdrKRESS! i ndri cal

| eft of the

w ndi ng spa
t aken up by
naturally,

t he usual c
circul ar-cy
t hi ckness t

ce 39. . The vol une abovye the constriction des¢ribed |ater. is
%gﬁguéyewgeraﬂﬁnd§n6°§§s§ﬁ& Pﬁé%%ﬁ u&h@oﬁaﬁﬁﬁaiﬁg 86. @®nese are,

not drawn t.o,scal e .but onl,y represented.s olical ly and have
32 b 6% 34 Vold

GRFUGEF at 237t °8 & g to

_a s p r‘ﬁﬁ:

hloadr io(f'a{ma l?'t.i%‘l 611%1 N 1§-’?z’é‘é‘.ar ?%Eeh%inrﬂu‘i%r 'igﬂ y$ Ofguni form

hroughou I'S polishéd so tha e nmargin

of "an"annul ar

di sk 42 i egeRui t b30 3% sPioAtlerC Halrkild oA EHeOPDLOriREReLiEnl i gl d 1ines.

~disk 427 is stuck by its outer margin onto the pot rim4l with
eryl ay@hinof lag@esiore a@hesif@dl sof hehat igheractigally no
disk 42 is ring shaped and coaxial with the pot chanber 39 and
its internalpraadiitallags aodi @emier Qheatddrsik i@n itshatingf shlapedor andl but

The annul ar
a very th
gap. The

significant

ly smaller than the internal radius of the _
coaxial with the pot chamber 39 and its internal radius

has a diameter greater than that of the core 21 but

significantly smaller than the internal radius of the

poi chamber. Preferably the diameterlof the' internél
radius of the'disk 42 is approximately 1.5 to 2 times
the diameter of the part of the pole-piece immediately
opposite. A constrictién 44, which is pfaétically
radial, on the core 21 starts within the space for the
windings. The constriction HH is located underneath
the- windings and underneath the top face 46 of a pin
h7. Below the constriction 44 is a single monolithic
circular-cylindrical shell 48, which is coaxial to the
geometrical longitudinal axis 12. The lqwér lip of the
shell 48 is formed as a crowned front face 49 forming
part of a spherer. the centre of whigh_lies on the

geometrical longitudinal axis. A circular-cylindrical,

coaxial blind hole 51 is boréd into the lower face of.

the core 21.  This extends almost as far as the

windings and beyond the constriction 44, The exact

O



pot chanber . Preferably the dianeter of the internal radius of the

disk 42 is approximately 1.5 to 2 "times the diameter
pof e- pi ece i medi ately opposite A constriction 44,

of the part of t
- pi N [ ite. which 1is qgs’
practically radial, on the core 21 startggmdthin t he space for the

wi ndi ngs. The constriction 44 is |l-oca

underneath the w ndi ngs and

underneath the top face 46 of a pin 47. Bel ow t he constriction 44 is a
single nonolithdtmenstonsr - Lyl i tiiis cahredeite 480 e chtalsegoakicih tthd he
geonetrical |ongitudinal axis 12. The lower lip of the shell 48 is forned
as a crowned frodrawaoe. 49 Tihenimgtpemt efda sPhehe,pinm hi7 cehso e hds wha ch
lies on the geonetrical |longitudinal axis. A circular-cylindrical, coaxial
blind hole 51 iscpeveed firenthEacows? whieh aisehEormerparplof a Wphere
extends .alnmost as, far as the wndings and be{ond the constriction 44.

The exact di ARdsi BRRreserhP s ardireet eonpingy
The bottom end. of t

Eniebm the dPRRURRA
croywned-fropt-f

52 whi ch
e T e lerSht shreblang MRS ioheenal SFEUTRs EhtTacers Dhs he

crowned front-fa

I ndi cat ed distangg frbﬂ?fﬁhgﬁ é?s %#?écgr%? ?ﬁ%fgﬁg?

sﬁﬁﬁacal t€ @B%X|m

to the longitUd'QﬁLlfx'EB}Z It is coaxial to the longitudinal axis 12.

The annular disk 42 has a permeability greater than

U 100po, typically 1000P°’ The crowned front-face 52 is

positioned on the top surface of a cocating 55 which is

to be measured, which, for its part,

substrate 56.

is deposited on a

The pin 47 preferably has.a magnetic .permeability

of U40-80 p,, more especially about

60'p and can be

made of an alloy of 10.5% Co,.6;5% Va and 7% Mo.

The outer front face of the hard_metal_pin stands

proud of the annular disk by about 5-50%, preferably

30%, of the diameter of the internal

the annular disk.

radius surface of

The magnetic resistance between the internal

surface 53 and the circular wall 14
greater than that (with the probe set
free front face of the disk and the
surface 53. |

After the axial poéition of the
ad justed, the spade for the winding

cast resin. The pin 47 is made of

is significantly
down) between the

internal radius

core 21 has been
39 is filled with

a sintered hard



The annul ar. disk 42 has a perneability greater than 100 [err]; typ| cally
1000 [err]. The crowned front-face 52 is positioned on the top surface_ of
a cogpAng 55 which is to be measured, which, for its'part, is.deposited on -
a su rate 56. The pin 47 preferably has a magnetic perneability-of 40-80
[err]S nore especially about 60 a?j can be made of an alloy of 10.5%
Co, 6.5% Va and 7%|\/b The outer front face of the hard netal pin stands
proud of they .ﬁs’ ¥l Sl DVard Ul's S H008n ¥ &f il BO% Wfad herd aneter .
|

of the int ern us surface of the annul ar disk. The magneti c

resi stance pg{vp}eraegé'gelbémtia{ MIE.su3d a3e 507 anthnidey cin ctHearramdd 14 i s
significantly greater than that (with the probe set down) between the free
front face ofrédesalitsk 20w yhe internal radius surface 53. After the axial
position of the core 21 has been adjusted, the space for the winding 39 is
filled wth cast resin. The pin 47 is made of a sintered hard

netal as before and has a higher perneability than the pin 27 described in
D.E. 33 31 407, nanely in the range from50-to 200 [err].



.

The design exanple as per Fig. 2 differs fromthe design exanple as per
Fig. t.4n three points: Firstl'y, the slot 37 is conti'nued outwards by a

t ht ough- sl ot 57 -whi ch ex-' tends parallel to the longitudinal axis 12
through the 'entire height of the pot core 11. Secondly, a coaxi aklé&gper ed
face 58, lying on a circular cone, starts at the position where-Xxh&>
constriction 44 is to be found in the first design exanple. Instead of the
sudden reduction in cross-sectional areay,Ahere- fore, this exanple has a
gradual reduction in cross-sectional area” The tapered face 58 continues
into a frustumof a cone 59 of the pin 47. The crowned front-face 52 is
still present but has a snaller external radius. This design exanple is
particul arly sihetdadige ekimplerwapar FNpn2Aiffergfenven asidgt HAnpleasesses.
Thirdl'y, the aﬂguham g#§¥|§gtgs enbossed outwards 61 in the formof a flat
frustum of a cone. The po? rimd4l lies correspondingly higher so that the
probe can no | onger be tilted without the outsi'de | ower edge being set down
on the surfacé"imfﬂ!.hﬂwecdati3ﬁgis5¢bntfﬁ|ned bunt 1038 - & ARkough-S1otfsFICMiBB ek €S at
such. a positi @@ndsh L;ﬁgﬁ F 58 : fr cone 59
i's opposite. Fr% éigﬁg Tgﬂgg@ggar'l %1?"19 trﬁpc;ug;i .hcﬁe enH?% lﬁ"{gﬁ{ §| nFig 1,
but also in so ?%é? Hs to that of the deS|gn exanple in Fig. 2. In this
case, a co- axial, C|rcular-cyllndr|cal hol e 62 is stanped during

manuf act ure. -Eb@nﬁya@td}gquﬁ(amﬁsfa@e 3829PRY on! B ClnPOL AL gpunyards,

t he protrudlnghfron; ace . s .
w position where the constriction 44 is to be found in the first design

example. Instead of the sudden reduction in cross-sectional area, there- .
fore, this example has a gradual reduction in cross-sectional area. The
_tapered face 58 continues into a frustum of a cone 59 of the pin 47. The
crowned front-face 52 is still present but has a smaller external radius.
This design example is particularly suitable for measurements in grooves
or other recesses.

Thirdly, the annular disk 52 is embossed outwards 61 in the form of a flat
frustum of a cone. The pot rim 41 lies correspondingly higher so that the
probe can no longer be tilted without the outside lower edge being set down
on the surface of the coating 54. The intrados-radfus surface 53 lies at

- such.a position that the tapered face 58 and not the frustum of a cone 59

" is opposite. '

The design example as per Fig. 3 is similar to that in Fig. 1, but also in

some features to that of the design example in Fig. 2. In this case, a co-
axial, circular-cylindrical hole 62 is stamped during manufacture. The stamping
produces a stamped rimé63 which points downwards, the protruding front-face 64
of which is ground so that the field 1ines can exit uniformly from this point.



of which is ground so that the field Iines can exit uniforrﬂy-from'thi S

peint. | Thus the portion of the annular di'sk in the region of its inngk
radi us surface is lower than'in the region of the pot' rim The annular =
di sk 6 own in Fig. 6 differs fromffhe other annular disks in that it has
a full ough radial slot 66. If the annular disk 65 is used and the sl ot

57 is present for,this .desi xa t hen he radial slot 65 is aligned
with the sl ot 57.T%%ftc}bee paogntp]g n 'Egzrlee?}h‘?/eﬁﬂ’?‘b#ﬁvailg%tlrﬁo dit&iffbat ed
substrate di ; i r + ol ' j.Qns;.ar hown in
mllinmeters ﬁ%l—flggﬂljéf}he ]i‘%st t J‘;E‘E[rlczjetfcg’]ﬁ%) e&?ﬁaﬁgtnﬁet:%%rréer%’h"& can
still be madge dry e, on disks of 5 mmdianeter. The coating

t hi ckness in pmindicated by the instrunment in accordance with the earlier
pat ent application, shown by curve 67, is plotted to the right. In theory,
an uncoated substrate nmust give a coating thickness of 0. The measurenent
error can be clearly seen. Mdreover, it is also clear that the effect of
limted area (edge effect) as the disk dianeter becones snaller is
substantially smaller than for the probe to be inproved. The apparatus as
per the invention has a curve as per curve 68. It can be seen that the
apparatus as per the invention shows 5 pm as opposed to 19 pm for neas-
urenents on a disk of 10 mmdianeter, an inprovenent by a factor of 3.8.
This im ~ ' .



provenent ‘is quite substantial. It can be seen fromthe trend thatglhe

i npréve- ment becones greater as ‘the disk dianeter becones smal | eA—<H
subst@ntial improve- nent is also seen for disks of larger dianmeter, ~for
exanpl e, for a 15 mmdisk the factor is 2,%and for a 20 mmdisk the .

| nprovenent of 2.4 lies well beyond that rch is usual and can be expected
for the technique. The apparatus as per the invention does nore than _

i ndi cate ﬁBFeaW&éfIVSKng shewhint hitd -c 6 cHififeny from dibregtheirnannulpe diisks tiedthat
on the Y-aigad B FuW tﬁrmﬂgermraMRZtedqutfggﬂe ¥Rhd139ed Ak E@eis' Q%htctsahﬁmthe slot

winding 36_is plotted on the X-axis. Curve represents the re

obt ai ned fohs @resente fon thisodasdgn example i themathe anadpal siot H5phis adtigoed with

wher eas cghgqﬂéi gpows -the results for -the present invention. If a coating

t hi ckness of 10 pmis taken, for exanple, then, & normalized voltage of

0.065 at point 72 would have been found earlier: Due to the invention, a -

normal i ze :2 i f : ' | Yz 30 %0 45

i rrprovem%t_xfigegggﬁeg?éaﬂ?%%&i%g vgausintg §t d@? Pg‘ﬂ Eﬁ‘;’/&#g? %ebégt%%t ‘e;’%sﬂg different _

i npr oveneddametersh theutimensiengare eshowndinwmi thimetérsatinafilg. 4odhe fimstethipg to

be of onl faaw. : I @z | .C r :

naving a BSr® ooy SToh ER- yrepente Calf 6] b kG, TP UIBRIS, BE ALK 1L Hameter

central bdhe coatdngrddacknessaimipmdindicated by phe instnupend inaagasirdangecwith the

(21), whi ' ' i L hescen r ne; of 4} a i

has a coa%lgg ﬁa'rrfeEgl(;fslés:;"t( §ﬁ@-‘%§§k"ﬁhe§“ﬂﬁ§9i‘?§9§ ragé }s?(%tﬁfegggg%he P%h% ﬁ‘htheory ?
: an uncoated substrate must give a coating thickness of 0. The measurement error

- can be clearly seen. Moreover, it is also clear that the effect of limited area
(edge effect) as the disk diameter becomes smaller is substantially smaller than
for the probe to be improved.

The apparatus as per the invention has a curve as pef curve 68. It can be seen
that the apparatus as pér the invention shows 5 pm as opposed to 19 ym for meés-
urements on a disk of 10 mm diameter, an improvement by a factor of 3.8. This im-
provement is quite substantial. It can be seen from the trend that the improve-
ment becomes greater as the disk diameter becomes smaller. A substantial improve-
ment is a]éo seen for disks of larger diameter, for example, for a 15 mm disk'
the factor is 2.7 and for a 20 mm disk the improvement of 2.4.11es well beyond
that which is usual and can be expected for the technique.

The apparatus as per the invention does more than indicate more exactly. The
logarithmic coating thickness in pm is plotted on the Y-axis.in Fig. 5. The
normalized output voltage at the induction winding 36 is plotted on the X-axis.
Curve 69 represents the results obtained from a probe in accordance with the
earlier patent application, whereas tufve 71 shows the results for the present
invention. If a coating thickness of 10 uym is taken, for example, then, a
normalized voltage of 0.065 at point 72 would have been found earlier. Due

to the invention, a normalized voltage of 0.18 at 73 is now found, so that

a roughly 300 % improvement is obtained; which is quite definitely far beyond
the usual improvemeﬁts which could be expected and which (if at all) would

normally be of only a few percent.
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such that an outer shell remains around the recess, as wel | as a hard- et al
pi n (‘(.r‘n.i ich is seated In the recess, the front fate of which forns a_.
crowm1€§#pntact surface, mhereby the contact surface stands a little proud i
eapgt’ rim and a coaxi al 2 | ar di sk (42) made of highly persreabl e
magnetic material, the margin (4 é of which is in contact with the pot
chanber rim the internal-radius of which is greater than that of the
pol e- pi ece géé: but significantly smaller than that of the pot chanber, and
is close t ront face of the pole-piece, whereby the magnetic

31 St b t t | - d. th || of th
E)gtSI zhgzggr ?s Sl gnl ;kﬁbealtgll‘gle'r@?%%?réfl urﬁeas r?éb%‘gc%e a{]"ﬁe eaf m@%t 19r ont © _
face and { g I 8§ et d P04 3)a WESE AL RBEA B4 ot act

with the coatlng el ng neasured obe

wher ei n ”\ﬁxé‘%ﬁﬁ‘aﬁ'%é‘aéc@odirﬁ@d@h g%oé wﬁadfﬂé’beax?@ &Pﬁdﬁ"ﬁzdizﬁ n C' ai m

2, wherein the radial slot passes throu the d be as cl ai ned

inclaim2 @13, whergreigeesad e;_b”sl otm@_{cﬁ hgs am&@d dj_rstko COfHd NUes as a

radi al - sl ot of - the pot core.
central bore at one of its ends, and which has a

coaxial recess (51) machined into its free front face
such that an outer-shell remains around the recess, as
well as a hard-metal pin (ﬁ7) which is seated in the W/
recess, the front face of which forms a crowned contact
surface, whereby the contact surface stands a 1little
proud of the pot rim, and a coaxial annular disk_ (42)
made of highly permeable magnetic material,l the margin
(43) of which is in contact with the pot chamber rim,
thg internal-radius of which is greater than that of
the pole-piece (21) but éignifiéantly smaller than that
of the pot chamﬁer, and.is_élose_to the_front face of
the pole-piece, whereby the magnetic resistance between
lthe' internal-radius surface (53) and the wall of the
pot chamber is significantly greater than that between
the free'.front face and the internal-radius surface
(53). when the probe is in contact with the coating
being measured.

2. Probe as claimed in claim. 1, wherein the
annular disk has a radlal slot.

3 Probe as claimed in clalm 2, wherein the radial

slot passes through the disk.

* c L L} s *



5. Pr obe as claimed in claim4, wherein the radial slot of the pot core

contiwes through to its cenfral bore. 6. Probe as clainmed in claim 1,
wherein the diameter - of the internal radius  surface a\
approximately 1.5 to 2 times the dianmeter of the part of the pole‘dig'e

i nmredi ately opposite. 7. Probe as claVéked in claiml, wherein the outer
shell is constricted in the area of the pin. 8 Caim as clained in.
claim 7, wherein Ahe Bposérastecbaimedcincelaimcgl é6ndBicathefein PElpbe as
claimed in claim 7, wherein the constriction is conical. 10. Probe as
claimed in clainedial wadetiaf the annular disk toetihueerasnat headizh of
its internal- radius surface than in the area of the pot rim 11. Probe as
claimed in clai#ab, ofihkhei PothecBAnul ar di sk i s enbossed outwards in the
formof the frustun1gf EFcone. 12, Prohe. as_claiped jn claim 10, wherein

a

the annul ar disk has AhpedSr PARiPAE BBt CORALBUM 5 atBEBELRNFRY TR buNnd
flat. 13. Probe_as, cl aj inclaiml rein e pi as.,a nmagneti
permeabi lity ofsiﬁt- %ﬁﬁgge pBﬁe?@FﬁbFVEanues iﬁroggﬂ £8%118 cgngpa

' bore. :

6. Probe as claimed in eclaim 1, wherein the

diameter = of the internal ~ radius surface is
ﬁ./ approximately 1.5 to 2 times the diameter of the part
of the pole-piece immediately opposite.
7. Probe as claimed in c¢laim 1, wherein the outer
shell is constricted in the area of the pin.
8. Claim as claimed in. claim 7, -wherein the
constriction is circular cylindrical.
| 9. Probg as claimed in claim 7, wherein the
constriction is coniecal.
10. Probe as claimed in claim 1, wherein the
annular disk lies lower in the area of its internal-
— radius surface than in the area of the pot rim.

11. Probe as ‘claimed in claim 10, wherein the
annular disk is embossed outwards in the form of the
frustum of é cone. |

12. Probe. as claimed in claim 10, wherein the
annular disk has a stamped rim, the bottom surface of
.which is ground flat.-

13. Probe as claimed in claim 1, wherein the pin

has a magnetic permeability of 40 - 80 p,, preferably

[
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about 60 [err]. 14. Probe ,as clained in claim13, wherein tﬁe pin i s made

f an al of the type 10.5% Co; 6.5% Va; 7% M. 15. Probe as clginaqiin
‘claiml1 erein the outer front-face of the hard-netal pin stands proud of
t he. ann disk by 5 - 50% prefeygbly about 30% of the dianmeter of the
I nternal=radius surface. 16. Probe @5 clained in claim1l, wherein a fine

adj ustnent device is provided at the pot core for adjusting the pol e-piece
duri ng asse@blopt fﬂl}ﬁyobe as claimed inclaim16, wherein the back face of
t he pol e-pi ece has a bevel which is in contact with the conical face of a
grub screw screwdd-i nffoobife apoteladdgrad iy @l aide ohdth grharesior dbepmdgses on
the pole- piece with its crowned front-face, el ectromagneti c

18 A
measuring 1SpMGEe Sfbam@ilay )P%stl'tFesWH%ekp'vﬁ% e ef g‘é%é’at?o Fikyur es 1,

"2, 3 or 6 o%othe acconpanyi ng dramﬁngs.

15. Probe as claimed in claim 1, whérein the outer
front-face of the hard-metal pin stands proud of the
annular disk by 5 - 50%, preferably about 30%, of the
diameter of the internal-radius surface.

16. Probe as claimed in elaim 1, wherein a fine
adjustment device is provided at the pot core for

- adjusting the pole-piece during assembly.

! 17. Probe as claimed in claim 16, wherein the back
face of the pole-piece has a bevel which is in contact
with the conical face of a grub screw screwed-into the
pot core and a second grub screw presses on the pole-
piece with iﬁs crowned ffont-face.

18. - An = electro-magnetic measuring ﬁrobe

substantially as described with reference to Figures 1,

2, 3 or 6 of the accompanying drawings. -/
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