ELECTRONAGNETIC PROBE FOR MEASURENG THE THIGKNESS OF THI N COATI NGS ON
NAGNEF(C SUBSTANCES. The gzﬁsent invention relates to an el ectronagnetic

measuri ng probe of the ki conprising at |east one pole-piece c
a ragnretic material of high magnetic perneability having a pole- gzgﬁg%sﬁ%g7
face, a 5 recess machined into the pole-piece front face extending into the

body of. the pol e-piece, a pin conposed of another material positioned

within the recess, and a spherical segnment contact surface. An
el ect romagneti ¢ neasuri nELEGPRCMAGNERLS PRPSBENZOR MEASHRING (THBed in

CGerman Patent -Di-scl osurergchﬁ§S§60§4QHIﬁe iql i 2 43 915 as
wel | as German Uility BgBstaNCES3O bﬁ'ﬁ g??ﬁ t?téysuchmz}:] (gppar atus. 15

The said electronagnftlc nmeasuri ng probe alloms t he thickness of
non- magneti c coati ng GrPﬁFéFPﬁgéﬂ&?ﬂﬁiﬂﬂﬂrQ;%ﬁ&%tF%I%Prﬁ&%ﬂté?&asaeﬁéc

nmeasur ed, for on .an.iron or, sfeel part.

t hese neasuri nén%t?%lgg’g“mgggg?%ﬁfeeh\ﬁ Kdint %mmiﬁi?g gnd&ash ?Bea; |
Conei ot AIternBpIgGHIER cibbYea Bf ' ROWHYRe 187 a8 20y WHRIRR

wi ndi ng
magnetic perneabillty havzng a pole-plece front face, a

5 recess machined into the pole-piece front face
extending into the body of the pole-piece, a pin
v . _composed of another material positioned within the

recess, ari a. spherlcal segment contact surface.

An electromegnetic measuring probe of this type has |
10 been described iﬁ German Patent Disclosure No. 25 56

310,

German Utility Patent T2 43 915 as well as German
Utility Patent 73 36 864 also descrlbe such an

apparatus.'

15 The said electromagnetic measuring probe allows the
thickness of non-magnetic coatings or platings on
‘magnetic substrate materials to be measured, for

instance, a coat of paint on an iron or steel part..

All these measuring probes have an exciter.winding
20 which is connected to a constant alternating-current

supply. Furthermore, there is an induction winding'



-2 which generates a voltage U The volta the induction winding is a
measure of the thickness of the non-magnetic ating: or plating. This
type of thi.ckness neasurenent for thin coating or platings 5 should at

Leq?t ppovi de linearity of readout, i.e. a pointer should, for exanple,
defl'ect Mwi ce as far for a coating or plat+4 &y -of double a certain thickness
than it*does for the said thickness alone. It is highly desirable that thin
coating be neasured w thout any 10 influence from the substrate
~material on the cwhight egeneretew ve. valtage s UeaseThehivpkbagendd athe
considered to be those which generate voltages lying within O to 1/3 of the
normal i zed vol t age, 1nduefeiomatiinding im an@epapre 95 the thipkngps gfiy sbe,

wel |k fact that th | ati.onshi bet t t Lol t d
the coating thi ckneb@hamsEBE Y (e BT b Ran o o hSB8y pf Aol IPS T OF

however, exactly i“hﬁ%ﬁnre%rég% Eggfh{élg?rfgﬁaiﬂ]i‘%ﬁe@é§ti‘g\ﬁe%?«zt@%a ings,

desirable. Fromthe practica VI ew, hHowever,

to roughly speakiqigs pOuTucladaled $¢ i 5roPidecalifaiPrf bPVPEaUMS k. a

coating and plati’ng.thi cknesses. viously, a this I nstrument's nust

have facilities forpsyhtéri SKoUBdO0For dxamply, eTTRled t23 dehiagkFaysgsrup
to 1000 mcroneters are to be neasured, -

. coating or plating of double a certain thickness than
it doés for the séid thickness alone. It is highly
desirable that thin'doatiné“bé méasured without any

10 influence from the substrate ,materiél. on the
characteristic curve;' In this case, thin coatings_aré
cqnsideked to.be those which generate voltagés lying
within 0 to 1/3 of the-normalized_voltége, as defihed
léter in the text. | | | |

15 It is of course a well known fact fhat"the
relationships between-thé generated vbltage and'the
coating thickness are not linear for thin coatings or

N " platings. it'is, however, éxactly'in this range ﬁhere
S . linear measurements are most desirable. From the
| - 20 practical poeint of view;'however, fhe range from OIto

foughly speaking 50 micrometers is interesting as a

‘lower range for gdating and plating thicknesses.

Obviously, all thi$ instruments must have
facilities for switching raﬂges. If, for example,

25 thicknesses'up to 1000 micrometers are to be measured,



-3 - and the said thk@ﬁ;egs.is chosen as the upper end-scal e val ue,

then a thickness of 10 onmeters will be practically inpossible to read.-
Since it is. inpossible te avoid switching neasuring 5 ranges, then it is _.
highly desirable that the said voltage is a |inear function of coating ony

- pl ati'ng thickness not only at the |ower end of the range but ‘also retains

this sane linearity to the highest pes3i®le thickness values, thus avoiding
~the necessity 10 of using a different linear function in the upper ranges.
It nmust al so be possible, of course, to make |inear nmeasurenents i.n the

| over range f@Bfh bheosaddnfhickaess si eBoIfR AT NENDIHREY SNSRI ed

i th 15 i cul . Th diti f n t h
nei ther dur | N2 WBroR8EPat oFASEKBSEradtl 1 A1 B 10t SBYSF Tthed Fbhg Sorm i n a

harsh i ndustrijal enyi he. | Qu rahge in particular, the
~geonetry of tREafg}gfiggnggh?ggégéér gcggggfan-inportant factor. In
accordance with Germany Utility Patent- 73 36 864-an attenpt was nade to

'.nake_the [err] contact surface wear- resistant by depositing a titanium
carbi de coating oBifcklitii8 impOssOPLéi Ve dVeid (el ganiThs myedBut iy

change. _ _

5 ranges, then it is highly desirable that the said
vbltage is a linear fuﬁction of coating or plating
thickness not only at thezlbwéf ehd.of the range but
also retaihs thislsame lineérity to tﬁe highest NJ
possiﬁle thickness valués,_thus avoiding the necessity

10 of using a different lingér fhnctign in the upper

ranges.

It must also be péssible; of course, to make linear
measurements in the lower_range'from 0 to SO
micrometers even when the probe is not handled with any

15 particular care.

The conditions of Méasurement may change neither
during a demonstration at a trade fair, nor over the
long term in a harsh industrial environment. In the -

lower range in particular, the geometry of the -erewned
20 contact surface is an important factor. In accordance
with Germany Utility Patent 73'36 864 an attempt was
made to make the ereownmed contact surface wear-
resistant by depogiting a titanium carbide coating onto

it, i.e., to contrive that the geoMetry did not change.



The_coating,‘hdméver, is very hard. "It is depozgggﬂépn arelatively soft

material. . If the thickness of the coating lies eén 3 and 15
mcroneters; . it is possible that the titanuimcarbide coating will rupture
5-when t probe is set down hard, because the substrate material -
underneath deforns. It is also not very easy to deposit a unifornly.thick

coating’on the substrate. I'f the coating-i§ not uniformy thick, then
di fferent neasured val ues are obtai ned dependi ng on whether the 10 probe is
set down exactly at the centre of the [err] contact surface or at another
position.  This r&aki sbiatingyehioalevexanyilse vielryubtrdt esItinbds hdéepps bbédnon
associ ated with the neasurenent of thin coatings which, as yet, has no
conpl etely satisfactrebativetyonoftomateniaki rdlprobectrigknesisehehe
considered: The sane probe nust al so be able to neasure coatings qQn both
flat surfaces andc@atiRE sdifefceBebWestl B At ud Sofm EBF QBEeMeES Ssyun 1dxahdl e

of the |att i .g.,. |1 il . sl | [ jm | A bj ect
of the provide 20PORFMLSRIAE theptbbPRELE RRERHIFNEORF LG WL { RPTYEE
peci fied in the introduction,, which I I r de,
;s)gr’t : C:J| ar: y i ne% Iﬁ'«g'ernang}ee :ﬁ‘."‘{?ﬁ n{sccosé% n%)e{s(,?‘n V\#!l??ée" a ?%gg%g?rr@é ts?‘tﬁr@sgﬁ%?%i ﬁg
_hon- material underneath deforms. It is also not very easy

-

to deposit a uniformly-thick coéting on the substrate.
- If the_cbating is not uniformly thick, then different
~ méasured values afe bbtained depending-on-Whether the
10 probe is set down-exactl& at the centre of the e#ewa#é—
contact surface or at another position. ' This realistic
numerial exampie illustrates another problem associated

- with the heaéurement of thin coatings which, as yet,

has no completely satisfaétory solution.

15 A third problem must also be.considered: Thé same
probe must also be ablé to.measure coatings on both
U _ flat sﬁrfaces and curved surf;ces of small radius of
' - | curvature. An example of the latter is e.g., a small
nail, a small spring or similar. An object of the -
- provide | |
" C 20 invention_is to‘?adée§be a measuring probe of the type
specified in the introduction, which allows linear
measdrements to be made, particularly in the range of
S thais cbatings,'while at the same.time avoiding non-
-linearity problems which stem from the mégnetization

25 curve as well as the geometry of the crowned contact

surface. This object is also to be fulfilled for the



i nearity problens mhic@%}ten1fron1the'naghetization 25 curvé’as wel | as
. the geonetry of the croWied contact surface.: This object is also to be

~ fulfilled for the - 5 - measurenent of small parts. According .to the_

invention there is provided - an el ectronagnetic neasuring probe conpr|S|Qg

< | east one pol e-pi ece conposed - of5 a 4rtagnetic - material of _high 5
nagnetlc perneability,  said pol e-piece having a.pole- piece fronp face, a
recess machined into the pol e-piece front face extending into the body of
t he pole pléE%as%FRPe%i ?ﬁrﬁm%iﬁnﬁﬁﬁﬁFtﬁ anot her. .materi al positioned '

i TS e AT B A e W
RIS TR AR e i S

a spherical segne I'ayer” to

measured. 15 e~pHéPE| s¢&%ys@(pou.@p,a ﬁ%é@ic_d G d iyt ign l;{lé}gs Wi th

it not only t e aforenentloned [ 1 neari sation. It al so has the result that
the charagt erhsghét ol yeemedWilidhe, yers/aftﬁrwbr@-gﬁeééé: Ve pole-

soft magnetic materials are practically -identical. : For exanpl e,
"the 20 char@téeélstomt nweue éoweéesskm&nhﬁﬁs&lintnrﬂ&uﬂpakﬂJg&ece

front face extending into ;helbody of the pole-piece,

and a pin composed of another material ‘positioned

within ﬁhe recess, wherein the pin is eomposed of hard 7

10 metal which has a’ 1ow magnetle permeability in- 'kd
she—e*%e*ae&—%eee—e@-%he—p&& comparlson to the material
.of the pole-piece, and the external face of the pin
compriees a spherical seément contect .Surfaee for
contacting a layer to.be'measureo.

15 . Sufprisingly enough; the seid configuration bringe
with it not only the aforementioned linearisation. -It
also has the result that the characteristic curves for
the very hard-magnetic and very soft—magnetic materials
are practically -identieal. For example, the - :i;J

20 characteristic curve for hardened steel is practieally ' =
the eame as that for soft- iron over. the 'entire
measuring range. The pin may be circular cyiindrical
to 'allow. a more uniform magnetic flux.  density.
Moreover coomercially.available pins desigﬁed for other

25 purposes cap be used. Finally, despite' the close
tolerances of the pio, it ecan be manufactured

inexpensively. The pole-piece may be circular



the same as that for soft. iron over th ntire neasuring range.

The pin may be circular cylindrical to al | ow more uniform magnetic
flux de05|1y Mor eover commerci al Iy avail abl e pins designed for other 25
punpeses cap be used. Finally, despite. the close tolerances of

‘the pin, it can be manuf act ur ed inexpensively. . The °~ pol e-pi ece
may  be circular  cylindrical fro Bal Fow not only the pole piece to

be i nexpensively manufactured to very close. tolerances, but also allow
'the recess to becyldaidsdleglmathi nadlaw t het ooiVebhecpaieapipesltt@n be The
pinis preferably 5 conposed of sintered hard netal to allow the :
conti nued use of inexpepsingist | sapufapsugedetal veryut cdoner akglepanees, case
of non-sintered hard netals, . allow -Vicker's Hardness of 1000 to 2000 to

be-attained. TRt s?ﬁ?@ré&lﬁgr&henﬁﬁstﬁa§°bBetPFSHFEﬁ%&rm?ﬁhﬁg?%n

bi d i th bal -
%ﬁ;s; goﬁ%gsit?o%g ﬁ%@%r%F v%%g%ﬁéhsgPSégiﬁﬁrtlcaﬁﬁrp§ &EIIpFﬁP§F3E}¥ce,

wher eby the 50balbardsedSParssiheelth haraTRIREY §BRULL LS contidbEn

dlaneter' of the irection transverse to on
_aXIS of the. p%@% Bee%eaklwsma@aéeaeabxe ké@d h@t3i3 osutheoﬂtaaeyeﬁo of -

the pole- piece. Further, ™ the pin may be several  mllineters
-3 ~the ‘case of non-sintered. hard metals, allew Vicker! s_
| | Hardness of 1000 to 2000 to be attained.  The sintered
1*;- | -hare metal may be titanigm or tgngsten carbide with a
10 cobalt 'centenp of 2 to 20%' by 'veiumee". These
eompositions have proven theﬁselves particularly ﬁell

in practice, whereby the cobalt is responsible for the

magnetlsabllity.

15" - The diameter of the p1n in a dlrection transverse
to the longltudlnal axis of the pole-piece is

preferably 1/4 to 2/3 of the diameter of the pole~

‘piece. Further, the pin may be several milllmeters
N iong and has a diamete: of one millimetef .or less.
Lo 20 Also the pin diameter may be 0.7 mm':_SO% and the pole-

piece diameter 1.6 mm + 50% in the case of a single-
poie' measuring probe. Tﬁe radius of the’ sﬁherical
segment'_is' from 0.6 to 3 times the diameter of the
pole-piece. The 1lineari-~ation can be eptimised with
25 respect to the'measurement of curved parts and parts

'with small



long -and has a diameter of one nillimeter or less. 20 Also the pin

di aneter may be 0.7 nm + 50% and 't he pol e- piece -dianeter 1.6 nmm+ 50%in
the case of a single- pol measuring probe. .The radius of the _
sphetical segnent is fro .6 to 3 tines the dianmeter of the :f
pol & Pi ece. The linearization can be optimsed wth 25 respect to .
t he neasurenent of curved parts and. paLts with snall surface areas. The
apparatus according to the invention can also be used as a single-pole
probe. It is not -restricted to use as a two-pole probe. If it is to be
used as a 5 sunfleeegolargassbe however; the additional problemof the stray
magnetic field arises. This problemcan be elimnated by ensuring that-

t he pol e- pi ece is positioned centrally in a pot core, its front face

" “standing proud of the front face of the pot core wall, 10 the inside wall

of the pot core WaE 2RAATFLIBRGFPRIA NBoite Ebfpdadendiien mamEkSowith a

hi gh net i ernmeabi |ity... The inventiopn is pow described using preferred
i : Pus??gt i veggﬁﬂg(?idn@rﬁ & ¥i£§’g-‘[le'pf‘h € aREBRFany1 ‘ﬁglar%ﬁngngges;ﬁé\&t?—‘f)e 1:

the substa.nt lt,%l L%eeglsaragq:%818_§§'essgtoib%rl If it is to beKa-q-e-d. as a -
- 5 single-~pole probe however,-the'additional problem of

the stray'magnetic field arises. -This problem can be

eliminated by ensuring that the pole-piece is

-~

positioned centrally in a pot,cbre;.its front facé ' H‘J-.
standing proud of the front facelbf the pot core wall,

10 thé inside wa}l of the.pot core wall being clad with éﬂ
foil.composed of a material ﬁifh.a high magnetic'
,perﬁeabiiity.

Ihé_invention is now¢des¢ribed using ﬁreferred f'

illustrative embodiments.

15 The accompanying drawings show:
'FIG. 1: the substantially enlarged cross-section
through a probe which has been set down on a coating or . ¥

plating, _
FIG. ' 22 -the area aroﬁnd the contact surface,
20 enlarged further in order to show better the direction
of the magnetic field flux lines,
| FIG. 3: a characteristic curve of coating

thickness versus normalized voltage for two very



t hrough a probe ‘whi ch has been set down gn. a coating or plating, FIG ~ 2:
the area around the contact surface, 20féepDarged further in order to show
better .the direction of the magnetic fi® lux lines, FIG 3: a
characteristic curve of coating thickness versus normalized voltage for two
very. Adifferent materials plotted n a Sem-logarithnmc scale, FIG
-4 shows the lower |eft hand part of the turve shown in Figure 3, -
enlarged and plotted with Ilnear 5 co-ordi nates, and FIG 5.. a
cross-section, simlar to Fig ut for_a two- pole Qrobe.,F@ferrin . to
Figure la pot coFéffireEBnDOQEEeroFlio pigfted jePRn 2 j3emiploganhidinic
symetric about he geonetrical longitudinal axis 12. It has a base 13
and a circular c§FfPn8rical wall 14. In the area of the base 13 there

i h | th - 16, : d
(52 Dorieomal T caseg oUglu0L Ry L5z, A OLUPECKEN ke, SF BUESLNS
geonetri cal |0n9'EH€hHa|iﬁXFig&ZeW@'Ch hﬂi?ﬁggganﬁﬁér%fggééén&iéﬁ'Yié@@%'er

than that of the inner base strfacé’19 of ase circul ar
cyllndrlcal cere 3&-696ﬁﬁ§@€s Ofing

FIG. 5: a eross-section, similar to Fig. 1, but

(]

-for a two-pole probéi
N B | Referring to Fistre.1a pot core 11 composed of
10 soft | irén- 'is' rgtational;y, symmetric about - the
geometrieal longiﬁudinal axis 12.  It has a base 13 and
a circular eylin driecal wall 14. ) In the area of the
lbase 13 there is a hor;zontal-threaded through-bore 16;
A gfubscrew 17 is screwed into this bore. The base 13
15 has a 'through;bore. 18 .coaxial 'to the geometrical
longitudinal axis 12 which has a diameter substantially
smaller than that of the innér base surface 19 of the
base 13. A circular cylindrical core 21 composed of
high-permeability material is positioned iﬁ the upﬁer
20 section of the through—bore'18 as per Fig. 1. Its
i | topface 22 is lined up with the top face 23 of.the basé
13. A plastic disc 24, whiceh limits the depth to which
the core 2i can ve pushed into the through-bore and
acts as a stop etc., 1is seated on the top face 22 as
- 25 well as part of the top face 23. The ’core 21 is
| clamped into this position by screwing in the grubscrew

12. In the lower section of the core 21 as per Fig. 1



- high-perneability hateri IS p05|t|oned in the upper 20 section - df t he
t hrough-bore 18 as per g 1. It's topface 22 is lined up with the top

face 23 of the base 13. plastic disc 24, which linmits.the depth to which
the core 21 can be pushed into the through-bore and acts as a stop etc. |§3

seaféd on the top face 22 as 25 well- as part of the top face 23. The
core. 21 is clanped into this position by screwing in the grubscrew 12.

In the | ower section of the core 21 as per Fig. 1 - 9 - is a coaxial
blind hoe. k9 BNksapehe bhﬂ@smened fnsmigfﬁﬂ @Jf  Whi ch
Is fixed in the axial direction. I n n pos 1on elther

by a cl anpi ngsdﬁueﬁedorhaydaﬂbeélvepié which Befe{xédgifo ﬁwuréci?al the
bottom face 28 of the pin 27 is ground as a spherical cup. It

symretrical abdirecthenlongThedi pah aksshdPd in Thes{eDomté ytipér the Dot t om
face 28 is continued into the bottomface 29 of the core 21. The bottom
face 28, 29 islpupiingedevbgelorusyngdhesieehni que sinilar to that used in

the optics industry for grlndlng convex lenses or for  the
manufactur® of wWREERrpERg| §o Figwee hdit ontheckobionfaeh2&fef e tdfe -

olished qualit an _be seen fromFigures 1 and 2 that the bottom
P 9 X 5% Es groung a spherical cup. It is symmetrical

about the longitudinal axis 12.-' The geométry of the LW
bottom face 28 is continued into the bottom face 29 of .
the core 21. The bottom face 28{ 29 is produced by | i_j
10 usiug a technique similar to that used ih the opties |
industry for grinding coﬁvex  1enses-'oE fori the
manufacture of watch bezels. The bottom face 28 1is
therefore of polished quality. |
It can be seen from:Eigures 1 and 2 that the bottom
15 face 31 of the wall 14 is higher ﬁhan the:highést.point
| of the bottom face 29. The bottom face 28 is the
actual contact surface. .
The plastic disc 24 carries two terminals 32.
These are connected to a éonstant alternating_ current
20 supply. The supply has é frequency of 25 Hz.to '5kHz;
The frequency cannot be 'changed, it 1is in fact
permanently set. The applied alternating curfent is
constant at about 3mA. An exciﬁer winding 33 is
suppliec from the terminals 32. This winding is Seated.
25 on the core 21.
The plastic disc 24 éarries two further terminals

34, These are connected to an induection winding which



15 face 31 of thé wall 14 is higher. than the hi st point of the bottom
face 29.. The bottomface 28 i's the actual @acx surface. The plastic
di'sc 24 carries two termnals 32. These are connected t0o a constant

al t\gynating current 20 supply. The supply has a frequency -of 25 Hz to
SkHz. The, frequency cannot. be _chgpged, it. is in fact permanently
set. he applied alternating current is constant at about 3mA An
exciter w nding 33 is supplied fromthe termnals 32. This winding is

seat ed 25 on the %&% Th&a@eﬁ‘s%c%ﬁés&o:?“af?rr{m%(:thé’i‘i)ef%‘llgf‘s’mlaeé{@ al s

34. These are ¢ ion W n

seated on the corg @&dimeé@ EH@ ih&u&@iéﬁIwYEHﬁﬂEreglcﬂ:¥$&ﬁﬁliggﬁﬁ %he

wi-nding 36 is moun aroun e core pin 27,

whereas the exciggpeW Bl Ngn33thé ¥OENSN aBPUENE hagid e@ PN Gfhddad Ctie 21
whi'ch does not have the blind hole 26. The base surface 19 is covered with

a coaxial circul agxcttes BTne¢onposBdisfwolh@hapeutreetnit i tegidmi lofmatene al
which has a thickness of roughly 20 to 40 microneters.. The disc 37
has a circul ars hober882n [ nbdel’lOdupsvmoh hm*eettine)ughnlubrl’eollés 2G he edge of
mhlch I S '

.Thg- base surface 19 is covered with a ‘coaxial
circular disc 37 composed.of high-permeability foil
material which- has a thickness of roughly 20 to 40
Kwi ' micrometers. The disec 37 has a circular hole 38 lined

10 up with tHe thrbugh-bore 18' the edge of . which 1is

positioned on the eircular eyllndrlcal external surface

'_of the core 21.

~ The inner_surface'39jof the wall 14 is also 1lined
15 with a cylinder 41 of the. said foil. The top of this-
eylinder touches thé_disc 37. The bottom front face 41

is in line with the radial bottom face 31.

The core 21 stands perpendicular to the surface 42

20 of a coating 43, that Has a thickness which is to be

31

measured, that is non-magnetic and that ‘has been
diposited on a magnetisable substrate 4.
As ca2n be seen from Figure 2, .when'in use, the
lines of force 46 mus. be prevented from concentraﬁing
25 exclusively in  the .region .of the geometrical
longitudinal axis 12. In fact the lines §f force 46

are pushed outwards as per the



positioned on the circular cylindrical external surface-of the core 21. The
i nner surface 39" of th Il 14 is also lined 15 with a cylinder 41 of

t he. —sai d foil. The €g§§of this cylinder touches the.disc 37. ,The .
bottomfront face 41 isTTn line with the radial bottomface 31. The coregy
21 stands perpendicular to the surface 42 20 of a coating 43, that has a

thickness which is to be neasured, _tpat_ is non-nmagnetic and that has
been di posited -on a magneti sabl e substrate 44. As can be seen from Figure

2, when in wuse, the lines of force 46 mus be prevented from
concentrati ngr@alexciosiyeliytration iACFigEUR0Bo tRBt ibh@ommAdsYn i cal
l ongitudinal axis 12.- In fact the lines -of force 46 are pushed outwards

as per:the toealthetn cdsésisimapobntntRiegmagmotidafliur tdmesr irson to
ot her cases in point, the magnetic flux lines run practically uniformy
across the bopremtfisad P8 urdfornd yapnase thexbdékom face R, FPat est at
t he point 5of contact but rather in the stationary annulus surrounding the

blind hol e 26TRAd™AgNGLAR ¥ 1umkydemsd typ 1isn note gheabiend &r &£heL POl nost

favorabl e case for sgetti,ng down the probe s whe e geonetrica

| Ong| t udi nal5 g{l §%?§ﬁ&§ gbug r‘athhe? ln-. %%es aEQOgaPY annu&us
surrounding the blind hole 26 and naturally, further up

in the mésSive core 21.

The most favorable case for setting down the probe
is when the geometrical longitudinallaxis stands
16 perpendicular to the sufface 42, The apparatus is,
however, to a large extent insensitive Eo'position even
in such cases whebeiihe.5urface 42 coﬁtacts ahother

. point of the bottom face 28.

The bottom face 29 may not,'hdwever,'contact the

15 surfae 42, because in this case the old, unfavorable
‘conditions would arise again. IOn the other hand, if
£he bottom faée 29 wefe to contact thé surface 42, the
magnetic reluctance'of the entife circuit would be so
much lower that this would be easily detected and the ¥

20 measurement recognised as faulty.

In Fig. 3 the thickness in micrometers is plotted'
on the 1ogarithﬁic vertical axis. The normalized
voltage Un is plotted on the linear horizontal axis,

whereby



10 perpendlcular to the surface 42 The appar I's, however, to a |large
extent insensitive te position evén in such ¢ wher.e the surface 42

cont acts another point-of the bottomface 28. The bottontface 29 may not,
however, {Ccontact the 15 surfae 42, because in this case the old,

unf avorabl'e conditions would arise again. On the other hand, |f t he bottont
face 29 Wwere to contact the: surface 42, the nagnetic reIuctance of the
entire circuit woul d be so nuch | ower t hat 18hirs woul d be easily detected
and the 20 neasurenent recognised as faulty. In Fig. 3 the thickness in
m.croneters is plotted on the logarithmc vertical axis.. The normalized
voltage Un is plotted on the |inear horizontal axis, whereby -12- Jerr]
Uo is the voltage generated mheg t he probe is set 5  down on the
substrate material 44 and t t|ng 43 is'not present. [err] is the

vol tage generated whep the probe is raisedgn Ehe alr wher eby the di stance
it is raised is such that the probe is nd Ponger infl uenced.by the
magnetic substrate material ¢44.. uo

B

. : o ‘Uo is the voltage generated when the probe is set
| 5 down on the substrate material 44 and the coating
| 43 is not cresent. |
Ue 1is the voltage generated when the probe is
raised in the air, whereby the distance it is
ralsed is such that the probe is no 1onger
10 . influenced by the magnetic substrate material 44,
U is the voltage which is generated by a measurable’

coating.
Un therefore lies between 0 and 1.

A% | : It can be seen from Fig. 3 that only over a
. 15 particular length does the characteristic curve 47 for
hardened steel lie a little above the characteristic
curve 48 for eoft iron. The deviation is in faect so
small that the characteristic cur@e only appears tc be
slightly thicker in this reéion. In the_remainder of

20 the range the characteristic curves 47, 48 are
| identical within the accuracy oftthe drawing. The
similarity over the entire range is extremely

favorable.
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s region. ~ I'n the remai nder of 20 the range the
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ch s geneLated by a neasurable coatlng Un therefore

lie a-
stic curve 48 for soft iron. The deviation is.
that the characteristic curve only appears to be sllghtly

simlarity over the entire range is extrenely favorable.

shows the lower left corner of Fig. 3 on a linear scale.

can be confirmed by Iaying a straight edge on Fig. 4, the non-Iinear

deviation is v
a single line.
bet ween t hi ckn
In the illustr
di aneter of 1.
bottom faces 2

10

ht, nd t 4 d 48 h b 5
“Thi ams%ﬁeﬂ FRPolPEer XY dSr YT PhokR & cPaPRofoh: p

As

R A5 ARSI BE Upn g rblS, BY 38030 L0 BB TRRRLD
%{HT%%TG% pt"'f h?-d ,avﬁﬁnﬁtoq{-P{ n%at mv:i%:c-r{lgnr.q(g Use 95 t he

was 1 _
slight, and the curves 47 and 48 have joined to become

a single line. This means that there is a practically

linear relationship between thickness and voltage

'independenﬁ of the substrate to be measured.

In the illustrative embodirent shown in Figures 1 and 2 the
core 21 had a diameter of 1.6mm. The pin had a diameter of 0.7 mm.

The radius of the bottom faces 28, 29 was 1.2 mm. With

~this probe values up to 1000 micrdﬁeter can be covered

15

- naturally after the.measurfng ranges have been

decided upon - whereby Un ¢an be as high as 0.9.

If the pot core 11 is clad with a foil as per the
illustrative emquiment,:exciter frequencies of up to 5
kHz can be applied to the exciter winding 33; In this
hanner the'design can be etill further reduced.ih size.
This allows coatings to be measured-in[the range 0 to
'100 micrometers largely independent of shape, even
though, if tHey are metallic; they cause no noticable
eddy-current losses in this range. In this case of the
said design the core 21 can have a diameter of 0.8 mm

and the pin a diameter of 0.4 mm.



tHis probe values up to 1000 microneter can be covered - naturally - after
the nmeasuring. ranges have. been decided upon - reby Un can be as high
as 0.9: If the pot core 11'is clad with a foil. a{%ﬁ%ﬁﬂﬂhe 15 illustrative
ennggine*t exciter frequencies of up to 5 kHz camrbe applied to the
exciter 'winding 33. In this manner the design can be still further reduced
in'sizer This allows coatings to be neasurg in the range 0 to 100

‘mi croneters |argely-independent of shapé&, 'évén 20 though, if they are
nmetallic, they cause no noticable eddy-current:losses in this range In

this case of the sal sbggéry;&gég %ﬁgfﬁhbé¥e§%#P gélnner and

the pin a dianeter of core probes surface

39 is 1to 3 ti Wecsmbs 8hagl gk e d N GHE Adre INE Imtfwéchhsfpeﬁecore

11 lies between 0.5:to 2 tinmes the dianeter of the I nner surface 39.

In the illustratipet edrodimenti & ba e .8 Bbozetmeaethacgzaﬁetemabpgous
to the core 21 there are two cores 49, 51. The top faces of these cores

are connected togsideinrer asurdkeed39. The exciter winding 53 is positioned
on- the core 49 and the induction 10 winding 53 is positioned on the core
517 tn this case N
5 - . In the illustrative embodiment of a two~pole probe
as per Fig. 5, analogous to the core 21 ihere are tvo
cores 49, 51. Tne top facés of these eores are
conheeted together by a yoke 52. The excitef winding
53 is-positioned on the core 49 and the induction
10 winding 53 ie positioned on the core 51. In this case
two.the pins 54, 56, analogous to nin 27, have the said
geometry; | .
This type.ef.twe—pole'probe is'advantagebus'when'
measurenenES'are to be made on rough surfaces; Since
15 the probability that both poles are positioned within a
- | hollow or on a hump of the coating are.slight, this
L ' . type of probe averagea the measuring effect in a-

desirable manner.

In addition, two-pole measuring probes have, if the
20 direction lines of force between the twquoles can be
imagined, an elliptieal field, whereby the dependency

on shape for measuremente on cylindrical materials 1is
much less than is the case for single-pele pot cores,

"which due to design considerations have a radially



two the pins’54, 56, anal ogous to pin 27, have the said geometry. This type
surfaces Si nce 15 t he- pr obabi I|ty that both poI Bl e po ’"" mﬁm
hoIpr or on a hunp of  the coating are. slight, Nu% type % ’Hm
the (measuring effect in a desirable manner. In addition, ol'e rfeasurtng
probes have, if the 20 direction |ines of- f%ﬁce bet ween the two pol'es can
be imagined, an elliptical field, whereby the dependency on shape for

“nmeasurenents on cYiIABME cal naterlals is much less than is the case for
si ngl e-pol e pot cores, which due to design considerations have a radially

- 16 - CLAIMS 1. An electronagnetlc nmeasuri ng probe conprising at |east
one pol e- pi ece coppose etic nmpterial h| netic . -
perneability, sard pgT‘e ﬁf%ggg% FENGLLS p‘P)?%s"bﬁ"re% ?g°§tpe" 3408, &t

machined into the:geLe-ofe BLEEEH1LLON o BEEEXLEE! @ag%wiocm dy ofe the

pol e- piece, - and anot ertal posi |oned

Wi thin the recessy, ersagn&bfcpb@régzae1ft§0np0§§9d-&slem{&e Tdvilng Wi Ch

hag a low magnet
.ole-piece front face, a recass machined intoc the pole-

v 5 rciece front face extendlng into the body of the pole-
. piece, and_' a pin composed of another material_'
i,; . positioned within the reeess, wherein the pin (27) is

coqposed of hard metal wﬁich has @& low magnetic

permeability in coﬁparison to the material of the pole-
10 piece (21), and the external £memt face (28) of the pin.

(27) comprises a'spherical'Segment.contaet surface for_;

contacting a -layer to be measured.

2. A measuring probe as claimed in claim 1, wherein

15 the pin (27) and the pole- olace (21) are c¢ylindrical.

N _ 3. A measuring ‘probe as claimed in elaim 1 or 2,
y " wherein the pin (27) is composed of sintered hard
ﬁetal.

20 &, A measuring probe as claimed in claim '3, wherein
the sintered hard metal is titanium or tungsten carbide

with a cobalt content of 2 to 20% by'ﬁolume.

. A measuring probe as claimed in claim 2, wherein

(04
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son to the material of the pole- 1O -piece’'(21), and '
.(28) of the pin (27)« conprises a spherical segnent

tacti a layer to be neasured.- 2. - A neasuring __
probe “as ¢l aitmed in claim wherein 15 ‘the pin (27) and the pol e-piecgy

[
@2$) are cylindrical. 3. AT nmeasuring _probe as clainmed.in claim1l or
2,wherein the pin (27)-is conposed of sintered hard netal. 20 4. A

| ! ° P . conpos: T e ! g e
Ui Lani umor ¢ urdCt e T oo B4 L NS g Cofa R, (FaTIATEY EPume.
S. A measuridg, PIARS AR GlA B d BE @HdNo1e WK T21) isléjh the

diameter of the pin ih a direction transverse to the longitudinal axis of

the pole-piece Al )of Sthld 4idnetdd ff dMe p1RmRfiRiceof(2ih)g pol e-pi ece (21).

. 6. A neasuring probe as clainmed in claim2, wherein5 the pin (27)
is several mllineters long and has" a diameter of one mllinmeter or
less. 7. A neasuring probe as clained in claim6, wherein the dianeter

of the pin (27)6is 07 measurs0g paabe taswe cl@imtidariet exlaiof 2t,hewpelreipi ece -
(21) is 1.6 mm+ 50%in the case of a single pole neasuring probe. .
5 the pin (27) is several millimeters long and has a

diameter of one millimeter or less.

-_7._ A measuring probe aé claimed'in.claim 6, ‘wherein
the _diametér of the.pin (27) is 0.7 mm + 50% and the
10 diameter of the pole-piece. (21) is 1.6 mm + 50% ih_the

case of a single pole measuring probe.

3. ‘A measuring probe as claimed in claim 2, wherein the
radius. of the spherical.éégment is from 0;6 to 3 times

15 the diameter of the pole-piece (21).

9. A measuring probe as claimed in any one of claims 1
- 8, wherein the polé-piece (21) is positioned \J
centrally iﬁz a pot core (11),  its front face (29)

standing proud of the froﬁt facé (31) of the pot core

Y

20 wall (14) and the inside.wall (39) of the'pot core wall
(14) 1is clad with a foil (35) composed of a material

with a high magnetic permeability.

10. A measuring probe as claimed in claim 1, having



8. A neasuring pfpbe as clainéd'in_clain12; wherein the radius of the
spherical segnent is from0.6 to 3 tines 15 the dianet [ m
pol e-_l_pi@ce (21). 9. A-neasuring probe as claine anyﬁmu "m IIHI'“E" I“I

8, wwherein the pole-piece (21). is positNQned centrai |y i M aspot
coref(QIT, its front face (29)'stanging proud of the front face (31) of .
the pot “'core 20 wall ( 14) and t A& i fisi de wal | .(39) of the pot core wall

(14) is clad with a foil (35) conmposed of a material with a high magnetic

perneability. 10. A rin b clained jin clai.ml havi ng -
08 - tvo pol e- pi e RoE-Bagdes (UL ST suttinsed, bokstol vy g8gnes
11. . An electro éi@sgygsuring probe substantially 5 as described

with reference to Figures 1 and 2 or Figure 5 of the acconpanying
draw ngs. -

11. An electromagnetig méasuring probe-substantially
5 as described with referencé to Figures 1 and 2 or -

Figure 5 of the accompanying drawings.
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