DEVICE FOR NEASURING THE PRGOPERTI-ES OF SOLI D MATERI ALS WHI CH CAN BE. DEREDEE 23
FROM. THE BEHAVI OUR OF A BODY APPLI ED THERETO. The present |nm§nqtmnbr

t® a device for measuring the properties of solid materials which can be
derived fraomthe behavi our of a body applied thereto. Probably the best
knquwn exanpl e of the use of the behaviour of a penetrating body 5 in a
material to determne its properties Lsyqthe neasurenment of materi al

har dness. Here there exist a considerabl e nunber of methods, for exanple,
Shore Hardness neasurenent, Vickers Hardness neasurenment, Rockwel| Hardness
measur enent, Brinell Hardness. measurenent, Herbert's pendulumetc. In view
of the fact that the surface layer is fully or partially destroyed,

however,  these net hods cannot be used 10 in a great nany areas of
application. For exanple, if the hardness of paint is to be neasured, it

may be the t rahese Despite
this the pgggf&‘l gaﬁiﬁégﬁc}ﬂ gnﬁ‘ﬁ; [’%B%%SB mi?ﬁ%%gﬂ%éwggfét@“@t he test
poi nt coul ®ERLVER FRQYM HHE |BEHAVIOUR | Gfc 4| BADYr ARRLIER, THERETGas the rest of the.
paint layer is still in order. For-this reason the fi ni shed object is not
measured, rather a test specinen. The test specinen, 15 however, is not
the fini shdBeoHjeseRt 1%%}%°%rr€1§\‘%90tﬂcﬁﬁ dgEies fioR MGRSYFANG S PROPeRELES T ng
t he proper tsogsd mfataﬁlausl wiitierdaal ise \derDiedc afrdactivte beavdofir @i 4 vedy dpplied our
“under penetta {Lét%” is, for exanple, known that by placing an ultrasonic
probe on a erial . the frequency m smat ch can be neasured. This nethod is
very sensitive to the degree.of coupling with 20 the test object. In
addition, it_is not the hardness al one which is neasured, because the
measur ed val ue depends substantially on the nodulus of elasticity of the
material, the thickness_of the coating and the shape of the object, in

particul ar Pﬂibabf}ethkmeﬁkm e%l%ﬁ kR ué‘éi@f ﬂ'ﬂ:‘ NehQ@xdéF el afﬁéheﬁgffﬁé[ﬁ&y ve

assessnments and not QJ measur e B_@
non- des®r Ul 3 MRtFRS °é’|"\ﬂ"‘ﬁ§ “élﬂ' BP?ft*’ésr’r%g%%F’éﬁ%‘ﬁFg’%gf B'@§%‘|‘?1 gdness-t he
"1 ndust r i eHé&rw diegeekisoh cansddéradblerhanber3f imethdds, fohexdmplen Shariedibrdhess| e

"Nethod T 0f,eJ63binBf, ISR BardiRb S R3S it RUH Rbrd8ldhBitremdfle devi ce

Brinell Hardness measurement, Herbert's pendulum etc. In view of the fact that the

surface layer is fully or partially destroyed, however, these methods cannot be used
10 in a great many areas of application. For example, if the hardness of paint is.to be-
 measured, it may be the case that the paint layer is not completely pénetrated. Despite
this the paint is damaged and it is possible that a rust spot at the test point could form
the nucleus of local corrosion, whereas the rest of the paint layer is still in order. For -
: this reason the finished object is not measured, rather a test specimen. The test specimen,
"~ 15 however, is not the finished object. | .

There are also non-destructive methods for measuring the properties of solid
materials which can be derived from their behaviour under penetration.

It is, for example, known that by placing an ultrasonic probe on a material the frequency
mismatch can be measured. This method is very sensitive to the degree of coupling with
20 the test object. In addition, it is not the hardness alone which is measured, because the
measured value depends substantially on the modulus of elasticity of the material, the
thickness of the coating and the shape of the object, in particular on the thickness. The
method can only be used for comparative assessments and not for absolute measurements.



described is very expensive. It is al $0_SO | ar ge t-hat the Zjpj ect nust - be

~ brought to 5 the device; the reverse®is not possible. Aforce is applied

i nducti.vely and the depth of penetration measured by optical displacenent
rreas!JL lerrentfmﬁuerxl 6@3&&%&:&@&&9&:@&&1\& elsafahﬁ!eﬂkafswe_ns@a' _§H’E9h88§’&i3be8t is not
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penet r at i"dretbiepidrsTesting e (ase Bandrieas Disgribbidon af Eorglings".1Thendayiasnet er screw .
gauge, 1 hRSYdETveRflbkdensive. HGE Xsol 9118 40K8t tHd6bjdEPhlste RO0gHT @RI On at a
given force is converted hy a difricult-to-use _nor{og&am since the neasured
val ue ¥ s the d8HSri thereerss e PPHPPssibIg-1fk 1976R d& aBR)ind; inductimely 2 therdepth ¢ hi s

i nvent i orfipenéwationmeakered badptizal displaBeinent Mmexfcemene Due torthe fsassonr e,

which is so L1, th It _can be 15 brought .to th | ac f. use, | ch
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measur en@dpenetationin thecmirramsteraengel The methodrie dedignddaiod maasursmenh of
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O ai m 10 MIEFRMEIRT SCHEWBAYSE s Tty Stem IrewiiRg aaxarX figig yeke-Jovegepth ofrhe propes, .
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t hi ckness_.qve | de r . Of. i C S V| f the fact that very
precise Z%%é?ﬂﬁdga#%eaguﬁgﬂgﬁf%tgé gunﬁlég’?iqgﬁg? fHLei JSD‘EQ’F%O possi bl e to neasure
coating thickness differences to high precision. For exanple, for a coating

t hi Cknes%’hgfob?&t‘émthﬁ IRV 1§ Ro GRAtd1a% ddviekness of 0.05 umis easily -
detected. 25 ernatively in the range from 100 t 00. um g change?
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softest Bapdnepg.of the fopmash geatingring ke fcase afhimhompgensoue Jisheridler ces are
“very low, there.is no danger that the device w1l bend under its own wei ght

and it is possible to make it rigid enough for the purpose here described
with very little : ' ' '

This object is achieved, according to the invention, by means of theapparatus
defined in Claim 1. The invention has the following advantages:

20 2) The probes, which are already known, allow very precise measurement of
coating thickness over a wide range of thicknesses. In view of the fact that
. very precise absolute measurements are possible, it is also possible to measure
coating thickness differences to high precision. For example, for a coating
- thickness of 20 ym, a change in coating thickness of 0.05 um is easily detected.
25 Alternatively in the range from 100 to 500 ym a change of coating thickness
' of 0.1 um is measured with ease. Such small changes it coating thickness can
be generated by extremely low. contact forces. To give an idea of the size:of
the necessary forces; these lie, for example, in the range 0.05to 1 N,

b)  These minimal forces do not destroy even the softest coating.



expéﬁaTiure of material. 5 d) - Wth such |ow forces, neasurenents are gb
actual'l'y only made in the surface zone which in any case provides nost the
&Inportant testinony in nost applications. e) Wth such small measurenent
areas the measurenents thensel ves | eave no traces whatsoever. 10 f) In
(]eM/of the fact that high energies need not be applied, high energies need
ot be supplied also. It is therefore perfectly plausible to use the device
with battery power. Q) The measurement is practically displacement free,
with-all the resulting consequences. 15 h) The device can be used to
nmeasure on very smal | and/or curved surtagea. Pr obes whi ch neasure such
thin coatings with high precision have beén known for many years, and are
descri bed, €br i hsviemcef thenfaaerthanthldtmlcess;rfmrees arévetd 1O& pthete ismg Utl lity

Patent 73 36 864 ! & 0 556 34 or the.still

publ i shed Ger rrand?‘%e%g Pﬁﬁ | ca‘feDwﬁl?b % Atffwﬁyelﬁ% af'géﬁfrpé’?‘é% claim?2
al | ow the proper ¢ makedt blslmemhédr the prposechérgrdescribedovithiveryditdei al . The
features of clai g*é’-enahlupgvog Rfatbfgdi.cation to be particularly sinple because
suprisingly enough the slope is constant since the function is linear. The
features of claim4 allow a neasurenent point to be taken at every force 25
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points the stralm qalfWéS-to be laid with partlcul ar accuracy. The features
of claim6 allow the use of a sinple, ComrerCIaIIy available 5 electrical

ve whi ¢ch oper s dis enent-free in continuous use, the, nonpent of
Wi ch and nEhoe Trepchamal BESBremrt arets S es B ey oS eave '

no traces whatsoever.

10 1) In view of the fact that high energies need not be applied, high energies need
not be supplied also. It is therefore perfectly plausible to use the device with
battery power.

g  The measurementis practically displacement free, with all the resulting
consequences.
15 h) ~ The device can be used to measure on very small and/or curved surfaces.

Probes which measure such thin coatings with high precisiort have been known for
many years, and are described, for instance, in German Utility Patent 72 43 915,
German Utility Patent 73 36 864, German Patent Disclosure 25 56 34 or the still to
be published German Patent Application P 33 31 407.

o0 The features of claim 2 allow the properues to be measured to be the hardness of the
material.

The features of claim 3 allow the indication to be particularly simple because
suprisingly enough the slope is constant since the function is linear.

The features of claim 4 allow a measurement point to be taken at every force
25 increment and an average straight line to be laid thr_eugh said points. -




The electrical drive may be provided by a linear nmotor (d ai ns[’f) Thi s
all ows | evers which are al ways necessarx for generating force in the case
of a rotary nagnet to be di spensed w Th* Such I'i near notors could, 10 for A
exanpl e, IThedkafunes dfyglainisi atfovathe disadlt for gepemtithgphaferce ihadengaer at i.ng t he

contact pressure.at the. stylug t.l.p..The features of .claim8..all ow W
nter med! 40 BSGREVHar TP 8 aft i serfais et ufs ROl S o the
fact that linkgorbedsidrwith particular acauracy-1 y di spl acenent free, the rotary

notion of the rotary magnet | eads to a quasi-linear novenent of the 15 _
probe. The features of claim9 allow the wejght of th proBe to be
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whi ch a twa: w _ bl A its inevitable play

can be di ‘S%éﬁgée@ '\%nt E"al _hengg%u?i;\eg#éfgflg?n%&gﬂdg«vg@'he characteristics of
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as per cl g, AdsSure it endetyiodfigven. Suprisingly enough, the slope of the .
strai ght I%neaélgg gnly'sl i ght*g dgpendent on the radius of curvature of the

I ndentor. In practical neasurenents the depth of penetration is normally of
the 30 or ghe fedtutescolr cluinel 8dlivaniaterinddivte peBhg alithi3s piayytot Bepdispensddre

oot o, Both B B i b Bl et Bl RSB 1
cl ai m 14 the tatery motion of dbetetacy magnekleadotala quasiinere mayement of theai m 15

al | ow j$iepigpaperature of the material to be included 5 in the measurenent
i nasmuch as the transistor is capable of acting as a heat

The features of claim 9 allow the weight of the probe to be compensated for in
a simple manner. '

The use of a tv.'ao-pole probe. is known. By using a single-pole probe, how-
ever, the full or semiKardan mounting which a two-pole probe would
20 ‘require together with its inevitable play can be dispensed with.

The featuref of claim 1o allowsthe characteristics of the penetrating body to .
remain constant even when very hard materials are to be measured. S -t

- The features of claim 1f. allow the exit surface of the lines gf magnetic force
of the tubular mount holding the penetrating body to c'omé near, but not
25 too near, the surface of the material so ‘that the lines of magnetic force
of the probe do not have to travel very far. :
Values as per claim 12 are very well-proven. Suprisingly enough, the slope of the
straight line is only slight_ly dependent on the radius of curvature of the indentor.
In practical measurement_s the depth of penetration is normally of the
30 order of the rounded zone of the_‘ penetrating body tip.



Sensor. The features of claim16. allow a prot ected arrangenent of the probeg-‘?
on a I’Igld basepl ate. The features of CI§|m17 allow the restoring force of
the wires-to .be consi dered 10 negligible? The features of claim 18 allow

the stiffness of the wires to contribute to the force to the m ni mum degree

possi bl e sgnd BBifal '] 9P 8P UnE Bghe oF LSS Yo BER EGREShar iy [ eatures

of¥claim 1 Pel’tl e mat er | e neasured,
whi ch is paeyliices ayrhe F‘i’fﬁﬁr”‘tfﬁ?ﬂ s\aretied IR theaR@PSal is a plastic. 15 The

invention is now described using a preferred illustrative enbodi nent. The

draw ngs s Rdedtliks of clainf O ARP Sl Jegaﬁcraﬂgwabﬁga§,hb@”y sectioned, of a

prototype version to a sca ront view (nodi f| ed) of
the device of Figure 1 wthout 20 support columms and cover plate,

partially $ﬁ§!éaQﬁlQG,oftc¢alﬁl ascalllaw zhe telnpé?hﬁ:re 31 th@nee@rﬁamaa,le iN¢layedas per
arrow 3 _in, Fi to a s¢ h h ngg ewaE#e Fig. 3
but witH pigh 'P%ﬁs’s‘?d"e’ﬁl’aasn?}‘c aérf %ﬁfa&?‘éffd i3 §8Rabls, of a\:ﬁl 2REH fromFig.

3 in the |snesér.region of the probe at 13 x magnification. Fig. 6: a
further enlargenent of the dotted circle in Fig. 5 at 54 X rreignification. 5
Fig. 7. a_graph show ng the hardness neasurenent. Fig : aph show ng
the creep Hhigatees of|ql§3m 14 allow am&%ﬁcm?@eﬂ?@tfw%?‘i%eﬁé ied as a
function ogasgbgee Fig. 10: the voltage given by ‘the probe as a functl on of
the time intervals as per Fig. 9. Fig. 11: a bl ock diagram of the
measurenent system 10 A netal plate 16 is rectangular, heavy and rigid. It
stands on Thefeatutesof elaimll7 all@v tie rdstering focceobthe wires tmbe censisienedg
re:adqub&rg‘?‘@iﬂl@. the plate 16 and which are

The features of claim 18 allow the stiffness of the wires to contribute to the force .
to the minimum degree possible so that in practice they can be completely neglected.

The features of claim 19 allow the creep properties of the material to be measured,
which is particularly important when the material is a piasi_ic._
is o
5 The invention now described using a pr-eferred i1lustrative embodiment.
The drawings show: .
Fig. 1: a graphie illustration, partially sectioned of a pr'ototype
" version to a scale 1 : 1.h.

‘Fig. 2: the front view (modified) of the device of Figure 1 without
20 support columns and cover plate, partially sectioned, to a
scale 2 : 1.

Fig. 3: a sectional view as per arrow 3 in Fig. 2 to a scale 3: 1.
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located in the left and right hand rear corners as.per Fig.J{l.- They lie
symvetrical to a central plane 19. Also in this central plane 19 lies, as a
third but non-adjustable foot, a transistor 21 which serves as a heat
sensor and whi ch can be used for neasuring the 15 tenperature of a caating
22 which is deposited on a substrate 23.g\ertical- support colums 24 are.
screwed fr digbeel owaividwas per Eigt 3dius with pdobe phiaed. 16. A rigid, heavy netal \f
cover plate 26 is screwed onto these from above. Together with the plate 16
and-the support colums 24, this forms a very rigid, heavy, protective cage
of suffici &g- Rei gt enlargndesectiona!l view takenciraty Big. Blinthe loverregionafythepoobet
assenbly 27 20 is gpupkesagpificdtion.car of the plate 16 as per of Fig. 1.

This can be bought freely on the market. It is rigidly fixed to plate 16 by °
means of an end-frame 28. The output shaft 29 of the rotary magnet assenbly
27 whi ch alFig i esa furthércerdargerment pf aneddi¥ed eirslasint Figobi gt Skhemegnification. 28.
The -out put shaft 29 carries a |lever 31, which can be best seen fromthe

. sectional drawing in Fig. 2, with a left arm32 and a right arm33. The

| ever 25 B3Fig-d:nptBraPAcsheYing thed@ednese mersyremeptoad construction
absolutely rigid in the direction of rotation 34 for the purposes under
consi deration., In ordet that the |eve .follows the output shaft 29

31
absol ut el y FiSHBor t3 87REN ?wg’ﬁwslgrﬁ%%ﬁ@“fﬂ"fh a large 36 contact area is

provided on the rear of the lever 31 and is pressed flat against the

tral , 1 *H ; 38
21 S0 provi B i chEaRReing e 2aRe Brbe pp M ER Aner B o™ L0 el

- 7-1nFig1l bottomright, there is a multi-way socket 39, the wires of j
which run Fgg.ack erme%htagegiﬁnéb?/ theqirobé asTR YGARSLIOSE tHedliMeiRtdrialk a9 Bér Pig. 9.
the lever 31. Two wires 43, 44 run fromthe term nal board 42 to the rotary
magnet assenbly 27 wi thout contacting the |ever 31 or any of its associ ated
5 parts. SHigh llot & hlockdisgramsdfahb imesummentasystenmed t 0 gi ve precise,
reproduci bl e torques to the output shaft-29, insofar as the current in the
wi res 43, 44 has a partjicular value. The rotary magnet assenbly 27 can be
cont i nud@sfymeid Plated & rretansulanchnave ved rigidt stands ondwargrubserews belfent ed
from t ur ni @Bich are screwed into corresponding threaded bores in the plate 16 and which are _
located in the left and right hand rear corners as per Fig. 1. They lie symmetrical to
a central plane 19. Also in this central plane 19 lies, as a third but non-adjustable foot,
a transistor 21 which serves as a heat sensor and which can be used for measuring the
15 temperature of a coating 22 which is deposited on a substrate 23. Vertical support
- columns 24 are screwed from below into the corners of the plate 16. A rigid, heavy
metal cover plate 26 is screwed onto these from above. Together with the plate 16
and the support calur_nn_s: 24, this forms a very rigid, heavy, protective cage of WE
sufficient weight. Symmetrical to the central plane 19, a rotary magnet assembl_yi?
20 is mounted on the rear of the plate 16 as per of Fig. 1. This can be bought freely on tha
market. It is rigidly fixed to plate 16 by means of an end-frame 23. The output shaft
29 of the rotary magnet assembly 27 which also lies in the central plane 19 passes
through the end-frame 28. The output shaft 29 carries a lever 31, which can be best seen
from the sectional drawing in Fig. 2, with a left arm 32 and a right arm 33. The lever
25 31 is.metal, heavy and because of its broad construction absolutely rigid in the direction
of rotation 34 for 'the_ p@oses under consideration. In order that the lever 3! follows
the output shaft 29 absolutely proportionally, a lock washer with a large 36 contact area
is provided on the rear of the lever 31 and is pressed flat against the central area of the
lever 31 by a screw 37. Moreover, two grubscrews 38 are also provided which connect

30 the lever 31 to the lock washer 36 as well.



10 The ri ght arm33:carries .a counterwei ght 46 which conpensates for the g(zl
wei ght of the probe assenbly 47. The Iat7ter conpri ses a heavy netal bl ock
49 which i's screwed onto the rear of the left arm32 by two screws 48. This
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usi ng adhesi ve e cont'ac g e housi ng
shaped asceptippeuspy rﬂPBF"# chom'ﬁeiarn@a@ re"p@tr"thebfoqtﬁlét SBaEE #Onds Prawensed
forms a CHR Mch ends in collar 64. :*A through-bore 66 coaxial to the
central s t hrou the r.e ni ri e 1 ar
G4 To 10nehe right BER 3f Fatvare B somstubieh syt dolbeRfises Z“d%’@ﬁ‘”*-'ﬁgﬂa&o as" per
Fig. 5.. THecprobe essgmbip#a Te IBttezrcompdisenadeary metal bdotzio‘s&whic
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pot - core | ocat he pot-core 71 oaxi al
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cont ai ns aerpentledmytodbelthmﬂghﬁors 51 by adbesieni 54 Three highlsHexible Biresy6:a57,

constant . ag j &, 03hd B G4 eeﬂﬂ ou ?acéggé’b&ﬁ'és pef Fxé t]e a@?ﬁc@@b?lérélﬁacﬁ of

which |ies adj.acent 'to t found bel ow th primry

coil 77. tmtée i keven rﬁﬁécf‘é’d frfan \nhe@s tg whesgeqmneh bé?ﬁ@d dgnnddt desirgd amﬂess
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subst r at eoE=® ara@dgmqntagm@rg@ih part of the housing shaped as 4 retaining-ring 62.
The lower part of the retaining ring 62 forms a cone 63 which ends in colliar
64.. A through-bore 66 coaxial to the central axis 52 passes through the
retaining ring 62, cone 63 and collar 64. To the right a channel 67 for
25 wires 56, 57, 58 leads upwards as per Fig. 5.. :
The through-bore 66 extends downwards into a coaxial, circular-cylindrical pot-core
bore 68 (Fig. 5), in which the shell 69 of a pot-core 71 is located. As per Fig. 5, the
pot-core 71 has a coaxial thrust-washer 72 which is held by the through-bore 66. The pot-core
7l hasa _tircular-cylindrical cylinder 73 coaxial to the central axis 52, the front face
3g 74 of which stands proud of the bottom face 76 of the shell 69. The upper half of the
space between the shell §9 and the cylinder 73 contains a primary coil 77. This is
. excited via wires 56 and-57 by a constant alternating current. A secondary coil 78,
the bottom surface of which lies adjacent to the bottom face 76, is to be found below
" the primary coil 77. This is connected to wires 57, 58 which are connected to an
35 indicator circuit 79. If the coating 22 is electrically non-conducting and the substrate
23 is non-magnetic the coil is excited with an alternating current of 500 kHz.



excited ‘with a | ow frequency alternating current of about AWD -Hz. Depending
on the application, the pot-core 71-c@n-be made of soft iron or ferrite:
The cyrlnder 73 has a circul ar- cylindrical blind hole 81 which faces
downwar ddf 1 copiing ZZonnantmagnstindnd| thy stbsteate@3magnetie, thebadihis nount .82
withYan extredaithfd mﬁegﬁerﬁsty atlmnbﬂﬁg emremmmm tzéoﬁ'% Be r¥ jthits

rear, circu ar, ShOL% 4 a al r%x 3 ce 74; has ernal- =
surface 88 WMACRRIGIHED: f'?eug?f a Gr“f“&c%' fo“ﬁ‘le cyI inder 73
and which has.a | ower face 90 Whl ch subtends an angl e of- 1200 about the

central Q'%E%gﬁ&er"iﬂa@@&ﬁcuﬁ@r-h?lxﬂ@ﬂtl‘3 nd ﬂgf? th'\gg:fapfsréou%fwaﬁ'@e tubul ar

10 nount nmeans of _adhes]ve _or sol SIts coaX|aIIy and

rigid?d f Pi@e‘if"‘al*ﬂ%a’l’ grisy dixed "88“%%-“’? Fl‘éb”éﬁfdﬁﬁmi owithamexseropl Hange - cone

with a séBiad theibbrom{ whikh 1y shuggsy WO it Sekar] aﬁbum sﬂbutl&? dafatgﬁrnsia&e 30 ?S
rma radla

Cr oun 5ot 1% Ffef an sRfern8! Rfse At FRichdits R Sy i et Bemabiathn. o1 "t ne
di anond 85theneylinder 72od ahichobasta River ¥8ces 88 whichohubserid anemghsen120°
stat e of abdf-he eh®aNBAL 99YA dliiRoY B8 & HBuliRs if 1l &Q.%?%ggf‘%ﬂ% :%ém??' ow the

| eft hgnd end g{ % arm 3 rought
into tle™9HRY Pﬁg"eﬁﬂéf’ pehesixe fetoldsri7 sp thﬂhé‘nﬂﬁ%ﬂ%ﬁé’ﬂt%ﬁ rigifly qm: tion
shown i nThe tpwet face 38 @pttivel diasmorid 86 forime ac&mcfmitdco% with &@blia@hgr dfpwards out

of harm r osi tion the Jines

of magnet ?%d?%mgé%é'%?%%% ﬁ‘%ﬁo‘%&fﬁr&ﬁ%r verdags g\é/\lﬁs%l" E‘g%ﬁgﬁé%‘? e on of

| i nes of lomgr dace 88 mmd&sﬁ ﬂfytquglredlpbsqumw withusradiussifriy2 sehur at i on

due to their high concentration, has been avoi ded. The tubul ar nount 82 'S\J
made of terial with good rr?gnet i c_conductivity such as N ckel-lron. 25
In the bl r??%ﬁrsél’ffeﬁ—*l% details"of the diampnd 86 end the tybular meINEB2s epr esent s

t he pll&t suchGrobeshs3seppeseit mlteuamah%rawzhaamgy plate 26. The |lever 31, the

~probe 53 and the transistor 21 uftilized as a tenperature sensor can all be

seen. Moreover the rot ary magnet assenbly 27 with its - coil 94 is" "al so
pr esent . The plats 1 hihas aistapped §UM§drmtthQ:lefmnﬂ e9d of ghé teftrmrm 320Thisl

coati ng diwskihe probe 55 td BEBAdught Hlotths Eb%sxtmea r Fﬁ?ni)e\f'ﬁéﬁ” e
axiy

nmeasurenment circuit 96 erforms norrra erature asurenent. The
rotary n@ 8?"8?’(%‘?"@%‘1?%’1"0‘0 d8u* i§ 34PPiedyse Jhattherfliamend B&#t control 98
f r om whiretraicrécbupredridoout sf barss'eebagn to a nom nal - act ual conparitor 99 via a
nom nal current wire 101. _

20 In the operating position as per Fig. 6 the lines of magnetic force 92 run
approximately as drawn, i.e. the penetration of lines of force at -
practically a single position, thus causing saturation due to their high
concentratioh, has been avolded. The tubular mount 82 is made of a - o
material with good magnetic conductivity such as Nickel-Iron. o S

25 In the block diagram, Fig. 11, a solid base 93 is drawn which represents the plate

' 16 with support columns 24 and cover plate 26. The lever 31, the probe 53 and the
transxstor 2] u)nhzed as a temperature sensor can all be seen. Moreover the rotary
magnet assembly 27 with its coil 94 is also present. A coating thickness measurement

circuit 94 performs a normal coating thickness measurement with the probe 53. The °

30 temperature measurement circuit g6 performs a normal temperature measurement.

The rotary magnet circuit 97 is provided with a programmable - current . ¢
control 98 from which information is passed on to a nominal-actual
‘comparitor 99 via a nominal current wire 101.
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t he noni nal -actual iconparitor 99.also receives the actual current via an )
actual Current wire 102.. The result. of the conparison between nominal and
agtual current is passed on via a we 9Q3 to a final control elenent which
sets the gREheminalidcted)icomparitsresHaliso Pecefvdilifie 10fuall @aftent Giaaimdadtuglm a

m cr.oprocessar, 107, irectian of data flow,is ated by the
e, CTRERTL P ge ThE kel Bt Rt P Re8 spmpre AR BT d 105, An
i nterf acecmsnalsm@mdtdmwsyaswlemlﬂb the lralgentredelement whichi sess thements. A

very inpogbgpét ARtéHt &p\pg@m@l ng the control of the rotary magnet assenbly
is 10 that the-dianond 86 - or any other penetrating body - is set down

absol utely bounce- free on the coating. This is not because the dianond or
- any ot her Atlestl Obdedscoland fhoraakmidoogrocedshe 1 07, hetterelhyetieaditequimnndf dasa not

pr e- def or kiso&h rgy associated wth bouncing. In order to
guar ant ee gd%’(’a&?ﬁ bggt%gn% own, a device such as that used to | ower the

stylus of a record player can be used or the rotary 15 magnet assenbly 27

can be sorﬁ@m;mb}&@sgdaag pidwdar\of@ﬁa%spxsy SR kelBaardv 6 M inkereaeeiod f, for
exanpl e, the hﬁ_‘gdness %1 cragoa %5 g 22 is to be neasured, then
after bouPtE¥§ FESYEET ?15388%??“%1 e "?‘r%‘gf be applied, according to
which the radial crown 89 indents the coating by a constant anount. The
force F i ggxs&qn i th each
i ncr errentﬁ&'?wehgure S1 MU ﬂIag'a{ﬁg}g" {ﬂ‘?éé#]-ﬁ %lmf%g?gér;%a%ﬁﬁp%esg&ss’e ationship’
bet weelf ctigtghe giamangdt§6mon aMycxihes amtma kadye IF spt down abseditely bounge- per
Fig. 7, 4rdeioh the Qbéﬁﬁiaﬁns’ixsfdﬂi%t%ecﬁe [dedrhdnd &F driy'Gifér 10 BbEPEoIg found.

The sl d f th
IO 5L PSSk PR el L e B e e B kB SRS O 0
excited mﬂshcxateﬁt\eppebdummg dntorder focguaFantee Spundecired setting dawn, @adevice so -
- chosen th hadslth zB%@ fhel &y{u@r 8% .fe‘ééHi Oﬁ:ggerT&% e qg&e, HeVRbaryl, 11,

11 are i tica are typic orce velops
wi-th tJffhemasn%%mmﬁnb M 4Zicen by sqmgtroi d§hewshet pre véﬁtlaget downgyitheMtRouNERs t he

probe 53 as a function of time during

If, for exarhp!e, the hardness at the surface of coating 22 is to be measured, then
after bounce-free setting down, a basic load must be applied, according to which the
radial crown 89 indents the coating by a constant amount. | .
. . .The force F is now increased and the coatxng thxckness
20 assocxated with each mcrement is measured simultaneously. In thxs way a non-linear
relationship between change in coating thicknessAd and force F is obtained. If, as
per Fig. 7, 4 d is plotted as a function of F s a linear function is found. The slope
Mg, calculated as per Fig. 7 isa unarhbiguous measure of the hardness of the surface
of the coating.

25 The rotary magnet assembly 27 is excited with a stepped current as per Fig. 9,
whereby the current is so chosen that a linear increase in force results. The time
intervals I, 11, 1II are identical and are typically 0.8 seconds long. The force develops
with time as shown in Fig. 9.

Fig. 10 shows the voltage U (d) output by the probe 53 as a function of time during

30 the interval I from Fig. 9. In view of the fact that the voltage U (d) output is a
non-linear function of the coating thickness (d), the coating thickness circuit converts
the change in coating thickness from the difference in the two values U (d1) - U (d2)



30. the-interval | fromFig. 9. In viewpd £he fact that thék)voltage U(d)

output i.s a non-linear function of the
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specifie torque I'n vi ew of

pl ane 19 with the | ever .arm pl ane 61,

the m croprocessor 107 knows'

it can calculate the force F from

f:glels?]r at;autor 31 %Més £ LD%nPe?Q&Efa”{ Sse%fé}tdzu?%ﬁ@sgéﬂﬂérﬁs g@qgt‘ige' n the

no -par

measur erfénes thesa@se reqiires rutbqvmms'emmr@rprmahmlngsy const ant* at

constant applied current. 25 The i.nter

uposes._ For_ exampl e, rintér can be
pup ‘The m:croprnBessor ?O?p

current which corfesponds to a specifi
microprocessor 107 knows the distance of
20 of the central plane 19 with the lever arm
from these variables. Due to the constant
coil-resistor of the rotary magnet assembl

face 109 can be used for various

controls the rotary magnet assembly 27 with a constant

ed torque. In view of the fact that the
the radial crown 39 from the intersection
plane 61, it can calculate the force F . :
current, temperature changes in the

y 27 play no part in the measurement

because the ‘applied force is cor-r-espondingly constant at constant '

applied curr'ent .

25 The interface 109 can be used for various puposes. For example, a prmter can be

connected which ouputs characteristics of

the kind shown in Fig. 7 and 8.

.

“the di sthepecfopnulais &ivei i Figr&wn 89 from the i ntersection 20 of the centrau



Connect ed whi ch -ouputs character. stics of the_Engvzﬂgﬂﬂ_Lﬂ_ELg——7 and 8. ES
- 11:- *CLAI'MS 1. ~ Apparatus for non-destr rve,  absolute
feasurenent of the properties of<solid materials e ““rived from
the behavi our of a body pressed onto said mat erlﬂmm‘m\\m dance

* L BN

devi ce whi ch 5gui des the body onto th&lsurface ers al*s and an
ehEbtricaI evaluation circuit, conprising the inprovenent wherein: a)
the body .s a probe-tip insert in a known, voltage-generating probe in
whi ch a single RUAIMS set |loon the material to neasure the thickness of
thin coatings in the range of several 1, O0OOm and |ess,  .the kno pr be
being of the type thak- predRRARA U OUt [Gifer CORTILRETERLAVEoat | RRSO B?e an

electrical drive is connec to the.,l5 i danc ' an sses
the body with a BEARNEETEAL e hesraes B $904S ﬁgg;&'ggrlgegﬁ?%ﬁt he
“surface of the materi,al, N e ' f a
out put s represenﬁ'ﬁg ?a%]e %f%dg%%lﬁeess%%yigﬁg iﬁ&f ?’%ng Egk%gﬁ?t he

probe to the evalyali ofh£d r Ghiderials AURAM &S %Qﬁdgln@ieneqeivac@ awAidh

wherein the evaluation circuit recelives a variable representative of the

force expended. 58;:1ded\Difd Bdthy antd AR BUrTadenion 3aidiheteriallse and

25eval uation circuit indicates the slope of the function d (coating

t hi ckness) versusn[ereledfwiex]) . evaluation circuit, comprising the
improvement wherein:

a) the body is a probe-tip insert in a known,

~ voltage-generating probe in which a single pole is set
10on the material to measure the thickness of thin
coatings in the range of several 1,000um and lgss, "the
known probe being of the type that presses without
piercing.the thin coatings,
b) an electrical drive 1is connected to the
1s5guidance device and presses the body with a specifie -
predetermined but variable input force onto tﬁe surface
"of the material, and | |
s L/ ¢) means are provided for passing voltage outputs

. representing the coating thickness and the input force
20from the probe to the evaluation circuit.

2. Apparatus as claimed in Ciéim 1, wherein the
evaluation circuit receives a variable representative
of thé force expended.

3. Apparatus as claimed in Claim 2, wherein the

25evaluation circuit indicates the slope of the function

d:- (coating thickness) versus{ji (force).



4, ' I'n.claim2, wherein the force |smhanged

| ncrerrent al I ) us as claimed in claim2, whereih the increnments :
are equal u“l u‘!“a‘ Apparatus as cldined in clai m 1, wherein the £
el ectrica ) sovisded by a roth2y-magnet. 7. Apparatus as clainmed .

in claim1, wherein the el ectrical drive is provided by a linear nmotor. 8./

aratus gs clainmed in cl inth i dance .device is a |lever 10~
'a/hpgoch i%s ri Pﬁﬁ’”i&ﬁrféi‘t’%edfif'b ?ad@mlg fe'ghg‘F?HﬂFe 'ReEBBE8H v magnet - and .

carries thénqemestaber pendi cul ar to the direction of rotation. 9. Apparatus
as claimed in claim8, wherein the lever has two arns and carries the probe
and a counterwei ght on opposed arnms of the |ever. 10. 15. Apparatus as

cl ai med- i nAPPaTatys, as \ieimadh in KEime RettharfingthonFrements afeap@ial in11.

Apparatus ggeclained in claim 10, wherein the end surface of the
penetrating body forms the frustrurn of a cone with a solid angle of [err]
[err]. 12. Apparatus as claimed in claim11l, wherein the tip of the 20
frustrsm ohpsaja:ﬂus:eaeclénmad)mdéaimﬂf m-(aranctrmvmlemdidsal_adrﬁ\&disuproyfdedur vat ure
of 0,1to Q¢3: MNar rrggﬁ ny 0,2 nmm 13. Apparatus as clainmed in claim

1, wherein ?he prone e gui dance device and the drive are parts of ~

. portable instrument which Is to be set .on the nmaterial and has a wei ght of

i nstrument stands on hree feet.
a linear rnotor.

nore than 3 Q?a&&ms Aaikted mA\Eﬂﬁﬁ\aﬁUSvrﬁ%nﬁ'ﬂie”Eﬂctﬁcél'&W@ iSprodiebei n the =+

8. 'Appa'ratus as _cla"imed in claim 6, wherein the guidance device is a lever &/
1g:  which is rigidly connected to ‘the output shaft of the rotary magnet and
carries the probe pei‘pendicula'r to the direction of rotation.

8. Apparatus as c,lair_ned .in claim 8,.whérein the lever has two arms and

carriesthe probe and a counterweight on cppoéed‘_ arms of the lever.

'1540.  Apparatus as claimed in claim 1, wherein the p'enet'rating body is a diamond.

11/’!. Apparatus as claimed in claim 18, wherein the end surface of the
penetratmg body forms the frustrum of a cone with a solid angle of 120°
+ 20 . s

12. Apparatus as claimed in cl_a_imﬁ;; 11 aid—+27 wherein the tip of the
20 frustrum of said cone is rounded off to a crown with a radius of
curvature of 0,1 to 0,3 mm, preferably 0,2 mm.

18. Apperatus as clgimed in claim 1, wherein the probe, the guidance device and
arfs o
the drive are i-e-;La portable instrument which is to be set on the material and

has a weight of more than 300 grams,

2514, Apparatus as claimed in claim .13, wherein the instrument stands oﬁ three feet.
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"~ Apparatus as clainmed in claim 14, wherein one of t IS a transistor Hi)’
16. * Apparatus as clained in claim 13, wherein tj@" ' ! r’m”mﬂa heavy
Basepl at e ‘whi.ch has a cutout through which the pr L

Apparatus as clainmed in claim1, whered® =electrical wires ?ixed on 5

one hand g7t ha\ppaakes aelafifed fhecleirn a4, WRerdirbére b0 éef Ad BRRNGOPOI Nt are
hiﬁhl y flexible. 18. Apparatus as clained in clains 6 and 17, wherein

said stationary fastening point is located on the |lever at the centre of
rotati on q4g.t héppataauvsyasweginedd in>claini 33,1 8hereinApiainstruseashas|abhemyyl i N any one

of the precedi B%ﬁeg%a?%e%i'ﬂ)gnﬂgk%&'p%'%é“ %;ﬁ'hg,{gﬁ?a,gwbgssgs@cei ves a variable

representative paratus-as c In" claim 19, wherein a
vari abl e representative of the logarithmof tine is received. 21. Apparatus
for non-deps r uapparatussdsselhithed imaelain ¢ whéreid shidelectrical Wiesdixegant i es of

Solid mRterl al Soe HOR ANicalLie 8% PR LBRY 3! R ti6liF) Fa8Eerifg L oS 1 of
_ are highly f‘lexible._ _

18.  Apparatus as claimed in claims 6 and 17, wherein:said stationary
- fastening point is located on the lever at the centre of rotation
of the rotary magnet.

\_ 10 9. - Apparatus as claimed in any one of the preceding claims, wherein
' - the evaluation circuit receives a variable representative of time.

20.  Apparatus as claimed in claim 13-, wherein a variable representative
of the logarithm of time is received.

2f. Apparatus for non-destructive, absolute measurement of
15 - the properties of solid materials substantially as
described with reference to Figures 1-6 of the accompany-
ing drawings. |




