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TI TLE: DEVI CE FCR MEASURI NG THE PROPERTI ES OF SALID MATERI ALS' WHI CH CAN BE
DERI VED FROM THE BEHAVI OUR OF A PENETRATI NG BODY The present invention

relates. to an apparatus having a penetrating body, a gui dance device for h

gui di sai d penetrating body in a direction of notion onto said

mat er and an el ectrical eval uatloh CIrCUIt Probably the best known
exanp| & the use of the behavi ouy of enetrating body in_a material to
det er its ﬁﬂﬂﬁﬂtl(ﬁf“lﬁ&fﬁ@ﬁﬁ%ﬁﬁﬁ BHEnBB€8F8FIE§rQEe§QLID Her e

t here ‘exist a consi derabl e nunber  of net hod for ng 5 WE are

har dness” neasur enent, MATHREFALS H%WHQ%SSCANneﬁgurBEEEVED ROMK WL AE

har dness neasurenent, Brinell hardness _neasu gnEBb Her berts pendul um
etc. In view of the BEAVIONR Qheh SEENETRATLY qully or partially

destroyed, however, these methods cannot be used in a great many
areas of applicatiOn For exanple, if the hardness of paint is to be
nmeasured, it may be the case that. t ai nt

e S not canpl gg
penet r at ed. Desm?h?tfﬂ@?s?mﬁaF%Fﬁ?ngéondaﬁﬁé &Sna*Pr 28 p8§ E%eWﬁuu a
: t t at the test t | f | f ,
the rost “of Wi Benereating] "PhAT,f o Chilanty Sedte NHGS

finished object, is not neasured,.falPehg2pbast 19PECHTRRtIRA LEShoARH Men,

however, is .
onto said materials, and an electrical evaluation

| circgit. | €%

~ Probably the best known example of the use of' the

~ behaviour of a penetrating body in a material.'to
determine its properties is the measurement of material
hardness. Here fhere exist a considerable number of"
mefhods, for example, Shore hardness - measurement,
Vickers hardness measurement, Rockwell hardness
measurement, Brinell hardness measurement, Herberts
pendulum, ete. In view of the fact that the surface
layer 'is full& or partially destroyed, however, these

~ ‘methods cannot be used in a great many areas of ta

U

abplication. . For example, if the hardness of paint is

,

to be measured, it may be'tﬁe case that thé'baint layer
" is not completely penetrated. Despite this, the paint
is damaged.and it is possible that a rust spot at the
test p01nt could form the nucleus of corrosion, whereas
the rest of the paint layer is stlll in order For
this reason, the finished object is not measured,

rather a test specimen. The test specimen, however, is



la*- not the finished object. There are al so non-destructive met hods
for“hreasuring the propertles of solid materials which can be derived fr
t he¥y behavi our -under penetration. For exanple, it is known that, b
pIaC|ng an .ultrasonic probe on a material, the frequency nlsnatch
be neasured. This nmethod is very senbat+ve to the degree of couplingi\
the test object. In addition, it is not the hardness -2- al one
i s -measured, bqg@ysghéhpiﬁfgﬁgaegb}@égg depends substantially on the :
nmodul us of elasticity of the material, the thickness of the coating and the
shape of the objectThérepardréeul ag1sén hbr-abseknessve Themgehbag capopnl y
be used for conparative assessnents and not for absolute neas- urenents. A
further non-desteasurireg nethedpgopéntiiabsof uselidanatentals wAscHeseahbed
in the "lIndustrie-Anzeiger"” of 2nd Decenber, 1981 under the (transl ated)
title "Method floe desived fhemctiseihabehayiodrsunibuot penebfatdogingBér The
devi ce described is very expensive. It is also so |large that the object
must _be- br oughte%apphe, delt cels throvevekab,i sbiioplpoisgbae. wltvasenis
applled inductively and the depth of penetration is nmeasured by optical

di spl acement nERBRR e . %lmﬁgﬁr%%%:sehgerf§9§9§ﬁ?%nﬁ#§9éﬂ°hor°an be
_measurenent, it _is not pos t$4e to s % g determ ne the depth of
penetration i n B9S24 onet BRLF gk oght nﬁ?ﬁﬁdngsHEéYﬁnEB toe deggee

urement of_casegm%éﬁb lngu&{&ﬁyghca{eggnegsg££9n dfthEdQngg? [§£ ks

not the hardness
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inilar to the case of a mcrometer:screw gauge, the systemrequires-a very

ri gi g.yoke. The depth of penetration at.a given force is con--verted by. a .

di-f f7 ¢ul t\- t o- use nonmogram since the aeasured value js a conplicated - - &4

fugict wpn pf the force applied. An dpparatus has been described in GB.- = °

Pat el - Agpl.i-cati on 2155639A which is inexpensive to manufacture, which is

-so.gmal I/-that. it can be brought to-the place of use, which neasures

est r uctiye! Wiichis Gladlre8)\bedatpe atieicembted, valios alepends swbstangrBlyt s, whi ch

can al so actually asure the. har : i i0+d-he case

of i nhonogerR@ctie ’??g{’?]é‘tsi"ofl glas |’§Jﬁql?§ggs@{‘ec)rt'gﬁn%’%gg?zkzetgggﬁaﬁgr%?ﬁn?onshi ps,

whi ch ‘has nanexee istamyst ¢he obiset adnerHigYkHTe ONsERsBYISkRes it Lher Bethet e |

MEasUur ement §.,plonfj Bk | 2k4 WhRASMRYATvandseamned a0d bet isrdbiniutnadist | ed

pér sonnel . The i nventi on specified there has the foll ow ng .advant ages:

- A)." The proig®Msehi ch are al ready known, allow very precise measurenent of
“coat:i.ng thi ckness over a wi de range of thicknesses. In view of the féact "

. that -very prgi &ﬁéﬁhﬂ{)h%&%é{?@é HEENEB i 6indl s pluse imbhsurenents sasnldesaritedsi bl e

» Lo nmeasure c.oa\fi ng thickness diff er ?ncﬁgscertn!%rhil%'l BRSS! ﬁ%og{l};agqgfeg?arrp{ e,

-f.or “a coati ng thei CleAwsEiesAnzedogm 02 SUhETGE S h ‘coat | ng Thi tkness of 0.05 pm

. is easily defierd egbthdd Fer nedtiveltye case hirdnessndistribetionod f989899"pm a change
‘of “coating thickness,of Q.1 .pm.J Ntk § R anse 1ayecthas k| changes-in

coating thic 'ﬁe{%’céa%esﬁré%geér?gmaét@dag?%giete Ierrel | Qqw ¢ ]nsdfaciﬁﬂforp‘ce& To give

an idea of tdbdesti mstofe b'f?ég‘ﬁeé‘é%%rdﬁ"’fc&'rég%,re‘('%égéslrp PoPBP &xdnple, in the

range of 0.08,.t0id Hp1i8Y indddresayndndi thel deptiv o€ petrsratdon desnepsyeéven the

softest coating. 0w blackh&t Rlastlfieli2Bue! Baine! bhsDRSpRERINTGECES are |

very | ow,

for measurement, it is rot possible to safely determine the depth of - W
peretration in the micrometer range. The method is designed for meas- ° '

urement of case hardness with typical penetration depths of 500 pm.

Sihi]ar to the case of a micrdmeter screw gauge, the system requires

a very rigid yoke. The cepth of penetration at a given force is con-

verted by a difficult-to-use nomogram, since the measured value is a

comblicated fuqction of the force applied.

An zpparatus’ has.been described in G.B. Pstent Application 2155639A
-.which js inexpensive to manufacture, which js so small that it
can be brodght to the place of use, which measures non-destructively,
which allows reproduceable, absolute measurements, which can also
actuvally ﬁeaspre the hardness of the topmost coating in the case of

inhomogeneous materials, which leads to simple functional relationships,

h has no exotic system such as ultrasonic sensors, interference '

CC.

whic
measurements or similar whatsoever and can also be used by unskilled

personnel.

-



" dahger that -the deV| ce*wi |l bend under its own weight and it is pOSSI bI___
make it rigid enough for the purpose here described with very little /-
expé‘ndlture of rmaterial. D) Wth such 3ew forces, neasurenents’ aref
actually only nade in the surface zone which, in any case, provides
nost inmportant testinony in nobst applications. E) Wth such small _
measur enent areas the. rreasurerrents t hensel ves | eave no traces what soever.
F)* “I'n viewthef investibmepedihizd thegh henaheifer onbrdadvettabes:appl i ed hi gh

ener gi es neegl northetb‘?‘olﬁeﬂgmh':&dareé ENeLay gowhs’aﬁo@e{e %]Oprrgczsggme%sg%m:ggb Lausible

to use the device wt atter ower . t he
measur erent - i s PPHERtBAFkngss. e§pﬁ Hb@nﬁarﬂgeﬂfe'é"c""esw IFh’éeﬁeﬁlt(be fealn be

used to neasure that veryypreidel ataiblltermeasirendhts Wirk goesib1 & 0hes WY sdisfR@sur e
such thick. coat 'tgg:%a rtehcogf'ﬂ? 145 %’e?g gpt&tjg?é{'l%epgﬁq\ k’?"”ifai‘éﬂt g%%g& S

and -are descri b
Gernan. Ut | lity Par énE“?HBG'GEAk"EéF o@e%wh pshenge S@Itmtleclﬂﬁ%aﬂ@.os'rb@

i hventi-on deSChIsbﬁdﬂyl ﬂ‘et&tedBA]terRﬁEﬁEfty Aﬁp’thecaérig@ﬂ’r&ﬁ@&ﬁ@o%oo ) change
s

Do aposi tea on o SAHA8, HARRET AR i, () ned 30 e b o oassiion

be dep05| ted oh °34 €0
the coating 22 |cga‘fdea)déiqkee$so¢ﬁnt Iraegwlustendattyeextremelv Tow contact forces. To give

&n idea of the size of the necessary forces, these lie, for example, in the
range of 0.05 to 1 N.

\U B) These minimal forces do not destroy even the softest coating.
Y - . 3

C) In view of the fact that the necessary forces are very low, there is no
danger that the device will bend under its own weight and it %s'possibIe
to make it rigid enough for the ﬁurpose here described with very 1ittle
expenditure of material.

D) With such low forces, measurements are actually only macde in the surface
zone which, in any case, provides the most iﬁportant testimony in most
applications.

SR E) With such small measurement areas the measurements themselves leave no
S traces-whatsoever.
&_; I _ |
\_/' F) In view of the fact that high energies need not be applied high energies

reed not be supplied either. It is, therefore, perfectly plausible 16 use
the device with battery power.

6) 'Apart from the prebe travel, the measurement is practically

.dlsplacement free.



\pr obes whi ch are based on the magnetic nethod are used, then, the
g\must be deposited on soft iron. |If probes which are based on the
kurrent method are used, the coating nust be deposited on; for o
alumniumor a simlar metal. It is, however, desirable that
i/l s which are not deposited on a substrate can be neasured. It is
thue“that, H) fohd FdvEe. cRd & aEeAVH Y mheasudd |onh appryedmla) yragnetic
or non-nmagnetic substrates. B) The probes nust be specially nanufactured
because thghd/brpeupvedakurifaceane tine the penetrating body. C) Dependi ng
on whether the coating is deposited on a nagnetically soft material or a
- non- magnet Peoetserw hli chi tohea sare tsywehoft hdradbecor tdam@gshew i thpd igfh pr obe
nmust 4a be used. The expert who is, for instance, only interested in
measuri ng phechiaidmesbage ttheen| &wdemafiosurmanysysamsd er anlds aofe en does
not know what substrate |ies underneath the coating to be neasured and very
frequentlydhésnﬂkﬁﬂutef?nuiﬁ#tenpysa\k#yGﬁaB@néﬁﬁﬁbﬁgﬂ fatent magneti c
properties of the substrate. An object_of this inyvention is to provide an -
appar at us T8#38db destrlidanelfddd Xﬁ@ﬁﬁeéﬁriﬁéﬁsgﬁs\Mﬁcﬁeﬁﬂﬁ%onestrm
stated disgdvanta es. Accordingl t he present invention provides an

Patent Disclosure 25 5%40. . : :

The invention described in G. B. Patent
Apblication 2155639A has, however, the following

disadvantages:

CC

A) The coating ﬁo be measured must be deposited on a
substrate, such as, for example, in Figure 2 of
2155639A the coating 22 is deposited on the substrate -
23. If probes which are based on the magnetic méthod
are used,.then, the coating must be deposited on soft
iron. If probes which afe based oﬁ the eddy-current
method aré used, the coating must be depdsited.on, for
.example, aluminium or a similar metal. It is, however,

~desirable that materials which are not déposited on a

CC

:substrate can -be measured. It is true that, for
instahce,'paints are very ffequently applied to
magnetic or non-magnetic substrates. | |
B) The probes must be specially manufactured because
their tips are at the same time the penefrating body.
C) Depending on whether the coating is deposited on a
magnetically soft material or a non-magnetic material

either one type of probe or another type of probe must



ap‘aratus for the nondestructive, absolute neasurenent of a property of '
soi>rd material, which is derived fromthe behaviour of a body, penetrat ng%;

t hessurface of said materi.als; conpgising an electrical control and ;}/_
eval uation circuit; a penetrating b.ay; drive neans for driving said /
penetrating dy Jn,a directign of potion onto said material including '
el ectronot i vge)gd)r(ll%/gdheanﬁk%nﬁx(ﬂ?'égDBV’%ag&’_c PFolt i FRRiceE h%?afl?r ges
sai d penetrat] i | fd t.vari orce to e surface
of said mat e%g?r%%&genas“ ?Elr a'f‘%%%ﬁ"n'g”ggf iq#hs% leaégﬁlreﬁscél °outg £ s“;ﬂgl

represent i nobggaq sHAACIdE G hORCH Atk PR HsChEERH SRl SYALA AN Ghagult: and

a di stance-neasuring devi avl ng and second sections whi ch "al | ows

measur ement Ssgb siha th %?@&%Q&E%@aﬁ@i%%iééét%‘l sq%cwi@&s{;?@% in said

direction of notion of said penetrating body and has a resol ution
that is signahdcaeiry f&r@dlbehtufyamééleasleenh_t@lfwtdﬁtéﬁDyOE yery

. penetrating body, said first section being rigidly connected to said
penetrating hady, kwbwledye doFecbhd segghetiicc ppopRAitelle $ 0 of meueabl e
menber, means for finely noving said noveabl e nenber in said direction of
notion of sasdbpbtnateati ng body under the control of said control circuit;
t he arrangenent being such that as said penetrating body.is driven onto
said material salu srhedtseefi dhics imyention is to provide an

apbaratus for non-destructive measurement of materials

which overcomes the stated disadvantages. |
tj Accordingly the present invention provides an
épparatus for the nondeStructive,'absolute measurehent
of a property of a solid material; which is derived
from the behaviour‘of a body, penetrating the surface
of said materials; comprising an eleétrical control.and
eva;uation circuit; a penetrating body; drive means for
dfiviﬁg-said'penetrating body in a direction of motion
onto said material including an electromotive drive

means controlled by said control circuit that urges

said penetrating body with é specific, but variable

CC

force onto the surface of said material; means for
feeding a first electrical output signal representing
said specific force to said electrical evaluation
circuit; and a distance-measuring device having first
and second sections which allows measurements of the
distance between said first and second sections in said

direction of motion of said penetrating body and has a



drstance measuring device is caused to follow the first: section in contact

h so that the probe is driven bounce.,free onto said materi al and

'ter the second section is caused to continue until a predeterm neds~

e)/i s opened up between trmmgrrst and second sections; said control
ng arranged to supply current to said electronDtrve drive neans to

rob enetrate the f ace .of sar naterral whi | e an out put

ai d g‘ 3H&é°ﬁe§rg‘6ﬁ rjrﬁ &é&"@g e"eét &Rt the idPh rcuit the

depth of penetration the us iknvention ui dance

device is B \ﬂ%ﬁﬁ?fﬁti°n'ﬁﬁrﬁ%t aﬁgﬁeﬁﬂi gﬂgr % ipnéififcase

drive ahd SREGHIMCORERE AREI4LY k%n@tr@gg“zc@ﬁéﬂtzté“@%t' itk BT
Now, howeveglygf hey g{tﬂngaigofsé?ﬁnaw&w@iaﬁ bes ”Eaine‘{{'@éh"“ttoh 4 espect to

t he substrate i's n qui irectly neasured as was previously the case but

rat her t he mpanatyidl i 9ér | NReBRECTHR rriaeiqdmoatm\ga@ﬁrﬁ OV ESSLé S

measured at anot her posrtron in the device. di spl acenent required by

the pene- iepbdW WPBaid @Iﬁ@étié‘n'@‘ﬂeﬁro‘tti%‘i&' foforszﬁd heeri@é @it ahgi s no

| onger neasured by the suspended di stance neasuring device, but rather t he

starting -peiody ainébe TRRS-comtpelt dfs s&idt edntrdhatipesiityorewdi ch

represents the surface of the material. For the neasurenent, the distance

measuri ng cerahgesiaartt dedingh suah elﬂ-fateran rmhdirmemteatr\inghbod)i tsur se,

must be greater than the expected penetration depth. The features of claim

2 avoid andnitwemechbhoesgddr materied psladd arikondnsectiomesftizeent is

practical ly displacenent-free, the rotary notion of the electro- L.)
o/

distance measuring 'device is caused to follow the first
section in contact therewith so that the probe is
.driven bounce free onto said material and thereafter
the second section is caused to continue until a
predetermined distance is opened up'between the first
and second section5° said control means being arranged
_to supply current to said electromotive drive means to
cause the probe to penetrate the surface of said
material while an output from said distance measuring

device indicates to the evaluation circuit the depth of

CC

penetration.



rmtl ve dr| ve | eads to a quasi linear notion of the penetrating body. The
features of claim 3 give a penetrating body which is of the hardest kno
H‘B{,@rl al, which.is magnetically indifferent, the flanks of which can be
polished to.a very high degree, so that, when t he varying force is appli
it does -not or only very slightly scratch the walls of the indentation. :
penetrating body.can, thus, be nade as a true wedge whjch, -because of th\e
varyi ng forfisein heespepyiqus Tavmotioar 2s3UuisanFs enics it RER I 9dal te TR oke! - knowin
har dness - neaistirenRMie EVOODS Wi @be ,abheverns ¢ha pelietraditg. body i¥T4ed f feemtbeir es of
claim4 all owy %qn&n@nc{ Q?w%a{l‘temrq)‘fe ?ﬁﬁpq{e'ﬁ'gﬁedtﬁ§%@€'h§-¢eego Widrh aVpenker s

har dness measur enen be used all ow some of the.

at
weal th of eXidéingeiwée a&s‘ébéi‘%tt'&’ﬂ \)OP‘feH"RoUﬁv&g‘I”r "f'lsér%fn&ées“ 09 PetePst o be
used. The f @atwits rafpect! i theGsuhbirete sonet ofite déreptdal mepsused ox ey iPeaviwsly

associ at ed- yet &sﬁbhpguhepq{:.éjgéﬁ&amsw ﬁﬁ%?&rﬁﬁn@%od&sﬁdvaﬂ-m ‘f‘o@@etsufses of
cllaim 7 allow el ther worn gg,netratln new ones

ordi ff erenfeapuiRdet APHET BB *ShFptE 13(‘5"5:[8%38” ‘Icﬁme"%eaﬁurreeds ’()fthcf’%
“ensure t hat tshingpueetin akdergtobtostyr i tsedhbrioythe rakerdalsinne ilprpeD 83 suresnbyf or t he

measur ement 4yl ¢ Kpen dg'd Bk SRd me%ﬂn"g'&mce@tbu@ ReLhed kd spfrtingoimasutiRMRAt- The

S, o e o e SR i, ARl

addi ti onal &wettgymeat irenaper mméutcamg*n@twws dﬁY’éFéM“éél “"FM%P&F‘{EFE"&I‘%?F t Wo

per manent NRGRELS RE&, RredoBFseS GuitbE Breat@PEnanlithg eopectddeene posiot idepthwi t h -
respect to the |ever described in claim2, are to be found to the ri ght or

| eft of the drive shaft. The features of claim 10 ensure that {hese nmagnets
preduce no et Exehires of caain TRE0IH @At it &GP iec Pt 17 15 B1% PAad TR fragnet s
tauch each @¢R@femerSi 3CHaciiBally displacement-free, the rotary motion of the electro-

motive drive lezds to a quasi linear motion of the penetrating body.

ihe feztures of claim 3 give a penetrating body which is of the hardest known
material, which is macn euca]'l_y indifferent, the flenks of which can be polished
to a very high dcr'ee, so that, when the varying force 1"s épplied, it does not
or only very slightly scratch the walls of the indentation. The penetrating bocy
can, thus, be made as a true wedge which, because of the varying force, has

quite another significance than that of the well-known hardress measurement

methods which also use a diamond.

cC



‘t'he case of permanent magnets, very large imitial-forces at the
ghectronotive drive woul d be necessary gihe stop allows the magnets to be. .

at a distance and allows nearly cdnstant forces over that range whi g
into question at all for the pivoted notion. -7- The features of
12 al |l ow probes or special constructions which are well known and

pr Ngl LSt ) as nents t e use The meagurenent of the _

A T ar e el Y BRI ACHIRA Pire 03 ¥26Een pdGexmesisnesipstartotedmeish
ur enent \Vigkers herdhiessaneasurementsete e usedeer f or ned under const ant
conditions since they are nade in the device. Thus, the shape of the
i ndentation made by the penetrating. body is not observed rather a distance

neasur erfibet fedtures gfcotd M Ei Silodesdne b$ tHdRedli tHEoF! dkpeNpénfd) h¥sodilfed -
di stancgigﬁﬁf?u%nﬁ gew ce woul d be fog’gd in the inside of the device. The
probe i TN PEkwell Dapdness measuremsnt taike usedy o be measured. The probe can
t hus be used even when the material to be measured is very warm which, for
exanpl ey LS v%rﬁ | mpor } ant i'r]l the case of paints. By the time the heat
penet r afB8 TEFLHRES OFobkA 1M fica llRussAme Bfittheswealth efranperiancecasancdaterd
three taith8rinel harinadsNRESUreniSts ¢y e usggluire only a few seconds in

t he case of hardness neasurenent. |If the fall-off in hardness as a function
of tenperature is to be neasured, which is particularly inportant in the

case of Thé afelaitGres bFeEaimhy S | Yy ' Bgaidst f
devi ce. _The di armsnd or.aa:not f\ag-?ageﬁgthggtwfo r@ B%%/Hr?gﬂf?tngg?{vﬁsge?%eﬁégﬁggd

Since t R die¥; aRRSe Ofedififerent @evetnating bodypshsinesctdei ussdde t he device the -

i nside of the device can be cooled. The features of claim 14 nmean.that the,
maasureﬁrﬁnt error even for very hard materials is slight. If the
penet r af MhfepbiKes pérclaimn® ensupe tdnt athes peoetradépg thody is safeld ihhtts \J

resol ut sedrtiag pdisti6r ol Bk AEYL Hemeh €Y et N Fafdd-position, at the

start of the measurement. -

The features of claim 9 avoid the disadvantages of a spring such as fatigue,
hysteresis, friction etc.. As a 'magnet'ic device which requires no additional
energy, the permanent magnet is preferred. In particular, two permanent magnets |
are prefe'rred which, depending on their position with respect to the lever -
described in claim 2, are to be found to the right or left of the drive shaft.

- The features of claim 10 ensure that these magnets produce no lateral fbf‘Ees-.\-;9
The features of claim 11 avoid thqt the magnets touch each other,-since, in -/

-~ the case of permanent magnets, very large initial forces at the electromotive
drive would be necessary. The stop allows the magnets te-be kept at a distance
and allows nearly constant forces over-that range which comes into question at
all for the pivoted motion. e




due to the resolution is of the order of only a few percent The feature
.of -€laim 15 allow comercial, fully deyel oped, highly precise probes to
used. |f capacitive distance measur i ng devi ces are accessible, the featu '
of claim16.allow these to be used. As is the case for distance
measurenents in accordance with clainms 15,16 and 18, those of claim17 are
al'sa.conta free-and o i m 18
al'l ow i roncrk" TR URSCRf & 1FHg ac%ﬂﬁ?le(%egcq; sPt'S,dd'ﬂ onlﬂ%c{iﬁgslt gggﬁcﬁg nh%!;l.gurl ng
devi ce. Tha&néwaadndrvedl cpfoxcehaunntﬂ't}gaﬂéhs'lﬁﬁeﬂrfmfs ttﬁebes%ﬁef’ag Bfasprraent of

counter - po'tﬁ%?&@frﬂq Qsptﬁfﬁngﬁ anatirrgebody . dddesl from onisdime.nedhi s

| d Th
T e o U FbreR i g W REF SpOLR Gl WGl pence, T

coating whisdicedtiag aneotade dckthe weyich; Thb)?r, bb@a?hilpe °frﬁh§h’t"dﬂ\§ai‘ﬁé “E%E’l f the

‘covering -cq Pddt Eéih@r’r lai &@Fancd eadueatent @8 thé cl ai m 20
reduce the ga r?glger% ? éﬂpéj“%%glﬁ%

anpl e ol t he
-counter - poIPé"ﬁﬁW“ PR h‘a‘!‘iﬁee@rfffﬁﬂ ng(.y ki dlsﬁaq‘%& rn§£ast(‘:%r e%tv?%n factors
sare require@uid bed feunl i ar erlei -nmdeabﬂehe)fdevhe dh%tpaQbGe“rreﬁ*y&sr atrandistenl d

assume the distane | NEL Y e tnum§ Hef s@hesvém a& ethe Ukagerdibnt
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i‘'ons o he di stance. nmeasuri ng\ devi ce
{ a few seconds in the case of hardness measurement. If the fall-off in harénes
~ as a function of temperature is to be measured, which is particularly important

e in the case of plastics, {hen, this cen be done by cooling the inside of the
device. The diamend or znother penetrating body is impervious to heat. Since
the distance measuring device c2n be positioned inside the cevice the inside

of the device can be cooled.

The features of claim 14 mean that the measurement error even for very hard
mzterials is s11ght If the penetrating body, for echp1e, penetrates to a
depth of 1 pm and the resolution has the specified degree, then, the error

due to the resolution is of the order of only a few percent.

The features of claim 15 e1low commercial, fully developed, highly precise
probes to be used. If capacitive distance measuring devices are accessible,

the features of claim 16 a11bw these to be used.

cC

As is the case for distance measurements jn accordance with claims 15 16 and
18, those of claim 17 are also contact-free and of high reso]ution
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“are set down upon each other. The features of claim 24 ensure that the
stsr.Ilty exi sts of nmaking the preCéS|on of follFowing sufficiently fine..

The-fEahur es of cIa|m25 avoi d the Gse of fur'ther joints with their M
assg ( ¢d play. ; The features of claim26 allow the threaded spindle to :
be .drdN) 5|rrply and in addltlonflnely in both directions of rotation. The
f eat laim28.a CESRR lg; ement for the

di st anet rre slff*"ﬁ&s ae\?#‘c’gv\‘tat h@ real- ??8% upﬁsﬁgan‘lelcgcf kgév'gebfrhi/ P e¢t | y and

sinply, bathel Hsterfe Beespridg vitY¥eea mi ni num of joints. The feat ur es of claim
29 ensure that the device remains small but, despite this, has fine

Mvenent Pegsk eQ*JrL& 'o?? Jiﬂr‘(ljgbr%u;ﬁuaqv‘ﬁ!e su-xl-ﬂ%e oeattl'b'rc%ﬁt@xf pg’llz gy OW on one

hand an extre very, fxﬁ ever .which, in
addi ti on, é%ﬁ‘&r@'@"?er'é‘éﬂéﬁ‘i‘?-r b logy "°Tﬁé’df’e°at U‘géé’mgf’ ’?fr'gu 39 sure that
the thr eaded:rsepomdine neadrfiot geeneexasedly chirgpped but, despite this, nothing

i s destroyed. The features..of cl al m 33 nean that on one hand, the device

is flat.and, an the otg hand ;10 rrg E }% dsance measurlng "
devi ces - andhe fatysenaf tirndp B‘Efdf/’tc&ﬂ HOT B T’élfp PR I 9 %Ne feat ures
of -cl ai m 27 caitlioywiinh does hatndracke vhipherfor exdmales mpht htikbd eﬁgtif ttand, on the

ot her hand cove g TBEKIRS Liés £+ Gk sbuPlcepdi@: @ @atdohc: Mot Or does not - interfere -
with the probes™in as far as these have magnetic coils. L -The features of -

claim 34 all ow measurenents to bé easily nmade on the ci rcunf erence of
curved bodilesfesturks a§ cléior Xbredvpt dhe GEses ofrictriBR PGPS s Rt $%¢™RIB} ects. The
features ofyglRtiRPoRhiOVoRALE-BACSock dea of where neasurenents should be

The feztures of claim 21 mean fhat no cbrrect%on’factofs sre required if a \.;
calibration value of the gistance meesurement should assume the distance value

infinity.

The festures of claim 22 ensure that the leads for the probe have zbsolutely
rno effect on the gu1dance device leaving only friction &s a possible uncesirezble

force. The purpose of the follower is simply to follow 2nd not to cetermire eny

forces.

The feztures of claim 23 ensure that no undesiresble forces act oa the electro-
motive drive and its bearings when tfe secticns of the distance measuring device

are set down upon each other.

The feztures of claim 2y ensure that- the possibility exists of mzking the

precision of following sufficiéntly fine.

CC

The feztures of claim 25 avoid the use of further joints with their associzted

play. .
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made for such prismatic objects. The features of claim 36 ensure that
t he devr ce stands-optinally mdependegt of the shape of the material tg-
.mtagured. The features of .claim37 endure that the device is not handl d ‘
once it-has.been started. Since, in any case, the device requires a ffewy.

tenths of a second to prepare the electronics, any vibrati ons caused

pl aci ng of THeh®s tlowd secmqtésearm esa @:Lretmes,mme thive driNXR sid Eq ngl nce\
subsi ded. the first distance val ue

I at
repeatedly d J@iduaﬁ?qe'éfﬁé ttﬁéli d?ﬁﬁ“@ﬂ%ﬁgég‘&h“rhe devi ces have no effect.
The-second val ue need not be Specially deternmned but is rather already
stored in tHeefedanbcef cTHA zfseaubrr €8 Pécebdady FosIANSES Bf rbherthgfi rst val ue
noner cal <G4l Lecore Fg SR shiree Pt F A EBBhnbuh BT ot ol g ¢ e
di f f er encasSi™p J’orbd@r"’%’bf‘ifét*’éﬁM‘Heatﬂié‘"ﬁér‘?ét-’ﬁa’ttison depth. The val ues .~
specified in claims 41 and 42 are well proven in practi'ce for the: .
gfg;yrggggpﬁgtrugés oPEPihY20A I LRI o0V HRERAN ch) X, frapaned it gﬁugm
fully aut ohdfi Esafige mapmEntapres FRdpitdes dercithn EReR- and can al so be operated
by the layman. The invention is now described usi ng preferred illustrative
embodi ment fe ABGLr ewsﬂirrom nefbly b extremery qfe/'aﬁa% p% W59, the general .

arrangemeng ective, scal ed sectr oned vi ew of
g Fi g.
t he (jeVI(:e"and a very light ]ever wh1ch, jn zddition, ensures .rcedon .rOﬁ y1uy

\ The feztures of claim 3 ensure that the threzded spindle need nct be

\“/ exzctly stopped but, despite this, nothing is destroyed.
The festures of clsim 33 meen thet, on one hend, the dev.ce is flet &nd, on
the other hend, ihe roveneuts of the distence neasuru.g deviccs &énd the
penetrating bedy can be compared more eesily.

* The feztures of clasm 27 zllow on one hand the lever to have optimum length,
end, on the other hand, the magretic field of the electric motcr does rnot
interfere with the probes in as far as these heve megnetic coils,

Lo
\_/ ~ .
W The festures of claim 34 allow measurements to be ezsily mece on the circumference

of curved bodies such s, for exemple, pipes or other prismetic objects.

The feztures of claim 35 allow 2 clearer ide: of where measurements should te

rmegée. for such prismatic objects.



A cross-section through a backl ash-free bearing. F| g 3 A
prosgedhi ve rear. view of Fig.2 tothe sane scale, however, wi thout the i
COYE ate. Fig. 3a A cross-sectygn through a secti oned t hr eaded spi ndlw'
i nql wdi¥ng active connection to-a leaf” spring. Fig. 4 The bottom-view to
Fi g /Fig. 5 A detailed view fromFig.2 to the sane scale as Fig.2.
Fig>6 - The side view and bottom view of a Vickers dianmond. Fig. 7 The
si dé’vi ew aweh@m@a Y fa 3@@nmmﬂ£\@kh39@¢swlskanqg WW]'&PQ&EP& ,v&v' th
mount . Fig. A section in the area of the threaded scr
per spective Wfl@\ﬁ/ﬁhﬂp% RE the @atesfiat ke bFH'i'ePﬂ”'FQrot of the device. Fig.10 An
el ectronechanical circuit diagram Fig.11 - A di agramin connection wth

th—e.hardnesgﬁhgﬁﬁ%@sﬁgﬁ 1o 97 Hnure u€ RAOLATLL s SORIGRNER DAL W b0 11 oW

behavi our i agram.show n rce to be a
function.of bepmetartedy Jigce, '”I'Héhﬁéﬁ-ag'@ tYipureyjres e fpn éﬁéhayfaa fsemdl on

- of rone-of the ﬁrbﬁii‘elﬁhb@!dr&ﬁs Ray virb@tiods oﬁumtw tiel ptaRidPof The device
rect angul ar, dﬁ on I\ which are screwed into

. avy .and, r.i S Its
"t he ‘bt t om (91" tt aﬁfrdf’]e hi% aWdtb\H % Enad RAT 5esr¥g Fdces.shaped as
hem spher es 17.and 18. They lie symmetrical about a central plane 19 and

< 'symretrical’ m@%ituaest Bar&wi%rwmmnaﬂﬁt%emlrﬁhdis&amrmn@lhEuieaéatm the
“tentral pla othe{ront e 22 of the plate 16\){ The

dg
transver se F?FB?TB”?Q 5°i ﬂ?gcﬁnﬁs"é’afﬁst‘r{b Bryi cesdhpse 29 efifech $P¥ar edge 23
the plate 16rahasneaedhmttd:erber.raWWdetemmdtimtfwcuradha' tlrandy stooed 36 thiai ch
serves as thgyfpird but fixed foot. The transistor 26 al so serves as a heat
" sensor with which the temperature of the material 27, the properties of \/ -

which are to be neasured as. _ , _ ,
The features of claim 39 ensure that the first value can be determined very o/

easily.

' The features of claim 40 énsure that the numerical valie of the second value
is always svailable for forming the difference in order to determine the

penetration depth.

"The values specified in éléims 41 and 42 are well proven ‘in practice for
the measurement and are easily electrlcally or mec anlcally nanaged

without great expenditure of effort.

A circuit in accordance with claim 44 allows fully automatic and rapid and repro-

ducible work znd can also be operated by the laymen. \~,f
o/

The invention is now described using preferred illustrative empodiments. The

drawings show:

Fig.1 A side view showing ;hg general arrangement.

Fig.2 A perspective, scaled and partially sectioned view of the device.



a functlon of the penetration behaviour, can be measured. Verti cal suppor :
cofums are screwed into the areas-near to the front edge 22 and the reaf
edge 23. Arigid, heavy netal cover plate 29'is screwed onto these fro {;I
above. This.forms together with the plate 16 and the support colums 28\ a
very rigid, heavy, pro- tective and, in addition, suff|C|entIy heavy cage.
In the central area a rotary, magnetic éésenbly 31l is to be found on the
plate 16. This is comercially avail-. able. It is fastened rigidly to the
pl ate by rreans'ig)f 28N pegids st £catRn IBroudina GidiBAshifpeeSREkIng.Ne subst antial |y

circular cyli I gal ,r t ssible, a-
depr ession fo?qrré ng aﬁsﬁ%ﬂem% ?E,,;’Zgg'g ﬁﬁg?%gt%}%\ﬁﬁéﬁgwb@?ggfh this in the

plate 16 in h th a t count er sunk.
P e ar W8 than o8t éﬁﬁe%‘*mi“ SRR el SRt A T ough
the end frame 32, V\/ne ega/t g 1e I‘tIV §haft 34 runs paraIIeI to the
transverse plan% il G Vv 34 carries a_lever 36 with a left arm
37 and a ri ghtFigrfn 38 de'Fh’éeq éiférf"%ﬁlgsz Hathe Bre sRiaps Fiss?-heavy and, due to
its broad shap'eg bs aheseidatvdbw and igitthmfview bthe Virkesediemopdir poses in the

di rection of %aﬁl OthedPide MGy bRVEELoAG WP o 8 biteShaT ARt RRRRAINGL 6l Y
proportlonally y theogttheravishadunt.34. The left and right arms 37, 38 are

formed by a cenfral pi &Q‘@ioﬁ']inv{’ﬂé Qnarﬂrﬁeﬁﬁre?dek%l:reuo the central p| ane 19

and extends b er i pher) t he rotary magnet
assembly 31. tge%tllchue’ﬁE hois ‘ée ee?"r n s hgre ‘% theigﬁ'd%z"r\tt?r}?\theldﬁ\'ﬂérds whi ch

still as a sirf§sd0bl d&l@‘?%??&'eqhh't’éﬂaﬁf@'gﬂ djA9ERTe 44, 46, V\/nereby the end
pieces 44, 46 Fag.elj ugtdiagrabrinacnnacstidnheit eéhd haxbneps emeurddent. | n t he

ur ement Dy Oy 41BN BIEAISH didn AP cTolbelRfcd.l €l 1O the transverse
pliape 21 and ani cal stop

a t h
477 1's provi de?%é?mé‘ngf?féméa‘?’ff?ga'fhg 'écc? °4bf aafﬁﬁ ‘fﬁs 2 fh"ctm"%é Tcﬁh en the
central pi ece FA2:1¢ontThe velteggeouspup yéﬂ*e Prdhe 2f @y Bpctdy ?fa@e PEdEhEPe t s
furthest position in THELF SRR §B-Hrect -

A metal plate 16 is rectangular, heavy and rigid; It stands on two bolts which

- are screwed into the bottom of the plate 16 and which have hardened faces shaped
as hemispheres 17 and 18. They 1ie symmetrical about a central plane 19 and
symmetrical about a transverse plane 21 which is perpendicular to the central
plane 19 and parallel to the front edge 22 of the plate 16. The transverse
plane 21 1ies close to the front edge 22. Near to a rear edge 23 the plate 16
has a hole 24 in which can be found a transistor 26 which serves as the third
but fixed foot. The transistor 26 also serves as a heat sensor with which the
temperature of the material 27, the properties of which are to be measured as
a function.of the penetfation behaviour, can be measured. Vertical support
columns are screwed into the areas near to the front edge 22 and the rear edge 23.
A rigid, heavy metal cover plate 29 is screwed onto these from above. This forms
together with the plate 16 and the support columns 28 a very rigid, heavy, pro-
tective and, in addition, sufficiently heavy cage. In the central area a rotary
magnetic assembly 31 is to be found on the plate 16. This is commercially avail-
able. It is fastened rigidly to the plate by means_of an end frame 32. In order
to seat the substantially circular cylindrical rotary magnetic assembly 31 as
low as possible, a depression forming a section of a cylinder is provided beneath
this in the plate 16 in which the rotary magnetic assembly 31 is partially countersunk.

CC



Won.3s\per Fig.1l. If no counterforces are present, two permanent ‘nmagnets o
pS|‘te poles 48, 49 hold the lever 36 in=this position. Furthernore, the ~=_ .
dgrm 38 with its end piece 46 cdf¥ires a counterwei ght 51 which Nt
s With respect to the drive shaft 34 the weight of the left -arm 37
hel-uding those parts, to be described I ater, connected to it. In
accordance with Fi-g.2 a termnal board. 52 t i ch-t wires 53, 54 are led.
t0 be flbuddiversheSp3bef threretady MPHRE aé‘f’“&rv@ Paéﬁﬁ\l\%éﬁp"qhoﬁ‘ﬁrva nmagnet

.asserrbl Y 3k%rime Sesihgnsy tho dgiveanartodi rensepeaatiel tepheodawisidree phangd. t o t he

drive shaft,, 34 when_ih ur t €%, 33 @Jga,chia ﬁﬁ*’bgcular
| evel . The Tlh%)tdé}vﬁ sﬁ:ﬁ'}t ? é’gfse%”%llk\n% ﬂewi‘% Pef? rm n g t

can gﬁ dr{ ol t é Wh 2
danage wi t Hhe Hevedriﬁv‘é Baﬁ’af%f ’G&ahelsdh%at"étaf’ e é’ﬁ 1p§t S AR50 hds
si gni fi cantydiyjcbayome gri@nt piiposds i aimedirectioni Oéa’Pﬁté@ #h T@s‘ﬁlﬂo?ﬁt iface in
Fig.2 a- rretg Sk'pﬁé%d ab?hg&gf3;%%*?{%%1&3‘%‘?&% HMveberalpt s des of the central

-plane .19 an astened by a neans not shomn ThIS has in
_ parttcular the shape drawn in'Fig.5 to the scale as per rg . I'ts base 57
TS of reubi cak 19Mapel ridhbhind3T,hitaidetorned by Boentrabaiess 4nthdch ransRara'dm f ace

58 - 13 tewkeﬁtr% P r%aa‘ieﬂndp&&tenaﬁlb%ndath@wmph% b5 tiRceradnd 02 asd far as
its circul ar cP

e oJ I ) SyoC S
“vertical axihg "GH”YVW]P’EH aéf% yca}'rggﬁﬁ% §n% k?g gg grl‘a2 qg %U}TM Em'al‘és
t hr eaded blnach BGhe 259 simget biock rpesadieid 5;5'0%’1" ece Aty é%e%r%’e h,e\ew ckers
di amond 67 axtengs 4‘@' JJ@ ju£§ o} QRoddr MNthd aeneraAngietdiel.t bp theggiasvrendnti t s shaf t

|ntotherecess 6 her e l.der. E hén%szCQf'aXaal to
the axis 64p°sftt’§"’si'f§p‘a‘d ps'lerd:éscr,lt{)s pn, %WB{’IQ] %8 t‘ﬂ@ trifiverk p 1 r

| t s the
shdpe of a gfycamied aise iherghl dnkg éﬂC@f“f‘f"ar”e'“B‘f"aTiéﬂ ]‘“PI 'f s’st ?’To“ cng"l‘zg"f"’f'éned -
for a | engtfeOfentraP Piece €2t B4td UAS Hiehr thagdentrial 9iedeptl wotastH - hol e 6Q

pase thr ouget o Oy iR iV hkansckdisanmpetts67 to
pass througﬁ°FHZ SF ?gmigkq1%n%ﬁg%§1gs%§ﬂﬂbh:Mﬁ1 i s t

jon as per Fig.l. I¥ no coun;er‘orce? are present, two permanent magnets of
opposite po1es 48, 49 hold the lever 36 in.this position. Furthermore, the

r.ght arm 38 with 1;5 end piece 46 carries 3 ‘counterweight 51 which balances
with. ne<pec; to the drive shaft 34 the weight of the left erm 37 including those

nc

‘parts, to be dcscr.bed la;er, connected to it.

In accordance Qith'Fig.Z a tefm1na1 board 52 to which-{wo wires 53, 54 are led

"3s to be found cn top of Lhe end frame 32. The familiar rotary magnet assembly 31
is desicwed to give é q01te exact, reproducible torque to the drive shaft 34 when
the current in the wires 53, 54 reach a particular level. The rotary magnet assembly

31 can be driven constantly without damege with the dr1ve ‘shaft. 34 held stat1onary \;;?

The end piece 44 extends significantly beyond the central plane 18 and carries on A\

| its front face in Fig.2 @ metal support block 56 wh1ch extends on both sides of

the central plane 19 and wh
in particular ‘the shope drawn in Fig.5 to the scale as per Fig: 2 Its base 57 is
of cubical shape. A blind threaded’ hoTe 59 is bored 1nto its bottom face 58.

ich i§ rigidly fastened by a means ‘not shown. This has



of the rTight arm38 is- reached t he \/ckers di amond 67 is wthdrawn from .-
t he-t hrough-hol e 69 and cannot be damaged. Since in the illustrative :
emhodynent, a rotary nagnetic assenbly and_ not another form of el-ectro
drive,~such.as a |inear-notor or simlafi’Has been used, the Vickers.
di anond 67 describes a small arc. Thus, the position of the axis 64 al
changes sli ght 'y during this novenent. This is, however, not signifi cant =

Onl y. t'hen, hh? al: %hﬁlea%? tpgs? o4 g}(grrﬁ‘uﬂl ngu@Zec‘bsn b0 #5013 qg{;ﬁbﬁ‘g{]& t he

top surface of t per pendi
appropri ate su‘f*‘f'aé@"%‘eg?ﬁéﬁ‘t 63 ﬁ‘E%@‘l‘rﬁt é? .haq “??“”F‘r’éh?"éﬁﬁﬁﬁcaﬂ hads 44 Rockwel |
di anond can alwhichbd saisecresdvindshio ithe aecesldawis @ fulihe EhElaBeSN iadRolol B sfsaped as

a [err] or [ertth tsmaeedwsb i, rao,té@&%destIpvefke.rsaaialauadOWZeﬁmfss Qﬁ»‘&e@ﬂ' {5y _upon
the task on h efrating bo apes can be used such as a

n
Brinel | steel a%&"tl ?“MB%E heP pepder 8% f%éhaﬁf‘defé’ f’&ﬁ' Fisess danfeis7 ixphi ch
becomes f.| att etheteoniah daldene8t dp.11 Gy nupmiali trakhet axis [fd. dentshak 9l deperildl a

grooVe 72 i's pmopthdaehal m; heweeneegeonmasvwecshapelafhtp;rﬁepmh aﬁar@% oFi .5,
extends t'o the [

g 1., b e 71
éxtends into a .t a?hft %)%6 7% g%/p ﬁwe aqg?’ngé ‘méltah]e"%ﬂ;um % I)’/Ef”}‘l]i ége? i ron
pl afe 74 i st dhpRYel dbisdtion A 'E’B'O‘tgbﬂ’mﬂ%lé& aligapd Withuths aﬁf@)-'f |520ntfa¢ P'liltlaelﬁpl ate
74 i's rect anguhadus anel vi ket RRsRCERH Pysst BRofthi the GAatet T2 Betierabp By ane 19.

as. well as the {hr %”?h‘ée{ §e38pl e ?2;6 tIerhag(%F{ Qi8asny Eﬁ?sew%hdm:?ﬁf?'&i e.rais

provided with a coat ss of 2
pm Bel ow tHiEeuph- aﬂs 6A43nd %aﬁnqttke i eade |56F'F°oT" e iBHStpiﬁ’m erhgdimentar ds. and
kagned Wi th taheotay meghetit 3s@npIyOdR nbf mbiieh felr k6 eyt idReL ilRGRRE] Guali St ance
e
appl

urement pr naCLﬁLﬁ'emlgr Wi CnﬂgAl %j&n%@kéﬂ II'EW*I%QJIE &(&%F? 6P¥:‘escrﬁ;6%

i cant under
used for the r\"oﬂ'ﬁe‘st‘rcuc‘t"i‘%e*ﬁe%[‘éu"r’éf‘ré “"Bfa*isné t°Pﬁ°ck’hé9§§ 561‘9"‘&}?1 furéeat i ngs
whi ch are depdsist etefent aTisibit, riavever, rot significant. Only then, when the tip of

the Vickers diemond 67 is in contact with the top surface of the material 27,
is the axis 64 to be perpendicular to the appropriate surface segment of the

material 27.

Fig.7 shows that a Rockwell diamond can also be used which, in accordance with
_ DIN 50 103, is shaped as a 90° or 120° core with 2 rounded tip of radius 0.2 mm.
Depending upon the task on hand, other penetrating _body shapes can be used

* such as a Brinell steel ball.

Above the base 57 the block forms a wedge 71 which becomes flatter towards the
top. Symmetrical to the central plane 19 a groove 72 is provided in the wedge 71
which, in its depth, as per Fig.5, extends to thé right well beyond the axis 64.

CCo

The top of the wedge 71 extends into a flat bar 73 of the seme width. A uniformly
thick soft iron plate 74 is to be found on its top fzce, which runs horizontal.
The plate 74 is rect_acgu1ar and is intersected by the axis 64, the central plane 19
as well as the transverse plane 21. The bottom surfice of the plete 74 is provided
with a thin gold coating 76. The gold coating has a thickness of 2 pm.



Rr obe type T3.3H of the applicant, which works on the eddy-current

ol e and which has been available'for -several years for nondestructive- -
gnent. of the thickness of thin gpating on nonmagnetic materials, calne
g¢.used as the probe 77. In this case, the plate 74 could be nade of )
um and the pernmanently oxidized surface |ayer of the alum ni um woul d
sl.afe 't He gol d coating. The spatial configuration is such that. the -

di st ance ‘betpem@nhk Ratel m F8hOfts [ RRRTAADEr Fck 1 BbihiiRg GpkaduComl §MGhed6 can be

t bet th till
2o et 86 s e £ P L o, RS sl Wbl

pm The:t hi (?R‘r?éygedf’d t"’hh‘- dBQF CPée'bé%]tdl Ry Bfe AP BYi th 4ra 1emﬁert thehni cal
know edge. AMesighdthonbEAle3| Thiz rpeobel 2%t bas, up he nokk dearnsed yei WL fontiéd@rick fve 78 and
the bottom @ashfifedt! 84 Sne/ thikhel S itHROESaR Hos %Edha#eeﬂepgq{edt 5 s{vb%@rag

ot her di stance neas- uring devices of sufficiently fine resolufion &n be
used,. such -as the capacitive. distance neasurenent method, mirror devices
or .si'ri | ar. . Tmherqpe dlyee 7% 30 of rthgisdblicsng) dvhich workobe tl?é)etidymugreooaxina{puo t he

. axis 64 i n 'fahd?wﬁi'cgmas @bch Walﬁbw%ﬁ se\JePécﬂ fsikdlesr %H&ﬁluc‘%ﬁe%gsvﬁbn&nts whi ch
.extends in: |; [pove 7 obe 77 can

far

e ol gneq 8 on ePearte 3 E3irand' oY shewBKR TR FRLE 10 £1h bk yepdkas | shaf

- 82 at the | é%PrQb? W hdn dhis easehdhe pBater Uneouptibelrkésl of o unirdud phtheer se- pl ane
21 and carr |p%aﬁnf1ygéﬂli%ea sl PeBlor thacn1eiiatin a14 Sep3QRl@E @ig DOth its
ends on plllg bl ocks 83, 84 which project fromthe plate 16 rigidly

upwar ds and rﬁa.play free bearing for the shaft 82. I n accordance
with Fig.2a thls is achieved'in a sinple manner, whereby a prismatic groov\/)
_ Bﬁ with ;I aﬂlkdssfa&‘,md’nf'@a}ok%nl beEidhexiwaﬁt haeﬂsthﬁxeemheatthew $8 B¥ gm dedhl n .
the top fac . W 84 [ gated on the ‘
f1 anks of tﬁﬁobg Z JA‘&‘ li)%\lszﬂod ﬁltpn% %hga% o Sﬁlteggg%ﬁgﬁgs a?‘??an%‘a% ﬁme(%e'fs ~
geonet ri cal ing f:qurse of the vanous still ;o be described operating status. The thick-

ress of the gold coating is 2 pm.
The thickress of the oxide coating on aluminium is common technical knowledge.

As will be explained later, the gistance between ‘!'e tip 78 and the bottom of -
the plate 74 is the important variable. For this reason, other distance meas-
uring devices of sufficiently fine resolution can be used, such as the capacitive .
distance measurement method, mirror devices or similar.

The probe 77 is rigidly held in a hole 79 lying coaxial to the axis 64 in the 3
right end of a short, inflexible arm 81 as per Fig.5 which extends in its right ' \;,H
area so far into the groove 72 that the probe 77 cen be aligned with the axis 64. '
Other than shown im Fig.1, a horizontal shaft 82 at the level of the drive shaft 34 s
runs parailel to the transverse plane 21 and carries a rigidly fixed arm 81: The
shaft-82 is seated at both its ends on pillow blocks 83, €4 which project from

~ the plate 16 rigidly upwards and form a play-free bearing for the shaft 82.



oy

4 .
tudinal axis. 87 of the:shaft 82. In each case a spring plate 88 is screwe
infq the top side of each pill.ow bl ock,83; 84 with a screw 89.and doubly,
of fget in accordance with Fig. 2a. The fobes 91 running above the shafit /8
press sai'd shaft 82 dovvnvvards agai nst the flanks of the groove 86 allo
no play. In front of the pillow block 83 a collar 92 is screwed onto th
shaft 82 so It hadortdics veNAQL 24TONS J second but |arger collar 93
is screwed 'g%@e qu i3 ec 1t,1 {r? of tiﬁe‘t} a}‘?‘cg \Aﬁs'r e EHS "pEphAPrismetisi | | ow
bl ock 84 whi fef > to "“Fl‘d't"i?&ht’é?:’t""cdh'ét B? | Fofechladbse Busrionigedper at i on
and only pr. é(ﬁerﬂ"s ‘t‘ﬁ%“éhh# 192w foll guirs rBdviSAg Thoakf1areaf Br watedSondhe A§LHET 0. 2 '
during assemDltle orooid. knoked. 1rEhg obs fstgsem gf, \ i ch has
a rectangul alyd,paﬁoa %9%tf| %qla& ég\rs% ene g%gaagﬁjgf acege%'% 'iﬁ‘g t8ei-ar 93
as per Fig. ir his 1s mich h&# adé afﬂﬂ'”fguﬂ t) 8% a8 [sedewqdointbie
central plah® 18 §ife jof £2¢4 gl‘d°‘d|bi®$t&3@rﬁ4 ‘A(tlr@rehmgbg/,and B&bfﬁ @P?k&'

di rection restgrdesmepenblircol as. hier vibes 9u r@nmab 8o vReHR &AL,

eonetrical¢d i Ra! 4aX artlcu IE fﬁ’gégT §n
g.g 3, the féﬁ%g?t ?‘ﬁ’nm ﬁ%gksb%fhl RIEHE s%éfhaf % MePlpt &w?quagneme?

assenbly 317 ‘E"hlﬂﬁfk égﬁt@&h"ngﬁ iy sciewedrtionthe swér 82 @mgFththBhrcaﬁoﬂH&fet ers
~of the | engbdskefest Hesgload eutlﬂiaa@&d cmartgbws scc;amaaarn% k¥l LR o¥ th?”gf AL Tts
i

ht d ' wehn
wnioh o 11 Vel og. Fay bR e Bek MR Gufed ks oot conspes e i

and sorrewhalf g‘t”é’r‘%?‘ﬁﬁ%‘d%o“‘{ Héﬂty PrgEents glh@ Sénﬁ s fp@moPing 1t @fr tdMsrueaf
-spring 96 i&s ms!hece tonvpEdembINSorPEr kidc@ed. 38, the rivet has a brass cup on
i\i{ri ght - hand si de which extends towards the right in the shape of a

he 'sphere.Th%B ﬁCCOI‘d nqe wi-th Fig.3a, this hem-sphere is pressed into the
fhapks 101, 105 0f"9%0% Ar'@alSAERY Shnrkichi s br pasdzramBugtrosseseat loovi¢ Bsteiep 99
to partial Ity @agagef:cfhe vpi ndler 4D4s gar rFyg B Thiteid REcBadiiner mqe\] s0f D ass

oo | a0 anen O shatg ALl Bk oyt Do plielDale L, T, K be

rotated ale,ng'!a Quet ri cal ongi t udi naf

backl ash in the "l on'@ t’TJ"dr‘f‘léI""’d?‘%‘ Et,‘f‘aﬁnh“‘?’t? 't hits 2dtrdperpendidudsar tontpepl at es
107, 108 arf&Ht oA dEdei tupiineh zatseef.abt ermetle seqi ﬁHry.cmmrhhelephqtﬁ. dg.and lie
hor i zont al tmdcesaraafr@t%dnawamlan@.emc;fa? thi GLES e ERE us%..mtyhﬁseébea“ ng

pI ates 107“.&Q§|‘.09a§.l‘| F‘Sex;egé)s cvael;~ roug r'l_ly 2! re]éoqguarters of d-e 1er.g¥‘1 op?chec pjlj;ear

16 &nd is, thus, com peratively very long. At its right end as per Fig.2 is located

"2 through-tole 97 as per Fig. 3A in which a rivet 98 is located. The lezf spring 93
s mede of spring steel and somewhat pretensioned so Lhat the right end as per
Fig.2 of the leaf spring 96 is pushed forwards. As per Fig. 2a, the rivet has a
bréss cup on ts rigﬁt-hand side which extends towards the right in the shipe of
@ hemisghere. In accordance with Fig;3a, this Lemisphere is pressed into the flznks
\‘,/ 101, 102 of a thresd 103, which is broad erough to allow the cup 99 to partially
K_/’_ engége. The spindle 104 cerrying the threzd is macde of brass &nd is arranged &t
3 cistence parallel to the central plare 19. It cen be rctated zbout its geometrical
lengitudinel axis 106. There must.be no becklash in the longitudinzl directiom. To
this end, two besring plates 107, 108 are provicded, which ere-‘astened rigidly to
-the plate 16 end 1ie Forizontal and sepereted zccording to the figures. Ezch of
these .beiring pletes- 107, i08 carries a collar bearing 109, 111, whereby the coller



1117 i's scr tMeTEEStHET Pt &oP3

2. 16 - bearing 111 prevents the spindle 104 from novi ng- downwards and the
col'l ar bearing 109 prevents the spindle fromnoving upwards. The.collar ", < .
begri+gs 109., 111 are designed as baté -bearings. In order to provide s'uref_\-.vL
gui dpnce, the cup 99 presses deep into the thread 103 on the [err].fl anks
10%-4nd 102 as per Fig.3 and, in addition, lies in that plane whi ch st ands
hkBl/. .to the central plane. 19 and Wmch runs through the ?,ﬁorret rical
t.0gf t ubli rlﬁlanft\?'l&l T6venTshend opindTel 10K frafemaypnhdprawansa ﬁ?és‘é‘és“ Fo§aH"ehe
beaxi 08, and up@rdsl1TiRNEL1G & bearsngsi TiodlI 1 are .
conpar at i FfrF‘éﬁ" %E%ngkfﬁﬁ?%e |@ﬁ redvolu\@ Sihee PRRALGUEAR LY dsO the
central. pldseﬁegn.&_@asmg] geatiingih el °"ff'2 8 8YEsS * nf?ﬁ fﬂl dgear wheel 113.
The gear V\J}%ﬁ!hnéol@hd $hrdéd 163! obythe aoedde'thsowlg@&ﬂ%ﬂscﬁe"l Eignd 24 st r at ed

ggdf‘gﬂ'nghl #difﬁgl Tzh.{%a tr’ﬁt %'laﬁe dhichesrahys Bﬂaﬂeﬂcw ke BErited) fledeviBiand is to

corn S e tor 114
718" | ocat edhtiich am‘rsotls‘pmj‘ thecoeRme tEAca! f‘fﬂ&ﬁ"&ﬁ"@é 'Y g lﬁ? RL tﬁ]g&t %tq lééﬂi)G and
which is cannactRd ¢ 'sgésdtbfo@g"hdthenbammmpb(be 109 amethbe'-a}taﬁgbepnase\él 107, 108.
“1n the-ared In front of.. the:- supﬁq# Cﬂr%@“ﬂe@wﬁéﬁ nap whi G Pevalvean@ke iron
_ _ eYver Cally standing | eg of which
carri es a padiaddg. Mtrehqentn'ltnjlahe Barries a start switch 119. The switch
.- serves to ensure that the apparatus i s not handl ed once set in operation.
Al'l the parts described up to now Oufk REar WH¥R1 hagt om of
whi ch is. tFe portwaebtld ﬁ'égaﬂ?safé""i ﬁgpggg‘?tqh%\}man? 1 ég egts qut of
t he housi ngs Waiven blyfa Féductiowi gzer iwbidhoipaotyd bpshrated B&‘t t"BW JBJé t &8 devi ce,

then, 10 O DEr vt 50 MLLHEMANC 1 1P URER. is 1EhbBeousey Lhorearorish® hopbr al | \/

the wires reguiveBFYrdY 8156 rotar net .asse f nd the
el ectric notrmer iiébearFeQrzunThGu‘ﬂece/”c WIS 1f° 38 TBlated tn 4 RébsBIORER J‘%Cﬁ
15 fastened rigidly to the plate 16 and which is connected rigidly and in one

piece to the bearing plates 107, 108.

ront of the support column 28 as .per Fig.2 an angle iron 117

In the area in [
leg of which carries a

is screwed to the plate 16, the vertically standtng

board 118 which, in turn, carrles a start switch 119 The switch serves to

ensure that the apparatus is not handled once set in operation
- AN the parts described up to now are 106ated in a housing, the bottom of which
is the bottom of the plate 16. The start switch 119 projects out of the housing

wall. If the device is to be vsed as a battery operated device, then, no other

~ Otherwise, for remote operation the wires required

wires run from the device. |
7 and the electric motor 114
W

for the rotary rqgnet assembly 31, the probe 1

'are run ocut.

Fig.10 shows the components already known from the prior art, namely:

the distance measuring circuit 121 whlch corresp01ds to the coating

thickness measurement circuit.



Fig.10 shows the conponents already known fromthe prior art, nanely: the
di 8tance neasuring circuit 121 which corresponds to the coatlng thlckness
nmeasur ement circuit. 17 A coating thickness neasurenent is nothing
than a di stance neasurenent. In the present invention the evaluation is
made in the formof a coating thickness, rather in the.formof a distan}

which is to be eXDAaéBS‘ililém%t %&icﬂﬂésépﬂ%ﬂﬁﬁseh@i’ﬂ nﬁoﬂ{iggaﬁ{o?‘

keyboard 122, an interfac ,- @ m croprocessor rotary

MRgnet Cont rothgh T SUBY sE3F c el pUATHAREPLE CHA ' R bFQHEﬁEO}n¥%%ti%nr0tary

magnet final control elenment 129, a nomnal current wre an actual
current wire 8Be, e¥ d1a/d PEbnadisudoE OfBARAEY 88, farw o la?4co¥\’t&%§753

54, a magnetic field coil 136 and a tenperature nmeasuring circuit

mot or cont rol tAB8kheas Wriatheriimthiet b ranodf s dd $£ahd? ahd ¢h T dlo
nomnal/infinite wire 141 is new. These wires 139, 141 pass to a notor

final controlbel expheihtdl 1lates. el Brendappeceaitues incl gdek drdovsphay

nom nal -actual conparator line 143 as well as one which cones froma

nom nal di st ame8 keyboiard4u22, The intedfagie cl23,is hédrdptoaessbirage via
a wre 146 whjch represents t he di stance between the probe tip 78 on one
hand and the bf&re@ MmNl 2¢e dtnRbaninaagnete aantnel efscaide1@8Tcait 144

sends the nom nal di stance val ue
programmable current rggulator 128, a rotary magnet

final control element 129, a nominal current wire 131,
¥‘) an actual curfent wire 132, a nominal-actual compar;tor
-/ 133, a wire 134, wires 53, 54, a magnetic field coil

. 136.and a temperature measuring circuit 137.
A motor control 138 from which run a motor on-off’
wire 139 and a motor nominal/infinite wire 141 is new.

These wires 139, 141 pass to a motor final control

element 142, This element receives a signal from the

nominal-actual comparator lihe 143 as well as one which-
comes frdﬁ a nominal distance circuit 144, The latter

circuit islfed with a voltage via a wire 146 which

CC

'represents the dis;ance between the probe tip 78 on one
hand and the plate T4 on the other hand. The nominal
distance circuit 144 sends the nominal distance value
via a nominal wire 147 to a nominal-actual comparator
148, and the result of the nominal-actuél comparison is
fed at the correct point in time to the moﬁor final
control element 142 via the wire 143. This drives the

motor 114 either clockwise or énti-clockﬁise via a wire



via a nomnal wire 147 to a nom nal -actual comparator 148, and the result
of. the nom nal -actual conparison is f.ed at the correct point in tinme.to L
the s/xgt o\ final control elenent 142 via the wire 143, This drives the N

nﬁtnf'1;4 ei ther clockw se or anti-clockwi'se via a wre 18 - 149. The
devicehwor ks as fol |l ows, whereby an#rﬁ&ifu prerequisite Is that it
has \.Og calibrated and initialized: Because of the permanent nmagnets

48;- 2 _“the nigght arm 48 contact’s the stop 47. The Vickers di anond 67,
~thus, finds itself in its topnbst position and has been.safelg ,
raised from th&hemadeviigle works amheoliqys7g WeereRYs aRhelBdld2toati ng

76 which corresponds to the distance 0. ‘A current is suggLigd to.the
coi|l 136 vi apreeequisddes3, 154 thath Lt N385 coRRERr-E3FRE2LEE  £RE

permanent magnets 48, 49.° A nom nal distance of 40 [err] is programed
i nto the nonindtigildZ&8ce circuit either permanently or by the

-m croprocessor 124. This :nom nal distance is 0 bgamaltal.k b he
;pfobep 77. Bﬂ%?Wﬁﬁ(ﬂfquﬁﬂp?ﬁﬂﬁq?ﬂteﬁ%ﬁ%ﬁ#slié’dh?géskﬁﬁekggﬁgrxghch t hat
- the probe 77 ves .do rds. ., Sipce the cl s S Ll ggen i ng. the
- cbuhfer-torqﬁgfgpm§ﬁ§ %ﬁ%qﬁsi%ﬁﬁﬂ$£'iﬁpﬁ%n %é%éa?tg§?ﬁéhgopg’cgg?%69976
during the pings shd% ald N0 e OGFAYEE posTben hHE  hES! Be@n37

" .turns

safely raised from the material 27. The tip 78
contacts the gold coating 76 which_cbrreépénds to the

distance O. A current is supplied to the coil 136 via

CC

the wires 53, 54 which sets a coqnter-tdrque to’ the
permanent magneté’ﬂB,' 49. A nominalldistance of 40 pm
is programmed into the nominal distance circuit either
pefmanently.or Sy the microprocessor 124. This.nominal
'distance is to be maintained by thé probe- 77; . The
motor final control element 142 drives the motor such
‘that the probe 77 moves downwards. ~ Since the coil 136
is still'génefating.the coUntef-torque, the point 78

remains in contact with the gold'cbating 76 during the

C Qe

regulating pfocedure.' Thus, the 1left arm 37 turns
counter-cloékwise. as does the arm 81 in the general
arrangement diagram of Fig. . 10. 'In the actual
embodiment, the arm .81 turns clockwise because it has
the same direétion as the 1leaf spring 96. .This
regulating prbcedure allows the probe 77 énd_the plate
74 to move downwards. At a particularfpoint.inl.time,

the tip of the Vickers diamond 67 touches the  surface



coynter-clockw se. as rdoes the arm81 in the general arrangenent
diagram_of Fig. 10. In_ the actual enbodiment, the arm.81 tur

. clagkwi se because it. has.the sane direction as the leaf spring
This regulating procedure allows t¥& probe 77 and the plate 74 to nov
downwar ds. At a particular point in tine, the tip of the Vickers di
67 touches tdye swhéfme€erial8atofaridiaiced atotal m@veandydfasther sineeany ‘-
further since the torque generated by the coil 136 is just sufficient to 7
counteract tiige foseguefgéherptednbgnthengokls138, i49jbet suffdefientient to
press the tip of the Vickers dianond 67 into the material. The torque of
the rotary negnetumseeatt ytBé fercehas, thei pennandnkt magnews 48el 49Si nce

t he nomi nal distance circuit 144 requires a distance.of 40 u t he notor
final controbutl ewdntsufifiglilents toepPrstsH the tdp af ukhie \(niq%k?ra 78 of
the probe 77 reaches a distance of 40 pm At this point the notor 114 is
stopped as wizmondh€7\vivker §hgi maded idd-i sThE: tasaMer GF1 FhBotREET ¥ ce
because the tip 78 continual |y supports the plate 74 yntil, the diamond tip
is brought tB2EBSE BASERRLYodtli dFy tHYSH BRdntinedhathd dgH ?%“xa/‘é unti |

it is at the_required i the plate, 74. . Th Fdis.i d
St epai o6 | n SLEGRaaRe MamiRe) hsEEnBer I (Ppa b AR, ERau ok lE S e

distance of 40 um, the motor final control element 142

alldws the motor 114 to run until the tip 78 of the

\h; probe 77 reaches a distance of 40 pm. At this point

the motor 114 is stopped as well. The Vickers diamond

67 is set down fully bounce-free because the tip 78

continually supports the plate T4 untilfthe diamond tip

is brought to -rest on the coating, the probe - -tip

bontiﬁuing to move until it is at the required spacing-
ffom'the_plate T4,

The force F is increased stepwise in accordance

with Fig. 13 over the time interval ¢, whereby the

. : rotary magnet circuit 127 outputs stepwiSe increasing

currents via the wires 53. 54. The time intervals Nos.

I, ITI and IiI are equal and are‘typically 0.8 seconds

long. The férce, thus, iné¢reases with time as is shown

in Fig. 13. The tip 67 penetrates into the material 27

to a depth of roughly 2.t§'0.1 pm. The force is now

increased while, at the same time, the distance

associated with each force level is measured beﬁween

the tip 78 and the plate T4. During measurements, the



.ratary magnet circuit 127 outputs stepw se increasing currents via the
wires53. 54. The time intervals Nos. |, Il and Ill are equal and are ~ -
typrsdl |y 0.8 seconds long. The force, thus, increases with tinme as is ~
ghowy W\n Fig. 13. The tip 67 penetgﬁges--ifnto the material 27 to a depth of
roughtiyy2 to 0.1 pm The force is ow increased while, at the sane tine,

o he. ol BL8S8RCSD, PRI ABas SPaTee Lo - TE 1P - WATAIRS  Toconbs

: Il er. f the i.stance .is .39. hi s,.neans t.hat,. after the
€rence haé?béeﬁiﬂt’a@g,s @‘%3%% 5’ho t’t hagt\pﬁrpclgé.‘res dcﬁr@%ornecfmbei l??a% bp%?fét rated
0.5 [err] iptg..th i als Vi el iff GE 1 S A d, at
the display eéggn’kg}%‘;ggé %lflf%é Vﬁcygé%prﬂﬁrﬁog{dg%gehrﬁss\ﬁ%i%|?ﬂ erface
123 and fed tg _gthgnm GLEBI 0GESS Ha tINSiAM 4. Ifptde § .dnde 1{\¢reased
in accordance WI5t hﬁxl‘zll g. _1%, t hen, at he penetjzrzrgtti on cf'ept h fafgﬁs%(‘:él:l?atétéed P%\n th
each force leyghikcatelt ai ged theM dikgI1ever afdecnedfdirdli steEes. ¢ The
. change in distance Ad is a non-linear function of the force F. If, as

 per Fig. 11, apgroprphtet edengaivist ther rintdrifamn 183 sanh tdtt@ thé near
-relationship results. The slope nF calculated according to Fig. 11,
- Is an microprocessor system 124. If the force F is increased

'in accordance with Fig. 13, then, the penétration depth
associated With_éach force level is obtained from the
evef decréasing{distancés. 'The'éhange in distance Ad ka/
is a non-linear function of the-fofcé F. If, as per
Fig. 11, Ad is plottéd against /?, it can be seén that

~a linear hélétionship results. The slope mp ,

calCulated'éccordihg to Fig. 11, is an



-19- unanbi guous measure of the hardness at the surface of the materi al

25
Thus, .the f'ol lowing can be defined: Fischer-hardness = [err] Fig. 14s
t hegsvol tage U (d) output by.. t he probe-147 -as a function of time during QXQL

time.interval No. | fromFig. 13.Since'the voltage U (d) output is-a
non-|inear function of the difference in distance (d), the change in .
di stance difference.fromthe difference of the two values U (dl) - U (d2)- ,

i S S0 trans-unénmbipwds imeadure odi SeakdeEneIB A% Uik NG rEdck Cdf ﬁheltgajte{'] gt hg Jreasur ed

'val ue is dingetdy tio the neasured variable e voltage U (d)
cannot spont aneousoﬁgr%PQ{nl Lo mg'for ce F due to the resistance nonent

resul ting fromthe penetratlon of t he \/ &e_rfs di anond 67 into the surface
of the material 27. F-iEeliertisuranesg rement of current |, which
flows through the wires 53, 54, |smsel ecfdéd such that the vol tage 11 (d)
remai ns al rmst tonst ant when the voltage value is read. This point in time
‘is “shown in Fidreldr ishows ¥hervottapeltt (B) oatpubirbyatbewdriobd 7paisnd Funtpvew 6l idet can

be .seen t ha'fduﬁihﬁ! t‘ﬁ@'tﬁﬂé)@nie?vd"leﬂ’dj ! W'F% Q.3y Sp@feof \;ohﬁég [(ngltgr,ﬁt arts.

“The sane i s, tr e 0 iecond and third a3 are
fnitially sfoldd ’B’Fﬂf B‘f“ﬁ ‘é’gs‘lfd”feuihtfﬁ%‘"re“%“ﬂ h’éftaﬂ‘ﬁ% (¢}rathe chrepgerinl dii s tamcer
‘relationshi gitferquee fFonythel #iffesance.of the twbevabdsevifel) sy $672‘)t1s 33 t|"§15-

‘possible thabrmkdGn e Tuimel YARI G pROGL Phl Ak A5RLR, Of 40T 1S 110

sufficient. In this case, stance Ci sh‘pB]"F%’ﬂYw th
a nomi nal. dPE"P&ﬁd&"adf“ thg n@%amsl eriade- ghe apltege &. (d)fcannmsmdarmﬁusuhe
har dness, t @164 ote Felavi dug tafthemee-rsluarhcez?ombr& Pé&ubﬁngeﬁr&ﬁ Rhd Sehet FASLH

cange | 1 dePLRnSR Al LPLERERr LLI M L Eed il 2R O 5, enEJsd'reZE?rEtyed
at the di sp%ﬁy"&ﬁﬁ'eﬁéfﬁoﬁ'rdenizlz whitigh f3pwspthronoht biee wineaisghts4l iimesedérawn i n
Fig.12 is asahreet theasutage of (d)hfembtmvahiebnvbuint e SeORFtREIUALLON 1 S
given in Fig42qpis point in time is shown in the right for Fig.14¥ by an arrow which
points upwards. It can be seen that the voltage is read immediately before
the period II starts. The szme is true of the second and third periods, the
measured values are initially stored and processed further so that the trans-
formed linear relationship as per Fig. 1l results.

" If the materi;] is soft, it is possible that the meximum allowable penetration
depth of 40 pm is not sufficient. In this case, the nominal distancé'circuit 144
is supplied with a nomina]-Qistance of, for example, 100 pm or more. If, instead
of the hardness, the flow behaviour of material 27 is to be determined, then,
4 ) the change in distance difference &d is read in logarithmic equidistant time

" intervals as per Fig.12. This information is processed and displayed at the

" display and keyboard 122. The slope of the straight line shown in Fig. 12 is’

. a direct méasure of the flow behaviour. The slope equation is given in Figle.-



' . -20 . .
-20- The nmicroprocessor 124 drives the rotary magnet assenbly 31 with a
Aqnt current which is appropriate to the torgque output. Since the .
dr ocessor 124 knows the di stance of the tip of the Vickers di anond 67\/
hﬁgeomstrlcal | ongi tudi nal axis of the drive shaft 34, it can
P SYARrRERESOFat e sirdtes tbef rtasy magnes assemhly Gdnwitine canstant
g1 adudrent lWHGEH Y gagmrmsw%e%ﬁ@%ra&b 'di¢ph "1 't@[earm%g:foc‘eg&r

rorary rragnet assenp since the increment o case,

const am24 ¥pews ﬁf‘ér‘f’é&éNQQ@fcﬂ?ﬁ ddpvaf \tAeuwepwb@mem Gﬂofr‘rmk&hg)lgepmetnca'l

t t
DL Dae RGOSt 6 1 LAl SHEFE B4puHPUAR SHEI AU TG THESL \Erfatge®
noves dihenforge &k CDUET e th?sFgmsﬂaytsm}‘rrenhattemheeammetﬂw:ltuatmns|Ilavannot

st ands u flaf erd a f t he
surfaceé(f'cf%l:%/hoglew f}{&ﬁ #%sftlg%ésé]ggo%/% grat%;éfg'wg'?%t éggﬂ@& %io'sﬂﬁ'?ﬁ'n % hen,

of courideremerd Vlfcmcs Biisnoiml By casejocomsigat. exact |- y per pendi cul ar.
However, in practice, this is of no significance: If: i s assuned that the
| ef t arm37 as per Fig.1is 35 nmlong. and the top surface of the materi al

27 |iedsthe 1ntanfamay12t3rom isesve d:aahommswt-pm,s t PFean exadmie,r @ pHihser RaArbeer r Or
of 0.0 W, neas nt .uncer.t ai nt For clarit t he
above :)Er océ@ure pI@ﬁlﬁgdowésn%urc {'/Ti?taﬁéef'lﬁ TGuFYTe FI?ﬁNcaf‘attﬁé n

starti g Eigt Us: ambé‘ibstlit.’us after initialization" set electrical
counter-torque to permanent nmagnets. reaction of the system a) = probe
touches plate b) probe seeks to mai ntain nomnal distance (40 pm c) .
probe dhd pimoé the §idbewswdialmond .67 moves along an arc. The design is such that d

in a particular position it stands fully. p_er'-pendicul.ar.to. the flat surface of
the material 27. If the surface of the material 27 1ies above or below this
ideal position, then, of course, the Vickers diamond 67 is no longer exactly

perpendicular. However, in practice, this is of no significance: If it is

assumed that the Teft arm 37 as pér_Fig.l is 35 mm Tong and the top surface

of the material 27 lies + 1 mm 'av)ay from its idéa] position, then, this results

in an error of 0.04 % which is far below any measurement uncertainty. For c‘lanty,
the above procedure is exp]amed once more by the fo'l‘lomng flow diagram: |

starting status:
see "status after initialization"

set e1ectr1ca] counter-torque to permanent magnets.

reaction of the system: _

a) probe touches plate _
b) probe seeks to maintain nominal distance (40 um)
¢) probe and plate move downwards

d) tip of diamond is set down on test specimen

e) probe can assume the nominal distance once more.

A4

motor "STOP"

\

measurement series
‘ . Y

status at the end of the measurement:
see "status after initialization™.

4



d) ti p of dianond is-set down on t est - speci nen e) probe can assune the -
nom nal " di stance once nore. nuotor " STGP21ireasur enent series status. at the
endyof the measurenent: see "status after initialization". -21- "As ¢
be seen fromthe flowhart above and as has al ready been nenti.oned, t.he
system nust -be initially calibrated. The procedure is the follow ng: Aft
swi t ch-on, ‘iR @arbebseesefena tthatflewebeliti gbo¥8 and eatheaa Speciyftieen derdtiemede from |
the plate 74pphichy, rfugf] g)ﬁqpila?lly l:§l15%9[1"|7Yhé)fpr5c|3@ur9riqe{heo'fo]‘Fmepgm The

motor 114 is now swt stays Inits POSItIOI’l because
of the stop M?"aﬁd"f"hé"vpé? ﬁaﬁéﬁt‘eﬁ&g}ﬁé'i §he4é‘91§8 ¥t preBHdfiErdistingeved away
fromthe platrem t¥e Prdte! 74t 18K aGVIexImP1 8,0k 4 Rao@hilioeitthe créarcnf s, MRANS t hat

the probe 1Tl 190 58 (A1 SLEERUACH. Ofhd sl Fucstdye! B8l sbt pdssagn | Onger

danped. This tancé can, assu Thi s vol tage

i s taken by. bmuﬁ?cqfoféh%)@é%dﬂ ang tdedpetmenent W@?@aﬁégﬂfg The PEPRBE 777 i s
driven to_ the rﬂ&.ﬁ&@@%eﬁ \ﬁﬁ&%@w& ﬁnvol%e[d@fdel-,zé&rwme 40

[err] + 15 finjty" and

" noni nal 323 'é& P"”Tk?é Sy BPRAP 78T 1610 l‘%l}em 8% pﬁ%%sur ‘hr‘rg nt Wn?/ch was t he
prerecui si- téoa&ertdwpalt. it s mslhecesprﬂMQLher@dufqﬂrtq be t'idfaizat. Shisare

expl ai ned O%ﬁaega'srkawéd By tw%mu&‘é’sm fd?oélﬁddéﬁgé’damheﬁée@fefr'ﬂge pheeUsy
rotary nagnet asse ly 3 OFF" %Jh Cﬂ: _)(plagt or_ ex%t_ I q‘laanl cal
stop 47 due td SpEfEREReE ??E@"ﬁét%"“ﬁ%”ceﬁ gtween LU aad Chum, P18

+ /- 30% so that the system knows the two values "infinity"-and "nominzl

distance". The system is now ready for measurement which wes the
\\’j : prerequisite 2t the start. The steps required for initialization are

s
explaired orce zgzin using the following flew diagram:

starting status: rotary magnet assem bly 31 / “OFF"
rmotor 114 "OFF" :
plate 74: at mechenical stop 47 cue
to permenent magnets 48, 49
probe 77: normally spprox. 40 pm distence

Y

_ fetch infinity point
%o this end: motor "ON" + motor “1nf1n1ty
determine "infinity" point

Y
crive probé 77 to nominal distance (zpprox. 40 pm)
Y

/ status after initialization:
rotary magnetic assembly 31 "ON" with

force 0 Newtons _
motor 14 "ON" and driven to nominal \a1ue
plate 74: at mechanical stop because of
permzrent magnets ("e1ectrica1“
force = 0)
, “probe 77: at nominzl distance (approx 40 pm).
control zactive.




-probe 77 n6rma||y approx. 40 pm di stance fetch infinity point to this. end:
. "+ notor "infinity" deternmine "infinity" point drive probe 77 to:
\ stance (approx. 40 pm) stea2us after initialization: rotary r-«'

ma senbly 31 "ON' with force 0 Newtons notor 14 "ON' and driven to
nomi i, ue plate 74: at- nmechani cal stop because of per manent. magnets
(“eRecHTqgal" force = 0) probe 74: at nomi nal distance (‘approx.- 40. pm.
cont Mol tive. . - 22- Because the arm 81 and the |l eaf spring 96 both
extend>~+N the direction of the rotary nagnet assenbly 31, a saving in the

overal | -length is hiev d ever_arr enent I's sinpler and the
al i gnnent wi TiT tte ?ﬁ[ éﬂ%hﬁafﬁpngg ﬁg S &Y 1nt thgi disection f t he

construct i onef tmeemﬁany imssmétasembév t3dnta savih@verthe oweraglriabdthnisaschpevedFi g9, 1
can al so be Rl RetedrrahBaicAtas Wibplkrr 4a0the0s11 ERRnaRPS MiPicRGROr di ng to the

- I-nvention i sdl%ﬁ,rdas—z 4 ShAALLLuty Whellined o A BERP LIS Yenath st -

coatings as-use exl on properties s can
easily be med®ortEEt: Arlevfecddigretion as penFigrl CF'EiBb@r?e stkesteds material s
:.can be measured. It is-even possible to check whet her the surface of the
~material to he nmeas- ured is clean: If, for exanple, the abovenentioned
;" quart z coat iThg memsunity naghed the apparatus according to the invention is extra-

ordinarily wide. The hardness of very thin quartz coatings as used for anti-
refiexion properties in spectacle lenses can easily be measured. At the same

time, very soft rubbery elastic materials can be measured.- .
It is even possible to check whether the surface of the material to be meas-

ured is clean: If, for examp]e the abovementioned quartz coating is not washed

with neuhylated spirit prior to measurements, then, the "hardness" of any iayer

of dirt is measured. This fact is easily recognized 51nce the measurement points

are scattered much too much about the straight line shown in Fig. 11.

If the material to.be_measured has a perfectiy_eood'surface end the measurement'
points are scattered more than the regression iaw allows, then, it can be seen
that these are unusabie in correct neasurenents whereby the error may stem

from various sources. The neasuremenu points must, in fact lie as near to the
straight iine or on the straight line as may be required by the law of regression.
Incorrect neasuremenus can therefore, be very eesily sorted out.

The dence is workmg in the elastic renge (Hook). No permanent deformations are left- \J



with nethylated spirit prior to measurements, then, t he "hardness" of any
layer of dirt is neasured. This fact is easily recognized since the
measur ement points are scattered nuch too nuch about—the—strai ght |iné

shown in Fig. 11. If the material 2% be erfectly good -
surface and the neasurenent points are sﬂm’ﬂmﬂﬁgﬂ’&n t he- regressi g
| aw al | ows, tgmaIMst can be seen that these ara " i n correct t
nmeasur enents, whereby the error may stem from vari ous sources. The
measurenent points nust, in fact, lie as near to the straight line or on
the straight line as may be required by the | aw of regression. Incorrect
neasurenments can, 1theAnfappanstwerforashéynonteetraidtiveg SB¥oi@tieS
working in the elastic range (Hook). No permanent deformations are-left-
CLAIMS 1. An aspsutrerntorofl e propeediyr wdt iavspldids alaties imags wiaemti 0f a
property of a solid material, which is derived fromthe behavi our of a body
penetrating t Herdurgdceron &hied behaviabr. ofoapbiosiyng eme et ettimigcalhecont r ol
and evaluation circuit; a penetrating body, drive neans for driving-said
penetrating bé#yfiare afr salidbnmaterdtdlon eamPribsiingniar ielecheciedilng an
el ectronotive drive means controll|ed by said control circuit that urges
sai d penetrat FRGWRY FpEneyadpation chmcuiti apl Pemerirabing blesysur f ace
of said materi,al,; means_for feegiggia first ,electrjical . output signal

representing 85#8%&8??& & ¢ riging SetdcPanatratingatiofy cifcd t; and
reasur onont s BT SR e BN GE an ks, 5ot sEeRda A Salhg R | O

measurenents o e dista
\,/ electromotive drive means controlled by said control

circuit that ufges said penetréting body'with a
specific, but variable force onto the surface of said
matérial; means for feeding a first electrical bﬁtput
signal representing said specific force to said
electrical evaluation circuit; and a distance-
measuring device having first and second sections which
allows measurements of the distance between said first
and second sections fn said direction of motion of said
Penetrating body and has a resolution that is
significantly smaller than the depth of penetration of
said penetrating body, said first section being rigidly
connected to said penetrating body, while said second
section is connected to a moﬁeable member, means for
finely moving said moveable member in said direction of
motion of said penetrating body, under the.control of
said control circuit; the arrangement being such that

as said penetrating body is driven onto said material



and second sections in said direction of anLan_QL_iaLQ;EEDE%Vating body
and | resolution that is significantly smaller than the depth of

& ! . - ; . N
et e e e oA, 22 5o

ion is connected

bl e menber means for fin2ky noving sdi d-mo¥eadl e menber in said
of notion of said penetrating-body, under the conirol of said

contrdl_oircyghtd kEeondr seeeNBAt obeithe d¥sliahkat maa siaiihgodesticat i8g body
is driven onto said materi al 24 sai d second section of the distance

measuring deghggedstéafskllowothel Finsthesettish $ectonbach thereswtithherewith
so that the penetrating body is driven bounce free onto said material and
thereafter tbe Stvatd tdhecpemstratingbodyl iisodeiveni brvacenfrice entor ealiat er mi ned

. distance is

opened up between the first and second sections; said control

means bei ng matarded sodstppregafterethet sesand seetiodnds gaudeidvdomeans to
cause the penetrating body to penetrate the surface of said material while
an out put fremnddinpeliwshndecanbaade trRyrndnede difhaneesisooPRBES HPuat i on
circuit the depth of penetration. 2. Apparatus, as clainmed.in Claim1, '
aﬁ?cﬁg g; i S

wher ei n sai dbelt®eepnbbpyvEigst and

DU HHRNSHarFE Hhd® QP EED

provided rigidy fixed,to said dri vg st_%if ts’upsgig Igﬁ/g?ecna{ryéiongsg%idd'

penetrating

nBamenlga R range

electromotive drive means to cause the penetrating body to

penetrate the surface of said material while an output
from said distance méasurihg device indigates to the
évaluation circuit the depth bf penetration. |

2. Apparatus as claimed in Claim i, whereih said
electromdtive dfive'means has a drive shaft and a

lever is provided rigidly fixed to said drive shaft,

 said lever. carrying said penetrating body tangentially

to the rdtary motion of said drive shaft.
3. Apparatus as claimed in Claim 1, wherein said

pénetrating body is a diamdnd.

4, Apparatus as claimed in Claim 3, whérein said J

diamond is a pyramid-shaped Vickers diamond.
s, Apparatuélas'claimed in Claim 3, wherein said
diambnd is é conical Rockwell diamond. |

6. Apparaths'as claimed in.Ciaim_1, wherein said
penetratihg body.is a Brineil stegi ball.

7. Apparatus as claimed in Claim 2, wherein said
peﬁetratiné body.is exchangeéble and screwed inio éaid

lever.



to:the rotary notion of said drive shaft. 3. Apparatus as clainmed in daim

1,>wherein said penetrating body is a dia as cl ai ned. 1y
Chai:m 3, wherein said dianond is a pyram. E“M“ﬂﬂﬂ‘“mﬁl anmond. 5./
Apparatus as clainmed in daim3, wherébn sai dcdi anomd ¥s *a coni cal Rack i
diamond. 6. Apparatus as claimed in Claim1, wherein said penetrating Boo
i.s a Brinell stdhl bepparatusimsrelaimes dmiany precesdiim® Chdklei n saie
penetrating body is exchangeable and screwed into said_| ever. ig 8.
Appar at us asindliding imeans poecedendingaiamPanfAngh hof dESPsORoPedRerting a
permanent force on said drive neans-for_biasing said drive, neans .ggainst
sai d directibrivg meensnfer diegipensdis ididWodleads ApeatafhsS44% ai ned
in Claim8, wherein said perpmanent force neans i r ed by at |east one’
& rapB e

magnet . 10. digpekiensofisnetiPreafi f2éfaPRNELTA two magnets. 11
aratus as clajnmed in C.aim38, includi a St fQr ' LV ans

\'i\h?Pch limts th’eéﬂo‘ggﬁﬁﬁtaltcﬁs & ocfﬁkp\?éln%éhn@%fPhgfegg{e%g{% tgﬁgﬁ

(ﬂrectlon(ﬁpgp&ggéé% %?%JEQSEQQHf@.ngﬁuced by at least one

magnet.

10. Apparétus as claimed in Claim 9, including two
mégnets. _

11. Apparatus as.ciaimed in Claim 8, including a

- stop for said drive means which limits the movement of
saidldrive means with respect to the direction of
motion of said penetrating body.

12, Apparatus as claimed in any preceding Claim,
wherein said distance-measuring device comprises a
probe adapted to provide an electrical output signal
dependent upon the.distance between said two sectioﬁs,
fixed to one of said two sections ana a facing surface
fixed to the other section. '

13. Apparatus as claimed in Cléim 12, wherein said
probe works on the eddy-current principle.

14, Apparatus as claimed in Claim 12, wherein said
distance-measuring device has a resolution that lies in
the'range of at least one hundredth of a micrometer.

15. Apparatﬁs as claimed in Claim 12, wherein said
probe works on-the magnetic field principle. .

16. Apparatus as claimed in Claim 12, wherein said



12. Apparatus as claimed in any preceding Caim wherein said
di st ah asurl ng devi ce conprises a prob - ey
\

1|l \out put signal dependent upon th sald t wo ; 1
i xed to one of said two section | ilﬂim imlm face fixed to f
Ngection. 13. Apparatus gsgclainme reln sai d probe:

&ﬁrksav e eddy-current prlnC|pIe -14. Apparatus as clainmed:in Caim1l2,
erei , stange £50 ¥%iee has a resolution that lies in the
range of a?p?gssﬁgo%ecﬁﬁaé g E %? a mcrometer. 15. Apparatus as cl ai ned
in daim1l2, w?relgpﬁam; 0be ¥PhKfeaN inNe1EBEN A, C WHeeLDIddNd pl e. 16.
Apparatus as’ cl al In Clam1l12, wherein said 26 probe is a-capacitive
probe. ﬁeﬁérﬁBPﬁsaénChﬁb”?dellla-Gwﬂs brindigledn said probe works on

t he fleld plate principle. 18. Apparatus as clained in-Claim12, wherein
said facing | ay@r cHpPpdrstasaasetbblinedsdnstOlaiion MRy ngxareiimesa1d hi n
coating. 19. Apparatus as clainmed in Claim18, wherein said inert thin
coati ng |sfacgagd1@mmnrqpmﬁﬂ1séppauﬂe$ahklcjaubs@rahedhﬁwnmgzawmereln

said facing |ayer is arranged perpendicular to the |ongitudinal axis of
sai d probeinert thin coating. _

19. Apparatus as claimed in Claim 18, wherein said

~inert thin coating is a gold coating.

20. Apparatus as claimedﬂin Claim 12, wherein said
'facipg layer is.arranged perpendicular to the
longitudinal axis of said probe.

~21. Apparatus as claimed in Claim 15, wherein said
.second section provides a surfacé which is_large with
respect to the probé field.

22. Apparatus as claimed in Claim 12, whereia said
probé.is secured on said movable member and said facing
layer is connected to said elecpromotive'drive means.

23. Apparatus as claimed in Claim'1,-wheréia said
distance-measuring device is élighed with said Lj
'penetrating body, as seen frbm the direction of motion
of said penetrating body. _

24. Apparatus as claimed in any preceding Claim,
wheréin said means fon moving said movable member
‘includes a threaded spindle. |

25. Apparatus as claimed in C1a1m 24, whereln said
threaded spindle stands parallel to the direction of
motion of said penetrating body.



21., Apparatus as claimed in Oaim 15, wherein—said-second -section providgs

a . surfgpe wh
cl:aiime

and said faci
Appar at us as
is aligned

notion of said p%ﬁet r et

Claim wherej
t hr eaded spi
t hr eaded  spi
penetrating

i ncl udi ng an
for effectin
sai d threade
el ectric not

not or

in Claim 12, wherein said probe |s

ich is large with respect to t Ii mmﬂi 2 Appar at us_
i ng Iayer is connected to HB& i ve neans.. 23

movabl e menb

1

claimed in daim1l, wher n sald di st ance- measuri.ng dEVICQ:

with, _said $enetrat|n bo

R iy ShafBedcn amd
NS G gamanﬁaﬂ%ﬁfgﬁénﬂpim d&ﬂ”#a%%r%e%? oEnieeRes
0845 130 Rlepls | £ob e LFEFE Y, g‘f’b%“aai“% ' o5

rshﬁg‘cgbﬁ G@fﬁ@ehhgglgr bgsmgbdm% 0324% %ra'md't%re%@@dﬁeans

g su antl a ear re I on between sal el ectric notor:

een f n1the qkrect n of
Ahy“precedi ng

and

dpspundle. 27. Apparatus as clainmed in CGaim26, wherein said
or 'S dlsposed at the other side of said eletronotive drive

means, from sai d2p[ obgppaFel ¢ONPE | €1 89maddeni C2aias @6, Owieréins@ad del ectric

electric motor is disposed at the other side of said

eletrbmotive drive means, from said probe, and
comprising a device base to which said electric motor
is fastened at'onelénd.

28. Apparatus as ciaimed in Claim 24, wherein said
threaded spindle has bearings at both ends, and at
least one of said bearings is a collar-bearing.

29. Apparatus as claimed in Claim 1, including a
pivotal shaft closé to said distance-measuring. device
and perpendicular to the direction of motion of said
penetrating body, wherein one of said two sections of
said distance-measufing device is fastened to said

pivotal shaft.

30. Apparatus as claimed in Claim 29, wherein a

single, two-ended lever is fastened at one end to said
pivotal shaft, and a threaded spindle guides said two
ended lever at its other end.

31. Apparatus as claimed in Claim 30, wherein said
lever is a broad leaf spring, the rigid_direction of
ﬁhich lies parallel to its direction of movement,

having a cup at its other end which engages without



ed at one end. 28. Apparatus as—cfarned—rﬂ—fTaTﬁTzn wherein sald

tthr gfaglgd) $pi ndl e has bearings at both end ne of said _ =~
bea s a collar-bearing. 29. Apparat !llﬂmﬁm“!ﬂﬂ aim1, gl

i ncl g a pivotal shaft close Lo aidd devi ce and K
‘per pene-cul ar to the direction of nDtlon of said penetrating-body, wherein

one of sai llta%)aéﬁct%gsigpa@g%d o SﬁﬁFC%-}nE@éall’loqg deyhce Vl\,’n,segggaened to

sai d pivot us as claimed 1n Caim?29, ereln a single,

two- ended '% rdl'es A A D dssue £ { ©2 51 ehpéy@t ¢h €haf benaiflga
t hreaded spindle guides said tw ended |lever at its other end. 31.

Appar at us %&r@c%'ﬂaiﬁ fidk Qx%ﬁ@ﬁ@iomewwaldafespfmg.a broad | eaf
spring, therigid direction of which lies parallel to its direction of

nmovement, havin@.a Qpparatis £ helathddWinciClaiga®h, whépein tha8 play on
t he flanks of the thread of said threaded spindle, and is pressed into said

thread in tphretensdiording risctsweh f thapy evbesi saidgespi drréugsspti ay. 32,
- Apparatus as clainmed in Oaim31, wherein the pretensioning is such that,
when sai d e aofiviee threadedos pindie,t Hieeadedip spi AgNEagee Tupm
di sengages fromthe thread. :
the thread.
33. Apparatus as claimed in Claim 29, wherein said
electromotive drive means has a drive shaft agd said
pivoting shaft and said drive_shéft.are arranged <;/
parallellto-each other énd at the same level. ' |
34, Apparatus as claimed in Claim 1, including a
rectilinear base that_stahas on three feet, two of
which lie on a common.line with the tip of said
penetrating body.
35. Apparatus as claimed in Claim 34, wherein said -
common line runs parallel to one of the lateral édges
of the base. .
36. Apparatué as claimed in Claim 34, wherein said Li)
two feet lying on said common line have hardened faces
shaped as hemispheres.
37. Apparatus as claimed in Cléim 1, including a
start switch when the apparatus is not operated by
remote control, said switch segying to"ensure that the
-apparatus is not handled once set in operation.

38. Method for calibrating an apparatus as claimed

in any preceding Claim, comprising:



33 Apparatus as claimed in Claim?29,. wherein said electronDtlve driye ,
neans has a drive shaft and said plvotlng ve shaff a2
anLgngeg parall el to each.other and at the Appar at us| A&
clained in-Claiml, including a rectili nea}li@lﬂ‘lﬂjﬂ“ﬂﬂ s on three\fk
two of which lie on a common line wt tratlng bo

35. Apparatus as clainmed in Caim 34, ereln said common |line runs

parallel to one t r al ed e3 of the, hase. 36. Apparatus as clai ned
in Claim34, mhe?% Q@ﬁ#gﬂiﬂﬁ ?%e ?y?ﬁﬁaBﬁtgird connnn | i ne have hardened
faces shaped as : t I n _

I ncl udi ng a st ar?ﬁ {){‘ﬁ&wﬁg %z‘ﬁes'zi\%%g{%tyuéscegoﬁo gggrigt egsge{%éﬁot e

cont rol , "sai ghe 3y &%g B4R o SeRTLE gk the 3AAARANS oo Bl and e

once set in opera bR at1ng an apparatus as clai ned
In any precedigig ;Ghakfe O %'u%%ut f %3x Rk %\Mats%@ 2: %vtl @ NYAL US,
(b) bringing the second section o salg st ance- ring device to a
first distangg Lelaglgeve to the first section where the out put fromthe
measuri ng devi ce ceases to change,

(¢) storing said first distance value as a first

value, in a memory device,

(d) eringing the second section to a second distance
relative to the first section at which they are said
predetermined distance apart to-give a second distance
value, and ‘

(e) entering said second distance value as

a second value into said memory device.

39. Method as claimed in Claim 38, wherein said
\,; second value cdrresponds to a value which is very much
larger than that of the anticipated penetration depth.

40. Method as claimed in Claim 39, eherein said
.predetermined distance value lies in the deca
micrometer range; _
41 Method as claimed in Claim 40, wherein said
predtermined distance value is 40 um +/- 30%. |
- 42, Method as claimed in Claim 39, wherein said

predetermined distance value is between 10 and 80 um.



;(c) storing said first di stance val ue as

a nenory devi ce, .

(d) brisgi ng the second section to a-second di stance ive to the first~=.: -
sectifmn @k which they are said predeterm ulﬂ ngamt to-give a = et
secofid yance val ue, and (e) enterlng S ce value-as a g
secao al yle into said nenory deV|§§. d’as clalned in Caim 38,

whereln $aj d second val ue corresponds to a value which is very much |arger

of tipg anthg' R FYrRASs T 8l o demdd 4% Ofbhagsas-g@) med in

wherei n sai predetern1ned di stance value lies in the deca

M Cr Ot er yf] in4ine eVRIINP&t 86nClairasl & Ne Ehpirl ¥s sheisitarsed d
predterm ned distance value is 40 [err] +/- 30% 42. Method as clained in
d ai m 39, %@fﬁiﬂ%%ﬂre&ﬁﬁﬁiﬁhﬂeﬂ dr svenceyvehaidistancet messuri® and 80

[err]. - 43 . An apparatus as claimed in Cainms 1-37, wherein the
eval uati on d@viceé t a¢omys sestaadi sirpwet, nor mad tact kA nabrgandtrrl driven by
t he di stance neasuring device at its actual input, a notor final control

el enent driedeem &y tt de inoem nby - abeuabmin@htaGﬁQ§%cp%bﬁp&raﬁbﬁﬁiﬁdrlve
said neans for finely noving said novable nenber, a_notor contro| for
dr|V|ng saicbmpaRAtdl nte dohveoSadbemaAns/ifon FABELY SHOVIME |58k and a

movable member, a motor control for driving said motor
final control element via a "motor on/off line" and a
"motor nominal value/infinity. line", a microprocessor
connected to said motor control; and comprises a /
programmable_currént regulator having a current
nominal-actual7comparator, said electromotive drive

means being controlled by said current nominal-actual
comparator via a current final control element, said

current regulator being connected to said
microprocessor, and a display qevice with keyboard

connected to said microprocessor.

44, Method for deriving the nondestructive
absolute measufement of the_properties.or,solid LJ
matgrials froﬁ the behaviour of a.bo§y pressing on;p
said matefials, in an apparatus according to Claim 1,
comprising: | _ | )

(a) applying said force on a pluraliﬁy_of equal
time intervals in accordance with a square root law to
derive a linear relationship between said penetration
depth and the square root of said force, and

(b) relating said penetration depth to said square
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“motor nom nal value/infinity line", a mcroprocessor connected. to said
not or, control; and conprises .a programrabl e current regulator having a
cuu*»enk noni nal - act ual conpar ator said elj means bei-ng/ ¢
control | ed by said current nom nal act ual mmm mmmum current final N
control element, said current regul at g beifg Eonhected to said :

m croprocessor, and a display device wi th keyboard connected™to said

- m croprocesspgotiddr salat h%cfé)n;odgrilv\e Rhe Gl gmdﬁstﬁaWﬁasSabsoaute
a

surface of shn§omdihe ianriass #f iapig paterial substantia

measur enent of the properties or solid materials fromthe behaviour of a
body pressingowsteansa d materials, in an apparatus according to Caim1,
conprising: (a) applying said force on a plurality of equal tine intervals
in accordance w 4h.a dppaeatows faw twoderdestaudttae,r edbsiodnstep

bet ween said penetration depth and the square root of said force, and (b) -
rel ati ng sailepsneemanitonfdepphoper byi of sajusolid mallerbal whighidahorce to
give the degree of hardness as a constant. 45. Apparatus for

non- dest ruct Peederdowd uf conedh e dnehavirur piogerkgdpi pgnedinat imeeri al

whi ch can be derived fromthe behaviour of a body penetrati ngill ntgst he
y

herein described with reference to Figures 1-10 of the

accompanying drawings.

C”
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bed with re_férence to Figures 1-10 of the acconpanying

herei n descri

dr awi ngs.



