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Ne;d Electromisnetic Hethods for Destructior=free
Testing of Materials
Dr. Frizgrick F8rster.,

A substantial increase in the applications of electronic,
destruction-free testing of material by mzans of electromagnetic
methods took place since 1948. The distinctive propagation of tuls
application is based on the f.A.C'.t- that for the past twenty years a
large number of theoretical and experimental funcamentals in this
field have been worked on intensively. The result wis that it was
a relatively casy matter for biilders of testers and measwring
devices to supply process engineers wiih testing instruments tailored
to fit certsin phases of manufacture. Three principle metnods of
sorting out rods, pipes, automotive parts -.nd rpa.nybthers, have to

be aistinguished, = 4li methods worlding on the principle of electro-

mugnetic effects and sorting, on the basis of a.lioy, thermotreatment, ‘

hardness, depth of cuse, etc.,

Method # 1.

Applying the first method, the parts to be tested are being
magnetized ‘residua.ny in & coil carrying direct current. The residual
magnetizing of the work piece creates a residual field in the border-
ing reg'ons. ihis residual field is bein; measured with the so-called
Férster sampling device. Frster sampling devices .ure hishly

sensitive measuring uevices for direct current fields. They are
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Ur. PFriedrick F8rsier 2,

used not only ir industrial material testing, but also o a large
extent in geophysics ard-in milit:ry engineering.

The strength of this residual field, in many cuises, is
proportional to the hardness or to any other technological pecularity,
Any such proportion then would indicate that this soriing method
should be used.

Illustration i1 shows the schematic set-up of the “residual-
field sorting'method". The parts to be tested are being fed from
a storage container to the conveyer belt in 2 predetermined rhythm.
Pins {or cams) for instance, mounted on the conveyer belt, would
each take one part from the feeding tube. The conveyer belt
carries the part thru the direct current magnetizing coil and then
leaving it remanently magnetized. ‘he part then moves over an
extinguishing device. - This erasing field serves to move the electronic
sepérating switch - still set in the position as was detérmined by the
immediately preceeding part - back into the neutral "zero" position.
This erasing device is also guided by a magnetic sampler which reicts
on the mere exzistence of tie arriving test part'g residual [ield,

As the conveyer belt moves d&n, the test part passes the testing
devics which measures tne Strength of the residual field in an
approximute one mill. second and, therefore, indirectly also measures
an important magnetic entity, numely the coercive force,

For a great muny technical alloys, the coeréive force is
proportional to the hardnesz or to other tecinolosical qualities,

The test result guldes electronically the separator switech which
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. ; Dr. Priedrick F8rstor

sorts the parts with the magnetic h.rdness sorting into zroups

of "too soft", Mnormal®(or é;cceptable), "‘too hargt uhat correépohds \ : £
megmetically to a "too lowM, "normal" or "too hiuh" coercive force.. .
Ve 2130 have the poss 1.a...y 0 sort the vc.mous ..;lloys accc:z'..'i.nrr tb -
their alloy conte"n"o;, us for ins‘be:.nce cuy bon content, in so i’ar as the
‘ve force of carbon steél alloys increases as a aeflnlter.-'.‘\,m‘cvlon
of their carbon content. |
I1. #2 shows a fully automtic corting upparatus working .

- in accordence with the principles shown in Ill. #l. The sorting

~ method as described utilizing a direct current field maznetizing
the part taru and taru, has the adv.ntage theb = con’cr..ry to the =~ F I

‘method of the alternating current field - the vmole cross section L ~

A o ‘~of the test. nart is .sct.ually being tested. In mst. Rurooean co..ntries

o this method is used to test rolls, balls, ball bearing ra.ces, drills,

© screws, and many other parts «s to their solidity, hardness and -

] othe_r qualities, German and Austrian nanufacturers of gudgeon pins | ‘

,t ; ‘i‘ * ntiiize thj,.é nethod to sort gudgeon piné saccbrding to their insét ’

; % depth end alloy, It was found that the test method described here, - } |

1 ‘ |  vhen applied to Mtesting;rpil bearing parts results in an extensive . {

H SR : aca.tterihgfoi‘ tgxture ‘differ?en‘éeé.ﬁ Partioulaﬁ deantaées of this | ,J,,ﬂ/ 1

. - | metiod ure seen in fc.he fact that -'whén testing the whoie volune = - fr—ﬂg’
a ‘sensible average ir,s.}l.ue can be determined, and that the vsystem

[ | | works Vabsolutqu' destruction free at an‘ extromely ii:h testing speed. o

]! 4 well-lnown ball bearing factory ‘oxhploys several fully sutomatie =

O
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Dr, 1‘1@.11‘10.. FBrster . , L

testing systeus, testing and sorting daily over 120,000 beuiring pins

as well as a corresponding numce: of rolls and ball beirmv races . \

- into three 'fveups of hardness. l“rxe various firms have developed
o their own a..ztsmatic f-cdin devices for mass production s:.nce this
- sorting method can work ab such-a h:.gh .,peed that hand-feeding of

‘ testing parts is made impossible. t‘ner marufacturers test high-duty

automotive parts such as steering and brake parts etc., as to their

“even annealing. With the sa.me system of sorting various other pests

of highly important Diesel engine parts (such as parts of the injection.

pump, Jet pins ‘etc. ) are made and a statistical evaluation of tre test
restlts over an extensive test perioe resulted in a substential

durability increa..e of tnese perts, ‘in us much as the material texture

: ) y which wee characterized thru uhe measurement oi‘ the residual f:.eld
\eould be kept at sizea.bly smeller tolerences. ‘

Fer engineers developing sueh systems, it is very encouraging

- to learn fromcompenies where these a.pparatueee are in use, thet a0t one

~ 'cpmpleint had been received i‘nom the purcha.sers during the eeveral

years of epplication of these devices. Most enccura,ging, of course,

" is the fact that the idea of‘e 1003 testing of the production cutput

bvmeene of electronic mass sorting is being accepted more and more,

I, #3 shows a Micro-Foorster sampler and denonstrates what a

 small fleld region sti3l can very definitely be detcrmined with this

tiny measuring device. _ 7
A very peculier application was found for the Foerster samplar
in the sorting of sheet metal and the measuring of anisotropy.
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Dr‘. Friedrick FBrster

If a bar macnet is first set onto the surface of sheet metal and
then taken off again, the sheet metal remains remanently magnetized -
on the place of contact. This remunent ma.metizing shows up in the

distribution of a field orizirating from a point pole. The point

pole strengih is pro~pcn0 ' ' *n the coercive force - this trenimdousl:y,

important magnetic env.., ... i churacterizes generally the
mecna.m.ca.l qualities of the shest met.a....

If now, after the point pole has been set, the point pole
field is measured with a sampler, conclusions as to the hardness or
the quality of the sheet niet,a.l can bé drawn. The point pole method

finds its application, for instance, in the' centrifugal founding

‘industry, to measure = without destruction ~ the surface ha.rdness

of cast iron pipes. In this case & point pole is creat.ed with a bar -

. .

magnet, set triefly to the mrface.' With the aid of a Id.em—;ampler,

then, the strength of this point pole is measured.

I11. #h. shows the set up of a feeler with the aid of which
one sets the point pole by merely pressing down ihe magnet. The

residual field is measurcd immediately afterwards. The feeler is

’ const.ructed in such & way thut it can be rotated with the point pole
for un axis; this makes it possible Lo determine imzediately wnethsr

the shoet malul has the same manetic qualities in &ll directions or

whetasr there 1s & s0 called anisotropy® In lLae saallow drawing industry

such an anisotropy is rather undosirable in u3 zuch as it luads to

“.? tr.-,.nu ,wu/b i
7of5k.ha sheet burs. The showing up




; point.,sufﬁ.cienm diﬁ'cren‘ fron the dispersion tund of a dxzd.lu'

, be moved to tho coaw ot thc lcrum rud!.ng alot. _In an mnso , ;

'otpismwblmhtmtyposotmnmmnng CSad

 EG e, Hhea insarting test pleces 1nto the drums in mga qmuu« .'
| jor both pms. the tw dispouiou bands, as ahominm. :';'9.
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~ Dr, Feledrick Férster ' 6.

of u preferred direction in transformer metals » however, is hi lly

desirable, '
I11. #5 shows the texturs meter which is used to sort |

shallow drawm and ‘;.mnsformer uetals on the busis of anisotropy.

I11. 76 is an example of what diagrams gvan be resulting when the head

of the texturs weter is turned by 360° degrees,

. Method # 2,
In the second method of sorting steel - a method walch industry
has beer applying extensively in the past few years = all magnatic

ard slectrical values of the test parts appeur as curves on a screen
of a cathode-ray oscillogruph tube. " Ill. #7 shows an apparatus for
this method, the "Magnatest Q. If, for instance, a rod C 22, 10 S 20

or 845, is placed into the test drum, the corresponding curves appear
on the screen of the c#thode;ray oscillograph tube,(I11.i8). if,
however, 1000 rods of, for instance, the alloy C45 are being tested !
consecutively, the total of 1000 curves will result in a disperaionm ¥
band, It is important now that this dispersion bund is. at any one '

a.'l.loy. For this purpose the apparatuc is oquipped in snch a w f.hat. A
this particuhr point wlwro th. dittamce is 'boat m.:lcublo, ' _' L [
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Dr. Friedrick Fbrster 7.

tie results. In this instunce, too, the point of test diflieren-
tiation has been moved to thie center of the screen,

I11, #10 shows the relativity of the screen reading and ball
be.rinz steel. It can re.dily be seen that the indication of a
hardness scale for ball bearing steel on the screen presents no
problem, so that the sorting can be done without destruction and at
high speeds directly according to. hardness values.

111, #11 is an example of relativity of the Kagsnatest-Q curve

~and inset depth, VUhen measuring a large quuntity of valve plungers

as to their inset depths a definite relativity of curve and inset

depth could be f‘ound. After the point of best differential reading

was moved t0 the center of the screen and underneath the reading

scale, the inset depth could be measured very rapidly without destruction.
Recently more than 200 dev;ces of tais type were going iato .

oparation £n the industry, on which occasion mary brunches of procuction

switched %0 a testing of 1007 of their output by applying this

mthod.
- Method # 3,
In the third mthod which was developed pa.'ticularly tor thc

'purpou of testir« small work pieces, the Ma p..u u codl. ‘Jhon .
. 'puaing thmg\ tho ooil S M@-Memy slttrnaoing curx-out nold

" oreates 0647 cumnta. ‘nzc rexction of those oddy mrrmt.s ou the tost I

\ 'cou 13 chown on t:a scrom of a cathodo-ray osci.lhtor. \'ary mrk _
. plece 1: reprcsentod w a ueﬁni.te mm poi.at. lnution on the acrm. -
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:

Throu }. on etect definins oo e theoreticul fundanentals it is

possible Lo separite Lis v.rlous physical inllucnce cvatities of

wor plece. Bor instince, cun dimens’on ¢icoarsions of the inlluence

on the rea.ings of hamines: sil:cts L separated cc thal tle corting

h 2

B 08 w2lls us to hardness cut be done lLndependently of dispersisns in

diameters, IM. 412 shows tils eddy current upparsbus th-b finds ibs
r am:lica ticn in mass=<sorting of Lalls and drills us to hirdness, as
well as in sorting of other mass production p.ris 28 o cracks, This

device was n.med "Multitest®, Ill, #13 shows an assortument of purts

wilch can be tested at high speeds with the ultitest. ihen the :
test part falls through the coil, the measuring value is transmitted
to the sortinz separatops within a millisecond. m: mokes & rapid
sorting of tzie' parts possible.

- e

he Stray Flux Hasnr:ln, Hethod,

L - | o _' In.;dc.:l.tientotbese devicurorthe sortingot stecl as to
alloy sxchanges, hardness, stability, mr,:.inal docarboniutlon. inset
depth, etc.: o large nunber of dwicu tor the aort.ina of mds and .

'.msprodnctionparbsaato mcka.tlinm. *M.mminzuthod, |
aho. uses ti ob&mwmrummmucm
" ﬁ.old which dnhums an ...nsuunt.y in tho autor rog!.on, tht ia

2 g
O B i = A 4 Al W s
- - ....i . o -

_,,"nmkormatehummm wmum-mmum- ! }-
f ,'(:hmnu.r-mnu)mmmmuwwmmnm
i e ‘thmushdirm m&t ofinadiroot currmt sl e thoail poura.. | ‘ =
F- | o
5 : 'w u&thtmpomm mmmu conocwloatho ;
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Dr. Friedrick F8rster

aaerging strazr flux in the case of defaults. The automatic crack
testers 25 described nere, now utilice the very same stray flux as
an indicaticn of cracks. To accounlish this, the mignetized tesh
part is encircled ‘c;y & micro=sampler, .8 soon as tie micro-sampler
detects miterial defaulic ou account of emerging stray flux, this
stroy {lux is transmitted as & luminous spot to the screen of a
calhode-ray oscillator, For rod maverial iiis wethod alreaay is in
use in numerous steel works, however, it is only usesble with suo th
rods with like directional siress. another apnlication of this method
vas found in sorting mass production parts. as an example, most
Suropean av*: _aile works sort the ’nuts used in their pro.ucts by
this mathod. Ill. #14 shows such an automatic rut test apparatus.
The pre-magnetised nuts piss over a measuring table, underneath which

a Foust"tr anapler rotam. as socn as one nut dispoms a :t.m flux, it |
s automucauy sorbod out and ejcctod hw an ejestion dov:l.co.

Ia addition to these devices, spociriccuy designed for the

vtuthgotsteol.mumumﬂtorma-rmmuhmwtm

b e e R

Y

t
a market to test alloy, defaults and coustant dimensions.
| ::;d.y_mmt mnm \surs Hattod,
m. ffls ahm 8 u:tor i‘or eonduc.ivity. t-ho S?.amtut.; SR
: about ;(:0 of t.Loa tutm ars. boi.ns used in tho md\.etﬁ.u ot ,
&tropo md A::r:lu. To m tho elcm'.tc m@uctivﬁ.ty, mepcndmt a
- of .ho t»t,;pm_'.c_m, i t«hr oon is m on..o e .es‘ pax't. ..nd
A
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ihen, the cover disk of he big scile is moved by turning tx

el s v b g et

central inob until ihe hand of the iastrument in the rizht upper
corner indicates “Zero" The reading marker of tie point inuicator
on the cover .isk is now i imiediatcly chove the fizure value in seguens

units of the wanted conductivity. This appariatus is used 1o measure

ik o

circuit copper znd alwminum os well os thair 2lloys, o deleruine
indirectly ihe degree of purity in pure uetals over their, i uinst

impurity extremely sensitive, slectric conductivity, us el us Lo ;

measure light metel alloys? h:rdness wiich is a funciicn of elediric |
conductivity. another application is tae soriing of exchanged msials.
Special applic:sﬁions are the testing of porosity, testing of lig ida=-

tion as well as the supervision of the i‘oum:.nc prncess with conper.

In thds latter, case, @ small san nle is taken from the .u.q.a.d copper,
The conductivit.y of this cmled-uovma sa.male‘ is then measureu with r.,ne. S

Sa.gm;test thi.; met‘xod doe'.-. not “equire ~ as was tue case thus far-

to a.;ce a wire, and one measurement ¢an be daone m not mwre than
ha.li‘ & minute. The .L:.nal casting is pbs..ponea until ihe copper has
reached the point of hir,.‘est’ conductivity (polor-ity‘).’

o Another d.pplicat.:.on is the testing for crqcks of metals, rods ; 0

. and wires. ‘,I'he.wire or rod passes thrfou.:h ’o,ne test coil hrou‘_,h uh:.ch

a hizh frequ ancy durra"‘t: is 'fiowing.vIn the test pa.rt adc‘q curcents

develop. a a.ei'ault in mterial hinders the forming of st c‘z eddy
: : currents, 'l‘heir rga.cgion; of course, is decreased, a fact timt in turn-

) ‘ can be used to idéngiﬁfy default ldcations, for instance, with the

oA i b i - i
«
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Dr., Priedrick F8rster

flashizz ap of a rad signal lizht, or uwith ihe appeuring of a

*f

signilicant picture on the sereen of a cathode-ray tubs. kHost ‘ S

European x:anufactm'ers of fused-in wires for roentgea tubes, radio

tubes, transmitier ‘tudes, use 2 wire erack tester waich shows, by - !

e

meuns of a special pictura of ine eefat.lt on the screen, wvhether the
default is on the suri‘aee or intexs ; ch;-.r.ges in dizmension are
shown in =n en..lrely different wa.y.

1. #16 shows the Sigr.aflux, an ep_"-.-st.us test non-

ierrous rods and tubes as to cracks and even alloy. ihis instrument

: vermits to read on ihe screen of a cathode-ray tube any ehé.nges in
electric conductivity in percents of a nom~5<:ale, with the effect -
that ..hoy axchanges: but also defa.ults can be recognized rap:.dly

‘ » - O | o o interesting appli.catlon of r.he. tanper nowder method is the

~_ WIsometer™. for the measurement of insulation coupounds! m.dth on
non-ferrous ‘metals.. If a tapper coil is set on an J.nsula.t:.on band

B - ~ vhich is loc..ted on top of a meta.l,this coil m.]l create a m::.gnet:.c
[ alternating current field. “'Due to the insulation compound the coll '
; is relatively distant from the eonduetive metal surface which fect
F‘ R L has tne result tmt the so ca.lled a tenuat.mn of the coil appea.rs

» more or less deereasen. This d.is’cance, th.t is t.he m.dth os the B ¢

Rt ST

S S msule*.on compeund, is :.nd::.ea.ted w:...h the Isometer. The mea.suring

e

is done by se..tmg a little ’caoper head on *he test part. The

o~

instrument ha.nd then pemi’os a reauing in mcrons of the width of 7
the inculation band an eloxation layer, oxidation layer, paint ’ N

leecruer or dirt. layer. Ill. n‘l? shows such an Isometer. ‘

5.
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Taz following is a Geseripiion of an entirely different measuring
neihoda

If a permancat rignet which carries a coiling is sét énto
magnetizavle ! reet mebtal, u voltugs impulse is indu cad in this
éo’iling. The size of this volizge impulse zeasured in voliuge-saconds
depends entirely on the m*oduc't ol sheet metzl width by sutustion
ma;;neuz.zab;hzy of the specific sheet metal. In as mach, ho'.-:ever, as
the satuation magnetizabi]ity of tecuricelly applied sheet iﬁxetals is
practically consta nt, the induced volt:ge 1nnuls~. is ar standard

neasurcrent of the sheet netal width. & special construction und &

-

suitable instrument with adjust.ed atienuation has ihe indiec:tor

remain®, even 10&, «fter the vo'!t e impulse hal ceased. In tl.a.f'
way, by smoly setting 2 hungy r.aune,u onto t he A.l_..er:.al - 2 tudper

ac‘n conu..lns the pe*‘m;.ne'xt z=gnet - Lhe measurement 01 ..ne sheet

) ﬂetal m.d th can be a.ccomolished ---‘hen tak in=r -off tie tmger, the

indicator automat:.c&ly returns mstant.aneouslyno position "Zcro".

Ioreover, a pusn-bu’cton permits, if nec—'*ss“ry, to "orce the indicator

momenvarily to the zero oosa.tlon. Tris prec:.slon—sheet metul width

meter, as shown in I11. #18 works without any power supply or

. battery and does no*L ccnt. ain any parts vhich could-wear oub
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thods of “aterial Measuring.

During the past de
ele cironics, more u.nd rore
industrial measuring, test

use of clectronic controls

f.‘:.r.::.sm.n‘> machines :.s ‘Cor onnlace,

- still relies on «nd uses pre

cade it has been noticeable that modern
» found acceptance in the téc‘nniqﬁe of
ing, cont crolling. 7
Zor rolling mills or ,process‘ing»and

ne tecnnd

thereas, for instance, tae

dgue of materisl mea.'-ur:.ng »

xr.nantly the well-known "classical“
methods, |

We, therefore, should like to discuss in the following soxe |
new electronic material msasuring methods which have been vﬁ.dely
accepted in the past few yeurs throughout European industry and
research, | |

A I\leﬂ Method Qf fu.lly futoratic o.nd Cont...nously readable me2 asur:.ng
of the Modulus of- Elastr:.city and Att.enua.tlon. T

‘l'here are a good many exa.mnles to be found in the l'a.story of ‘
- material research proving uhat. quite a bit of mowledge can be
g»ined frem establisniag new measuring methods which pemit measure-
nents of one or more. decimal powers aore esacbly than hitherto. |
Varied occurrences in the natberdial suc‘h aé aging, conwrsign»process
' and~arrangemen£ » herdening pfocess,,récovery corrosion, etc., ruy be
cornected with little mutauion of p‘uysica.l propertics.
Wnen it is made po‘ssible o measure & nhysic..l v)roperty which
by its ver& nature, is hizhly sgnéitive {0 such processas, such u3'the

modulus of elasticity, with an accuracy of one or more decimal powsrs

e
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r. Friedrick Fbrster s ’ T

hi her, & substantial improvenent in material research is most

certainly %o be anticipated. The author developed some twenty years

ago a method to measure modulus of elasticity und mechanical
sttenuation, a method throuh which in many fields of mzterial

‘research, new Xnowledge was gained. The results as described in
i 2 & :

over thirty public:tions, wiich were obtained in matericl research

with the zid of this apparztus, show plainly how valuable this method

has grown to be for the whole field of material research - in

perticular for measurement of temperature relativily cf elasticity

modulus znd attenuation.

o : The measuring principle of the -above pentioned device for i

measurenent of elasticity modulus and attentuation is the following,

; G 7 o ‘Ill. f'r‘l An elect;'ic sender "A'l' feeds an electromagnetic oscillation

| system i'_B"‘."Attached to ngv , by.means of a thin wire is test bar "PY,
The igchanical*\ribmtions of the Velectrdmagneﬁié "syst;ema.re being |
tfarisnﬁ.ttéd 1o the test b;'.r,vid the suspension wire. When ths

. | : | frequency of the sender approaches the ‘naturall i‘rec;uency of the test

| bar(IJ.l.:i*’2) , the test bar starts to wwing néticea.bly, the amplitude
of the test bar baing at a pesk vhen the sender frequency coincides
vith the n:.\.tﬁral fraquency ("fo") of the test; bar. The modulus of
elasticity can be arrived ut wit.h a simple formula composed of
frequency "fo' us indicuted on the sender scals, the length "I' and

dameter "M in en, as well as the weizht of the test bar in grams,.

: : za] . 108 (B)* 2
E@-gf] =1,639 2 10 (a) & %
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Dr. Spiedrick rb”'.,ter

The nec.. - wouenuation of tha test bar at a slow grade of

attenuation (the lons period of slow fading of the vibrations after

the feeding sender has beer turned off) is arrived at from the

attenu.tion iire ?'tA" , that is the duration‘ of timel j.t takes, as
- measured with a stop watch, for the amplitude of value "i" to

attenuate to ihe value of M"Afet = 36,8 %, with the formula, ;

-—:-—1-—
o . fo t

a

I11, #3 shows a fading vibration where the period of time "¢ A" it
took the amplitude to attenuabe to "1/e" has been entered.
At increased attemuation of the material, where r’che fading period
of the test bar's vibrations is too ébort to be measured with a
O stop watch, the attenﬁat.ion is being me:alsured by utilizing the
%0 called half-widih of the resonince curve. The half-width is the
~ frequency difference t A o at which the test ‘bar amplitude, L
“stimulated by uhe’ sender, climbs frouw half-ma.:d.xmm value to - r N

naxirm value at "fo" arnd then drops again to half-maxinum value,

I11. ii4 cshows the resonance curve with determing data for the , E

attenuation measurement. The atienuation is arrived at with the

; : formula |
’ § = 4815

With this method many ten thousands of elasticily modulus values and

attenuation values were gained as can roa.dily bo seen f{rom _vt.ho
! ' teruture index at tiie end of this publicationc |
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The exact measuring of the elasticity modulus and attenuation,

however, does require a certain amount of technicil measuring

~skill in order to find and align the correct natursl frecuency of

the test bar. The exact measurement of the elasticity modulus -

‘and even more so, of the attenuation - is hindered by the normal
inconsistency oi the _sen&er's' frequency that induces the test bar's

natural resonance. A usutal sender of high precision generélly

cannot be expected to attain any higher precision than 1-2.10-3 ‘
over any length of time, |

o Contrary to this and other methods for the measurement of
elasticity modulus and attcntua.ﬂon, the test bar - for the method
with a fully automstic tester as described in the following = is
simply set into tk_b test apparatus of for temperature experiments
into the qvén. Without any further action the natural ﬁequgpcy
of the test bar (and,theréfore, also the elasticity modulus that

 can be.calculated with formula 1) appears continously as a decimal

figure on a figure indéx with an accuracy from 0.01 to 0.001%.

Bs' sizply presaing down on a key, the decimal figure vilue
of the test bar's mechanical attenuation appears on the same
mumcricul scale with an acouracy far beyond the one possible with
methods used thus far.

The following is a description of the measuring principle

of the automatic elasticity modulus measuring apparatus, the
ﬁm;wmt“. o : ' |

L;.a-q.....m-,,ve o onpiom (s s e i

-~ The test btr is not energiged by means of a sepamate sender

-

R




Dr. Friedrick F8rster

as was the case in the methods described ubove, but is energized
through rcgenerata;bn (shown in I1l. #5),similar to the principle of
the electric tuning fork to its nz;turé.l vibration vwhere the bar |
vibrations received by ine receptiun systen are being trensformed into
slectrical volinge. 4his voltege is intensified \by an amplifier and
then redirected to the mecharical sender system. The vibrations of thé
test bar, therefore, maintain themselves, The vibration Tfrequency
per second (retural frequency £,) of the test bar is being counted by
an electronic counter with an accuracy between 0,01 and 0.001;. The
electronic counter is set up in such a way th:t it counts the test
bar's vibrations over a period of exactly 10,000 seconds. The Iigure
valus appearing on the index scale, therefore, is ten times the

value of the b.r's natural frequency, for this natural frequency is
identical with the amount cf thé baf's ﬁbratiqns per second; during
a period of € seconds, then, this value can be read on the decimsl
sc.le, where upon the indicator auteraticazlly reverts to the "zoro=
position®t uad the cycle ¢.n sbart anew go that consequantly,  iiliout
aay addtlional adjustments, the natural Jrequency (E-modulus) of the
toct bar opsars automatically thrso times per idnute on the scale

with uxtrsme aceuracy. Is the text burt's temperalure measured

sizultoneously with the aid of a thermo-slement in ine oven, the

tuaperature »;‘;‘...‘;._ivity"of the elasticity modulus up 0 zpproximately

1000° Cslsius can be determined, ALl transformation phenomenous wnd |

other texporaturs effects of the _oiasticit.y nodulus can ba read \-.ith'-'

extreme aocuiacy.
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Dr. Fricdrick Férster 18.
4
e counter-device for naiusc frequeney is Leing guided f
by a hi hly constunt “watch-guartz' in the thermostat. this cecures
a measuring accurzcy of 0,001% even after yeurs and years -~ a lact
which seems to be of great importznce for the execution of long-
lasting experiments concerning items such as uzing, fatuzue,

corresion, etc,

For rapid operations such as guick temperature changes and
tonversions as well as rapidly proceeding corrosion reactions,
exudations ete., the 2-second measuring period cun be swit:hed on

by pressing a key. In this case, after sach one-second couat period,

1 4 the test bar's naturel frequency (elasticity mdu;us) appears, but at

a reduced rate of accuracy (approximately 0.1 to 0.0L5).

Il1. #6 shows the a..utoma.t.ic apparatus with the electro-
mechanical sender and receiver systems from which the test part is
suspended by meuns of thin wires.

For attenuation measurcments the regeneration bet.wéen the
recelver and sender systeus is being interupted, with the effect that
the electro-necharical energlaing of the test bur 1s eliminsted and
the test bar, therefors, moly vibrstos urtil the vibntiom fade

out. »'Bho eloctronic counter systen now counts the mmbor of vibratiou B

‘."X\"', exscuted un« tm test bozlnning, uham t.ho nnputudo dropa . j ‘ .
e - “froa v.lue "A" dm to value "A/o", that h to 36,75 Tm igere M, -
z | ; ‘however, is moma.:.- & fuct uh.tch can rudilybo seen~ vd.th the i 1
| i }-prouuct of "r " timl "f- " of tomh 2. The olcctro de co\mt,cr dn'icqi"_"

..thorotoro. md:.catu tho mct.. rociproal atmuon val\u 1n a

e,
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decimal fijure in actordence with foraula 2.

Wil the described regcneration method, Ill. j#5, with its
own agitation, the fundunactal frequency of the transverse vibration
is azituted. In audition, ilie apruratus also contuins a sender as
snown in Ill, #1, to azitate tue various harmonics, but mainly to
agitate not only nalurul lLrunsverse frequency bub also nuiwral torsion
frequency. ‘lds possibility is of special impostcnce for a number of
technicd and scientific problems, for the very important Poisson~
constunt g (transverse contraction ratio) can easily be obtained

from nztural trensverse and torsion vibrations with equation 4.

Go)xﬁu
1 =length

:o trans == natural {ransverse }vibration

£ === natural torsion vibration
~o tors

d === dianster of cylindrical bur,

In as mch 2s at present more und more mtérial is being used
. at high tempemmrea as for in«taneo in turbinen, Jot u.i.rphme ete., ,':
~ tie lmowledge of olastic quanues a.t. h.;h t.eupmturea is ot

_ tre::endous mport:mcc. X-ormer, import.ant procasm 1n the mt.orhl

© cen Lo cleurly satched ly neasuring tmmwlpmumy o0

'olastidt.y modalus m attmt.on

Ac an mrplo, Ill. #7 shm t:xe t.c:.mm sure rch..ivs.ty Bt

. the e..;atd.citymdulnsmda amtionofa d“ter-im barup %o |
S \-1000 ue..dul. The oonn*don poi.nts nave bem c.early. -a-“““o ...a

. . . ;

!
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%
madrun atienmation at 100°C, wuilch has been entered once roie,
endarged, is a resuli of a "resonince phenomenon' of the carbon wtoms.
The rapid incroase of aitenuxtlon above 600°C over three decimil
powers is esncclally saziriable,
! ag i liportuny lecinical example we would like to briefly
go into lie siznilicance of this ..otlod, I1l, #6, for corrosicn
o researci. {uis zeliod allows an extreuely wccurate meacuring of
natural fregency of test Lurs ol any shape, &t 2n acouracy degree :
$ 10-5 + A8 ston s vhe Glumoler of a test bar has been scuuced by
10-5 of ixo Wlameter throu h corrocion, tais reduction ¢ be ‘
mexsured by the change of natural f{recuency, Terough similtaneous |
measurament of natural transverse and torsion vibrutions, quantitétive ‘;
portions of tiic Lotsl amount ol corrosion cua even be &tex':.ined <nd
O_ ‘div.'.dod into exteraal’ suriuice eo:mdon and :lntarcrysballthe corrosion.
; I, 48 shows the ciange of ritural tmme vibrotions
according to duration of corrosion on test bars of sn Aldg~illey
with 113 .mam.ssiun which h:wé ﬁaen }cuenched fron 5000 and d:iaun 4
| var oua tez..na.‘-a..ma. .athir tae region of dmd.ng tcnperaturos or 1
1@ to 350 G this alloy 1 13 aspedal.y sunjoct to 1nt.e-cryst.a11.no S
eomsion. 43’ car. b9 recognized fron the dccunc of n tural M.cmv o
\dth tho duratipn of oorroa.cu. .sl.. bars norrm. Eowever, only L .
S e o m of b:u'a oomdo " _ a, .or znt.tar.co, u wn e |
C 1 sdttonn erlterton, the attecuticn ) Deasured With tic uperetis and §
S  '- num m. #9. M Onl;thc M&aﬂim ca.ﬂaa.on 13..@. B




P e

S i et 51

Ainporm oc. mrrencu 1n mtc“ial

ard tho attamt on, ccnt. ‘y to ‘mat hods in \uc ‘thus m, is dnp]y a

- "m..ter el *oad‘.ng mw. ﬁ. ..rcs -..d m ovor “-.c m.surmnt accuucy
| ..oi' ::.e c.ascribtd a.t.o.....uc ..opu-..tus 13 ons or Jore decim. pm.
) ﬂ.cse. t’um ..t.n cne of ot:uw mteriu Juu-lng :md tut.n,_ mt.rods,

.
TRE Tl N g s ammea ey sveswbtampars o ey e e e o e e % R L et e oty e kK

el » .
Wl bbab \...-.‘: 5'5.'.;1.‘.;1' 210

Lo dincsensc ol wbisnuation, cince, Gadng thz vibrations, the

-

inlernediate o otal loyeors «ideld have been destroyed turov i corrosion.
eif2ct w Jriction betiweon the crrstal Sruins aid with it induce
an inere.red sttenuation,

T.. citenuatlon, Loimver, Lo only a quilitiiive measurensrd, vicreas
the simultunecus wrasusciest of n tural torsion frequency .aultes o

cuantitative sepuration o exlernal zrd intercrysitalline corrosion

layerg widihc possidle.

P L

Since changes o Q.1 E, Ia he mutural Irequency ¢: be Bessured
wlih acourwcy il the instrument showa in Ill.;6, the corrosion process
of the test burs cun cctuclly, without destruction, be observed from
minute to rinute. The metiod of reasuring the naturcl frecuency ofa
test bar responds approciiately a thousand tijes mors sensitively to
corrosion p.?ocassca, than does the normully amlied tension test.

Tho c.trens acc.m.q uhica is possible in me..surlng ratural Sreguency
and its chanzes of u test bar makes L:is mothod especially suiictle for
the timely observing of azing, corrosion, and fatigue processes, 38
well s for obsorving the te poreture relativity of the E-uodulus and
the maciarical atte.ustion, waich ro?.'lecﬁ seasitively a nucher of

Since tho mwr‘ng pracaas of t 2 B mdulus(mmd !.‘nqucncy)

-
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O ; it can ve expected, that tils new process will onmen the door for new

findings in tue field of material ressarch.

-
i
1
EH
%
3
ox
%
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e

A I\.ex-. Direct Current Pield measuring Hethod i‘or
rcmzd deternination of magnetic moterial vulues.

e B - Ina previous publication we heve zlready demostrated ‘zhe

' importance of new muasurinc' devn.ce for the eens.x.t:we measuremens of

i

magnetic direct current elds. (Foerster Test.er,.' m.th the aid of this
tester a precision measuring device fo‘ field strengtn was develooed -
a dent;e which represents the most sensitive of all direct \.urrent fleld

Leasuring J.nst*uments nanu.t‘.cturec. in series.

With the- .-.ta.ndard execution of the f‘:.eld strength tester, in:.

, ‘ the most .»ensz.t::.ve stafre , one um.t of the scale's ind:.cat.or deflect:mn

corpesponds to & field of 10 - ? Oe. The magnetic earth field in our b

latitudes is appi:o:dmately S0,000 times uronger. The .“os., se..s. ive

: type of appara.tus ha.s a’ sens:.t:.vxty 10 times h:.c,her,. ‘ IR

Ill. #10 sho«s t.he precls on fn.eld strength mg.a'*urmg a.pmra;
e | ' w:Lth a se‘t of various testers, as 1t is used for- va.“n.ed measuring nmble.,.s.
All ten stages of sensitiva.r.y are equn.poeo. for exact; recalmb.«...__.on, by

@

'mea.ns' of s‘endihg-a highly constent current through ‘c.he tester to create ‘ ‘

8,

8 magnctic calibration u.eld. T IR
g § : LR R Besides applicat-ons of ‘ﬁ.s»i‘ield s’erengt‘n'mea ur:.ng .
| a.ppa.ra’ous in the millta.ry i‘ield,(search devices, ma.anetic ..urvev:.ng of

. .>shipvs)it ‘also%serves geophysical :;::uxfpa'ses, such as mgnetic s‘g:ygying of

. ,earth ﬁeldsonlandmd sea,.~ = e - J

| _ : A special ring tester has been deVOloped in conr‘ect..on wi.th

i e
Se—

O - this i‘:.eld strength measuring strength maasur‘.ng a.‘)pa.ratus for the

P e o <At o e 4 e 3 A A AW A S B S NS § g el A . - &
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INl. 721 shous tie ele .rlc-l ~gran of an apparatus for
tbe x.ras':c:.‘mt. of tic _coalcive Zorece with hish accuracy - a uethod tihub

A

regui;:es a few se-:onds onl:-,-.‘ rz-om‘a c.ontrol ransformer eqmpneu with

‘ a. ‘control grip -o deth .ne tensicn contz.nuously, a rectifier with

half cycle S0 nin" is fed: The direct current - tnrou;;h the transformer
inrinitely adj sta"le - that 'is emitted from the rectifier, flows through

the indd cator in.,‘c.rumenu and the test coilc Throuza a one-tix_ne openinzg

'y

and clo..ing of t.he conurol .rar.slume.r griv ‘the test cample bewmes

= m.a"r\etioally satumted and m:i:..ca es a mamet:.c res:.dual f:.eld. Tae

testerfznst.rument now shows a deflect:.on corresponding to the magnetic
; \

rest‘momentum of‘ the test samole. By switching the direction o:..‘ the
3 . N

N

to the one of the origina.l satuation

vher. t"xe control tra.nszormer is turned up once more. The

erzected by t.he gnet.lzz.ng ef hhe sample, passes throuf'n Zero. :L‘b tha

moment tha precisxon inst.runent » calabmted dlrectly in coercive force

'uni.ts, indicates the absol ut.e value of ‘the coercive force. -

The whole procedure oi‘ measurinb the coercive force, therefore,

| c}nsa,st.s of cmly o manipula ionsz n'agnetizmg and increase of the

counter fie d until passage throubh the zero pogition is reachdd. ,

@

For maf,netic -soft alloys (H belov lOe) an- eo.rt"x field

: joompen.,&tion i.; necessa.ry, which can be dttainwd with ‘the ald of & field

measuring tegter by means of three simple manipuls.t.ons done wir.h the
help o 'owo permanent mgnets.

Ill. #12 showa a lon* view of 'he preeision coeroive meter
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(:) - with the earth field componsation device. Tais coercive force measuring

instrument has 10 sc i tivity etAﬁes. In the most sensitive st-ge
- . O
‘coercive force vuiues ol 10 - 0 can still be used, whereas in the least

sensitive stage coercive force veluesﬁup to 1000 0, can be used,

The short duration of actual measuring of a coercive force e
N . g

~valuc af only a few seconds has zlready created a new applicatior for this

- apparatus. It is being used for tue sorting of relay purts according to

e

coercive force values, furthermore for the sorting of hurd mevals

PR

according vo their coercive force vulues. With these materials the usage

durat;on depends on the finest possible distribution of cobalt in tungsten S
carbide. In as much as the coercive force value increases with the finer

distribution/of the cobalt, tie velue of the ceercive_gerce, under certain
circumsiances, ehar;cterizes the quality of hard metals. | | I

<:> ," e‘ Sweden prcauces more Herd metals than any other Euronean

country. & subs tantlal part of thls output passes throuah the. described N

"coerclmeter" in the various Swedish wor:s. This anparduus is also in use N

N ppra sy Sty

to observe sensitively the various material processes which are connected, ot

with a chunge in the coercive force.

R

i The high sensi tivity of the measuring set-up for the

ragretlc momentum of the test sumple, combined with the inscnsitiveness for R

in K earth fields wid interference fislds permit o choose a fairly big

: | distence betwoed Lae rield tester and the test part. The sarple, therefore,
can casily be hested in ap oven witiin the field coll ic observe the | |
temperature‘relativity of tiie coercive force, whorsus tine ;cteal ueasuring

device ic locited outsice ths oven and the wagnetizing coll,

g g T
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vicocas the "eoercimetert, I11. 712, measures he coercive

- force independently of shape or form," o "I-ia;;rnet.ornetez"' I, 12, s:rves

o= to d3brwine ths (‘Oln.rj,pt" static mignetizing curve ot . 91*'0"* fory: ¢f the

Aaamle and relitive to temera ture. (rotatlon elllnso*d or "iaurer~conel,

|
‘The three insiruments serve the purpose of reading ihe H

sanmple temperature, the samole magnetlzing, and the field strenzth. -

an Instrument for the Projection of Maznetic
Materizl Values on a Cathode-ray Screen.

ilhereas the previously described methods of magnetic measuring
.. . served the ctatic measurement, we would like to quickly cover a dynamic L

: }
j - - measuring method which serves a rapid mugietic measuring of transformerg

Sheet méta.ls, vires, tapes, ring muclei, transformer nuclei, mszretic A

! » S ' sc%ﬁrid tapes, ma.gnétic sound'vd.res, etc. »~a method whiéh finds;applicationk
:f.n a gi'ea.t many works. 'I'he sehsiﬁiveness of this method is so high that

' ahéady a magnetic sound wire of 50 M width results in a reudily measurable
curve, On the other hand a secordary winding of & sheet metal strip is

already sufficient for magnetic ieasursment. a number of special coils
: have been devaloped fer this apparatus in order to adapt the method to
| the vuried imustr.tal roquirenents,
For instance, & rxznet (mounted) yvolce serves a ra.pid sorting

of sheet metals according to their maguetic qualities.

U U U U RIS

A heavy=currant aggregate is used for a ripld quality sorting
. of ring nuclel und waole coils of megnetic sound wire without ‘um.ﬂndﬁ.ng the

i : coil, Othor special coils are 1n use for Uie magnetic naasurement of b ;
i O  sleet metal stripa, tupes, bars and wires, -

i st 1
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Dr. Friedrick F8rster

O 111, #1h shows purt of the front plate of the Ferrogruph ‘ ¢

with the cathode rey screen and the calibr:ting factors lor B . and s
1 : H___ underneath it. ' R RS
‘ an

an sttachuent has been developed for the Ferrograph (I1l. #14)
to make direct readings of wutt losses poésible. This cttachment permiti

the rapid sorting of sheet metuls according to t.he:fr watt losses,

3

5 The devices described above are sxamples of the fact that the
application of modern electronics creates valuable material neasuring

and testing methods.
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