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7 Claims.

My invention relates to an apparatus for mak-
ing magnetic tests and measurements and con-
cerns particularly an arrangement suitable for
testing different materials under working condi-
tions. The present application relates to an ar-
rangement for utilizing the apparatus disclosed
in my copending application, Serial No. 5276
filed Feb. 6, 1935, assigned to the same assignee
as the present application in connection with
alternating currents and for making measure-
ments of magnetic loss.

In the laboratory, magnetization curves may
readily be determined for the purpose of ascer-
taining the characteristic magnetic constants
such as coercive force, remanence, initial and
maximum permeability, hysteresis losses and sat-
‘uration, and the like, Accurate resuits may be
obtained by carrying out the measurements on a
closed ring. The laboratory method utilizing a
closed ring, however, is not suitable when the
tests are to be carried out under working condi-
tions continuously or when it is desired to take
repeated measurements on a piece of sheet metal
in order to determine the thermal effects, for
example.

The necessity for the use of a closed ring has
been overcome in certain types of apparatus by
building up cores from test strips arranged in lay-
ers in a closed form or by utilizing a closing yoke.
However, the accuracy of the apparatus and the
uniformity of the results is interfered with by the
presence of the free poles formed at the abutting
joints which tend to demagnetize the magnetic
material. :

It is an object of my invention to provide an
apparatus in which the difficulties of the prior
devices are overcome by magnetizing the sample
in a coil and taking a direct measurement of the
effective field strength as well as the magnitude
of other magnetic conditions in the sample, It
is a further object of my invention to provide an
apparatus in which tests may be made upon small
quantities of test material in shapes that may
be obtained easily, particularly flat strips or
sheets. (

In accordarice with my present invention appa-
ratus of the type disclosed in my copending ap-
plication above-mentioned, is used in conjunc~
tion with means for producing alternating cur-

_rents and controlling their phase relationship.

In the form ¢f my invention the sample in the
form of a strip of sheet metal is surrounded by
s magnetizing winding. The width of the strip
is so great that the effect of any hardening at
the edge i8 negligible. The operation of my de-

]
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vice depends upon the principle that the actual
effective fleld strength in the metal strip is just
as great as the fleld strength in the air at the
surface of the metal. This law is based upon the
continuity of the tangential component of the
field strength when passing to the outside layers.

One or two filamentary conductors are mount-
ed In close proximity to the surface of the test
strip and the deflection of the filaments when a
current is passed through them provides an in-
dication of the strength of field at the surface
of the magnetic test strip. When using the ap-
paratus with alternating currents, means are
provided for causing an alternating current to
flow through said filament in phase with the
magnetic field to which the test strip is subjected.
For making loss measurements the current
through the filament is made proportional to and
in phase with the magnetic induction through
the test strip. Any suitable means such as a
microscope used to observe the motion of the fila-
ments or a rotating mirror carried by the pair
of filaments in the manner of an oscillograph
loop may be employed in conjunction with an
optical system in order to provide an indication
of the bending of the filaments thereby provid-
ing an indication of the strength of field. The
features of my Invention which I believe to be
novel and patentable will be pointed out in the
claims appended hereto.

A better understanding itself, however, may
be obtained by referring to the following de-
seription taken in connecjion with the accom-
panying drawing in which Fig. 1 is a circuit dia-
gram of one embodiment of my invention; Fig. 2
is a circuit diagram of a modified arrangement
more particularly adapted to measurements tak-
ing into consideration the effect of harmonics;
Pig. 3 is a cross-sectional view of the apparatus
used in connection with the arrangement of Flg.
1; and Pig. ¢ 1s a schematic dlagram fllustrating
the optical ecircuit of the arrangement shown in
Fig. 3 and indicating the apparatus in horizontal
longitudinal section.

Referring now more in detail to the drawing in
which like reference characters refer to like
parts throughout, I provide a cylindrical mag-
netizing winding {1 energized by any suitable
source of alternating current, such as an alter-
nator 2. A test plece I3 is placed in magnetic
relation to the magnetizing winding if. Prefer-
ably the test piece {3 takes the form of a flat
strip supported within the winding {1 by non-
magnetic frame 4.

In order to provide a direct indication of the
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fleld strength within and at the surface of the
test piece 13, a current-conducting filament 15 is
mounted in close proximity to the surface of the
test piece 13. Although I am not limited to this
specific arrangement, I prefer to employ a pair
of parallel filaments I8 and 16 connected in se-
ries at one end. An alternating current, also sup-
plied if desired by the alternator 12, is caused
to flow through the filaments I8 and (6. Since
current flows in opposite directions in the two
filaments, they are deflected in opposite direc-
tions. A mirror 19 supported between fllaments
16 and {6 cooperates with a suitable device 20,
such as a mirror or prism, a source of, light 21
and a suitable device, such as a screen or a scale
22, to provide an indication of the deflection) of
the filaments I$ and (6 in response to the reac-
tion between the current flowing in the filaments
and a magnetic field at the surface of the test
piece 13. :

The fllaments 5, 18 are located in a fleld which
is s0 close to the surface of the magnetic test
plece 13 as to be substantially unchanged from
the field within the test piece. Consequently the
deflection of the filaments {5 and (8 provides a
direct indication of the field strength. In my ap-
paratus, corrections which would have to be
made in calculating the field strength from the
magnetizing current are therefore rendered un-
necessary. -

Owing to the fact that the reaction between
a current conductor and a magnetic field depends
both on the magnitude of the quantities and the
phase relationship between them when alter-
nating quantities are involved, it 1s necessary to
fix the phase relationship between the current
flowing in filaments 15, 18 and the magnetic fleld
produced by the magnetizing winding 1i. Any
suitable device such as a phase shifter or a
suitable arrangement of variable impedances
may be provided for varying the phase relation-
ship. For example, in the arrangement shown
In Fig. 1, the alternator 12 is connected to the
primary of a controlling circuit through variable
resistors 28 and 28, and a variable coupling trans-
former 30, forming in conjunction with the re-
sistances a complex compensator, is utilized to
transfer the energy from this circuit to the fila-
ments 16 dand 6. The ammeter 31 serves to in-
dicate the magnitude of the current drawn
from the alternator 12 for the energization of
the filaments I8 and 18. A double-pole, double-
throw switch 32 is provided for opening and
closing a circuit from the complex compensator
30 to the filaments I8 and #8. ‘The strength of
the current is controlled by adjusting the rheo-
stats 28 and 29, and the phase relationship is
adjusted by varying the coupling between the
primary and secondary windings 33 and 34 of
the transformer 30. By varying the adjustment
until the maximum deflection of the mirror (9 is
obtained, an adjustment results which corre-
sponds to phase uniformity between the current
flowing in the filaments 1%, I8 and the magnetic
field to which the sample 13 is subjected.

By causing the current flowing in fllaments I5
and (6 to vary in phase relationship and magni-
tude with the msagnetic induction through the
sample (3, my apparatus may also be utilized
to obtain an indication of magnetic loss since,
as is well known, the magnetic loss in magnetic
material is a function of the product of fleld
strength or magnetizing force and flux density
or magnetic induction. 'To this end a flux meas-
uring coil, preferably divided In two perts 23

and 28, is so arranged that it may be connected
to the phase compensator 30 by throwing the
double-pole, double-throw switch 32 to the right.
The adjustment of the compensator is then
varied until the deflection of the alternating cur-
rent galvanometer 24 falls to zero thereby indicat-
ing that the voltage produced by the compensator
is exactly opposed in phase and magnitude to the
voltage induced in the induction measuring coils
23 and 25 by the magnetic induction in the sam- 10
ple 13. If the double-pole, double-throw switch
32 is then thrown to the left, the current in the
filaments 5 and 16 will correspond in magni-
tude and phase to the magnetic induction of
the sample 13 and the deflection of the mirror 15
18 will provide an indication of the product of
magnetizing force and induction thereby per-
mitting the apparatus to be calibrated in terms
of magnetic loss. ‘

If the apparatus is to be used for making tests 20
with alternating currents containing harmonics
or if the test i1s intended to take in considera-
tion the harmonics in the wave form of the flux
produced by the characteristics of the magnetic
material, it is desirable to produce a current In 23
the filaments I5 and 16 which exactly simulates
the wave form of the magnetic induction. For
this purpose the apparatus disclosed in Fig. 2
may be utilized in which a three-element dis-
charge tube 3§ controls the current in the flla- 30
ments 15, {8 in accordance with the voltage in-
duced in induction measuring coils 23 and 28.

‘The discharge tube 35 is provided with a con-
trol grid 36, a fAlamentary cathode 37 and an
anode 38. The cathode 37 is energized by a flla- 33
ment battery 31’. The induction measuring coils
23 and 25 are connected in the grid circuit of the
discharge tube 35 in series with a grid battery 39
between the cathode 31 and the control grid 36
so that the potential of the control grid varies 49
with the voltage induced in the induction meas-

uring coils 23 and 28. The plate circult. of the

discharge tube 38 contains a source of plate po-
tential 40 and a resistor 41 connected in series
between the anode 38 and the cathode 37. The 4;
filamentary conductors I8 and I8 are connected
in a circuit which is connected in parallel o
the resistor 41 so that the current in filaments
i5 and I8 varies with the plate current of the
discharge tube. It will be understood that the g,
discharge tube is to be operated in the straight
portion of its characteristic curve so that the
plate current will vary linearly with the grid
voltage.

The direct current component of the plate cur- g5
rent may be balanced out, if desired, by means
of a‘compensator consisting of potentiometer 42
energized by a battery 48. The portion of the
potentiometer 42 between its variable tap 44

and its terminal 45 and the filaments 8, 18 In g, -

series are connected across the resistor 41. The
polarity of the battery 43 and the setting of the
tap 44 is such that the direct current component
of the plate current is compensated and no cur-

© rent flows in filaments 1% and (8 when the in- &

duction in the sample {3 and consequently the
voltage induced in induction measuring wind-
ings 23 and 26 is zero. Since the plate current
in the discharge tube 3% responds with very great
rapidity to variations in the grid voltage, the 4,
plate current and consequently the current flow-
ing in smibstantially non-inductive circuit of fil's-
ments I8 and {6 follows the magnetic induction
of the sample (3 however complex its wave form
may be. In consequence, the apparatus may be ,
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used for measuring the loss in the samples sub-
jected to magnetizing currents of different wave
forms and rgardless of the distortion of the wave
form resulting from the characteristics of the
material being tested.

In accordance with the provisions of the pat-
ent statutes I have described the principle of
operation of my invention together with the
apparatus which I now consider to represent the
best embodiment thereof, but I desire to have
it understood that the apparatus shown is only
{llustrative and that the invention may be car-
ried out by other means.

What I claim as new and desire to secure by
Letters Patent of the United States, i8:

1. Apparatus for making magnetic measure-
ments of magnetic samples having flat surfaces,
comprising an alternating current magnetizing
winding, means for supporting such a sample In
testing position in magnetic relation with said
winding, a flexible current conductor supported
so as to be parallel with and in relatively close
proximity to the surface of a sample in testing
position, and means for supplying to said condue-
tor an alternating current in phase with a mag-
netic fleld in said sample, thereby causing a de-
flection of said conductor and an indication of
the strength of said magnetic fleld in the sample

under test.

2. Apparatus for making magnetic measure-
ments of test pieces having flat surfaces, com-
prising & magnetizing winding arranged to sur-
round said test piece, means for energizing said
winding with alternating current, a pair of cur-
rent-conducting fllaments connected in series
and supported transverse to the axis of said mag-
netizing winding 50 as to be parallel with and in
relatively close proximity to the surface of a plece
in testing position, sald pair of filaments being
twisted in accordance with the magnetic field
strength to which the test piece is subjected
thereby rroviding a direct response to the
strength of said fleld, and means for causing an
alternating current to flow through said conduct-
ing fllaments in phase with the current ener-
gizing said magnetizing winding.

3. Apparatus for making magnetic measure-
ments of magnetic samples having flat surfaces
comprising an alternating current magnetizing
winding arranged to permit placing such a sam-
ple in magnetic relation thereto in testing posi-
tion, a flexible current conductor supported so
as to be parallel with and in relatively close prox-
imity to the surface of a sample in testing posi-
tion, and means for supplying to said flexible
conductor an alternating current and controlling
the phase relationship thereof.

4. Apparatus for making magnetic measure-
ments of magnetic samples having flat surfaces,
comprising an alternating current magnetizing

- winding, means for supporting such a sample in

testing position in magnetic relation with said
winding,_ a flexible current conductor supported

3
56 as to be parallel with and in relatively close
proximity to the surface of a sample in testing
position, and a complex compensator for supply-
ing to said conductor an alternating current in
phase with the field produced by sald magnetiz-
ing winding so as to cause a deflection of said con-
ductor and an indication of the magnitude of a
magnetic condition in a sample under test.

5. Apparatus for measuring magnetic loss in
magnetic samples having fiat surfaces, compris-
ing a magnetizing winding, means for supporting
such a sample in testing position in magnetic
relation with sald winding, a fiexible current con-
ductor supported so as to be parallel with and in
relatively close proximity to a surface of a sam-
ple in testing position, an induction-responsive
coll in inductive relation with the sample under
test, means associated with said cotl for supplying

_an electrical current to sald flexible current con-

ductor varying in phase and magnitude with
variations in magnetic . induction through said
induction-responsive coll whereby said flexible
conductor is caused to deflect an amount de-
pendent upon the product of field strength and
magnetic Induction so as to give an indication
of magnetic loss.
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6. Apparatus for measuring magnetic loss in .

magnetic samples, comprising means for subject-
ing a sample to be tested to an alternating mag-
netic fleld, a flexible conductor subjected to a
fleld substantially equal to that within sald sam-
ple and means for causing a current to flow
through said conductor varying in phase and
magnitude with the magnetic induction in said
sample, whereby said conductor is caused to de-
flect an amount dependent upon the product of
fleld strength and magnetic induction thereby
giving an indication of magnetic loss in said
sample.

7. Apparatus for making magnetic measure-
ments of magnetic samples having flat surfaces,
comprising & magnetizing winding, means for
supporting a sample in testing position in mag-
netic relation with said winding, a flexible cur-
rent conductor supported so as to be parallel to
and in relatively close proximity to the surface of

a sample in testing position, an induction meas- .

uring cofl in magneti¢ relation with said sample
so as to have induced therein a voltage propor-
tional to the magnetic induction in said sample, &
three-element discharge tube having a control
grid, & source of current energizing sald tube, said
contro! grid being connected to sald induction
measuring coil and said flexible conductor being
connected in series with said discharge tube
whereby a current is caused to flow through sald
flexible conductor varying in phase and magni-
tude with the magnetic induction through said
magnetic sample thereby causing sald flexible
conductor to be deflected an amount dependent
upon the product of magnetic induction and fleld
strength to which said sample is subjected.
PETER C. HERMANN.
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