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This invention is concerned with magnetic 
analysis and particularly with magnetic analysis 
of annular magnetizable bodies. 

Differences in metallurgical and physical prop 
erties of steel and the like are manifested by dif 
ferences in magnetism affecting properties. If 
identical magnetic fields are set up in two mag 
netizable bodies disposed respectively in inductive 
relationship with conductors, identical currents 
will be induced in these conductors only if the 
bodies are identical. If the two currents are op 
posed to each other no differential current will 
result unless the bodies are dissimilar. The prin 
ciple has been employed heretofore to distinguish 
between magnetizable bodies, and to determine 
whether a magnetizable specimen of unknown 
characteristics conforms to a magnetizable stand 
ard of known and desirable physical and metal 
lurgical character. Thus it is possible to detect 
Specimens which are defective with respect to 
hardness, chemical analysis, flaws, metaliographic 
characteristics or other properties. 
When analyzing a relatively long magnetizable 

body of relatively uniform cross section it is 
Customary to produce a magnetic field by pass 
ing the body through an electrically energized 
coil. The field thus set up is affected by and 
properly reflects the physical characteristics of 
the body, so that a current induced from the 
field is a proper index of these characteristics. 
However, when relatively short magnetizable 
bodies such as piston rings, ball-bearing ball 
races, etc., are treated as described hereinbefore 
for long bodies, the field does not properly re 
flect physical characteristics of the short bodies, 
probably due to the distortion of the field by so 
called 'end effect.' The term “annular' is used 
herein to include not only closed rings but also 
annular bodies such as split rings and other 
bodies in which the annulus is not complete. 
As a result of my investigations, I have dis 

COvered that magnetic fields may be caused to 
reflect correctly the physical and metallurgical 
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characteristics of relatively short bodies, if these 
bodies are in annular form and the field is set 
up by a relatively powerful current passing 
through the annulus, and I have developed an 
apparatus which is especially adapted for the 
analysis of annular magnetizable objects such 
as ball-hearing races, rings and the like. In ac 
cordance with my inyention, I produce a magnetic 
flux in an annular magnetizable object by dis 
posing the object around and preferably concen 
tric with a conductor carrying a heavy alternat 
ing current. The field thus produced prefersoly 
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is employed to induce a secondary current which 
is investigated, although it is possible to deter 
mine the physical properties of the annular ob 
jects by investigating the effect of the object's 
presence upon the primary current flowing in the 5 
conductor which creates the field. Preferably the 
conductor is the secondary of a transformer in 
the form of a short circuit ring of large current 
carrying capacity, the ring being divided into 
segments so that it can be passed through and in 10 
effect linked with the annular magnetizable obs 
ject. - 

Accordingly, my invention contemplates the 
magnetic analysis of an annular magnetizable 
body by passing a conductor through and in in- 15 
ductive association with the body, passing an 
alternating current through the conductor to pro 
duce a magnetic flux in the magnetizable body, 
and determining the effect of the body upon cur 
rent in said conductor or in a secondary con- 20 
ductor disposed in inductive relationship with the 
body. This is accomplished preferably in the 
apparatus illustrated in the accompanying draw 
ing in which: 

Figure 1 is a schematic elevation, partly in sec- 25 
tion, of a presently preferred form of magnetic 
analysis device of my invention; and 

Figure 2 is a section taken through the appa 
ratus of Figure 1, along the line A-A. 
The presently preferred form of the apparatus 3 

of my invention includes a toroid transformer 0 
having an annular core f with its axis set hori 
Zontally and with an insulated toroid Winding 2 
around the core. The core is of magnetizable 
material of low hysteresis such as iron and the 35 
winding has a low ohmic resistance. The two 
ends of the winding are connected to a source 3 
of alternating current of commercial amplitude 
and frequency, for example a lighting circuit. An 

- ammeter 4 or other current measuring device, 40 
an adjustable resistance 5, and a switch 6 are 
connected in series with the winding and the 
SOCe. 
A heavy lower conductor bar 7 (preferably 

copper) having a large cross section and high 45 
conductivity is disposed through the core of the 
transformer in a horizontal position and prefer 
ably concentric with the core. On the upper face 
and at each end of the bar are fastened lower 
cup or tubular contacts f8, 9, which may be 50 
made conveniently from short pieces of heavy 
guage copper tubes. Good electrical contact be 
tween bar and tubes is necessary and may be 
assured by brasing or other means. The lower 
bar and the lower tubular contacts make up half 65 
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2 
a short circuit ring 39, the other half of which 
is composed of an upper heavy bar 20, and a pair 
of upper cup or tubular contacts 2, 22, which 
in operation rest respectively on the lower tubular 
contacts. The short circuit ring is, in effect, the 
Secondary of the transformer. 
Within each of the four tubular contacts and 

concentric therewith are disposed respectively 
contact pins 23, 24, 25, 26, which are fastened into 
the respective bars With insulator bushings 27, 
28, 29, 30. When the tubular contacts are seated 
against each other the pins within each pair abut 
and form good electrical contacts. The outside 
ends of each pin are connected in a Secondary 
circuit 3 which is arranged so that current set 
up in the right hand pair of pins is in Series op 
position to the current in the other pair of pins. 
Also connected in the Secondary circuit is a 

primary coil 32 of a step-up transformer 33, the 
Secondary 34 of which is connected through an 
amplifier 35 of any convenient type to a current 
indicating means 36 such as an A. C. galvanom 
eter. 
Means such as insulator shelves 37, 38 are pro 

vided for holding the magnetizable bodies to be 
compared in concentric relationship respectively 
with right and left halves of the short circuit ring. 
Thus a standard ring X, known to have desired 
metallurgical and physical properties is placed 
around one-half of the short circuit ring 39 and 
a specimen ring Y to be compared with the stand 
ard is placed around the other half of the short 
circuit ring. 
The operation of the device is as follows: 
With standard and specimen in position, the 

Switch is closed and the toroid transformer is 
energized. The upper tubular contacts are then 
placed on the respective lower ones so as to cou 
ple the Single turn short circuit ring composed 
of the tubular contacts and the bars. Due to 
the heavy construction and low resistance of the 
short circuit ring a heavy current flow is set up 
in it in an economical manner. 
The heavy current set up in the short circuit 

5- ring creates a strong magnetic field which mag 
netizes the Specimen and standard. The mag 
netic fluxes thus set up react upon the current 
flow in the short circuit ring and also react upon 
the current flow in the secondary series-opposi 
tion circuit. Because both right and left sides 
of the apparatus are electrically similar, the 
fluxes created in the Specimen and standard tend 
to be equal, and if Specimen and Standard have 
cqual magnetism affecting properties the two sec 
ondary currents Set up in the Secondary series 
opposed circuit will equal and cancel each other. 
If, however, the Specimen and standard are dif 
ferent metallurgically or physically, and hence 
have different magnetism affecting properties, the 
Secondary currents opposed Will not be equal and 
a differential current Will be set up in the Sec 
ondary circuit. The presence of this differential 
current indicates a lack of Similarity between 
Standard and Specimen, and tells the operator to 
reject the specimen. Provided that the differ 
ential current or potential set up in the secondary 
series-opposed circuit is sufficiently great, it may 
be measured directly in this circuit. However, in 
order to detect differences which might escape 
such measurement, I prefer to step up the differ 
ential potential or amplify the differential cur 
rent or both, and to determine the thus amplified 
differential With the indicator ShoWn. 
Instead of inducing a Secondary current 

through a standard piece as described above, it 

2,202,884 
is possible to create by other means a so-called 
'artificial electrical standard,' or in other words 
to introduce into the secondary circuit and op 
pose to the current induced through the Speci 
men, a current Such as would be induced through 
the specimen if it had the desired physical and 
metallurgical properties. The phase shifting 
amplitude controlling device shown in my copend 
ing application Serial No. 149,575, filed June 22, 
1937, may be employed for creating the “artificial 
standard potential.' However, for reasons of 
simplicity I prefer to employ the device as shown 
herein. 

It should be noted that the secondary current 
flow set up by the fluxes in the Specimen and 
standard is not directly linked with the flux set 
up in the iron core of the transformer, which is 
an advantage because the direct effect of the iron 
transformer core upon the wave form of the indi 
cated current is eliminated. 
I claim: 
1. In an apparatus for analyzing an annular 

magnetizable body having means for creating a 
flux in said body, a circuit disposable in induc 
tive relationship with the flux thus created, and 
means for determining the effect of the flux upon 
a current in said circuit, the improvement which 
comprises a transformer and a short circuit ring 
of relatively high conductivity disposed in induc 
tive relationship with the transformer and con 
structed of a plurality of segments, so that it may 
be linked through said annular body. 

2. In an apparatus for analyzing an annular 
magnetizable specimen having means for creat 
ing a flux in said specimen, means for creating 
a flux in a standard annular magnetizable body, 
conductors disposable respectively in inductive 
relationship with the fluxes thus created, a cir 
cuit for opposing currents in Said conductors in 
fluenced by Said flux to produce a differential Cur 
rent, and means for determining the presence of 
said differential current in the circuit, the im 
provement which comprises a transformer and a 
Short circuit ring of relatively low resistance 
disposed in inductive relationship with the trans 
former and composed of a plurality of segments 
so that it may be linked through Said Specimen 
and through said standard body. 

3. In an apparatus for analyzing an annular 
magnetizable body having means for creating an 
alternating magnetic flux in said body, a circuit 
disposable in inductive relationship with the flux 
thus created, and means for determining the 
effect of said flux upon a current in said circuit, 
the improvement which comprises a toroid trans 
former and a short circuit ring of relatively low 
resistance passing through said toroid trans 
former and composed of a plurality of Segments 
so that it may be passed through and linked with 
Said annular body. 

4. A magnetic analysis apparatus for investi 
gating an annular magnetizable body which con 
prises a toroid transformer, a U-shaped member 
passing through the toroid transformer and of 
relatively low electrical resistance, a Second U 
shaped member of relatively low electrical re 
sistance adapted to form a contact with the first 
U-shaped member and make a short circuit ring, 
means for linking the annular body through said 
short circuit ring but out of contact therewith, 
a Secondary circuit disposable in inductive rela 
tionship with said ring and said body, and cur 
rent indicating means connected in Said sec 
Ondary circuit. 

5. In a magnetic analysis apparatus for inves 
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tigating an anular magnetizable body, the im 
provement which comprises a toroid transformer, 
a U-shaped conductor of relatively high con 
ductivity passed through the toroid transformer 
and having a pair of tubular contacts on its 
ends, each tubular contact having a conductive 
pin disposed within it and insulated from the 
tubular contact and the bar, a second U-shaped 
conductor bar of relatively high conductivity 
having tubular conductors on its ends with con 
ductive pins disposed within the tubular con 
ductors and insulated from the conductors and 
the second bar, the tubular conductors and con 
ductive pins on each bar being adapted to make 
contact with the respective tubular conductors 
and conductive pins on the other bar, a Sec 
ondary circuit connected to the four pins and 
current indicating means connected to the Sec 
Ondary circuit. 

6. An apparatus for analyzing an annular mag 
netizable specimen which comprises a transformer 
having a secondary in the form of a short cir 
cuit ring of relatively high current carrying 
capacity, means for linking said ring through 
the Specimen and through an annular standard 
magnetizable body, a pair of conductors disposed 
Within portions of the short circuit ring and dis 
posable respectively in inductive relationship with 
the Specimen and standard, a circuit connecting 
Said conductors in series opposition, and means 
for indicating the presence of current in said 
circuit. 

40 

7. The method of subjecting an annular mag 
netizable body to magnetic analysis which com 
prises disposing said body and a standard an 
nular magnetizable body respectively in inductive 
relationship With a closed conductor loop passing 
through both annular magnetizable bodies, en 
ergizing said conductor loop with an alternating 
power source disposed in inductive relationship 
with said loop, disposing two other conductors 
respectively in inductive relationship with said 
annular magnetizable bodies, opposing currents 
induced in Said other conductors in a circuit and 

3 
noting the presence of a differential current in 
Said circuit. 

8. The method of subjecting an annular mag 
netizable body to a magnetic analysis which 
comprises disposing said body and a standard 
annular magnetizable body respectively in in 
ductive relationship with a conductor loop pass 
ing through both annular magnetizable bodies, 
producing an alternating current in said con 
ductor loop with an alternating current source 
disposed in inductive relationship with said loop, 
disposing two other conductors respectively in 
inductive relationship with said bodies but out of 
direct inductive relationship with said power 
Source, opposing the currents induced respective 
ly in said other conductors in a circuit, and not 
ing the presence of differential current in said 
circuit. 

9. An apparatus for analyzing an annular mag 
netizable specimen which comprises a short cir 
cuit ring of relatively high current carrying ca 
pacity having a tubular portion, a conductor dis 
posed within the tubular portion and insulated 
from the short circuit ring, means for linking 
the specimen through the short circuit ring ad 
jacent its tubular portion and Out of contact 
but in inductive relationship therewith, means 
for energizing the short circuit ring with an 
alternating current, a secondary circuit connected 
to the conductor and current indicating means : 
connected to the Secondary circuit. 

10. In an apparatus for Subjecting an annular 
magnetizable body to magnetic analysis includ 
ing means for producing a magnetic flux in Said 
body, a conductor disposable in conductive rela 
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tionship with said flux, and means for deter 
mining the effect of Said flux. On Current in Said 
conductor, the improvement which comprises a 
closed circuit of relatively high current-carrying 
capacity comprising a tubular U-shaped member 
disposed through said annular body in inductive 
relationship therewith, and a conductor connected 
to opposite sides of the U for closing it. 
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