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This invention relates to a method and means
for demagnetizing and more particularly to a
novel method and means for demagnetization
with the use of transients.

Some of the troublesome problems encountered
in the fleld are the demagnetization of large parts,
in particular, crankshafts, or smaller parts of
highly retentive material such as heavy springs.
1t is quite common today for manufacturers to test
metal parts for flaws and other defects by mag-
netizing the part and then depositing paramag-
netic powder on the part for the purpose of ob-
serving any special congregation of particles as
would be the case if a flaw or other defect were
present in the metal. It is usually considered
desirable and in many cases it is absolutely neces-
sary that a part which has been tested in such
a manner be demagnetized after the test. Where
a crankshaft or other large or special part has
been magnetized, it is not always possible to ob-
tain satisfactory demagnetization of the part by
simply drawing the part through and out of an
alternating magnetic fleld.’

I have found that a very satisfactory demag-
netization of g part may be obtained by utilizing
the starting transient when a demagnetizing coil
1s first connected to an alternating current power
line. More particuiarly, I have found that if a
rapid and successive series of transients is first
introduced into the demsagnetizing coil prior to -
" to the time when a steady alternating current is
caused to flow through the coil so as to enable the
part to be gradually withdrawn from the influence
of the fleld, that a much more satisfactory de-
magnetization will result.

It is an object of the present invention to pro-
vide a novel method and means for demagnetizing
which includes the use of transients.

Another object of the present invention is to
provide a novel demagnetizing apparatus wherein
the alternating current energization circuit of the
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invention is to provide a novel timer control cir-

cuit for demagnetizing equipment.

The novel features which I belleve to be char-
acteristic of my invention are set forth with par-
ticularity in the appended claims. My invention
itself, however, both as to its manner of construc-
tion and method of operation, together with fur-
ther objects and advantages thereof, may best be
understood by reference to the following descrip-
tion, taken in connection with the accompanying
drawings, in which:

Figure 1 is a schematic wiring diagram of the
novel control circuit for a demagnetizer embody-
ing thenovel principles and teachings of the pres-
en{ Invention;

Figure 2 illustrates in full hnes the steady state
voltage and current flowing in the demagnetizing
coil while the transient is shown in dotted lines;

PFigure 3 shows the nature of the resuiting curve
when the transient is combined with the steady
current;

Figure 4 is a hysteresis curve showing the effect
of the transient on the magnetization of the part
being tested;

Figure 5 is a schematic wiring disgram illus-
trating 2 modified form of the present invention;
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demagnetizer is turned on and off a number of -

times.

A further object of the present invention is to
provide novel apparatus for introducing a series
of transients in the demagnetizing coil of a de-
magnetizer,

Another and further object of the present in-
vention is to provide a novel control circuit for
a2 demagnetizer wherein means is provided for

rapidly interrupting the flow of alternating cur-:

rent to the energization circuit of the demag-
netizer.
Another and still further objeet of the present
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Figure 6 is a schematic wlring diagram illus-
trating a third embodiment of the present in-
vention.

One embodiment of the present invention is
llustrated in Figure 1 of the drawings wherein a
demagnetizing coil 10 is arranged to be connected
to alternating current supbly conductors 1 and
{2 through contactors 19a and §9b. Now the
novel method of the present invention includes
the placing of a part to be demagnetized (not
shown) in the coil 18, turning the current on and
off in rapid succession to produce a plurality of

starting transients (preferably at least ten or -

more) and then withdrawing the part from the
coil during the time the coil is energized by the
steady flow of alternating current from the power
supply lines .{{ and 12. The control circuit for
carrying out such a method includes & synchro-
nous timer 15 which is connected through s drop-
ping resistor i6 to the supply conductors {1 and
12. The synchronous timer includes a motor 7
and a switch 18. The detail nature and construc-
tion of the synchronous timer #§ forms no part of
the present invention, it being any one of the
available types on the market in which the switch
18 is arranged to be closed manually and in which

the motor {1 is arranged to cause the swit~h 18
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to bz opened afier the slapss of o predetern
peried of time, ’ )

As soon as switeh 18 s elosed, 15 will be observed
that the motor is energized inrough conductors
1%’ and 18°. The contacis 192 angd 19D in the
main circuif are arranged $o b2 ¢lossd Uron ener-
gization of & contactor coil 19 which is connecied
through & normelly closed contach 29 and switch
{6 across conductors (! ang 19. The normally
closed contact 20 will herelnafisr te referred o as
an interlock for this contact 20 is arranged to be
opened as the contacis 192 and 190 are closed.
it will thus be seen thei as scon as the contacis
[8a¢ and [90 are closed, the coniadcior coll [9 be-
comes deenergized by the opening of the interioek
20 and the contacts (9¢ and 190 thereuson drop
out. Bui as soon as the coniasis 19¢ and 196
drop out, the interlock 20 is closed and the con-
tactor coil {9 agaln becomes energized to cause
the closing of the contacts (9¢ and 195, This re-
sults in a rapid opening and closing of the ener-
gization circuib to the demagnelizing coil 16,

Connected in shun{ with the contactor ceil
{9 and the interlock 20 Is a timer coil 2! which
is arranged to cause 1;3he movable contact cle-
meni 21e which is connected to one end of the
contactor coil {9 through a conducior 23 {0 move
from iis full line position as shown in Figure i
to its dotted line position as shown in Figure i.
After the timer coll 2{ has caused the switch 2(lg
to close, it will be observed that the interlock is
shunted out of effective conivol of the energiza-
tion of the contactor coil {9 and the contactor
coil ({9 will remain continuously energized until
the synchronous timer (9 has causad the switch
(8 to open. During this laiter period the part
which hes been disposed within the demagnetiz-
ing coil 1@ is gradually withdrawn.

In any circuit, when first making contact, a
transient current will nearly always occur be-
cause the relationship beiween the voltage and
curreng in that, circuib at the particular instant
of contact will not, in general, be the same as
for the steady stete condition. TWhen consider-
ing the demegneizing coil 10 of Figure 1 by
way of exemple, the steady staie  condition
would ke vepresented by e sine wave 24 of cur-
rent lagging 90° epproximatsiy
plied voltege wave 25

5 (as shown in Figuve 2).
This 80° lag is of course due 0 the fact that the
resistance of the coil 16 is negiizible in compari-
son with the inductance. Now when fhe circuit
to the demagnetizer coil 10 is ciosed (by closure
of contacts [9¢ and 19%) et a time “g,” the cur-
rent at the instant of closing is zero, which obvi-
ously does not coincide with the fnite value of
current “y” which would be preszng at that in-
stani under the steady state condition. As a
result, a transient is esteblished which makes up
the difference in current and supplies the energy
required to establish the fieid of the coil. The
transient in the coil {0 has the shape shown by
the dotted curve 28 (an exponentisl curve) and
has a maximum value corresponding io the value
uy‘n -

If an osciliogram is now taken of the line cur-
rent starting at the time “g,” the picture would
appear as shown by the full line curve 27 in Fig-
ure 3. Figuve 3 is derived by adding the steady
state current to the iransient.

The effect can be analyzed by considering a
D. C. transient to be present for the first five or
siz cycles in addition to the normsl steady state
current. The magnitude of the transient will de-
vend on the instant at which the switch is closed.

tehing the ap-.
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The maximum transiens will ococur if con
made et an instant of fime “P* or “c” whish
corresponds {0 a closing of the contact &% on in-
stant of time when the current wave should k2 o
maximum in a positive direction (“D) or in o
negative direction (“e’).
at & time “7,” or in other words at = time her
the curremé wave should be zero, there wil] of
course be no transient at 2ll. It will furthermors
be observed from the above consideration #hat
the transient may be either vositive or negaiive,
depending on the time of the closing,

Use may be mede of this D. C. transiend by
causing it to oppose the original AAeld in the moye
netized parf. By energlzing the coll 2 numbar
of times it is believed that o transient will always
result of high magnitude which is in the proper
direction to neutralize a substantial pary of the
field in the magnetized paré or ever to reverse
it to some extent. From this polnt, the usual
withdrawal of the part through the coil is suffl~
cient to remove the remaining meagnetism.
Should another transient in the wrong direction
be applied, the beneficial effeci of the fArst tron-
sient is not lost to any great exient. This hag
been conclusively proved in practice. If ig be-
lieved that an explanation of this effect may be
explained by the hysteresis curve shown in Pig-
ure 4. The point 20 represents the residual Mag-
netism lefi in the pari after the original magne-
tization. Point 29 represents the amount lefi
after a favorable transient. Poini 30 shows how
the residual magnetism is still considerably less
than that at 28 in spite of an unfavorable tran-
sient being applied after point 29. Point 37 is
arrived at by a further favorabie transient. De-
magnetization from point 80 will not be quite as
gocd as that from point 29, but nevertheless i is
still subsiantially betier than whai it was at the
point 28 where it originally started.

It has furthermore been found in practice that
the beneficial effect obiained by rapidly inter-
rupting the energization circuit to the magne-
tizing coil {9 is due {o the starting transient when
the circuit is “made” and not due to the condi- )
tion which exists at the “bresk.” Numerous

~ tests have further shown that 2 beneficizl resuls
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is always obtained by a series of openings and
closings of the energization circuit of the coil J6,

A modified form of the present invention is
shown in Pigure 5 o7 the drawings. Tn this em-
bodiment the demagnetizing coil 18 is also con-
nected to the power lines 1{ ang 12 through con-
tactors i8¢ and 19D ss described in connection
with Figure 1. The paris are similar to those
shown in Figure 1 and they have been given the
same reference chavacters. A synchronous gimer
15 having a motor 17 and & timer switch (9 is aiso
connected across the lines {1 ang 2 through a
dropping resistor 18. The contactor coil 18 in
this instance, however, is connected through s
normally closed relay contact 32 and through the
switch 18 to the lines 1§ and 12 rather than
through the mechanical interlock previously de-
scribed. A timer microswitch 2ia is provided
which is normaily open but which is arranged to
be closed after a brief interval of tlme by the
timer coil 21 which is connected to the circuit in
the same manner as that described in connection
with Figure 1. A relay coil 33 is connected across
the demagnetizing coil {8 so that i is on the
same side of the contactors 18« and 18b as is the
demagnetizer coil (8. If will thus be epparent
that upon closure of the contacts §9¢ and 195 by
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the contactor coll 19, the demagnetizing coil ]
is energized es is also the relay coll 33. Upon
energization of the relay coil 33, the normally
closed relay contact 32 is opened causing & de-
energization of the contactor coil 18. Upon de-
energization of the contactor coil {9, the contacts
- 19g and 95 drop out and the magnetizing coil i0
as well as the relay coil 33 becomes deenergized.
The cycle is rapidly repeated until the timer
‘microswitch 21a has closed thus holding the con-
tactor coll 19 continually energized so long as the
synchronous timer switch 18 remaing closed.
During this period the part is slowly withdrawn
from :he demagnetizing coil 10. After the elapse
of & predetermined interval of time, the synchro-
nous motor {5 opens the switch I8 and prevents
further energization of the magnetizing coil 10
until the switch 18 has again been closed.

A third embodiment of the present invention
is iHustrated in Figure 6 of the drawings, wherein
means is provided for obtaining a somewhat
slower interruption of the contacts 18a and i90.
In this form of the invention, the contactor coil
{9 is connected through a microswitch 34 and
the switch {8 of the synchronous timer 15 to the
lines {1 and 12. The microswitch 3%a is con-
trolled by a timer coil 35 which is connected
through a mechanical interlock 36 and & micro-
switch 38a across the lines i1 and (2. The micro-
switch 38a is operated by the timer coil 38 which
is connected across the lines i1 and 12 through
switch 18 of the synchronous timer {5. The syn-
chronous timer 15 s connected across the lines
11 and 12 through & dropping resistor 16 in the
same manner as previously described.

When the synchronous timer 5 is turned on
by closing its switch 8, the contactor coil 19 and
timer coil 38 are energized. The energization of
the contactor 19 causes the contacts 19a and 190
to be closed to energize the magnetizing coil 10.
The interlock 38 is mechanically connected to the
contactors 19a,and 19b in such a manner that
upon closure of the latter, the interlock 36 closes.
When the interlock 36 closes, the timer coil 35
is energized and after the. elapse of a predeter-
mined period of time, such for example as two-
tenths of a second, the microswitch 35c opens
after opening the energization circuit of the con-
tactor coil 19. Deenergization of the contactor
coil 19 causes the contacts 19a and 19b to drop out
and results in the deenergization of the demag-
netizing coil 10. The opening of the contacts 18a
and 19b causes the cycle to repeat itselft at two-
tenths second intervals. After the elapse of a
predetermined period of time, such for example
as two seconds (or in other words twenty two-

_tenths second intervals) the timer 38 causes its
microswitch 38 to disconnect timer 35 from the
circuit. This stops the intermittent action and
causes the demagnetizer coil to remain energized
until the synchronous timer shuts off the entire
circuit. ] '

Tt is evident that with this particular embodi-
ment of the present invention, the rate at which
the transients are produced, and the number of
transients which occur before a steady operation
is reached, are both controllable through the tim-
ers 35 and 38.

In practice it has been found that a circuit of
the general type shown in Figure 6 is more uni-
form in satisfactory results, for it has been found
that if the duration of a transient is very short,
it is not as effective in its demagnetizing action
as where the duration of the transient is some-
what longer. I have found that under usual op-

10

15

20

25

30

40 -

45

3

erating conditions, the minimum length of time
is about six cycles (where sixty cycle alternating -
current Is used) or one-tenth of a second. If has
further been found in practice that the effective-
ness of the demagnetization increases with the
number of transients used but practically the en-
tire benefit of the process is obtained with ten
to Aifteen transients. : '

* While T have shown and described certain par-
ticular embodiments of my invention, it will, of
coursge, be understood that I do not wish to be
limited thereto, since many modifications may
be made, and I, therefore, contemplate by the
appended claims to cover all such modifications
as fall within the true spirit and scope of my in-
vention. ‘

Iclaim as my invention:

1. Demagnetization apparatus comprising a
demagnetizing coil in which a magnetized part
is placed when it is to be demagnetized, means
for energizing said coil with a series of A. C.
starting transients for a predetermined period
of time, and means for energizing said coil with
a steady state A. C. after said predetermined
period of energization.

2. Demagnetization . apparatus comprising a
demagnetizing coil, means for introducing in
rapid succession & series of alternating current
transients in-'said coil for a predetermined
period of time, and means for causing an alter-
nating current of substantially constant maxi-
mum amplitude to flow through said coil after
the elapse of said predetermined period of time.

3. Demagnetization apparatus comprising a
demagnetizing coil, means for energizing said
coll with a plurality of A, C. starting transients
in rapld succession, and means for thereafter

_energizing said coil with alternating current of

susbtantially uniform amplitude.

4, Demagnetization apparatus comprising a de-
magnetizing coil, means for energizing said coil
with a series of A. C. starting transients for a
predetermined period of time, and means for en-
ergizing said coil with alternating current of
substantially uniform amplitude for a second pre-
determined period of time immediately following

" said first period of time.
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5. Demagnetization apparatus comprising a de-
magnetizing coll, means for energizing said coil
with a successively applied group of A. C. start-
ing transients, each ‘transient being applied for
a few cycles only, and means for thereafter en-
ergizing said coil with alternating current of sub-
stantially constant amplitude.

6. Demagnetization apparatus comprising a de-
magnetizing coil, means for energizing said coil
with alternating current of substantial constant
amplitude, and means for initially peaking the
amplitude of the alternating current wave for a
predetermined period of time.

7. A circuit for controlling the energization of
a demagnetizer comprising supply conductors ar-
ranged to be connected to a source of alternating

" current, a demagnetizer including a circuit es-

tablishing a magnetic fleld, means for connect-
ing sald circuit to said supply conductors includ-
ing a contactor having a contactor operating coil,
and a contact interlock which opens when con-
tactor closes and which closes when the con-
tactor opens, means for connecting said contactor
coil and said interlock in series to said supply
conductors, and & microtimer switch connected
in paralle] with said interlock, said microtimer
switch having a timer coil connected to said
supply conductors for closing said microtimer
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switch after the elapse of 2
of time,

8. A circuit for controlling the energization of
a demagnetizer comprising supply conductors ar-
ranged- to be connected $o g souree of aliernating
current, & demagnetizer, means for connecting
said demagnetizer to said supply conduciors in-
cluding a contactor having s contactor operating
coil, and a contact interiockk which opens when
the contactor closes and which closes when §he
contactor opens, & synchronous timer connected
to said supply conductors and having g synchro-
nous timer switch which opens sfter the elapse
of a predetermined period of time, seid contactor
coil and said Inferlock being connecied in series
with said synchronous timer switeh, o microtimer
switch connected in parallel with sazid interlock,
said microtimer swiich heving 2 “imer coil for
closing said switch after s predetermined period
of time, the predetermined period of tirae of said
microtimer switch being shorier than the prede-
vermined period of {ime of said synchronous
timer. ¢

9. A circuif for controlling the energization of
8 demagnetizer comprising supply conductors ar-
ranged to be connected to 2 source of alternating
cwrrent, a demegnetizer, means for connecting
said demagnetizer to said supply conductors in-
cluding a contactor having normally open con-
tacts and a contact operating coil which closes
the contacts upon energization thereef, a nor-
mally closed relay switch, o relay coil for open-
ing said relay switch upon energization of said
relay coil, said relay coil being connected in par-
allel with said demagnetizer and on the normally
open side of sald contacts, and means for con-
necting said contact operating coil and said relay
switch in series o said supply conductors,

18. A circuit for comirolling the energization
of o demagnetizer comprising supply conductors
arranged to be connected to & source of aliernai-
ing current, s demagnetizer, means for connect-
ing said demagnetizer to said supply conductors
including a contactor having normally open con-
tacts and a contact operating coil which closes
the contacts upon energization thereof, & nor-
mally closed relay switch, & relay coil for opening
sald relay switch upon energization thereof, a
micrdtimer having a normeally closed microtimer
switch and a timer coil which opens said miecro-
timer switch after the elapse of o predetermined
period of energization of said timer coil, said re-
1ay coil being connected in parallel with s2id de-
magnetizer and on the normally open side of said
contactor, said contactor coil znd said relay
switch being connected in series across said sup-
ply conductors, said timer coil being connected
across said supply conductors, and said timer
microswitch being connected in parallel {o said
relay switch. i

11. A circuit for controlling the energization
of a demagrnetizer comprising supply conductors
arranged to be connected tc g source of glter-
nating current. a demagnetizer, means for con-
necting said demagnetizer to said supply .con-

predetei‘fmined beriod

ductors including a contactor having normally’

open contacts, and a contact operating coil which
closes the contacts upon energization thereof, g
norn@lly closed relay switch, a relay coil for
opening said relay switch upon energization

thereof, said relay coil being connected in par- -

allel with said demagnetizer and on the normalily
open side of said contactor, a microtimer in-
cluding a normally open mierotimer switch and
a timer coil for closing said switech predeter-

2,307,407

mined period of time after the energization of
said timer coil, and o synchronous timer having
a timer motor and a synchronous timer switch
which is opened by s2id motor afier the elapse
of a predetermined period of time, said last period
of time being greater than the period of time
for closing sald microtimer switch, said con-
. tactor coil and said relay swiitch belng connected
in series through said synchronous timer switch,
10 said microtimer switch being connecied in pay-
allel with szid relay switch and said microtimer
coil being connected through said synchronous
timer switch o said supply conductors.

12. A circuit for conirolling the energlzation
of 2 demagnetizer comprising supply conductors
arranged to be connected to & source of aiternai-
ing current, g demegnetizer, mesns for connecting
seid demagnetizer to said supply conduciors in-
cluding 2 contactor having normally open con-
tacts, and s contact operating coll which closes
the contdcts upon energizaiion thereof, o first
microtimer having g timer coil and g normally
closed microtimer switch, s second mierotimer
having a timer coil and o normelly closed micro-
timer switch, an interlock switch on said con-
tactor arranged to close when the contacts of said
contactor are closed and to open when the con-
tacts of said contacior are open, said contacior
coil angd said first microswitch being connected in
series to said supply conductors, said first micro-
timer coil, said interlock switch and said second
microswitch being connected in series to said sup-
ply conductors, s2id second microtimer coll be-

" ing connected to said supply conductors, said first
microtimer coil keing arranged to open its asso-
ciated microswitch after the elapse of g predeter-
mined period of time, and said second microtimer
coil being arranged to open its associated switch
after the elapse of a predetermined period of time

40 which is greater than the predetermined period

of time for said first mijcrotimer, .

13. A circuit for controliing the energization
of & demagnetizer comprising supply conductors
arranged to be connected to s zource of alternat-
ing current, a demagnetizer, means for connect~
ing said demagnetizer to said supply conductors
including a contactor having normally open con-
tacts, and o contact operating coil which closes
the contacts upon energization thereof, a first mi-
50 crotimer having a timer coil and s normally closed
microtimer switch, a second microtimer having g
timer coil -and g normally closed microtimer
switeh, said first microtimer eoil being arranged
to open its assoclated microswitch after the
elapse of g predetermined period of time, said sec-
ond microtimer coil being arranged to open its
associated mieroswiteh after the elapse of a pre-
determined period of time greater than the pre-
determined period of time of said first micro-
timer, a synchronocus timer having a motor and
a closable switch which is arranged to be opened
8 predetermined period of time after the closure
thereof, said last mentioned bredetermined period
of time being greater than the predetermined pe-
85 riod of time of said second microtimer, said con-

tactor coil and said first microswitch being con-

nected through said synchronous timer switch
across said supply conductors, an interiock switch
arranged to open and close with the contacts of

70 said contactor, said first timer coil, said inter-

lock switch and said second microswitch being
connected in series across said supply conductors,
and said second - timer coil being connected
through said synchronous timer switch across said
75 supply conductors,

[
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14, The method of elecirically demagnetizing
maznetized pavts which lncludes subjecting the
parh to the magnetic infuence of magnetic felds
nroduced by alternating currvent transients and
then slowly withdrewing the pert from a steady
state pliernating megneiie g

I

3, The metherd of deros

s &

pery which includes subjecting the part to an
terrupted serles of maguetic flelds produced
serles of alternating current starting tra
and then slowly withdrawing the parg !
magnetic fsld produced by a sizady stais &l
nating curreni.




