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Patented Sept. 7, 1954 2,688,573 

UNITED STATES PATENT OFFICE 
2,688,573 

METHOD OF HEAT TREATING MAGNETIC 
RON TO RESTORE ITS MAGNETIC PROP 
ERTIES 

Jonathan S. Lee, Downers Grove, and Paul F. 
Elarde, Westchester, Ill., assignors to Western 
Electric Company, Incorporated, New York, 
N. Y., a corporation of New York 

Application November 13, 1950, Serial No. 195,206 
3 Claims. 

1. 
The present invention relates to a method of 

treating aged magnetic iron to improve the mag 
netic quality thereof and more particularly to a 
method of heat treating aged magnetic iron to 
restore the magnetic quality thereof to its pre 
aged condition. 

It is well known that the magnetic properties 
of magnetic iron parts in electrical apparatus 
change with time due to the magnetic aging 
thereof and that the rate of aging of the mag 
netic iron parts increases with a rise in tempera 
ture which in most electrical equipment occurs as 
a result of the frequent use thereof. In the mag 
netic iron cores and armatures in telephone 
relays, aging detrimentally affects the magnetic 
qualities of the iron, as for example, by progres 
sively increasing the coercive force and residual 
magnetism therein, which necessitates the fre 
quent adjustment of the contact Springs of the 
relay in order to maintain the relay in an Opera 
tive condition. Aging may continue to the ex 
tent where the changes in the magnetic qualities 
of the iron exceed the point where the springs 
can be adjusted to compensate for it, as for ex 
ample, the residual magnetism in the iron parts 
may increase to the point where the armature 
after being attracted to the core sticks thereto 
even after the magnetizing current has been 
interrupted, thus rendering the relay unsatis 
factory for further use. 

It is an object of the present invention to pro 
vide a method of treating aged magnetic iron to 
improve the magnetic properties thereof. 
A further object is to provide a simple method 

of heat treating the magnetic iron core of an 
assembled relay which has aged to restore the 
magnetic quality of the core to its pre-aged values 

... without removing the core from the relay. 
In accordance with One method of practicing 

the present invention to improve the magnetic 
properties of aged magnetic iron, the magnetic 
iron is subjected to heat and the temperature 
thereof is raised to a value of between 150 and 
221 C., preferably 221 C. for a short period of 
time to effect the restoration of the magnetic 
properties of the iron to its pre-aged condition. 
The magnetically aged iron Core of the relay in 
an assembled condition may be connected in 
series with a secondary of a Welding transformer 
and a relatively high current passed through the 
core for a short time to heat the Core to approxi 
mately 200-220° C. to restore the magnetic prop 
erties of the core substantially to their original 
value without removing the core from the relay 
and without damaging the relay. 

(Cl. 148-10) 
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2 
Other objects and advantages Will become 

apparent by reference to the following detailed 
description of the invention and the accompany 
ing drawing in which 

Fig. 1 is a graph showing in dotted lines the 
effects of temperature on residual induction Br, 
and coercive force Hc, in an un-aged Sample of 
magnetic iron, and in full lines the effects of 
temperature on Br and He in an aged sample of 
magnetic iron; and 

Fig. 2 is a diagrammatic view of a device for 
electrically heating the core of a relay. 
With the object of devising ways of overcom 

ing the detrimental magnetic effects of aging and 
of restoring the magnetic properties of aged 
magnetic iron to their pre-aged condition, ex 
periments were conducted to determine the effect 
of temperature upon the magnetic qualities of 
magnetic iron. An annealed ring sample of 
un-aged magnetic iron having a low carbon 
content of less than .04% was measured to deter 
mine the values of various magnetic properties 
thereof in its un-aged condition. 
The ring Sample of magnetic iron was then 

placed in an oven and subjected to successively 
increasing temperatures and by means of a test 
Set connected to the ring, readings of magnetic 
induction B, in gausses, residual induction Br, in 
gauSSeS, and coercive force. He in oersteds (at 27 
Oersteds), were taken at various temperature 
levels at and above room temperature and at 
various magnitudes of magnetizing field H in 
Oersteds. The value 11970 of Br at room tem 
perature or 30 C. progressively decreased with 
progressive increases in temperature to a value 
of 10280 at approximately 210° C. as indicated 
in the dotted curve Brin Fig. 1. The value of He 
of the ring sample decreased from 869 to 30° C. 
to .698 at 210° C. as indicated in the dotted curve 
He in Figure 1. The ring sample was then 
allowed to cool to room temperature and the 
values of Br and He were again measured and 
found to be the same as they were before being 
Subjected to the elevated temperatures. 
The ring Sample of magnetic iron was then 

artificially aged by subjecting it to a tempera 
ture of approximately 100° C. for a period of 216 
hours which artificial aging effect is equivalent 
to the natural aging occurring at normal room 
temperatures over a period of from three to six 
years. The Sample was then cooled to room 
temperature and remeasured as before to deter 
mine the values of the various magnetic charac 
teristics thereof after aging. It was found that 
the values of Br of the aged sample at 30° C. had 
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risen to 13390 and the value of He at 30° C. had 
risen to 1.70. The sample ring of magnetic iron 
was then placed in the oven and again heated 
to progressively increasing levels of temperature 
and again the readings of the furnace tempera 
ture were taken at these levels and the values 
of the magnetic characteristics were determined. 
The ring sample was demagnetized immediately 
before taking readings at each temperature level 
and it was permitted to remain fifteen minutes 
at the next temperature level to insure that all 
parts of the sample were uniformly heated to the 
desired temperature before measurements were 
made at the new level. As the ring Sample was 
heated to progressively higher temperature levels 
the values of both Brand. He fell to progressively 

4 
Table 2.-Sample at 30° C. after aging had the 

following characteristics: 

H B 

l5 Table 3.-Aged sample at various temperature 
levels had the following characteristics: 

77o C. 1050 C. 1340 C. 52° C. 173° C. 200° C. 221 C. 

lower levels until the temperature reached the 
range of substantially 210°-225 C. at which 
range the values for Br and He of the aged and 
the un-aged ring samples substantially coincided, 
indicating that the magnetic characteristics of 
Br and Hic in the aged ring Sample of magnetic 
iron had been restored to the values of the 
un-aged ring sample of magnetic iron. The 
sample ring Was then cooled to room tempera 
ture and the magnetic properties of the de-aged 
ring Sample were again measured and Compared 
with those of the un-aged ring sample at room 
temperature and were found to be Substantially 
the same. The heating of a ring sample was not 
continued beyond the point where the magnetic 
properties of the heated aged Sample were Sub 
stantially the Same as those of heated un-aged 
sample because further heating to higher tem 
peratures would be of no avail. 
In checking the parts measurements were made 

of the magnetic induction of a sample at various 
temperatures and for different magnetizing forces 
as follows: 

Table i-Un-aged Sample at various tempera 
ture levels. 

Table 4-De-aged sample at 30° C. had the 
following characteristics: 

45 With a knowledge of the laws discovered as a 
result of the above investigation, it is a relatively 
simple matter to improve the magnetic qualities 
of aged magnetic iron and restore the magnetic 
properties thereof to their pre-aged values by 

50 merely heating the magnetic iron to a tempera 
ture of approximately 221°. The heating of the 
magnetic iron may readily be done in a suitable 
oven when the magnetic iron parts are by them 
selves and disassociated from other components 

55 of the electrical equipment, but the problem is 

168° C. 188° C. 210°C. 

6,340 6,370 6,480 
9,620 9,660 9,650 

11,000 10,960 10,880 
11,940 11,870 11,840 
13,310 13,240 13,170 
15,080 15,020 14,900 
15, 530 15,460 15,350 

15,940 

B 

E. 
30° C. 55° C. 81° C. 100° C. 125° C. 145° C. 

5,520 5, 610 5,980 6,050 
9,320 9,360 9,530 9, 575 
10,880 10,910 11,100 11,030 
11,930 11,900 11,980 11,960 
13,040 13,380 13,380 13,380 
l5,290 15, 200 15, 170 15,140 
15,680 15,650 15,620 15,570 
16,280 16,220 16,190 16,150 

Since 27 oersteds is considered by most of those 
working in the field as a Satisfactory. Saturation 
point, the residual induction Br, and the coercive 
force He, were taken at 27 Oersteds and are as 
follows: 

more complex where the magnetic iron parts are 
in assembled relation with other parts of selec 
trical apparatus and it is not feasible to remove 
the magnetic iron parts from the apparatus. 
After Some investigation, however, it has been 

11,370 
77 

11,580 
808 

Br- 11,970 11,120 
869 ,752, 

11,860 
,858 

11,710 
828 

10,620 
18 

10, 280 10,870. 
.698 .783 
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found that Some of the magnetic iron parts form 
ing components of electrical apparatus may be 
heated to the desired temperature by passing an 
electrical current therethrough without damag 
ing the other parts Such as the insulation. On the 
Wire and other components associated therewith. 
For example, aged magnetic iron cores of tele 
phone relays may be de-aged to restore the elec 
trical properties to their pre-aged condition by 
passing an electrical current, of predetermined 
intensity and duration through the cores to heat 
the cores to a temperature of approximately 
200-220 as previously mentioned. 
In Fig. 2 of the drawing there is shown a dia 

grammatic view of a fixture for use in heating 
the magnetic iron core of a telephone relay 3. 
The fixture comprises a base of insulating mate 
rial on which is mounted in spaced relation 
to each other a pair of metal mounting lugs or 
SupportS 6 and 3 whici are adapted to engage 
opposite end portions of the core for support 
ing the relay 2. An F. Shaped bracket, 2, Welded 
to One end of the core is Secured to the mount 
ing lug 5 by a screw 2 and the opposite end 
of the core is clamped to the mounting lug 8 
by a clamp 2. Leads 28 and 28 connect the lugs 
16, 8 and the core in a heating circuit in 
cluding a secondary 3 of a step down transformer 
32. The primary 33 of the transformer is con 
nected to a suitable source of alternating current : 
through a control unit 35 Which controls the 
duration of the current during the heating opera 
tion. 
Thus when the magnetic core of a relay has 

become aged to a point where it is no longer 
useful, in order to de-age the core to restore the 
magnetic properties thereof to its pre-aged con 
dition, it is merely necessary to apply the relay 
to the fixture and COnnect the ends of the 
core to the founting lugs 6 and 8, after 
which the control unit 35 may be actuated to 
initiate a heating cycle of a predetermined dura 
tion to pass a redetermined relatively high cur 
rent through the core of the relay and raise 
the temperature thereof to approximately 200 
220° C. The heating of the core of the relay 
is of Such Short duration as to leave the coil and 
Spool parts associated thereWith undanaged 
while effectively improving the magnetic proper 
ties thereof and restoring then to their pre-aged 
condition. It was found that heating the aged 
magnetic iroin core of a relay for approximately 
two minutes at a temperature of approximately 
205 C. Without removing the core from the relay, 
was effective in restoring the magnetic qualities 
of the core to substantially their pre-aged or 
Original values. It will be understood that, the 
intensity and duration of the current applied to 
the core finay vary to heat the core to the desired 
temperature Without damaging the other parts 
Of the relay. 
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6 
It is to be understood that the above-described 

arrangements are simply illustrative of the appli 
cation of the principles of the invention. Numer 
ous other arrangements may be readily devised 
by those skilled in the art which will embody the 
principles of the invention and fall within the 
spirit, and scope thereof. 
What is claimed is: 
1. A method of treating an iron Core of an 

electro-magnetic relay which has lost Some of its 
magnetic properties due to aging to restore the 
magnetic properties thereof to that of the core 
before aging without removing the core from the 
relay, which method consists of connecting the 
raagnetic iron core to an electric circuit and paSS 
ing a relatively high current therethrough to 
raise the temperature of the core to approxi 
mately 205 C., maintaining said core at 205 C. 
for approximately two ininutes, and cooling the 
core to room temperatul'e. 

2. A lethod of treating an iron core of an 
electro-magnetic relay which has lost Some of 
its magnetic properties due to aging to restore 
the magnetic properties thereof to that of the 
core before aging without removing the core from 
the relay, which method consists of connecting 
the magnetic iron core to an electric circuit and 
passing a relatively high current therethrough 
to raise the temperature of the core to approxi 
mately 235° C. for a length of time sufficient to 
insure that a parts of the core have attained 
said temperature, and cooling the core to room 
temperatire. 

3. A method of treating an iron core of an 
5 electro-magnetic relay which has lost Some of 

magnetic properties due to aging to restore 
the magnetic properties thereof to that of the 
core before aging without reniaowing the core from 
the relay, which method consists of connecting 
the magnetic iron core to an electric circuit and 
passing a relatively high current therethrough to 
heat the core to a teaperature of betWeen 150 
and 22°C. for a length of time Sufficient to insure 
that all parts of the core have attained said tem 
perature, and cooling the core to room tem 
perature. 
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