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This invention relates to the heat treatment, 
of metallic articles, and more particularly to a 
method of and apparatus for hardening metallic 
articles in which the surface area, to volume ratio 
is large. 
There are many articles of coinnerce Which it 

is necessary to harden in order to provide a long, 
useful life therefor. Among such articles are 
Some which have a large length dimension com 
pared to the largest cross-sectional disilension, so 
that the ratio of the Surface area, to the volume 
thereof is quite large. Examples of such articles 
are needles of various sorts. 
The customary practice of hardening needles 

in accordance with prior art methods involves 
heating the needles in a furnace to the required 
hardening temperature. Furnace heating in 
cludes a number of disadvantages, perhaps the 
rost important of which is that the tempera 
ture of the furnace is difficult to control. Within 
narrow limits so that uniform results cannot al 
ways be obtained. Also, with certain types of 
needles, such as Surgical needles, where it is 
desired to harden only the pointed end por 
tion thereof, the disadvantage has been encoun 
tered with prior art, practices that the entire 
needie is first hardened and then the portions 
not intentied to be hardened must be annealed. 
The primary object of my present invention is 

to provide an improved apparatus for hardening 
metallic articies of the type in which the ratio 
of surface area, to volume is large and from which 
the eat, developed therein is therefore quickly 
dissipated. 
Another object of my present invention is to 

provide an improved apparatus for hardening 
relatively thin, elongated metallic articles in a 
rapid and efficient manner. Still another object of my present invention 
is to provide an improved apparatus for hard 
ening articles of the type set forth whereby the 
hardening may be confined to desired or prese 
lected portions. A further object of my present invention is to 
provide an improved apparatus for hardening 
thin, elongated metallic articles of the type set 
forth above, which apparatus readily lends itself 
to continuous, high speed operation. 

It is also an object of my present invention to 
provide an improved apparatus as above set 
forth which is economical and very efficient in 
use and which is simple in construction and in 
expensive in cost. 

In accordance with my present invention, I 
heat the metallic articles inductively by subject 
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ing them in succession to a radio frequency mag 
netic field. Now, I am aware that it has been 
proposed heretofore to heat metallic articles by 
radio frequency current induced therein, but 
conventional methods of heating metallic articles 
by means of radio frequency energy are not ap 
plicable to the type of article under considera 
tion. This is due to the fact that the volume 
of the article to be hardened is so Small in com 
parison. With its surface area that the relatively 
large surface area, permits rapid dissipation of 
the heat developed in the article. I have found, 
however, that if the articles are heated with such 
extreme rapidity that the entire volume of the 
portion thereof to be hardened is substantially 
instantaneously brought to the hardening tem 
perature, then there Will be insufficient time af 
forded for the heat developed therein to become 
dissipated too rapidly. I have found that con 
ventional needles used for surgical work, sewing, 
weaving and the like can be hardened without 
difficulty if power is delivered thereto at ap 
proximately 100 kW. per cubic inch. This may 
be done effectively by supplying the power at 
frequencies of the order of 30 to 300 megacycles 
per second. Radio frequency power applied to 
the work in this way will generate heat there 
in so rapidly that the entire maSS is substantially 
instantaneously uniformly heated to the required 
hardening temperature before sufficient heat has 
been lost through dissipation to defeat the de 
sired purpose. At the same time, because the 
work is heated with extreme rapidity, there is a 
large temperature gradient set up between the 
heated work and the ambient, so that quenching 
can take place very effectively by the ambient 
and Without the necessity for additional quench 
ing means, as is necessary with most prior art 
methods. If desired, the work may be subjected 
to a raon-Oxidizing mediurn while being heated 
So that oxidation thereof will be prevented. 

In one form of apparatus according to my 
present invention for practicing the method 
above set forth, there is provided a supporting 
member which carries a plurality of articles in 
an endless path past an operating station at 
which a heating inductor is located, the induc 
tor being connected to a suitable source of radio 
frequency energy. The supporting member is 
preferably driven intermittently to bring the suc 
cessive articles momentarily at rest at the oper 
atting station. To conserve power, a suitable syn 
chronizing mechanism may be provided for syn 
chronizing the driving means for the article sup 
porting member and the power source so that 
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power will be delivered thereby only during the 
periods when the article supporting member is 
at rest. 
The novel features that I consider character 

istic of my invention are set forth. With partic 
ularity in the appended claims. The invention 
itself, however, as well as additional objects and 
advantages thereof, will best be understood from 
the following description when read in connec 
tion with the accompanying drawing, in which 

Figure 1 is a plan view, partly diagrammatic, 
of one form of apparatus according to my preS 
ent invention, 

Figure 2 is a sectional view thereof taken along 
the line II-II of Fig. 1, 

Figure 3 is a side elevation of a surgical needle 
which may be treated in accordance with the present invention, and 
Figure 4 is an enlarged sectional detail show 

ing one way of mounting the needles in the ap paratus of Fig. i. 
Referring more particularly to the drawing, 

Wherein similar reference characters designate 
corresponding parts throughout, there is shown a 
Supporting member for supporting in Spaced 
relation thereon a plurality of articles 3 which are 
to be hardened. In the illustrated embodiment, 
the supporting member f comprises a turntable 
mounted for rotation on a shaft 5 and provided 
With a plurality of radially extending bores or 
slots for receiving the articles 3. During rota 
tion of the turntable , it carries the articles 3 
in an endless path past a plurality of operating 
stations A, B, C and D. 
The articles 3 comprise relatively thin, elongat 

ed members in each of which the greatest cross 
Sectional dimension is Small compared to the 
length thereof, so that the ratio of the surface 
area, to the volume thereof is large. By way of 
illustration, I have shown the articles 3 as com 
prising steel surgical needles having a curyed re 
gion 3d at the pointed end and a shank portion 3b. 
For mounting each needle 3 on the turntable , 
it may be placed in a holder 9 provided with a 
pair of cooperating spring clips which firmly 
grip the Shank 36, the entire assembly being 
Snugly received in a slot or opening 7. The holder 
9 may be a copper sleeve for shielding the shank 
portion 3b, and particularly a thread receiving 
grooved portion 3c, against substantial heating 
and COn Sequent hardening. The turntable is 
driven by a motor 3 through any suitable type 
of intermittent driving mechanism 5 and gearing 
7. The turntable is thus intermittently driven to 

alternately first advance the articles 3 one step 
and then to temporarily halt the turntable and 
needles 3 for a period of rest. A timing switch 
9 of any suitable or approved form may be con 

nected to the Shaft 5 for operation therewith for 
a purpose shortly to be set forth. 
As the turntable is rotated to advance the 

needles or other articles 3 step by step, as above 
described, the needles or the like 3 are first ad 
vanced through the station. A where any suitable 
form of guide 2 may be provided for lining up 
the articles with respect to a first heating device 
23 located at the station B and a second heating 
device 25 located at the station C. The heating 
devices 23 and 25 are suitably formed inductor 
coupling elementS shaped to embrace the article 
portions 3d. Within the magnetic fields set up 
thereby as a result of high frequency electric cur 
rent Supplied thereto by any suitable source of 
electrical energy 21, such as a vacuum tube, radio frequency generator. The magnetic field set up 
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4. 
by the coil 23 induces a current in the exposed 
portion 3a of each needle to heat the Same to 
the requisite hardening temperature. A non-OX 
idizing gas, such as nitrogen, may be directed Onto 
each article at the station B through a nozzle 29. 

In order that the needle portion 3a, may be 
heated to the requisite hardening temperature be 
fore there is any appreciable loss of heat there 
from, it is necessary to apply the radio frequency 
energy thereto at high power. To accomplish 
this, the oscillator may be operated at frequencies 
from about 30 megacycles per second to about 300 
negacycles per Second and should deliver power 
to the work at the rate of from about 50 kW. per 
cubic inch to about 500 kW. per cubic inch. I have 
found that for surgical needles of the type re 
ferred to which have a length of about 4 inch 
and a shank diameter of about .025 inch, current 
Supplied at a frequency of about 30 megacycles 
per second With a power input to the Work of 
about 100 kW. per cubic inch Suffices for this pur 
pose. On the other hand, for knitting needles 
of the type used in Weaving machines for knit 
ting fabrics and having a length of about 1% 
inch, a shank diameter of about .025 inch and a 
thin beard at One end Which has a diameter of 
about .008 inch, a frequency in the neighborhood 
of about 300 mega cycles per second should be em 
ployed in order to provide the same heating effect 
per unit of surface area over the entire surface 
thereof and thus prevent overheating of the rela 
tively thickshank before the beard has been heat 
ed to the proper hardening temperature. A tun 
ing capacitor 3? may be connected across the in- . 
ductor 23 for tuning the load on the oscillator to 
provide greatest efficiency. In any case, the nee 
dle portion 30 or other article to be hardened is 
heated So rapidly that it is brought substantially 
instantaneously to the requisite hardening tem 
perature, each successive article 3 being heated 
instantaneously while at rest at the station B. 
The turntable is then advanced periodically to 
bring the articles out of the field of the inductor 
23. Due to the large temperature gradient which 
is set up between the heated region 3a, and the 
ambient, the heat developed in the portion 3a is 
quickly dissipated into the ambient to quench the 
Work. The cool gas Supplied through the nozzle 
29 may also aid in the quenching. To conserve 
power, the timing SWitch. 9 is connected to the 
oscillator 2 and synchronizes the oscillator with 
the rotation of the turntable to turn the oscil 
lator on Only during periods of rest of the turn 
table. Thus, power is delivered by the oscillator 
2 to the inductor 23 only when an article 3 is at 
rest at the station B. 
In Some cases, it may be desired to temper the 

hardened portion 3a. For this purpose, a second 
inductor 25 is provided at the station C. The os 
Cillator 2. Supplies energy to the inductor 25 simi 
larly to the inductor 23, and a second capacitor 
33 may be connected across the inductor 25 for 
tuning the load on the oscillator at the station 
C. In general, less power will have to be delivered 
to the Work at the station C than at the station 
B. Here, again, the Work is heated extremely rap 
idly and is quenched rapidly by the ambient due 
to the large temperature gradient that is set up 
practically instantaneously. The hardened ar 
ticles S are eventually brought to the station D 
where they are unloaded and replaced by fresh 
articles. Thus, the operation of the apparatus is 
Continuous. 
From the foregoing description, it will un 

doubtedly be apparent to those skilled in the art 
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that I have provided a very simple, yet very effec 
tive way of hardening at least portions of articies 
of the type indicated above. Although I have 
shown but one form of apparatus capable of car 
rying out the present invention, it should be 
apparent that many other forms, as well as varia 
tions in the embodiment herein disclosed, are 
possible. Furthermore, while I have indicated 
certain preferred limits for the power input to 
the Work and the frequency at which the gen 
erator 2 is operated, I do not intend these to be 
limiting, but rather illustrative, the important 
thing being that power is delivered to the work 
at Such a high rate as to substantially instan 
taneously heat, the work to the desired tempera 
ture and in a period of time insufficient to permit 
any great amount of heat developed in the Work 
from being dissipated into the ambient, while it 
is being heated. Also, while I have chosen, for 
purposes of illustration only, to describe my 
invention specifically with reference to a surgical 
needle, it should be understood that the present 
invention is applicable to the hardening of other 
articles wherein the ratio of surface area to vol 
ume is large. Accordingly, I desire that my 
invention shall not be limited except insofar as 
is made necessary by the prior art and by the 
Spirit of the appended claims. 

I claim as my invention: 
i. Apparatus for heat treating ferro-magnetic 

articles to alter the hardness thereof which com 
prises a turntable adapted to support a plurality 
of Said articles thereon in radially extending, 
circumferentially-spaced relation with the end 
portions of Said articles extending beyond the 
periphery of said turntable whereby to expose 
said portions for heat treatment thereof, said 
turntable being rotatably mounted for conveying 
Said articles along a path which includes an oper 
ating station, an induction heating device at said 
Station Spaced radially from said turntable and 
disposed on the same level as said articles for 
receiving and heating said exposed article end 
portions when they are in the magnetic field 
provided by Said device, means for intermittently 
moving Said turntable to periodically alternately 
first advance said articles along said path and 
then bring said articles to rest in said path with 
the exposed end portion of at least one of said 
articles in cooperative relation with said heating 
device, a Source of high frequency current coupled 
to Said heating device, and means associated with 
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6 
said current source for controlling the supply of 
current by said source to said heating device, 
said last named means being synchronized with 
said turntable moving means to cause Said Cur 
rent source to deliver current to Said heating 
device substantially only during rest periods of 
said articles whereby to heat the exposed end 
portions of the articles successively at rest at 
said station. 

2. Apparatus according to claim 1 character 
ized in that said turntable is provided with a 
plurality of radially extending slots for receiving 
Said articles. 

3. Apparatus according to claim 1 character 
ized in that said turntable is provided with a 
plurality of radially extending slots, and charac 
terized further by the addition of means in each 
of said slots for holding one of said articles 
therein. 

4. Apparatus according to claim 1 character 
ized in that said path includes a Second station 
in advance of said first named station, and char 
acterized further by the addition of means at said 
Second station for arranging said articles succes 
sively in predetermined relation to said heating 
leaS. 

RUDOLPH. A. BIERWIRTH. 
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