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UNITED STATES PATENT OFFICE. 
AKET, GOSTAFEMANUEL BUETGREN, oF GOTTEN BORG, SWEDEN, AssGNoB. To ARTIE BOLAGET SVENSKA KULLAGERFABRIKEN, of GoTTENBorg, Sweden, A ORO RATION of sweDEN. 

METHOD OF HEAT TREATMENT AND FURNACE THEREFOR 
1401,983. specification of letters Patent. Patented Jan. 3, 1922. 

Application filed March 14, 1919. serial No. 282717. 
To all whom it may concern: 
Be it known that I, AXEL, GusTAF EAN 

uEL HuLTGREN, a subject of the King of 
Sweden, residing at Gottenborg, in the King 
dom of Sweden, have invented new and useful 
Improvements in Methods of Heat Treat 
ment and Furnaces Therefor, (for which I 
filed an application in Sweden on Mar, 4, 
1918,) of E. the following is a specifica 
tion. 
This invention relates to the heat treat 

ment of rotatable bodies, and to furnaces 
therefor, particularly for heating bearing 
rings and washers for ball and roller bear 
ings or blanks adapted to such rings and 
washers, or other symmetrical objects of cir 
cular outline, which are generically of the 
character of solids of revolution. 
An object of the invention is to effect a 

uniform Reti. of such objects for harden 
ing, forging, annealing, tempering, or other 
treatment with heat. 
Another object is to bring about an auto 

matic operation and an economical utilization 
of the heat supplied. 
These objects are very desirable when 

treating bodies of the above kind with heat. 
Uniform heating is of great importance for 
the quality of the p.d. and at the same 
time difficult to effect owing to the shape of 
said objects, which have a great extension in 
relation to the mass. Automatic work and 
rational utilization of the fuel are important 
factors, especially when such objects are 
manufactured on a great scale. 
On examining critically the known types 

of furnaces for similar purposes, it will be 
found that the above desiderata are not 
realized simultaneously in one and the same 
tW)e. 
With reference thereto the non-automatic 

furnaces may immediately be left out of 
consideration, since in such furnaces no ra 
tional utilization of the escaping combustion gases for preheating the cold material takes 
lace. 

p For effecting automatic operation various 
methods have been used, and the most in 
portant ones of such methods will be men tioned in the following. 
In case of heating furnaces for small ob 

jects of round or square form, as rivets or 
the like, it has been suggested for said pur 
pose to incline the bottom of the furnace, the 

objects thereby being caused to move through 
the furnace by their own weight. In this 
case it has not been aimed at to adjust the 
inclination of the bottom of the furnace in 
such manner that a rolling movement is 
effected in order to obtain uniform heating of the objects, since no necessity therefor has 
been present, substantially on account of the 
small dimensions of the objects. 

It has also been proposed by means of 
mechanisms operating in the furnace to cause 
the bodies to pass through the furnace, thus 
bringing about an automatic operation of 
the same. Such furnaces are, however, of 
no use in the present case, since mechanisms operating at high temperature will very soon 
be destroyed, and, besides, are rather com 
plicated. Furthermore, uniform heating of 
all parts of the objects cannot be obtained 
in such furnaces, especially in those having 
an extended furnace chamber, it being prac tically impossible to effect an even distribu 
tion of heat, since the portion of the chamber 
near the roof of the furnace will be hotter 
than the portion near the bottom or vice 
We St. 

The only way to give the objects uniform 
temperature during automatic feeding in a 
furnace the clifferent parts of which have un equal temperature, is to effect the feeding 
movement, while causing the bodies to ro 
tate at the same time. 
Such a method proposed in connection 

with annealing furnaces consists in intro 
ducing the objects to be heated into cylin 
drical receptacles and causing the feed of 
the receptacles to take place on account of 
their own weight, while rolling down an in 
clinctl bottom of the furnace. This method 
is, however, connected with the serious in 
convenience that the receptacles originally 
of cylindrical form will be deformed because 
of the influence of the heat and the load, the 
rolling movement thereby being prevented. 
In this connection it is to be noted that even 
small deformations are of great importance. 
Besides, this method is useless if the heated 
objects are to be subjected instantly to fur 
ther treatment, as for instance hardening 
forging or the like, because the emptying 
the receptacles in heat is connected with 
waste of time, cooling of the material and 
other inconveniences. 
According to the present invention which 

55 

60 

85 

70 

75 

80 

8 

90 

95 

O) 

105 



0 

5 

20 

25 

30 

35 

40 

50 

60 

2 

reiates only to heating of bearing rings and 
washers for ball and roller bearings or 
blanks adapted to such rings and washers, 
and similar circular objects the above-men 
tioned inconveniences are avoided by the ob 
jects themselves being fed through the fur 
nace chamber by their own weight, while rolling continuously or intermittently along 
the botton of the furnace which, for this purpose, possesses an exactly adjusted in 
clination. 
The conditions to be fulfilled, in order that 

in such a furnace a i movement of all 
the work pieces shall really take place, will 
appear from the following explanation. 
Supposing in the first instance that a sin gle ring is standing on a plane inclined sup 

port having an angle of inclined a, it will be 
easily seen that, in case the support has an 
insufficient inclination, the ring, owing to 
the frictional contact therewith, assumes a 
position of equilibrium; no movement will 
take place. First at a certain angle of in 
clination the ring will commence to move, 
that is to say, to roll. This angle is termed 
the angle of rolling friction and is denoted 
in the following by Wint. The angle de 
pends among other things on the following 
factors, viz. the material, the quality of the 
surface and the temperature of the EPE 
and of the ring as well as the weight and the 
size of the ring. 

If aeWnt the ring must be actuated 
by a counteracting force in order to be pre 
vented from moving. If this force be re 
moved, the ring begins to move down the plane, while rolling. Pure rolling vill, how 
ever, take place only in case of a falling be 
low a certain value: Wm. If a 2Vn, the 
movement will take place in such mannel' 
that the ring is rolling and at the same time 
sliding on the support. This depends on 
the fact that the pressure against the Sup 
port is so slight that the friction caused thereby is insufficient to prevent siding. To 
this effect contributes also the circumstance 
that the component of the gravity acting in 
the direction of the movement is rather con 
siderable. Summarizing the above, it will 
be seen that the condition of a single body 
having the shape of a solid of revolution and 
placed on an inclined plane beginning to 
move by itself, while rolling, is that 
Vains a <Wm. 

In the following the circlimstances pre 
vailing, if several rings placed in a row, one 
belind another', are to be fed forward, will 
he iuvestigated. Here three different events are to be distinguished: 

1. a <Wata. 
In this case a forward feed will take place only in case a power of sufficient magnitude 

pushing from behind be present. Otherwise, 
the bodies will be at rest. On investigating 
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the conditions of each separate ring in a row, 
it will be seen that the foremost ring for 
moving has to be pressed from behind by the 
Second ring, which is counteracted by an equal reaction pressure exerted by the first 

and, owing thereto, has to be actuated 
by a still greater pressure exerted by the 
third ring for beginning to move and so on. 
In otherwords, if any movement should be 
effected, the aftermost ring is to be actuated by a pressure equalling the sum of there 
sistances of all the rings to the movement. 
Between two adjacent rings there is acting 
a pressure which is the greater, the nearer 
the inlet end the ring is positioned and the 
less is the inclination. 

In order that any ring, for instance the 
n:th ring in a row, counted from the forward 
end, shall roll during the forward movement, 
it has to maintain the engagement with the 
support, while sliding in relation to the ad 
jacent rings, that is to say, the frictional 
power in the point touching the support has 
to be greater than the sum of the frictional 
powers in the points touching the two rings. 
The latter frictional powers are proportional 
to the pressures acting between the rings, 
and, owing thereto, are the grenter, the more 
the ring is positioned at the back of the row, 
while the former frictional power caused by 
the component of the gravity forming right 
angles with the support of each ring of the 
row cannot exceed the valuef.IPcosa, f be 
ing the corresponding coefficient of friction 
and P the weight of the ring. It will there 
fore be evident that, concerning a certain 
ring of the row, as for instance the n:th ring 
from the forward end, the frictions against 
the support and the two adjacent rings may 
balance each other, and, consequently, no 
rolling movement can talke place. As for 
all the preceding rings, the feed will take 
place by a rolling movement, while the suc 
ceeding rings will be fed by a sliding move 
ment on the support. Obviously, this cir 
cunstance will be apparent, if a reaches its 
minimum, that is to say, if the support is horizontal. By experiments made ER bear 
ing rings of ball bearings in heat on a 
horizontal support in in this case was found 
to be = 3 to 4. If a increases, in will be greater. 

2. a.) Vain. 

In this case the feed will take place auto 
matically. If the feed is to be controlled a 
power actuating the foremost ring and di 
rected backwards must be exerted. The 
aftermost ring exerts, owing to its weight. 
a pressure against the preceding ring which 
in turn actuates the next ring by a pressure 
twice as large and so on. The result of this 
will be that the conditions of pressure and 
friction between the rings will vary through 
out the row in reversed order relatively to 
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the event 1. Therefore, if the first ring be 
allowed to E. the rings will be fed forward, then aftermost rings, while rolling, 
and the remaining foremost rings, while slid 
ing. If a decreases, in will be increased. 

3. a=Wain. 
From the above it may be evident that, in 

case a=Wil, 2-o, that is to say, for this 
inclination, Wai, an infinite number of rings 
may, theoretically taken be fed forward, one 
after another, rolling on account of it 
ushing power is 0. Since in reality little 
SE in the frictional circumstances 
are unavoidable in the different rings, said proposition may be changed to the following 
one valid in practice: if as Wai, a slight 
power pushing from behind will cause all the 
EE, of the row to be fed forward while 
Toung. 
If a increases or decreases from W. 

there will be a risk of part of the rings in 
the row sliding; in the former case the fore 

will slide, and in the latter case 
the aftermost rings. This riskis the greator, 
the greater is the number of rings. 

Consequently, the condition of all the 
solids of revolution arranged in the manner 
described rolling, while fed forward, 
through a furnace of the type mentioned 
above is as follows: 
The support E. the work pieces 

should have an inclination equal or ap 
proximately equal to the angle of rolling 
friction under the prevailing circumstances. 
The lesser is the number of work pieces in 
one and the same row, the greater may be 
said angle to the horizontal, but said angle 
may not exceed a certain value at which, 
concerning a ring in the row where the 
pressures exerted by adjacent rings are the 
greatest (said pressures being caused either 
by the weight of the rings or by the feeding 
pressure), the sum of the torques of the 
frictional powers caused by said pressures is equal to the torques of the friction against the support, 
This invention provides a method of heat 

treatment and a furnace therefor wherein 
the bottom or hearth of the elongated and 
nearly horizontal furnace chamber through 
which the rings or other objects roll in 
series, has a slope which accords with the 
conditions hereinbefore stated, with con 
trollable means for heating the chamber to 
the required temperature, and means for determining or controlling the rate of pro 
gression of the rolling objects through the 
furnace. The invention further comprises 
other features of method and apparatus, as 
will be defined in the claims. The henting 
devices are placed in correspondence to the 
use of the furnace. They are in: lo cated along a part only of the chamber, 
counted from the outlet end. In anneal 

EA furnaces they may be placed along the 
middle portion of the chamber, no heati 
devices being provided at the outlet end. 
;In all cases the inlet end is heated by the escaping gases of combustion only. The 
inclination of the bottom is equal or ap proximately equal to the angle of rollin 
friction under the circumstances Yif 
ing. By this it is attained that the rings 
or washers introduced at the higher end of the chamber pass through it owing to their 
own weight, while rolling intermittently 
or continuously, thus being heated uni 
formly. The speed is so controlled that the 
rings, when passing through the furnace, 
receive in a suitable, place such maximum temperature or are subjected to such heating 
or cooling as is intended by the heating process in question. 
The control of the progress of the rings 

or objects through the furnace chamber is best accomplished by introducing checking 
or retarding means at or near the discharge 
end, such means being adapted to passivel 
or actively stop or retard the rings at such 
end, with provision for discharging the 
rings one by one at suitably timed intervals. Preferably intermittently acting releasing 
or discharging means are provided at the 
outlet end, and intermittently-acting in 
feeding means at the inlet end, these re 
spective means being driven from the same 
source and at the same effective rate of 
speed, so that for each ring discharged at 
the outlet, a new ring is introduced at the 
inlet, thereby keeping the furnace chamber 
always filled with rings undergoing treat 
ment. 
A preferred embodiment of a lardening 

furnace constructed according to the inven. 
tion is illustrated in the accompanying 
drying in which 
E. is a side view and partially a lon gitudinal section of the furnace. Fig. 2 is 

a plan view and partially a horizontal sec 
tion thereof. Fig. 3 is a cross-section on 
line A-B in Fig. 1. Fig. 4 is a section cor 
responding to that shown in Fig. 3 and 
illustrating a somewhat modified form of 
the bottom of the furnace. 

Referring to the drawings, the furnace 
consists of an extended channel 1 made of 
brick-work, the foremost portion of which 
situated next to the outlet opening 2 is pro 
vided with gas burners 3 for heating the 
channel to the temperature desired. Dis 
posed in the channel is an inner bottom 4 provided with longitudinal recesses or 
grooves 5 guiding the rings 6 to be heated 
and having an inclination so adjusted in the 
manner mentioned above that the rings 
placed in said grooves are caused to roll 
through the furnace by their own weight. 
Preferably, the said bottom 4 is freely ac 
cessible in the interior of the channel so as 
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to be capable of being cf. : apped by the 
flames of the gas burners at the sides as well 

- as at the foremost end. The supply of heat 
at the said end is controlled by means of 
valves or dampers , adjustible to or own 
by screws, one for each groove 5 in the hoÉ 
tom 4, and positioned at tie lover, forencsi 
portion of the channel. The introduction 
of the rings 6 taking place at the back of 
the furnace is preferably effected autornati. cally by means of rotating arms 8 catching 
the rings 6 which are placed in a suitably 
inclined magazine 9, said arms causing thein 
to mount a sloping track 10 from which they 
drop in such a manne: as to reinin stand 
ing on the edge in the grooves leading to 
the furnace. This feeding apprails is set 
forth in detail in my application filed Al 
gust 10, 1918, Serial No. 249,363. The pros. 
ent invention is not limited to this or to any 
specific feeding-in mechanism. By the use 
of a feeding device of this kind it is at 
tained, in conjunction with a reliabie and 
continuous supply of rings to the furnace, 
that the rings dropping from the sloping 
track push, when entering the furnace, the 
aftermost ring in each row, said action being 
propagated through all the rings in the 
row, thus preventing interruptions or iis 
turbances of the accurate feed of the rings 
in the furnace caused for instance by smil 
particles entering the furnace or disengagel 
fron its walls. the rate of feed is chi 
trolled by means provided at tie fore nost 
or discharge end of the fulliece and, pref. erably, acting to advance the rings internit. 
tently, that shown consisting of stop rods 
or slides 11, 12 supported by Erns 3, 1. 
which are actuated by means cit cam disks 
15 secured to a rotating shaft, 16 so as to 
raise the stops 11 and 12 alternatingly. As 
the stop 11 is raised, the foremost ring in 
the row will be released so as to be capable 
of dropping through the chute 17 into the 
hardening Bath 18, while the stop i2 blocks 
the remaining rings. The sto; 11 is then 
dropped and the stop 12 raised, which re 
leases the end ring and slows it to rol 
freely down until stopped by the stop 11, 
this movement being propagated successively 
through all the rings behind, so that tie 
frictional traction between them is succes 
sively released, and all the rings in the row 
roll forward cine step or space. The of 
feed is so controlled that the rings are heat 
ed to the temperature desired, before being 
let out of the furnace. 
Owing to the rings rolling through the 

furnace, that is to say, directing always 
varying parts of the periphery towsrd the 
surrounding parts of the furnace having 
different temperatures, a quite uniforin heat 
ing of the rings and accordingly also a uni 
form hardening of the same are Secured. 
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The combustion gases formed in the fore 
most part of the furnace and passing 
through the sarae in opposite direction to 
the rings, transfer successively the heat to 
the latter. By this a rational utilization of 
the heat supplied is obtained. 
The described mechanism contributes in 

3.F. important sense to this result by insur 
ing that the rings shall roll forward at each 
movement a distance equal to their diameter, 
whereby each ring turns a scant third of a 
)evolution (3.1416-3) at each movement, so that in each stopping position a new portion 
of the ring rests against the heated hearth 
and the ring is newly positioned to the hot 
gases circulating above; and so that after 
each third feed the ring has performed less 
than one complete revolution, with the re 
sult that the successive points of contact 
with the hearth are never the same, but in 
stead progress circumferentially around the 
individual rings, thus insuring in a most 
perfect manner the uniform and symmetri 
cal heating or heat treatment of the rings, 
So that each ring may receive the same treat ment around its entire circumference as the 
result of its passage through the furnace. 
The chute 1, being preferably in close 

conjunction with the outlet end 2 of the 
furnace and so inclined and shaped that in 
this chute also the rings 6 are caused to roll, 
is closed at all sides and extends below the 
surface of the hardening bath 18 thus form 
ing a liquid seal which prevents cold air 
iron entering the furnace at the outlet end. 
iFurthermore, at said end an Stil open ing having a door 19 is provided, through 
yhich, if desired or required, the foremost 
rings in each row are accessible from the outside also. 
In Fig. 4 a somewhat modified form of 

the bottom 4 of the furnace as illustrated. 
This form differs from that shown in Fig. 
1 chiefly in that one side wall and the bot 
tom of each groove 5' are inclined in lateral 
direction thereby causing the rings 6 to as 
sume an oblique position in which they are 
guided by the inclined side wall and the 
hottom. This embodiment affords the ad 
vantage that rings having different widths 
may be placed in the groove 5, without 
changing the width of the groove. Fur 
thermore, in such grooves rings or washers 
lay be guided the periphery of which is 
formed according to any other surface of 
revolution than the cylindrical surface 
shown, as for instance a conical exterior, or 
an exterior which is non-equatorial spheri 
cal zone, as is the case with the supporting 
rings of certain self-adjusting axial ball. bearings. 
The furnace is not limited to heating with 

gas but may, of course, be heated by any 
other kind of fuel, as for instance oil or 
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solid fuel. Nor is the freely disposed bot 
ton of the furnace shown in the drawings indispensable, since the furnace chamher my consist of a single channel. aving now particularly described and 
ascertained the nature of my said invention 
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and in what manner the same is to be per 
formed, I declare that what I claim is:- 

1. The method of heat treatment of sym 
metrical circular objects constituting solids 
of revolution, which consists in passing 
them in a continuous succession through a 
long chamber in which they are directly ex 
posed, the bottom of which chamber has such 
inclination that the objects advance with a 
rolling traction on the bottom while sliding 
against one another at their points of tan 
gential contact, sinultaneously heating such 
chamber, and controlling the progress of 
the objects through the chamber at such 
rate with reference to their mass and to the 
temperature and length of the chamber as 
to subject each of the successive objects 
during its rolling progression to the pre 
scribed heat treatment. 

2. The method of claim 1, the control of : the progress of the objects being accom 
plished intermittently at the discharge end 
of the chamber by the successive release 
of the terminal objects and, whereby as each 
object is released it is free to roll forward 
independently of those behind it, which foll 
low in succession, so that as each object is 
freed from restraint by the one ahead, it 
tends by starting forward to reduce the re straining engagement with those behind. 

3. A furnace for heat treatment of rings or analogous symmetrical circular objects 
constituting solids of revolution, compris 
ing an elongated furnace chamber adapted 
to hold a considerable series of such ob 
jects in serial contact and exposed directly 
within said chamber having means for lat erally engaging and guiding the objects 
during their rolling progress to hold them 
substantially upright, and, said chamber 
having a sloping bottom of such inclination 
that the circular objects advance by gravity 
with a rolling traction on the bottom while sliding against one another at their points 
of tangential contact, with means for ad mitting said objects at the higher end, an 
outlet at the lower end, means for control ling the rate of progress of such objects 
through said chamber, and means for heat ing said chamber and for controlling the temperature thereof, whereby to determine 
the duration and extent of the heat treat 
ment of the objects therein, - 

4. A furnace according to claim 3, having 
intermittent means for controlling the prog ress of the objects, acting upon the objects a hoteea of the camer.siamens 
adapted to release and arrest the terminal 
object and afterward to release the next 

following object, whereby to feed forward 
the entire series one space. 

5. A furnace haying an elongated heating 
chamber with a EE bottom and longi tudinal lateral guiding means, adapted to 
hold a series of rings or analogous objects 
aud cause them to progress through it by 
rolling in an upright position by force of 
gravity, and intermittent feeding mecha 
Inism at the outlet end including two al 
ternately acting stops, the one adapted to 
lold and release the terminal ring, and the 
other to hold and release the next ring in series whereby the remaining rings of the 
series are held by engagement each with the preceding one. 

6. A furnace according to claim 5, the 
stops movable out of and into the path of 
the rings, and rotative means for so mov ing them alternately. 

7. A furnace according to claim 5, the 
stops consisting of rods entering the fur 
nace chamber, levers carrying the rods, and a rotary cam moving said levers alternately. 

8. A furnace according to claim 3, having 
means for successively discharging the ob 
jects from the outlet of the chamber, means for successively feeding in the objects at 
the inlet end, and driving means impelling 
both said means at equal effective speeds. 

9. A furnace according to claim 3, the 
guiding means being a channel in the fur 
nace bottom adapted to laterally engage the 
objects as they progressively roll through 
the chamber. 

10. A furnace according to claim 3, hav 
ing a bottom or hearth over which the ob 
jects roll, with a combustion chamber be 
neath such bottom, with means for afford 
ing communication for combustion gases at 
the sides of said bottom, whereby hot gases 
may flow from beneath the furnace bottom to the chamber above. 

11. A furnace according to claim 3, hay 
ing a bottom or hearth over which the ob 
jects under treatment roll, with a combus 
tion chamber beneath said bottom, said hearth having multiple channels for guid 
ing the objects as they roll through the 
chamber in a plurality of series, burners 
introducing combustible to said lower cham 
ber, and dampers for controlling communi 
cation with such chamber near the discharge end of the furnace. 

12. A furnace for heating bearing rings 
and washers of ball and roller bearings and 
blanks of such rings and weshers, compris 
ing an extended channel, means for intro ducing said work-pieces into the furnace, 
two bottoms in said furnace one of which 
being positioned above the other and sup 
porting said work-pieces, means for heating 
the work-pieces to the necessary tempera 
ture and placed between the bottoms, aper 
tures in the upper bottom admitting the 
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heat to the workpieces, and grooves in said 
upper bottom adapted to guide the work 
pieces, each of said grooves having side 
walls and bottom inclined in lateral direc 
tion, the upper bottom having an inclina 
tion about crising the angle of 
rolling friction under the circumstances pre 

vailing and adapted to cause the work 
pieces to roll through the furnace by their 
own weight and to be heated to the temper- 10 ature desired. 
In testimony whereof I have signed my 

Iae. 
AEL (USTAF EMANUEL HULTGREN. 


