
Jan. 13, 1942. W. L. WROBLEWSKI 2,269,838 
SINTERING FURNACE 

Filed March 29, 194l 3. Sheets-Sheet 

R. SS SSas collar R4 
S. s s 

SN Ra 2-2-cate2 & S. a 
N FF-FF st A. % eakeeteeleraea 

N s N RASCC s Sans Sneans Sease a 

N 

es. vuorvitov 

W606/ozo L. Wrod/eus A & S 
7%uwé/44 

  

  

  

      

  

  

  

  



2,269,838 W. L. WROBLEwski Jan. 13, 1942. 
SINTERING FURNACE 

!” 

3. Sheets-Sheet 2 

ZZZZZZZZZZZZZZZZYZZ 3. N 

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ) ?zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzZZZZZZZZZZZZZZZZZZZZZZZZZZ?Žž?? ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ !!!! 22 22 

? 

Z. 

Filed March 29, 194l 

rez 

N 

>>>>>>>>>>>>>>>>>>>>>>>ž????? _º^ 

( @22222222ZZZZ2???i????????????>>>[2ZZZZZZZZZZZZZZZZZZZZZZ 
Slatov., 

va ... .Y. luca y 

Woodrou L. Wrob/ewSA, 

  

  

  

  

  

  

  

  

  

  

  

  

  



Jan. 13, 1942. W. L. WROBLEWSKI 2,269,838 
SINTERING FURNACE 

Filed March 29, 1941 3 Sheets-Sheet 3 

SNN r 

WN N 

W N 
NS N 

slyRSSaaSaaS N 

t X 
SA al 

SNSSSNN.SYYYY 

S S s ky SS S 

ar 

e 

See 

S 

S. 2se 
M w 

xes 

-uco to 

s • Wooo/aco Z. Wo6/e/es// 
s: 22%aw 2/4tz 

atto-vior 

  

  

  

  

    

  

  

  

  
  

  



--" 

Patented Jan. 13, 1942. 2,269,838 

UNITED STATES PATENT office 
2,269,838 

sINTERING FURNACE 
Woodrow L. Wroblewski, Schenectady, N. Y. 
Application March 29, 1941, Serial No. 385,939 

(C. 263-6) 3 Clainis. 

My invention relates to heating apparatus and 
more particularly to sintering furnaces. . 
One of the principal objects of my invention 

is to provide a sintering furnace assembly so 
constructed and arranged whereby the products 
to be sintered, for instance, magnets and the 
like, are progressively subjected to treatment by 
the furnace assembly to effect quantity produc 
tion. An important object of my invention is to 
provide a sintering furnace assembly of the char 
acter described which is simple in construction, 
durable in use, efficient in operation and econom 
ical in manufacture. With the above and other objects in view, as 

5 

connected to a source of electrical energy (not 
shown) for operating the unit. The furnace contains aluminium oxide powder 
4 (Al2O3) which is disposed about the casing 

9, the latter serving to preclude contact of the 
powder with the heating unit to and to main 
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will hereinafter appear, the invention consists 
in the combination, and arrangement of parts 
hereinafter set forth and illustrated in the ac 
companying drawings, from which the several 
features of the invention and the advantages at 
tained thereby will be readily understood by those 
skilled in the art. Referring to the drawings wherein like refer 
ence characters designate like parts throughout 
the several views: Figure 1 is a side elevation, partly in section, 
of my sintering furnace assembly. 

Figure 2 is a vertical sectional view of the fur 
aCe Figure 3 is an end elevation of one of the boats. 
Figure 4 is a sectional view taken on the line 

4-4 of Figure 3. Figure 5 is a sectional view taken on 
5-5 of Figure 1. Figure 6 is a side elevation of a modified form 
of means for removing the boats from the end 
less conveyor and positioning said boats on the 
elevating means. As illustrated in the drawings, I provide a 
hydrogen furnace 4 comprising a cylindriform 
shell or wall 5 having secured within its ends 
a pair of end walls 6 and 7 respectively. The 
inner face of the wall 5 is equipped with asbestos 
material 8 constituting a seal. The end walls 

the line 

6 and 7 are formed with central apertures in 4 
which are disposed the ends of a metallic casing 
9 surrounding, a tubular heating unit 0 extend 
ing axially through the shell. The heating unit 
0 comprises an elongated hollow cylindriiform 
body of refractory material and which is 
formed on its periphery with a spiral groove in 
which is mounted an electric heating coil 12, the 
ends of said coil extending outwardly through 
opposite ends of the body and are equipped with 

tain the same within the furnace. Extending 
through the powder, the top of the wall 5 and 
the casing 9, are a pair of pipes 5 connected to 
a hydrogen supply pipe 6 whereby the interior 
of the casing 9 about the unit fo is supplied with 
hydrogen (H2) when the furnace is in a cool or 
cold condition. The inner faces of the end walls, 
adjacent the apertures, have welded thereto 
flanges T, while the outer faces have secured 
thereto collars 8, the latter having their inner 
margins maintaining the ends of the heating unit 
0 within the casing 9. Subjacent the furnace 4, the assembly is pro 
vided with an endless conveyor 20, the latter 
comprising a supporting frame 2 having upper 
horizontally extending end portions on which are 
rotatably mounted rollers 22 over which are 
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trained an endless belt 23 having upper and lower 
horizontal runs 24 and 25 respectively. Adjacent 
the end wall 7 of the furnace, the assembly is pro 
vided with a vertically disposed conduit 26, the 
latter formed on one side, interjacent its upper 
and lower ends, with a lower horizontal inlet 
branch 27 having its outer open end terminating 
adjacent the conveyor 20. The branch 27 is pro 
vided, interjacent its ends, with a vertically slid 
ing gate valve 28, the latter being connected to 
the plunger 29 of a solenoid 30 whereby said valve 
28 is operated to open and closed positions as 
hereinafter set forth. The conduit 26, subjacent its upper end and 
superjacent the branch 27, is provided with a 
horizontally sliding gate valve 3 of a similar con 
struction as the valve 28 and said valve 3 is con 
nected to the plunger 32 of a solenoid 33 where 
by said valve is operated to open and closed posi 
tions as hereinafter set forth. The upper end 
of the conduit 26 is provided with an upper hori 
zontal outlet branch 34 having an open end con 
nected by means of a coupling 35 to the inlet end 
of a tube 36 extending through said heating unit 
fo, the opposite end of said tube 36 being con 
nected to an upper horizontal branch 37 provided 
on the upper end of a vertical conduit 38 disposed 
adjacent the wall 6 and of a similar construction 
as the conduit 26. The opposite end of the 
branch 34 is closed by a wall 39 which has slidably. 

electric terminal connections 3 adapted to be 55 extending therethrough one end of the plunger 
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rod 40 of a solenoid 4 for a purpose hereinafter described. 
As in the instance of the conduit 26, the con 

duit 8 is formed on One side, interjacent its up 
per and lower ends, with a lower horizontal 
branch 42 having its open end terminating adja 
cent the opposite end of the conveyor 20. The 
branch 42 is provided, interjacent its ends, 
with a vertically sliding gate valve 43 con 
nected to the plunger 44 of a solenoid 45, l 
while the conduit 38, between the branches 
37 and 42 is provided with a horizontally 
sliding gate valve 46 connected to the plung 
er 47 of a Solenoid 48, said solenoids 45 and 48 
serving to operate their respective valves to open l 
and closed positions as hereinafter set forth. The 
opposite end of the branch 37 is closed by a 
wall 49 which has slidably extending there 
through the plunger rod 50 of a solenoid 5 for 
a purpose hereinafter described. 
The conduits 26 and 38 are equipped, subjacent 

their lower branches 27 and 42 respectively, with 
hydraulic cylinders 52 in which are reciprocally 
mounted pistons 53 having connected thereto the 
lower ends of piston rods 54, the upper ends of 
said piston rods being connected to platforms 55 
and 5 disposed in the conduits 26 and 38 respec 
tively whereby to raise and lower said platforms 
into discharging and receiving positions with re 
Spect to the upper and lower horizontal branches 
of the conduits for a purpose hereinafter set forth. The cylinders 52, subjacent the pistons 53, 
have connected thereto pipes 56 whereby fluid 
may be introduced into and discharged from the 
cylinders to effect raising and lowering of the pistons. 
The walls of the conduits 26 and 38, oppositely 

disposed from the lower horizontal branches, have slidably extending therethrough the outer 
ends of piston rods 58 and 59 of solenoids 60 and 4 
5 respectively. Each of said conduits have com 
municating therewith between their gate valves, 
hydrogen supply pipes 62 whereby to supply the 
conduits with hydrogen, it being understood that 
the gate valves constitute locks and said conduits 
between their gate valves constitute hydrogen 
chambers. The branch 37 of the conduit 38 is 
formed about its upper portion with a reservoir 

containing liquid for cooling the branch and 
products introduced therein, said branch con 
stituting a cooling chamber for cooling products 
introduced therein as hereinafter set forth. The 
branch 37, adjacent the tube 36, has connected 
thereto a hydrogen supply pipe 64 coacting with 
the pipe 52 to maintain a supply of hydrogen 
within the tube 3, it being understood that it 
is desirable, in order to effect proper sintering of 
the products by the furnace, that the tube 36 be 
supplied with hydrogen at all times. s 
In order that products, for instance, magnets 6 

and the like, may be continuously and progres 
sively moved through the tube 36 for sintering, 
provide a plurality of carriers or boats 70 and 

inasmuch as the boats are of identical construc 
tions, a detailed description of one will suffice, it 
being understood that the reference characters 
indicative of parts of one boat are indicative of 
like parts of the other boats. Each boat 70 is 
constructed of refractory material and formed 
with bottom and end walls 7 and 72 respec 
tively. The outer end faces of the end walls 72 
are provided with recesses 73 and formed with 
detents 74 extending upwardly between the sides 
defining said recesses and terminating an appre 
clable distance subjacent the upper ends of said 
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walls 72. The outer end faces of the detents 74 
incline upwardly and inwardly to provide cam 
surfaces 75 for engagement with depending hook 
like portions 76 formed on the outer ends of the 
rods 50 and 58 of the solenoids 5 and 60 respec 
tively for a purpose hereinafter made apparent. 
The outer end of the rod 58, adjacent the hook 

like portion 76, is formed with a depending lip TT 
having an inclined face for engagement with a 
projection 78 carried on the adjacent face of the 
wall of the conduit 26 whereby to effect raising 
of the hook-like portion 76 to disengage the same 
from the detent T4 when said rod is actuated to 
retracted position within the solenoid 60 for a 
purpose hereinafter made apparent. The bottom 
wall 7 of each boat is provided with a convex 
lower face having a contour similar to the con 
tour of the tube 36, it being understood that the 
faces of the upper and lower branches of the 
conduit the platforms and conveyor runs on 
which the boats are moved are of a similar con 
tour as that of the tube 36. 
In operation the parts being in the positions 

illustrated in Figure 1, a boat is deposited on 
the run 24 of the conveyor 20 and moved by said 
conveyor into the branch 27. As the boat is 
moved into the branch 27, the Solenoid 30 is op 
erated to actuate the valve 28 to open position 
while, at substantially the same time, the sole 
noid 60 is operated to actuate its rod 58 to pro 
jected position within the branch 27 and effect 
locking engagement of the portion 76 with the 
detent 74 of the boat, whereupon, said rod 58 is 
operated towards retracted position thereby mov 
ing the boat onto the platform 55 and disen 
gaging the portion 76 with the detent 74 through 
the medium of the lip TT and projection 78. 
When the boat is thus disposed onto the plat 
form 55, the piston 53 connected to the platform 
55 is operated upwardly to position the boat with 
in the upper branch 34 of the conduit 26 it being 
understood that when the boat is moved upon 
the platform 55, the valve 28 is actuated to closed 
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position by the solenoid 30 and the valve 3 f to 
Open position by the Solenoid 33. When the boat 
has been positioned with the branch 34, the rod 
40 is reciprocated by the solenoid 4 and there 
by engages and moves the boat into the tube 36 
and centrally within the furnace 5 as illustrated 
in dotted lines in Figure 1. Upon movement 
of the boat into the tube 36, the platform 55 is 
actuated to its lower position by means of its 
piston 53 while the valve 3 is closed by the sole 
noid 33. When the products or magnets con 

55 tained on the boat have been sufficiently treated 
by the furnace, the solenoid 5 is operated to 
actuate its rod 50 to projected position to effect 
engagement of the portion 76 with the detent 

O 4 of the boat whereupon said rod is actuated 
by the Solenoid 5 towards retracted position to 
move the boat into the branch 37 and onto the 
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platform 56 and thus subject the products to 
the cooling influences of the liquid contained into 
the reservoir 63. When the boat is disposed 
on the platform 56, the latter is lowered by dis 
charging the liquid from within the subjacent 
cylinder 52 thereby positioning the boat adja 
cent the inner end of the lower branch 42. When 
the boat. is thus positioned, the valve 46 is actu 
ated to closed position and the valve 43 to open 
position by their respective solenoids. When the 
valve 3 is actuated to open position, the solenoid 
3 is operated to reciprocate its rod 59 and thus 
engage and move the boat out of the branch 42 
onto the conveyor 20 for removal therefrom. 
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By continuously depositing boats upon the con 

veyor 20, and operating the parts in the forego 
ing described manner, it will be apparent that 
a plurality of the boats containing their products 
may be continuously and progressively Operated 
through the foregoing described cycle of Opera 
tion thus contributing to quantity production. It 
is to be understood that the various solenoids 
and pistons are to be operated in a predetermined 
timed relation and in a manner whereby the 
valves serve to maintain sufficient hydrogen with 
in the tube 36. 
As illustrated in Figure 6 of the drawings, the 

Outer end of the rod 58 of the solenoid 60 may be 
equipped with a magnet 80 in lieu of its portion 
76 and the boats provided with metallic end plate 
8 for engagement with the magnet whereby when 
said magnet is energized and the rod 58 operated 
to retracted position the boat will be moved onto 
the platform 55 and released from the rod 58 : 
when the magnet is deemergized. Similarly, if 
desired, the outer end of the rod 50 of the 
solenoid 5 may be constructed in the same man 
e. m 

While I have disclosed the valves 28, 3, 43 
and 46 and the boats 70 as being operated or 
moved by solenoids, it is to be understood that 
other operating means may be substituted in lieu 

() 
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thereof, for instance, hydraulic cylinder and pis 
ton assemblies. Furthermore, it is to be under 
stood that should a process of sintering pressed 
material require hydrogen circulation, the hydro 
gen may be introduced, under a desired circulat 
ing pressure, into the tube 36 through the pipe 
64 and be discharged from said tube at its opposite 
end into a dehydrator to remove water vapor 

3. 

from the hydrogen whereupon said hydrogen may 
be conveyed, under pressure, to the pipe 64 for 
recirculation through the tube. It will be ap 
parent that when hydrogen is so circulated and 
thus utilized economy in operation is effected. 
If desired, the hydrogen may be introduced into 
One end of the heater unit and circulated through 
the spiral groove in which the heating element 
is disposed. When hydrogen is thus circulated it 
may be burnt at the other end of the unit or 
conveyed to a cooling coil, purified and recircu 
lated thereby reducing hydrogen loss to a mini. 

From the foregoing, it will be apparent that 
my invention not only lends itself to quantity 
production in the sintering of products but also 
comprehends many advantages and desirable 
features not obtainable in other sintering appa 
ratus, for instance, (a) simplicity of construction 
and a minimum of operating parts; (b) the em 
ployment of air locked chambers to preclude 
overheating of material and resultant Oxidation; 
(c) the maintaining of a hydrogen pressure, 
above atmospheric pressure, in the furnace tube 
fo in a manner to preclude air leaking therein 
through the medium of the air locks; (d) of 
continuously and progressively introducing mov 
ing the boats through the furnace from an end 
less conveyor; (e) replacement of the tube 36 by 
merely disconnecting the coupling 35 and with 
drawing the tube axially out of the heating unit; 

3 
the same for use under various conditions of 
service. Moreover, it is not indispensable that 
all the features of the invention be used Con 
jointly since they may be employed advanta 
geously in various combinations and sub-com 
binations. 

It is obvious that the invention is not con 
fined to the herein described use therefor as it 
may be utilized for any purpose to which it is 
adaptable. It is therefore to be understood that 
the invention is not limited to the specific con 
struction as illustrated and described as the 
same is only illustrative of the principles of Op 
eration, which are capable of extended applica 
tion in various forms, and that the invention 
comprehends all construction within the Scope 
of the claims. 
What claim is: 
1. In an apparatus of the character described, 

a pair of conduits arranged at opposite ends of 
a furnace and including vertical portions, upper 
and lower horizontal portions and having the 
lower horizonal portions arranged in a plane 
below the furnace and having the upper hori 
Zontal portions connected to said furnace for 
guiding article carrying boats into and out of 
said furnace, an endless conveyor operating be-, 
tWeen said lower horizontal portions of the con 
duits to receive boats from one of said lower 
horizontal portions and to deliver boats to the 
other lower horizontal portion, means for mov 
ing the boats in the horizontal portion of one 
of said conduits from its vertical portion to the 
conveyor, means for moving boats from said con 
veyor through the lower horizontal portion of 
the other conduit to the vertical portion there 
of, means for moving the boats through the Wer 
tical portions of the conduits, means for moving 
the boats from the upper horizonal portion of 
one of the conduits into the furnace, means for 
moving boats from the furnace into the upper 

s 
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(f) automatically moving the material from the 
heating tube 36 into a cooling chamber; (g) and 
utilizing a substantially cylindrical heating tube 
whereby maximum strength is maintained at 
high temperatures. 
Without further elaboration the foregoing will 

so fully explain the invention that others may, 

horizontal portion of the other conduit. 
2. In an apparatus of the character described, 

a pair of conduits arranged at opposite ends of 
a furnace and including vertical portions, upper 
and lower horizontal portions and having the 
lower horizontal portions arranged in a plane 
below the furnace and having the upper hori 
zontal portions connected to said furnace for 
guiding article carrying boats into and out of 
said furnace, an endless conveyor operating be- . 
tween said lower horizontal portions of the con 
duits to receive boats from one of said lower 
horizontal portions and to deliver boats to the 
other lower horizontal portion, means for mov 
ing the boats in the horizontal portion of one of 
said conduits from its vertical portion to the 
conveyor, means for moving boats from said con 
veyor -through the lower horizontal portion of 
the other conduit to the vertical portion thereof, 
means for moving the boats through the vertical 
portions of the conduits, means for moving the 
boats from the upper horizontal portion of one 
of the conduits into the furnace, means for moV 
ing boats from the furnace into the upper hori 
zontal portion of the other conduit, means for 
cooling the upper horizontal portion of One of 
the conduits for cooling articles of the boats 
while in said latter-named horizontal portion and 
after leaving the furnace, and means for intro 
ducing hydrogen into said last-named horizontal 

es by applying current knowledge, readily adapt '' 

portion. 
3. In an apparatus of the character described, 

a pair of conduits arranged at opposite ends of 
a furnace and including vertical portions, upp?r 

  



- - - - - 

4 
and lower horizontal. portions and having the 
lower horizontal portions arranged in a plane be 
low the furnace and having the upper horizontal 
portions connected to said furnace for guiding 
article carrying boats into and out of said fur 
nace, an endless conveyor operating between said 
lower horizontal portions of the conduits to re 
ceive boats from one of said lower horizontal 
portions and to deliver boats to the other lower 
horizontal portion, means for moving the boats 
in the horizontal portion of one of said con 
duits from its vertical portion to the conveyor, 
means for moving the boats from said conveyor 
through the lower horizontal portion of the other 
conduit to the vertical portion thereof, means 
for moving the boats through the vertical por 
tions of the conduits, means for moving the boats 
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from the upper horizontal portion of one of the 
conduits into the furnace, means for moving 
boats from the furnace into the upper horizontal 
portion of the other conduit, means for cooling 
the upper horizontal portion of one of the con 
duits for cooling articles of the boats while in 
said latter-named horizontal portion and after 
leaving the furnace, means for introducing hy 
drogen into said last-named horizontal portion, 
gates controlling the lower horizontal portions 
and the vertical portions of the conduits, means 
for operating the gates to permit the boats to 
pass through said conduits, and means for ad 
mitting hydrogen into the conduits between said 
gates. 

WOODROW L. WROBLEWSKI. 


