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2,978,237 
HEAT TREATING APPARATUS 

Arthur W. Frank, Delafield, Wis, assignor, by mesne 
assignments, to Basic Products Corporation, Milwau 
kee, Wis., a corporation of Wisconsin 

Filed Sept. 20, 1956, Ser. No. 611,037 
4 Claims. (C. 263-6) 

The present invention relates generally to apparatus for 
treating articles in a chamber having specified conditions 
for treatment present therein, and more particularly is 
directed to improvements in heat treating apparatus. 

In order to provide maximum physical properties in 
the final product, present day heat treating specifications 
are becoming increasingly stringent with respect to time, 
temperature and controlled atmosphere requirements. 
While the heat treating specifications have become more 
restrictive, the demand has been growing for automatic 
furnace equipment capable of performing the necessary 
heat treating operations and endowed with a high degree 
of operational flexibility and reliability so that the re 
quirements of widely different specifications may be met 
with a standardized apparatus. 
The method or means employed for conveying the parts 

to be treated through the treating chamber or chambers 
strongly influences the satisfaction of the above demands 
in apparatus of the described character, since the move 
ment of the parts through the treating chamber or 
chambers determines the durations of the various stages 
of the treatment and is an important factor to be con 
sidered in obtaining automatic and flexible operation of 
the treating apparatus. For example, if the parts are 
to be exposed to various treatments in a succession of 
related treating chambers and are continuously conveyed 
through the latter, the relative times or durations of the 
several treatments, or stages thereof, cannot be altered 
except by the obviously unacceptable expedient of chang 
ing the lengths of the treating chambers in the direction 
of the conveyor movement so that the apparatus must be 
designed to meet the requirements of a particular treating 
specification and does not have the desired operational 
flexibility. Further, it is usually desirable to effect the 
relatively rapid movement of the parts to be treated 
into and out of the treating chamber so that the doors of 
the latter need be open only for a short time to permit the 
entry and removal of the parts, thereby minimizing the 
escape of the treating atmosphere from the chamber. 
However, if the conveyor continuously carrying the parts 
through the treating chamber moves at a sufficient speed 
to effect rapid movement of the parts into and out of 
the treating chamber, it is apparent that the parts can 
be exposed to the atmosphere within the treating chamber 
for a long period only by providing a correspondingly 
long chamber. The costs involved in constructing and 
maintaining such long treating chambers will inherently 
be greater than those encountered with relatively short 
chambers. Further, a conveyor carrying parts through 
a long treating chamber will be longer, and hence more 
difficult to drive, than a conveyor for carrying the parts 
through a relatively short treating chamber, so that 
substantial power savings and other economies will be 
realized if the length of the treating chamber can be made 
independent of the time of treatment. 

Accordingly, it is an object of the present invention to 
provide treating apparatus of the described character 
wherein the parts to be treated are conveyed through one 

2 r 

or more treating chambers and the period of residence of 
the parts in each chamber is made independent of the 
speed of movement of the conveyor carrying the parts 
and of the length of the chamber so that relatively short 

5 chambers and conveyors can be employed while affording 
a high degree of operational flexibility. 
Another object is to provide treating apparatus of the 

described character which is compact and which is in 
herently economical and relatively trouble-free in oper 

10 ation, 
In accordance with an aspect of the invention, the 

treating of parts or articles in a chamber is achieved 
with an apparatus that includes conveying means for 
carrying the parts through the treating chamber, and 

15 lifting means operative to raise the parts off the conveying 
means within the treating chamber and then to return 
the parts to the conveying means so that the time during 
which the parts to be treated remain within the treating 
chamber is determined by the period of operation of the 

20 lifting means rather than by the length of the treating 
chamber or the speed of movement of the conveying 
means. Thus, relatively short treating chambers and 
conveyors, with the advantages inherent therein, can be 
employed even when the treatment specifications require 

25 long periods of exposure to the atmosphere within the 
chambers. Further, since the load of the parts being 
treated is removed from the conveyor during at least a 
substantial part of the treating period, it is apparent that 
the wear on the conveyor and the necessity for main 

30 tenance of the latter are correspondingly reduced. 
The above, and other objects, features and advantages 

... of the invention, will be apparent in the following detailed 
description of an illustrative embodiment thereof which 
is to be read in connection with the accompanying draw 

35 ings forming a part hereof, and wherein: 
Fig. 1 is a longitudinal sectional view of a treating appa 

ratus embodying the present invention; 
Fig. 2 is a transverse sectional view taken along the 

line 2-2 of Fig. 1; 
40 Fig. 3 is a fragmentary horizontal sectional view taken 

along the line 3-3 of Fig. 1; and 
Fig. 4 is a schematic view of a system that may be used 

to automatically control the operation of the treating 
apparatus of Figs. 1, 2 and 3. 

45 Referring to the drawings in detail, and initially to Fig. 
1 thereof, it will be seen that an apparatus embodying the 
present invention, and there generally identified by the 
reference numeral 10, includes a chamber 11 in which 
the desired treatment is effected, a conveyor 12 for carry 

50 ing the parts or articles P to be treated through the cham 
ber 11, and a lifting device which is generally identified by 
the reference numeral 13 and is operative to raise or lift 
the parts or articles off the conveyor 12 within the cham 
ber 11 and then to return the articles to the conveyor for 

55 movement, by the latter, out of the treating chamber 11. 
With the above general arrangement, it is apparent that 

the conveyor 12 may be continuously operated at a speed 
effective to rapidly move the parts or articles P into and 
out of the treating chamber 11 when the parts rest upon 

60 the conveyor, and that the successive parts can be retained 
within the treating chamber for a relatively long period of 
treatment, notwithstanding the rapid movement of the 
conveyor 2 or the relatively short length of the treating 
chamber, merely by suitably controlling the operative 
periods of the lifting device 13. 

Although the above described arrangement is capable 
of being advantageously employed in any apparatus 
wherein parts or articles are treated in a chamber having 
a controlled atmosphere therein, the apparatus 10, which 

70 has been illustrated only as a specific example of the 
application of the invention, is intended for the purpose 
of effecting the heat treatment of metal parts or articles, 
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In order to serve that purpose, the treating chamber 11 
of the apparatus 10 is formed by a furnace which is suit 
ably heated, for example, by electric heating elements 14. 
The furnace 11 has an opening 15, at one end, to admit 

the parts to be treated into the interior of the furnace 
chamber and an opening 16, at the opposite end, through 
which the treated parts may be discharged. Vertically 
movable doors i7 and 18 are provided at the opposite 
ends of the furnace 11 and are displaceable between the 
illustrated raised positions, uncovering the openings 15 
and 16, and lowered positions where the doors 17 and 18 
Substantially close the openings 15 and 16, respectively. 
The conveyor. 12 may be of the kind employing a belt, 

chains, pushers, walking beams or rotated rollers, as 
shown, for the purpose of carrying the parts to be treated 
through the furnace chamber. The roller conveyor 12 
of the illustrated embodiment includes a series of rollers 
19 which are supported by parallel, laterally extending 
axles 20. The axles 20 are rotatably journalled in suitable 
side supports 21 and 22 (Fig. 3). In order to provide for 
the simultaneous rotation of the rollers 19 in the direction 
causing advancement of the parts P supported thereon 
through the furnace chamber, each axle 20 has a sprocket 
23 fixed on one end portion thereof and engaged by a 
continuous chain 24 (Fig. 3), and one of the shafts or 
axles 20 carries an additional sprocket 25 which is engaged 
by a continuous chain 26 driven by a sprocket 27 on the 
shaft of drive unit 28 (Fig. 1) which may include an 
electric motor and a speed-change mechanism. Under 
some circumstances, it may be desirable to momentarily 
stop or slow down the conveyor 12 in order to ease lifting 
up the load. 
The doors 17 and 18 may be actuated by pressure fluid 

operated, double-acting cylinders 29 and 30, respectively, 
which are suitably mounted on top of the furnace 11 and 
have their plungers or rams connected to cables 31 and 
32 which pass over pulleys or sheaves 33 and 34 and are 
attached to the respective doors (Fig. 1). It is apparent 
that the doors 17 and 18 can be raised and lowered, as 
desired, by suitably controlling the supplying of pressure 
fluid to the related cylinders 29 and 30. 
The lifting device 13 of the illustrated embodiment of 

the invention may also be pressure fluid operated and 
includes vertical, double-acting cylinders 35 and 36 dis 
posed under the furnace il and having their rams or 
plungers 37 and 38 passing upwardly through suitable 
openings in the bottom of the furnace. The cylinders 
35 and 36 are located in relation to the conveyor 12 so 
that the plungers 37 and 38 can pass between successive 
rollers 19 of the conveyor when the plungers are raised by 
pressure fluid admitted to the related cylinders. If de 
sired, a cross-member 39 may be mounted on the upper 
end of each of the plungers. 37 and 38 and is adapted to 
pass between the side supports 21 and 22 (Fig. 3) when 
the related plunger is raised. 

Normally, the plungers 37 and 38 are in the lowered 
positions of Fig. 1 so that the cross-members 39 are dis 
posed below the level of the top surface portions of the 
conveyor rollers 19, thereby permitting a part P dis 
posed within the furnace chamber to rest upon the ro 
tated conveyor rollers and be advanced by the latter. 
However, when the plungers 37 and 38 are simultaneous 
ly moved upwardly to dispose their cross-members 39 
in the broken-line positions of Fig. 1, where the top 
Surfaces of the cross-members are disposed above the 
level of the top surface portions of the conveyor rollers 
9, the part P disposed within the furnace chamber is 

lifted off the conveyor rollers to the broken-line posi 
tion P and is thereby retained within the furnace cham 
ber until the plungers 37 and 38 are again lowered to 
return the treated part to the conveyor 12 for continued 
movement by the latter out of the chamber 11 through 
the discharge opening 16. 

10 

5 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

Although the lifting device 13 is pressure fluid operated 
in the illustrated embodiment of the invention, it is to 

4. 
be understood that other means, for example, screw 
jack operated means, may be employed for lifting the 
article and then returning the latter to the conveyor 12. 
The illustrated apparatus 10 embodying the present in 

vention further may include an additional chamber 40 
adapted to receive parts treated in the chamber 11 and 
to further treat such parts under controlled conditions. 
When the chamber 11 is a furnace in which the parts are 
heated, as described, the additional chamber 40 may be 
an annealing chamber in which the previously heated 
parts are cooled in a controlled atmosphere. The cham 
ber 40 has an opening 41 at one end and is arranged 
with that end adjacent to the end of the furnace cham 
ber 11 having the discharge opening 6 therein so that 
the door 18 can serve as the closure for both of the 
openings 16 and 41. In order to carry the treated parts 
from the furnace chamber 11 into the annealing cham 
ber 40, the conveyor 12 may be extended through the 
openings 16 and 4 into the chamber 40. 

In order to minimize the length of the space required 
for installation of the apparatus 10, the fully treated 
parts may be discharged from the latter through an open 
ing 42 formed in a side of the annealing chamber 40 
(Fig. 2) and adapted to be closed by a vertically movable 
door 43. As in the case of the doors 17 and 18, the 
door 43 may be raised and lowered by a pressure fluid 
operated mechanism that includes at least one double 
acting cylinder 44 suitably mounted on top of the cham 
ber 40 and having its ram or plunger connected to a 
cable 45 passing over a related pulley or sheave 46 and 
attached to the door 43, so that the position of the latter 
can be determined by suitably regulating the supplying 
of pressure fluid to the cylinder 44. A laterally extend 
ing discharge conveyor 47 (Fig. 2) may extend from the 
opening 42 of chamber 40 to receive the treated parts 
discharged from the latter. 

In order to remove the treated parts from the con 
veyor 12 within chamber 40 for lateral discharge through 
the opening 42 onto the conveyor 47 and also in order to 
permit the residence of the parts in the annealing cham- . 
ber 40 for a treating period that is independent of the 
speed of movement of conveyor 12 and of the length of 
the chamber 40, a lifting device 48 is associated with 
the chamber 40 and is operative to raise a part P off the 
conveyor 12 within the annealing chamber, so that the 
raised part can remain in the latter while the conveyor 
12 continues to operate, and then to laterally move the . 
raised part through the opening 42 onto the discharge 
conveyor 47. - 

Fig. 2 of the drawings illustrates, merely by way of 
example, a structural arrangement of the lifting device 
48 that can perform the above functions and that includes 
double-acting, pressure-fluid operated cylinders 49 
mounted vertically below the chamber 40 and having 
their rams or plungers 50 passing upwardly through open 
ings in the bottom of the chamber. The cylinders 49 are 
located relative to the conveyor 12 so that the plungers 
50 can pass through the spaces between successive rollers 
19 of the conveyor during vertical movement of the 
plungers. Laterally extending channel members 51 are 
fixed on the upper ends of the plungers 50 and have 
conveyor discs 52 rotatably mounted therein to engage 
and support a part P within the chamber 40 when the 
plungers 50 are moved upwardly from the normal, rela 
tively low positions of Fig. 1 to the raised positions of 
Fig. 2 in which the upper surface portions of the discs . 
52 project upwardly above the level of the upper surface 
portions of the adjacent conveyor rollers 19. 

In order to move a part P supported by the conveyor 
discs 52 through the opening 42 onto the discharge con 
veyor 47, the conveyor discs 52 may be simultaneously 
rotated in the clockwise direction, as viewed in Fig. 2, 
that is, in the direction causing movement of the top 
surface portions of the discs 52 laterally toward the . 
opening 42 of chamber 40. Such simultaneous rotation 



5 
of the conveyor discs 52 may be effected by providing 
each of the latter with a sprocket 53 rotatable there 
with and engaged by a continuous drive chain 54 that is, 
trained over suitable idler sprockets and led by the latter 
out of the chamber 40 for engagement with a drive 
sprocket 55 on the shaft of an electric motor 56 mounted 
on a platform 57 movable vertically with the plungers 
50 below the chamber 40. 
The motor 56 may be continuously energized so that, 

when the plungers, 50 are raised and the conveyor discs. 
52 lift a part P off the conveyor 12 within the chamber 
40, the lifted part will be immediately discharged lateral 

10. 

ly from the chamber through the side opening 42 of the 
latter, or the energization of the motor 56 may be con 
trolled so that the motor is inoperative when the plungers. 
50 are raised to lift the part Poff the conveyor 12 within 
the chamber 40, thereby to retain the part within the 
latter for a predetermined period, and so that the motor 
56 becomes operative to drive the conveyor discs 52 
only after termination of the predetermined treating 
period at which time the fully treated part is discharged 
onto the conveyor 47. - 

It is apparent that the operation of the doors 17, 18 
and 43 is synchronized with the operation of the lifting 
devices 13 and 48 and with the rate at which the con 
veyor 12 carries parts P to be treated to and through 
the chamber 11 into the chamber 40, and that the opera 
tive periods of the lifting devices 13 and 48 are prede 
termined in order to provide for the presence of the 
parts being treated in the chambers 11 and 40 for the 
periods required by the relevant treating specification. 
Any type of suitable control apparatus can be used 

for controlling a given cycle such as mechanical, elec 
tronic, or electrical relays. 
As an example, Fig. 4 schematically represents an 

arrangement that may be employed for controlling the 
operation of the doors 17, 18 and 43 and of the lifting 
devices 13 and 48. In such arrangement, a series of two 
way valves 57, 58, 59, 60 and 61 are provided to control 
the feeding of pressure fluid through a system of ducting 
from a suitable source 62 to the opposite ends of the 
cylinder 29, the cylinder 30, the cylinders 35 and 36, 
the cylinders 49, and the cylinder 44, respectively. Thus, 
valve 57 controls the raising and lowering of door 17; 
valve 58 controls the position of door 18; valve 59 con 
trols the raising and lowering of the rams 37 and 38 of 
the lifting device 13 and hence determines the operative 
periods of the latter; valve 60 controls the raising and 
lowering of the rams 50 of the lifting device 48; and 
valve 61 controls the raising and lowering of the door 43. 

In order to actuate the several valves 57, 58, 59, 60 
and 61 in a predetermined order so that such valves 
send pressure fluid first to one end, and then to the 
other end, of the related cylinders, each valve may have 
an actuating arm 63 extending radially from the related 
valve body and engaging in a corresponding groove 64 
extending circumferentially in a drum-type cam 65 and 
having a suitable contour to obtain the desired actuation 
of the related valve. 
of the doors 17, 18 and 43 and of the lifting devices 13 
and 48 to the rate at which the conveyor 12 advances 
parts to be treated to and through chamber 11 into cham 
ber 40, the drum-type cam 65 may be rotatably driven 
by the drive unit 28 of the conveyor through an addi 
tional speed changing unit 66. Further, in the case where 
the motor 56 for rotating the conveyor discs 52 of the 
lifting device 48 is energized only when a treated part 

In order to relate the operation 

5. 
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is to be discharged from the chamber 40, the circuit for . 
energizing the motor 56 may include a source 67 of elec 
tric current conductors 68 leading from that source to 
the motor, and a switch 69 interposed in the conductors 
68 in series with the motor 56, and having an actuating 
arm 70 engaging in a circumferential groove 71 of the 
drum-type cam 65 so that the switch 69 causes energiza 
tion and deenergization of the motor 56 in synchronism 

70 
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with the operation of the door 43 and the lifting de 
vice, 48. 

It will be understood that the several grooves of the 
drum-type cam 65 are shaped so that, initially, all of 
the doors 17, 18 and 43 are lowered or closed and the 
lifting devices 13 and 48 are in their lowered or inopera 
tive positions with the motor 56 being deemergized. When 
a part to be treated approaches the chamber 11 on the 
conveyor 12, valve 57 is actuated to cause raising of 
door 17 so that the part P. can enter the interior of 
chamber 11 through the opening 15 and, thereafter, valve 
57 is again actuated to close door 17. When the part 
P on the conveyor 12 within chamber 11 arrives above 
the lifting device 13, valve 59 is actuated to cause up 
ward movement of the plungers or rams 37 and 38 of 
cylinders 35 and 36 so that the lifting device. 13 is then 
operative to lift the part to be treated off the conveyor 
12. The device 13 remains operative for as long as the 
treatment within chamber 11 is to continue. At the 
conclusion of the predetermined period of treatment in 
chamber 11, valve 59 is again actuated to lower the rams. 
37 and 38, whereupon, the device. 13 becomes inoperative. 
and the treated part is returned to the conveyor 12 for 
movement by the latter out of the opening 16 of cham 
ber 11 and into the chamber 40 through opening 41 
of the latter. In order to permit the transfer of the 
treated part from one chamber to the other, the valve 
58 is then actuated to raise or open the door 18 and, 
when the treated part is disposed within the chamber 
40, the valve 58 is again actuated to close the door 18. 
When the part within chamber 40 has arrived over the 
lifting device 48, valve 60 is actuated to raise the plungers 
or rams 50 so that the conveyor discs 52 then become 
operative to lift the treated part of the conveyor 12. 
Upon the conclusion of the period of treatment of the 
part in chamber 40, valve 61 and switch 69 are actuated 
to open the door 43 and to cause energization of the 
motor 56, respectively, so that the discs 52 are then ro 
tated to discharge the lifted part through the opening 
42 onto the discharge conveyor. Finally, when the 
treated part is safely out of the chamber 40, valves 60 
and 61 and switch 69 are again actuated to return the 
lifting device 48 to its lowered inoperative position, to 
close the door 43 and to interrupt operation of the motor 
56, respectively. 

It will be apparent that the durations of the treating 
periods may be varied in accordance with different treat 
ment specifications merely by replacing the drum-type 
cam 65 with a cam having grooves therein corresponding 
in shape to the requirements of the treatment specification. 
Further, it is apparent that the parts to be treated load 
the conveyor 12 only for relatively brief periods, that is, 
only when the conveyor is actually carrying the parts 
into and out of the treating chambers, whereby the wear 
on the continuously operated conveyor is substantially 

It is also to be noted that a relatively short 
treating chamber and conveyor can be employed even 
when treatment for a long period is required. Thus, 
the initial cost and the maintenance costs for the treating 
chamber and conveyor are relatively low, and the power 
required for driving the relatively short conveyor is also 
minimized. 
Although a particular embodiment of the invention has 

been described in detail herein and shown in the accom 
panying drawings, merely by way of example, it is to be 
understood that the invention is not limited to that par 
ticular embodiment, and that various changes and modi 
fications may be effected in the latter without departing 
from the scope or spirit of the invention, except as de 
fined in the appended claims. 
What is claimed is: 
1. In apparatus for the treatment of articles; the com 

bination including a treating chamber having conditions 
therein for effecting the desired treatment of the articles, 
single conveying means for transporting the articles 
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through said treating chamber at a fixed elevation, means 
for continuously moving said conveying means in said 
chamber, and lifting means independent of said convey 
ing means normally disposed underlying said conveying 
means and intermittently projected above the latter to 
lift the articles off said conveying means so that the arti 
cles are then maintained substantially immobile within 
said chamber for a predetermined treating period, said 
lifting means being lowered to its normal disposition be 
low said level of the conveying means at the conclusion 
of said treating period to return the articles to said con 
tinuously operating conveying means for further trans 
port by the latter. - 

2. In apparatus for the treatment of articles; the com 
bination including a treating chamber having conditions 
therein for effecting the desired treatment of the articles, 
single conveyor means for the articles extending into, 
through and out of said treating chamber and having a 
series of laterally extending, parallel, spaced-apart rollers 
Totated to advance articles resting thereon, means con 
tinuously rotating said rollers while an article is in said 
chamber, lifting members independent of said conveying 
means and extending into said chamber from below and 
movable through the spaces between adjacent rollers of 
said conveyor means within the chamber between normal 
inoperative positions, where said lifting members are dis 
posed below said rollers, and operative positions, where 
said lifting members project above said rollers, and actu 
ating means for said lifting members moving the latter 
to said operative positions when said rotated rollers have 
advanced an article to a location within said chamber 
above said lifting members, so that the latter raise the 
article off said rotated rollers to retain the article within 
the chamber for a predetermined treating period, and, 
at the conclusion of said period, returning said lifting 
members to said normal inoperative positions, so that 
the treated article then rests on said conveyor means 
and is further advanced by said rotated rollers for move 
ment out of said treating chamber. 

3. In apparatus for the treatment of articles; the com 
bination including at least first and second treating cham 
bers arranged in succession and having conditions therein 
for performing related phases of a treatment on articles 
residing therein, single continuous conveyor means for 
the articles extending successively through said treating 
chambers to advance the articles to be treated through 
said first chamber and then through said second chamber 
at a fixed elevation, means for continuously moving said 
conveyor means in said chambers, and lifting means in 
dependent of said conveying means and extending into 
each of Said chambers and operative periodically to re 
move articles from said conveyor means within the re 
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lated chamber, thereby to retain the removed article 
within the related chamber for the period of operation of 
the lifting means, and then to return the removed article. 
to said conveyor means for further advancement by the 
latter. 

4. In apparatus for the treatment of articles; the com 
bination including at least first and second treating cham 
bers arranged longitudinally in succession and having con 
ditions therein for performing related phases of a treat 
ment on articles residing therein, said first chamber hav 
ing openings at the opposite ends thereof to respectively 
receive and discharge articles, said second chamber hav 
ing an opening at the end thereof adjacent said first cham 
ber to receive articles from said discharge opening of the 
latter and a discharge opening at one side, continuous 
conveyor means extending longitudinally through said 
first and second chambers for advancing articles through 
the latter, means for continuously moving said conveyor 
means in said chambers, first lifting means extending 
into said first chamber and operative periodically to re 
move articles from said conveyor means within said 
first chamber for a predetermined period of treatment in 
the latter and then to return the articles to said conveyor 
at the conclusion of said period for further advancement 
by the latter out of said first chamber and into said sec 
ond chamber, second lifting means extending into said 
second chamber and operative periodically to lift articles 
from said conveyor means within said second chamber 
and to laterally discharge the lifted articles from the lat 
ter through said discharge opening in the side of said 
second chamber, doors normally closing said openings 
of the first and second chambers, and coordinated control 
means for said first and second lifting means and for 
said doors operating in synchronism with said conveyor 
means to operate said lifting means when articles have 
been advanced over the latter by said conveyor means 
and to move said doors away from the related openings 
when articles on the conveyor means are disposed for 
movement by the latter through said openings. 
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