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57 ABSTRACT 

A system for the cooling of metallurgical workpieces 
and other singular bodies under a protective gas (i.e., 
a non-oxidizing or reducing gas) has a pair of cooling 
registers forming the walls flanking the path of the 
workpiece and consisting of ducts through which a 
cooling fluid passes transverse to the direction of flow 
of the protective gas. The latter passes into the cooling 
chamber from below after traversing a pair of heat 
exchangers of the tube-bank type while a control ar 
rangement responsive to the mean value of the radiant 
energy omitted from the body serves to advance the 
workpiece from the chamber when a predetermined 
threshold value is attained. 

7 Claims, 2 Drawing Figures 
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APPARATUS FOR THE COOLING OF BODIES 
UNDER PROTECTIVE GAS 

FIELD OF THE INVENTION 
The present invention relates to an apparatus for the 

cooling of singular bodies, generally metallurgical 
workpieces or metal objects, under a protective gas, es 
pecially for the isothermal annealing of forgings. More 
particularly, the invention relates to an apparatus for 
the controlled cooling of metal bodies. 

BACKGROUND OF THE INVENTION 

In the isothermal annealing of metal bodies and for 
other metallurgical purposes, a metal body must be 
controlledly cooled generally under a protective gas or 
atmosphere, to accomplish a desired transformation of 
the crystal structure or prevent undesired internal 
transformations. 

In prior cooling devices for this purpose, a series of 
metal bodies may be passed in spaced relationship or 
in contiguous relationship through a chamber at a rate 
which is regulated in accordance with the gas-flow rate 
or temperature to bring about cooling. These systems 
have significant disadvantages because the cooling pat 
tern and rate varies from place to place in the chamber, 
is irregular and is difficult to control. 
Attempts have been made to avoid these disadvan 

tages by providing apparatus for the cooling of singular 
bodies in a discontinuous manner. In these systems, the 
singular body is introduced into the cooling chamber, 
is contacted with the cooled protective gas therein and 
is advanced outward the chamber subsequent to cool 
ing. In general the term "singular body' is used herein 
to refer to the article or articles displaced in common 
into the cooling chamber removed in common there 
from and treated without the chamber with the cooling 
gas in common. The body may thus be a single object 
(e.g., a casting or large forging), a stack of objects such 
as a pile of metal plates, a single object coiled in a num 
ber of turns (e.g., a coil of a wire) or a number of ob 
jects bundled together or carried upon a pallette. For 
the most part, the present system will be described as 
being used for the isothermal annealing of forgings so 
that the "singular body' may be a single forging or a 
group of forgings carried by a pallette. 
The system thus differs from those which are used in 

the continuous processing of material traversed by con 
tinuously fed wire, metal profiles or the like. In conven 
tional apparatus for the cooling of singular bodies, the 
protective gas is generally circulated through the cool 
ing chamber and passes through the cooling chamber 
and passes through heat exchangers disposed in com 
partments flanking the cooling chamber. The walls de 
fining the cooling chamber, however, may have differ 
ent temperatures under varying conditions and influ 
ence the cooling of the treated body. Since it is impor 
tant to control the rate of cooling in order to regulate 
the internal or structural transformations of metallurgi 
cal bodies, conventional system of the type described 
have proved to be unsatisfactory. 
For example, when attempts have been made to 

reach a predetermined point on a particular time 
temperature-transformation curve (TTT-diagram), the 
irregular cooling by radiation orgas contact at the walls 
of the chamber, the variation of the temperature be 
cause of changes in the geometry of the body treated, 
or the general effect of the walls of the cooling process 
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2 
have precluded observance of a particular TTT 
diagram or attainment of a predetermined point 
thereon. In practice, an operator was provided to ter 
minate cooling when the appropriate point on the TTT 
diagram was reached, without success; although com 
plex programming was provided for the cooling pro 
cess, also without significant success. 

OBJECTS OF THE INVENTION 

It is the principal object of the present invention to 
provide an improved apparatus which avoids the afore 
described difficulties and allows a predetermined cool 
ing of a singular workpiece to be carried out even when 
the singular bodies to be cooled have different 
geometries. 

SUMMARY OF THE INVENTION 

These objects and others which will become apparent 
hereinafter are attained, in accordance with the present 
invention, in an apparatus for the cooling of singular 
bodies under a protective gas, especially for the inso 
thermal annealing of forgings, which comprises a hous 
ing forming a cooling chamber having an inlet end and 
an outlet end, means for displacing the singular body 
into the chamber through the inlet end and out of the 
chamber through the outlet end, means for circulating 
a protective gas through the chamber and opening into 
the chamber from below, a pair of cooling registers 
forming the walls of the chamber and traversed by 
cooling fluid in a direction transverse to the direction 
of flow of the protective gas and forming tube bundles 
adapted to cool the singular body by radiation, and 
cooling registers in the protective gas passage for cool 
ing the latter. In addition, the control means for the ap 
paratus according to the present invention comprises a 
device responsive to the mean radiated energy from the 
singular body for operating the transport means when 
the measured value reaches a predetermined threshold 
value of the radiated energy. 
The threshold value is, of course, established for the 

particular singular body or type of body provided, the 
value being changed for each type of body but being 
independent of the geometry or the arrangement of the 
objects constituting the body. Preferably, the walls de 
fining the cooling chamber constitute tube-bundle radi 
ation coolers and are disposed adjacent the cooling reg 
isters of the heat-exchanger compartments, advanta 
geously at a level equal to that of the radiation cooler. 
The system provides numerous advantages, the most 

significant being a greater uniformity of cooling within 
the chamber and the ability to establish a well-defined 
temperature at the TTT-diagram in spite of differences 
in the geometry of the goods treated. The gases do not 
alter in temperature at the walls as has been the case 
heretofore and a surprisingly exact cooling to a prede 
termined final temperature and with a predetermined 
cooling pattern can be achieved. The radiation coolers 
can be designed to maintain a constant temperature 
and in combination with the control over the tempera 
ture of the protective gas enables operation of the de 
vice with constant parameters. 
According to the present invention, the goods to be 

treated are disposed within the chamber and are closely 
flanked by the radiation-cooler walls and arranged so 
that the protective gas flows substantially into contact 
with all parts of the body. Any detrimental effect upon 
the gas temperature or at the external portions of the 
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body to be treated are compensated by the radiation 
cooler and it is preferred that the tube-bundle cooling 
registers and the radiation coolers be individually con 
trollable. Of course, the cooling registers and radiation 
coolers can be a single heat exchanger with one fluid 
displacement fan or with individual fluid-displacement 
fans. 
The temperature-responsive sensing device, detect 

ing the average or mean radiated energy, is preferably 
arranged above the goods at approximately the geo 
metric center of the chamber. The machining device 
can include one or more radiation parameters with 
large sensing apertures or optical angles which are 
trained upon the goods in the cooling chamber. When 
they are not arranged directly above the goods, the py 
rometer or pyrometers can be located at the side or can 
be inclined from the top downwardly or from the bot 
tom upwardly. 

DESCRIPTION OF THE DRAWING 

The above and other objects, features and advan 
tages of the present invention will become more readily 
apparent from the following description, reference 
being made to the accompanying drawing in which: 
FIG. 1 is a vertical cross-sectional view, partly in dia 

grammatic form, of an apparatus embodying the pres 
ent invention; and 

Fig. 2 is a view taken generally along the line II-II 
of FIG. 1. 

SPECIFIC DESCRIPTION 

In the drawing, there is shown a housing 20 which 
may be provided at its forward side with an inlet ar 
rangement 21 and an outlet arrangement 22 through 
which a set of rails 23 extend to constitute part of a 
transport device for pallets 24 carrying a forging 1 con 
stituting a singular workpiece. A ran arrangement 25 
may be used to advance the workpiece into the cooling 
chamber 2 from an inlet gate and to shift the workpiece 
into the outlet gate arrangement 22, each gate consist 
ing of a pair of sliding doors 26 and 27 operated by suit 
able fluid-responsive means as represented, for exam 
ple, at 28. A prons 29 rising to a pair of longitudinal 
beams 30 and 31 define inlet slots 32 and 33 for the ris 
ing protective gas. 
The protective gas-circulating device comprises the 

gas passages 4 which open beneath the workpiece in 
the cooling chamber 2 and extend downwardly along 
the sides of the cooling chamber, as well as a circulat 
ing fan 5 which is disposed above the cooling chamber 
2. 
The cooling circulation means 4, 5 includes cooling 

devices 6 for the protective gas. The cooling devices, 
which may be tube-bundle heat exchangers, may have 
a fan 35 connected to the tubes to induce a transverse 
flow of air through the tubes (in a horizontal direction), 
transverse to the vertical direction of movement of the 
protective gas. 
Each cooling register 6 is provided with a bundle of 

tubes 7 traversed by the cooling air in a direction 40 
transverse to the direction (8) of flow of the protective 
gas through the registers. Cooling chamber 2 and the 
protective gas passage 4 are separated from one an 
other by radiation coolers 9 consisting of tube-bundles 
and constituting the walls flanking the workpiece. The 
transverse cooling-air flows through the tubes 10 of the 
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4 
radiation cooler which may be provided with a separate 
fan represented diagrammatically at 45. 
A radiant heat responsive pyrometer is disposed di 

rectly above this singular body 1 and has a window or 
sensitivity angle 12 encompassing the entire mass of 
goods upon the pallet. The sensed measurement is thus 
the mean radiated energy which is compared with an 
adjustable threshold at 13 and triggers at 14 the trans 
port means 25, etc., when the workpiece is brought to 
a predetermined point on the temperature curve of the 
TTT-diagram. Block 13 thus represents a comarator 
while block 14 represents the switching circuit for the 
transport device 13. The coolers 6 are disposed in the 
passages 4 substantially at the level of the radiant cool 
ers 9, 10, i.e., have a bottom which lies in the same 
plane as the bottom of the radiant cooler. Moreover, 
the gas coolers 6 have a height which is approximately 
equal to the height of the radiant coolers. As soon as 
the critical point is reached, the gate 26 is opened, the 
workpiece is shifted into the antechamber at the dis 
charge side of the apparatus, gate 26 is opened and a 
new workpiece is introduced into the cooling chamber. 
We claim: 
1. An apparatus for the cooling of singular bodies, 

comprising a housing forming a cooling chamber; 
transport means for advancing a singular body to be 
cooled into said chamber and out of said chamber, a 
pair of radiation coolers forming walls of said chamber 
and flanking a singular body within said chamber; cir 
culating means for passing the protective gas upwardly 
through said chamber along one side of the radiant 
coolers and downwardly along the opposite side of said 
radiant coolers in respective flow passages; respective 
tube-bundle heat exchangers for cooling said protec 
tive gas; and radiant-energy detecting means in said 
chamber trained on the singular body therein and re 
sponsive to the mean energy radiated therefrom for ac 
tuating said transport means upon said mean radiant 
energy attaining a predetermined threshold value. 

2. The apparatus defined in claim 1 wherein said 
tube-bundle heat exchangers are disposed in said pas 
sages, said protective gas traversing said tube bundle 
heat exchangers in a direction perpendicular to the di 
rection of coolant fluid flow therethrough. 

3. The apparatus defined in claim 2 wherein said ra 
diant coolers partition said passages and said heat ex 
changers are disposed at the same level as said radiant 
coolers. 

4. The apparatus defined in claim 3 wherein the radi 
ant coolers and said heat exchangers are individually 
controllable. 

5. The apparatus defined in claim 3 wherein said de 
tecting means includes at least one radiation parameter 
having a detecting angle encompassing all of said body, 
trained upon said body in said chamber. 

6. The apparatus defined in claim 5 wherein said py 
rometer is disposed above said body. 

7. The apparatus defined in claim 6 wherein said 
walls are vertical, said transport means includes a hori 
zontal rail arrangement extending through said cham 
ber, said radiant coolers and said heat exchangers are 
provided with horizontal pipes traversed by cooling air 
and a protective gas-circulating blower is disposed 
above said chamber. 
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