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United States Patent Office 2,983,502 
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1. 

2,983,502 
METHOD AND APPARATUS FOR ANNEALING 

COLS OE METAL STRP 

Robert E. McClure, Jr., Pittsburgh, Pa., assignor to 
United States Steel Corporation, a corporation of New 
Jersey . 

Filed oct. 21, 1953, Ser. No. 387,487 
10 Claims. (CI. 263-40) 

This invention relates to a metallurgical furnace and 
method. In particular, it is concerned with the heating 
of metal strip in coils for the purpose of annealing. 

In modern steel-mill practice, cold-reduced steel strip 
in coils is annealed in furnaces of the hood or cover type 
having a refractory lining with radiant heaters installed 
therein, usually gas-fired combustion tubes. The coils 
are stacked on end on a base and the hood or cover is 
lowered over the charge after it has been enclosed in 
an inner cover of steel plate. This type of heating has 
been widely adopted and used in recent years despite 
a serious objection thereto, viz., the relatively slow rate 
at , which heat penetrates to the center of the charge 
through the wall of the inner cover and the successive 
plies or thicknesses of the strip making up the coils. As 
a result, both heating and cooling stages of the annealing 
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cycle are quite long and the production from a single 
hood is limited, even though it is used successively with 
several bases. What is more serious, there is a large 
temperature differential between different parts of the 
charge as it heats up, causing non-uniformity in the 
characteristics of the finished product. 
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Many attempts have been made to remedy the above 
difficulties. Fans have been installed in the base sup 
porting the charge, for circulating at high velocity the 
protective atmosphere usually introduced into the inner 
cover, to increase convection heating of the charge. 
addition, convector spacers have been used between coils 
to permit some circulation of the atmosphere across the 
ends of the coil turns and thereby increase the rate of 
heat absorption. Even with these expedients, all the 
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heat delivered to the charge must still be absorbed first ... 
by the inner cover and then transmitted from it to the 
charge by radiation or convection. , 

I have invented a novel system of heating a charge of 
stacked coils enclosed within an insulating cover and an 
inner metal cover. In accordance with my invention I 
generate heat within the inner cover in immediate prox 
imity to the ends of the coils thereby effecting a rapid 
penetration of heat into the interior of the charge, More 
particularly, the invention contemplates portable, "pan 
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2 
trating the present preferred embodiment. In the draw 

gs, 
Fig. 1 is a plan view showing in horizontal section a 

portion of a cover-type furnace equipped according to 
the invention; 

Figure 2 is a longitudinal section taken along the 
plane of line II-II of Figure 1; X \; 

Figure 3 is a transverse section taken along the plane 
of line III-III of Figure 1; and 

Figure 4 is a plan view of an element for heating the 
portable plates or chambers. 

Referring now in detail to the drawings, a furnace 10 
comprises a base or hearth, 11 and a hood or cover 12 
adapted to be placed over a charge deposited thereon 
making a tight seal with the base by virtue of interfitting 
channels and flanges 13. The base and cover are fabri 
cated from steel plate and rolled sections and each has 
a refractory lining. Charge supports or hearth plates 
14 of heat-resistant steel are laid on the base and each 
is adapted to receive a stack of coils. C of metal strip 
disposed with their axes vertical and substantially coin 
ciding. . . . . . 

In accordance with my invention, I intersperse heat 
generating means with the coils C stacked on supports 
14. Preferably, I place a heating plate or chamber 15 
on each support, then deposit a coil C on the plate. A 
second plate is set on the coil and a second coil on the 
second plate and so on until each stack 16 of the furnace 
charge has been built up to the desired height. The 
heating plate 15 as illustrated is in the form of an an 
nular chamber or fire-box comprising a pair of vertically 
spaced bearing plates 17 and 18 having coaxial cylin 
drical spacers 19, and 20 therebetween. The top plate 
17 is removable from the spacers. Radial webs 21 spaced 
circumferentially of each chamber support an annular 
combustion tube 22 in a plane parallel to plates 17 
and 18. . 

In order to supply heat-generating media to the tubes 
22 between the bearing plates of the fire boxes, I provide 
a riser 23 adjacent each stack 16 extending upwardly 
through base 11 and secured thereto. Each riser in 
-cludes an outlet main 24 for waste combustion gases, 
an air-inlet main 25 extending therethrough, and a fuel 
supply main 26 adjacent thereto. Air is supplied to 

... mains 25 from a blower 27 through a header 28. The 
fuel-supply mains are connected to a header 29 from 
any convenient source of gas. Outlet mains 24 are 
connected to an exhaust header 30 extending to a stack 
(not shown). Mains 24 and 25 are in heat-exchange 
relation whereby the outflowing waste gases preheat the 
incoming combustion air. 
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cake' heating plates or chambers fitted with heat-gen 
erating means, adapted to be placed on one coil and to 
support another coil thereon. Connections for supplying 
heat-generating media to the plates extend upwardly 
through the base on which the charge is stacked. Heat 
ing plates and coils are preferably stacked alternately on 
the base and enclosed by lowering the inner cover and 
insulating cover thereover. Heat is then generated in 
the space between the coils and transmitted directly 
thereto by radiation and conduction. At the conclusion 
of the heating and cooling stages, the coils are removed. 
from the base and the heating plates are taken off and 
'piled alternately with the next batch of coils. . . . 
A complete understanding of the invention may be 

obtained from the following detailed description and ex 
planation which refer to the accompanying drawings illus 
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‘. . As shown in Figure 4, the ends of each tube 22 extend 
radially thereof at a common point, one end 31 extend 
ing laterally into and thence through the other 32 which 
is enlarged to accommodate it. A burner nozzle 33 is 

- mounted on a fitting which closes tube end 31 and is 
connected to fuel-supply main 26 by flexible metallic 

- hose 34 requipped with quickly detachable couplings 35. 
A similar flexible metallic-hose 36 fitted with similar 
couplings connects the outlet end 32 of tube 22 to outlet 
main 24. A flexible metallic-hose 37 also fitted with 
quickly detachable couplings (not shown) extends 
through hose 36 and connects air, main 25 to the inlet 
end 31 of tube 22. The hoses 34, 36 and 37 are of heat 
resistant steel. They permit the heating plates to b 
piled with coils of various widths. - • 

- After the heating chambers 15 and coils have been 
stacked alternately on charge supports 14 and connections 
made between the ends of tubes. 22 and the outlet, air 
and fuel mains 24, 25 and 26, an inner cover 38 is low 
ered over each stack 16 and the insulating cover is low 




