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[57] ABSTRACT 
When a metal strip passing through a furnace is over 

heated, the furnace is automatically shut down in a 
special way to prevent outside air from rushing in to 
cause strip oxidation in critical furnace areas. The 
fuel-air mixture in the furnace is gradually reduced to 
a low rate which is substantially above zero, and then 
continues at that low rate for a de?nite period of time. 
Also, a non-oxidizing gas such as nitrogen is gradually 
introduced into the furnace at a gradually increasing 
rate, reaching its full ?ow after a de?nite period of 
time, while maintaining positive pressure in the fur 
nace chamber. The nitrogen flows for a de?nite period 
of time at full volume, and then the gas-air fuel mix 
ture is cut off, still maintaining positive pressure in the 
furnace chamber. This avoids leakage of air into the 
furnace; further, exhaust stack dampers, which are ini 
tially open, as required automatically to maintain posi 
tive furnace pressure, are gradually and automatically 
brought to a closed position to assist in preventing 
outside air from being drawn into the furnace cham 
ber. 

19 Claims, 3 Drawing Figures 
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AUTOMATIC METAL PROTECTING APPARATUS 
AND METHOD 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention relates to strip metal heating, 
and more particularly to a method and apparatus for 
controlling a strip heating furnace to prevent harm to 
the strip due to overheating or oxidation. 

In the continuous heating of metal strip for annealing 
and galvanizing or other purposes, the strip is pulled 
through a furnace chamber in front of open burners. 
When, for some reason, the strip slows down or stops, 
the burners have usually been quickly throttled to a 
minimum or shut off quickly in order to prevent dam 
age to the strip by oxidation, overheating, or otherwise. 

At the same time, it has been found‘desirable that a 
cooling gas of a non-oxidizing’ type be introduced into 
the furnace to reduce the temperature of the strip and 
of the furnace refractory lining below a value that 
causes harm to the strip. Further, in performing this 
operation, it is highly desirable to prevent excessive ox 
idation of the strip surface. When the strip is to be gal 
vanized, substantially all oxidation must be prevented 
if possible. 
The U.S. Patent to Cope et al U.S. Pat. No. 

3,396,951, granted Aug. 13, 1968, discloses a purging 
means for a gas-fuel system for a continuous strip heat 
ing chamber which has a control system that is respon 
sive to a reduction in rate of movement of the strip for 
immediately shutting off the fuel supply and instanta 
neously introducing a non-oxidizing gas into the heat 
in g chamber, in an endeavor to prevent oxidation of the 
strip surfaces. We have found, however, that in many 
furnaces the simultaneous shutting off of the burners 
and the introduction of a cooled gas such as nitrogen 
or fuel gas into the heating chamber causes a sudden 
cooling of the heated chamber, with consequent sharp 
reduction in chamber pressure to below atmospheric 
pressure, causing outside air to be drawn into the 
chamber, through small unsealable openings in the fur 
nace, tending to cause oxidation of the strip. This strip 
oxidation sometimes, particularly in the case of rather 
thin gauge strip, causes strip burn-offs and tearing of 
the metal upon subsequent start~up. ‘ 

It is frequently the practice in the continuous heating 
of metal strip to pull it vertically downwardly through 
a furnace chamber having open burners, in which event 
the combustion products from the burners come into 
contact with the surfaces of the strip, and then to con 
duct the strip through a long horizontal treatment 
chamber provided with indirect heating tubes. The hor 
izontal chamber contains a non-oxidizing atmosphere, 
such as nitrogen, for example. When the strip heating 
line is shut down for any reason, it is important to main 
tain a proper protective atmosphere in thehorizontal 
heat treating section of the process. 
Accordingly, any sudden reduction of pressure in the 

direct fired portion of the furnace, when communi 
cated to the connected horizontal heat treating cham 
ber, immediately causes a sudden reduction of pressure 
to below atmospheric pressure in the horizontal heat 
treating chamber, inducing outside air to leak through 
small unsealable openings in the horizontal heat treat 
ing chamber to contaminate the protective atmo 
sphere, causing oxidation and damage to the metal. 
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2 
This is of particular importance, because such horizon 
tal heat treating chambers are often very long, such as 
500 feet in length, for example, and contain a substan~ 
tial amount of valuable heat treated strip. When such 
strip is damaged by oxidation as a result of contamina 
tion of the protective atmosphere, substantial produc 
tion losses are incurred. In addition, before production 
can be resumed, the chamber must be completely 
purged of all oxygen. 

It is necessary when the moving strip is brought to a 
' stop, to cool the chamber of the vertical furnace so 
that the strip in this section will not become oxidized 
to the extent that there is an appreciable loss in cross 
section or that it loses strength from becoming too hot. 
The initial cooling while the strip is decelerated to a 
stop is provided by a non~oxidizing cooling medium in 
the lower portion of the furnace. The upper portions 
are cooled with air, an oxidizing medium. 
Accordingly, it is particularly important to avoid a 

sudden reduction of pressure in the direct fired portion 
of the furnace, and in other portions of the strip heating 
production line. 

It is accordingly an object of the present invention to 
provide a controlled system for a strip heating furnace 
which operates effectively to prevent damage to the 
strip upon overheating of the strip for any reason. 

It is a further object of this invention to control the 
temperature and atmosphere of a strip heating furnace 
so that the strip is at all times properly heated and kept 
in a bright condition, except for a short section on a 
line stop. 
Modern strip heating furnaces have been developed 

to such an extent that the strip can be heated rapidly 
to a predetermined temperature. One type of a diffi 
culty occurs when the strip is slowed down below a 
minimum operating speed, or is stopped. The furnace 
temperature must be reduced rapidly to prevent the 
strip from being burned through, or heated to such an 
extent that it breaks of its own weight, or tears or 
breaks when it is subjected to the stresses of the start 
up operation. In addition, the atmosphere of the fur 
nace must be controlled so that excessive oxidation 
does not take place. 

It is accordingly another object of this invention to 
provide an automatic shutdown system for a strip heat 
ing line, which automatically reduces the amount of 
heat that is applied to a strip which is in danger of over~ 
heating, which prevents the introduction of oxidizing 
substances which might be harmful to the strip, which 
maintains a positive pressure in the treating area 
throughout the period of shutdown and af?rmatively 
eliminates the sudden pressure drop which usually ac 
companies the cooling of the strip and of the area 
within the direct fired section of the furnace chamber, 
and which af?rmatively maintains a positive pressure to 
eliminate the leakage of air into any area where it can 
damage the surfaces of the strip. 
Other objects and advantages of this invention, in 

cluding the simplicity and economy of the same, and 
the ease with which it is adapted to existing strip heat 
treating lines, will further become apparent hereinafter 
and in the drawings. 

DRAWINGS 
Referring to the drawings: 
FIG. 1 is a diagrammatic view in side elevation show 

ing a portion of a strip heating furnace and a connected 
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horizontal heat treating chamber illustrating certain 
features of this invention; 
FIG. 2 is a schematic diagram showing the arrange 

ment of the automatic control means comprising one 
embodiment in accordance with this invention, and 
FIG. 3 is an electrical diagram illustrating the time 

sequence of operations in accordance with one em 
bodiment of this invention. 
Referring to the speci?c form of the invention shown 

in the drawings, speci?c terms will be used in this speci 
fication for the sake of clarity, but it should be under 
stood that these terms are not intended to limit the 
scope of the appended claims. 
Turning now to FIG. 1 of the drawings, the strip 1 is 

passed over guide rolls 2 and 3 to travel downwardly in 
a vertical path through furnace 4. The furnace may be 
of the type shown in the U.S. Pat. No. 2,869,846 to 
Bloom or the U.S. Pat. No. 3,320,085 to Turner, for ex 
ample. It is provided with radiant cup-type burners 5 
which face the strip and fire directly into the furnace 
chamber. Products of combustion rise in the chamber 
and are exhausted through ducts 6 at the top of the fur 
nace and are conducted to the stack 6'. 
The furnace through which the strip travels is main 

tained at a minimum critical temperature, and the fuel 
air ratio is controlled to provide the necessary reducing 
character of the gases (products of combustion) for ef 
fecting proper heating and ?nal strip clean-up. The 
fuel-air ratio of the furnace is regulated to provide a 
slight excess of fuel so that there is no free oxygen in 
the furnace atmosphere, and so that there are from 3 
percent to 6 percent combustibles in the form ‘of car 
bon monoxide and hydrogen. 
When the strip leaves the furnace, it has a clean sur 

face suitable for producing an adherent coating that 
must be protected. To this end, upon leaving the fur 
nace, the strip passes through a throat 7, around a bot 
tom roll 10 and to and through a horizontal treating 
chamber 9 that is ?lled with a protective atmosphere 
which can be neutral or reducing. The delivery end or 
snout 23 of this horizontal treating chamber 9 is below 
the level ofthe molten zinc 11 in pot 12. Suitable guide 
rolls 13 are provided to guide the strip through the hor 
izontal treating chamber 9. Horizontal treating cham 
ber 9 is preferably insulated and may have conven 
tional provisions for heating and/or cooling so that the 
strip passing through it will be brought to the desired 
coating temperature. Metals other than zinc, such as 
aluminum for example, may be used in the pot 12. 
The strip may be heated in horizontal treating cham 

ber 9, using radiant tubes 14. A protective gas, such as 
nitrogen or a mixture of nitrogen with a small percent 
age of hydrogen, is usually introduced into the chamber 
9, preferably at various points designated in the draw 
ing as HNX. 
The number 15 designates a temperature sensing de 

vice, conveniently of the optical pyrometer type, which 
is arranged to sense continuously the temperature of 
the strip 1 as it passes around the bottom roll 10. Its sig 
nal is electrically connected to operate important se 
quences, as will further be described in connection with 
F IGS. 2 and 3. 
The top of the furnace chamber is slightly open at 16 

to provide an entry slot for the strip 1. Air bars 20, 20 
are provided above and to each side of the opening 16. 
Each air bar 20 is an elongated pipe and has a plurality 
of spaced air jets which are aimed obliquely down 
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4 
wardly into the entry slot 16 in a manner to impede the 
?ow of gases upwardly from the furnace chamber, out 
wardly through the opening 16. 
The number 21 represents a damper in duct 6, which 

normally controls furnace chamber pressures and is 
opened and closed by a damper operator, usually in the 
form of a cylinder 22. The damper 21 is centrally 
mounted in duct 6, and swings adjustably about its shaft 
6(a) and thus controls furnace chamber pressures. It is 
opened and closed by the air cylinder 22 operating the 
shaft 6(a) through a mechanical linkage. Damper 21 
increases furnace back pressure when it is closed. It is, 
however, incapable of forming a perfect seal when 
closed, since leakage space is present all around the 
edge of the damper in order to allow for expansion. 
There are many opportunities for air to leak into fur 

nace 4 or horizontal treating chamber 9 in response to 
a sudden reduction of furnace chamber pressure. Typi 
cal leakage areas include the hearth roll shafts 13 
(which extend through chamber 9), access doors, 
threading doors, bolted and clamped connections, the 
snout 23 which corrodes in contact with molten zinc, 
and light and sight ports. 

Heretofore, it has been considered desirable, upon 
encountering a stoppage of the strip, to shut off the 
burner fuel and air of the direct fired vertical furnace 
and simultaneously introduce a cold neutral gas such as 
nitrogen, in order to protect the metal of the strip from 
overheating and oxidation. However, it has now been 
found that such action in some cases results in a sudden 
reduction of furnace chamber pressure, causing air to 
be drawn strongly into the furnace chamber, oxidizing 
the strip. Further, such sudden reduction of furnace 
chamber pressure communicates itself through slot 7 to 
the horizontal duct 9, which is intended to hold a pro 
tective atmosphere, but which is invaded by outside air 
through the leakage points heretofore mentioned. 

In accordance with this invention, the timing and rate 
of introduction of the cooling gas and of the fuel and 
air to the burners are controlled in a critical manner to 
maintain a positive pressure in the furnace chamber 
throughout the entire shutdown procedure. This is ac 
complished, in essence, by avoiding a simultaneous in 
troduction of cooling gas and shutting off of the fuel 
and air to the burners. Preferably, the cooling gas is 
only gradually introduced, with gradual increase of rate 
of introduction and the flow of fuel and air is reduced 
gradually to a predetermined low rate, which is main 
tained at a constant rate for a period of time. After the 
cooling gas flow has reached a steady rate and has con 
tinued at such rate for a de?nite period of time, the 
?ow of fuel and air is shut off. 
Such a procedure maintains positive pressure in the 

furnace chamber and in the horizontal treatment cham 
ber 9 as well —a factor of considerable importance be 
cause a very substantial length of ?nished strip is main 
tained in the chamber 9, and would all be subjected to 
damage by leakage of air into the chamber 9. 
As will be apparent from FIGS. 2 and 3 of the draw 

ings, which show one preferred way of carrying the in 
vention into effect, a relay is incorporated into the op 
erating circuit of the equipment which controls the run 
ning of the strip through the furnace. This relay is ener 
gized when the line is in the “Run" condition as op 
posed to a “.log" or “Thread‘” condition. When this 
relay is energized the strip line is intended to run at nor 
mal production speeds under control of the line opera 
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I01‘, and the furnace IS started/Lin’ an‘automatically 56- Valve A4 - Nitrogen quench (bottom of Furnace Closed 7' 
quenced cycle. When this relay'ais de-energized the fur- ‘"1 "“° “0P f‘“ “ppm” 
nace is shut down in an automatically sequenced. cycle. Valve Bl - Zone i. Burner Air Shut-Off Closed 

Valve B2 - Zone 1, (Fuel) Gas Shut‘Off Closed 
. . . . . Valve “V Re " is a re 'ulatin i valve which main 

It IS an inherent characteristic of a furnace heating 5 tuins ii proger fuel-tfi-air hint. 
' ' ' ' ‘ ' ' _ Valve B3 - Zone 2. Nitrogen for hurner cooling Open 

Stnp .that there is a low Speed point at which it is 1m Valve Cl - Zone 2. Shut-Off valve for fuel-air Closed 
practical to operate, at which speed even the minimum mixture. 
heat input tends to cause strip overheating. This speed 
point varies with the gauge or thickness and width of Turning‘now to FIG. 3, which is a simpli?ed electri 
strip being processed. A contact is incorporated into 10 cal sequencediagram for a furnace of a con?guration 
the control system of the line, which contact is auto- as shown in FIG. I and with valves as shown in FIG. 2: 
matically closed at speeds below the speed at which the In this diagram 011 line 19 a relay L-S-R. (llne SIOP Te 
lightest gauge strip can be processed. At such low lay) is shown. This relay IS principally operated by the 
speeds the line is automatically stopped and the fur- strip moving mechanism and is energized when the 
nace is shut down in an. automatically sequenced cycle, l5 strip 15 moving normally. The deenerglzmg 0f thlS relay 
when the strip temperature sensor 15 detects an over- causes the moving strip to come to a stop. ' _ 
temperature condition as the.‘ strip leaves the direct A relay F-S-R‘ (furnace SIOP relay) 1S Shown m lme 
fired Section of the furnace_ 23; which when energized causes the furnace stop sea‘ 

In describing the automatic controls, a two-zone fur- quence to be initiated. When relay F.S.R. is deener 
nace has been selected for convenience; it‘will be ap- 20 gizecl, the furnace start sequence is initiated. 
preciated that this invention is-applicable to furnaces The furnace stop relay in line 23 has several contacts 
having any number of zones. ‘ F.S.R‘. which are in the following positions with the line 
Turning now to FIG. 2, a simpli?ed combustion and stopped. (The relay is energized with the line stopped). 

cooling system is shown. The valvesshown are typically 
supplied with operators such as cylinders or diaphragm 25 
operators or other types which are designed to operate Line (1), (5), (9), & (21) Closed (these all close 

.. . ' on line stoppage). 

alvalvieviltlt a de?nitz:l fixled o’; controllable-speed. Aln Line (3), (“8L (22) Open (these anopen on e ectrica y operate so enoi type va ve is typica y line stoppage)‘ 
used to cause the valves to function. In this diagram, 7 

wives‘ Ashand A2 2“? g;lmanlg temperature comm: 30 The furnace sequence. timer controls are in the fol 
va ves wit operators e_ rom t e temperature contro lowing positions with the line Stopped. 
system. Means are provided to cause this valve to move 

to a predetermined minimum flow position by the re- S4 (Line 2)_ s_5 (Line 8), 
moval of an electric signal regardless of the tempera- s-2 (Line 13), ‘ 
ture signal. All other valves A1’,A3~,A4‘, B1, B2, B3‘and 35 5-7 (Lme 22) istggzeagyfbse 
C1 are arranged so that, when an electrical signal is ap- 5.6 (Line 3), 5.3 (Line 4)‘ 
plied the valves open at a controlled rate, and when the 5-4 (Linc 10) 

- _ l . . d h l l t n d S-8 (Line 21) Open (these all open on 
sigtna IS mterrupte t e va ves c ose at a con ro e line stoppage)’ 
ra e. 

Referring again to FIG- 2} with the line _St_<>pped, the 40 When the strip line is in the “Run" condition the fur 
furnace control valves are initially in positions as fol- nace Stop relay on line 23 of FIG 3 is deenergized and 
lows: its contacts reverse position. At this instance the fur 
VLIIVC Al - Flue Air (Opens when energized) Open nace start sequence begins since timer motor M (line 
Valve Ai’il- Zonle l, Temp. Clontrjol (This: valve is Closed 22) runs through Contact s_8, to Operate Starting 

contro lngw en energize an is set or 45 f 
minimum fire when deenergized). contacts 8-1 th-rough S_8' ‘ ' 

valve - ions‘ 2. TL‘mP- 502ml lsingilljtr 10 Zone 1 l 8050:‘! The furnace light-off sequence IS as follows (the time 
alve . - itrogen quenc ( ottom o urnace ose - ' . . 
Zone l) (opened only on line stop for approx- cycle ‘5 Selecte'd as an exampie only’ and vanes wlth 
imately threefniinutes) Furnace and line characteristics), see FIG. 3. 

Time Contacts Function 

0 Sequence timer Motor M starts 
when relay F.S.R. is deenergized 
and its contact on line 22 closes. 

5 seconds S-l on Line 2 Valve Al Closes. 
opens. 

10 seconds 5-2 on Line 13 Valve B3 closes and Valve Cl is 
opens. energized and opens. (Switch 

b-3 of valve B3, line 14 closes) 
(Zone 2 lights on minimum). 

12 seconds 5-3 on Line 4 Valve A5 opens. (Zone 2 goes 
closes. on temperature control)‘ 

14 seconds 5-4 on Line l0 Valves BI and B2 open. 
closes (Zone 1 lights on minimum). 

l5 seconds S~5 on Line 8 Timer TD 2 is reset. 
opens 

16 seconds 5-6 on Line 3 Valve A2 opens. (Zone I goes on 
closes temperature control)‘ 7 

58 seconds 5-8 on Line 22 Timer is stopped. 
opens. 
3-7 on Line 2l 
closes. 
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In shutting down the furnace, the line may be stopped 
at the option of the line operator by pressing the Line 
Stop push button on line 17. When the Line Stop push 
button on line 17 is pressed its contact is closed and is 
maintained closed, this being a conventional type of 
maintained contact which remains closed until it is 
manually opened. Time Delay Relays TD3F on line 16 
and TD3S on line 16A are energized and begin timing. 
Relay RC is energized and its contact in line 6 closes, 
energizing nitrogen purge valves A3 and A4 on lines 6 
and 7. The purge timer on line 5 is also energized. 
When timer TD3F times out (approximately 5 sec 
onds) its contact on line 24 closes and the furnace Stop 
Relay F.S.R. on line 23 is energized to initiate the fur 
nace stop sequence. When timer TD3S times out (ap 
proximately l0 seconds) its contact on line 19 opens to 
deenergize the Line Stop Relay L.S.R. on line 19 to 
stop strip movement. 

FURNACE STOP RELAY — F.S.R. 
Contact Function 

Line I Closes Valve Al opens. 
Line 3 Opens Zone I Temp. control valve A2 closes 

gradually toward its “minimum ?re“ 
position. 

Line 4 Opens Zone 2 Temp. control valve A5 closes 
gradually toward its “minimum ?re" 
position. 

Line 5 Closes Timer T01 is energized; Valves A3 and 
A4 open gradually. 

Line 9 Closes Timer TD2 is energized. 
Line 21 Closes Sequence timer M restarts. 

On line stop, the furnace start sequence timer motor 
M resets by running for two seconds and returns all 
start contacts S-l - 5-8 to their initial positions, as 
heretofore outlined. 
The timer TDl, which was energized when the relay 

CR contact closed, may be set for approximately a pe 
riod of 3 minutes, after which it gradually closes valves 
A3 and A4, shutting off the nitrogen quench. 
After a delay of about 3 to 6 seconds, for example, 

depending on the speed at which the temperature con 
trol valves move to their minimum positions, valve Al, 
controlling the air bleed to the ?ue 6, has fully opened 
and the furnace pressure control damper 21 moves 
under the in?uence of the furnace pressure controller 
to its new position to maintain a positive pressure. Time 
delay relay TD2 operates to shut off the air and gas to 
Zone 1 completely with gradual movement of valves B1 
and B2, and gradually to open the nitrogen valve B3. 
When this valve B3 is fully open, a limit switch opens 
to cause the combustible mixture supply valve C1 to 
close. The introduction of nitrogen into the Zone 2 
burner nozzles serves to maintain a burner pressure to 
prevent back?re, and to keep the burner tips from 
overheating. 

LlNE STOP BY TEMPERATURE CONTROL 

While the line is operating at production speeds the 
strip may be overheated due to furnace malfunction or 
due to some physical characteristics of the strip. Should 
overheating occur at these speeds, a contact (line 15) 
in the temperature controller closes and actuates tim 
ers TD4F on line 17 and TD4S on line 17(0), and the 
alarm shown in line 18. The line operator is now alerted 
and must try to correct the condition operationally. If 
the temperature is not corrected within one minute, the 
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8 
timer contact TD4F on line 25 closes to energize the 
furnace stop relay F.S.R. on line 23 and initiate furnace 
shutdown. Five seconds later, TD4S contact on line 19 
opens to stop strip movement. 
When the line is being slowed without the operator 

pressing the stop button, and after closing of the mini 
mum process speed contact MSC heretofore described, 
(see Line 15 in FIG. 3), the strip will overheat at some 
low speed. In this case, timer TD3F on line 16, timer 
TD3S on line 16(a) and a relay RC on line 15 are ener 
gized. The relay contact (line 6) of relay RC closes to 
energize valves A3 and A4, thus admitting nitrogen 
quench to the furnace, A-3 at the bottom of Zone 1 
and A-4 at the bottom of Zone 1. Time delay relay 
TD3F is set to delay for 5 seconds, for example, and 
then shuts down the furnace by energizing relay F.S.R. 
on line 23. Also, relay TD3S contact in line 19 opens 
5 seconds later, deenergizing relay L.S.R. on line 19 to 
stop strip movement. The time of shutting down the 
furnace after pressing the stop button and the further 
time delay for strip travel are adjustable by simply ad 
justing the settings of time delay relays TD3F, TD3S, 
TD4F and TD4S. 

It will be appreciated that the valves that are used in 
controlling the flow rates of fuel and air into the burn 
ers, and of protective gas into the zones of the furnace 
chamber, are carefully constructed so that they do not 
open or close instantaneously. On the contrary, means 
are deliberately introduced into the valves to limit the 
rate at which they can open or close. In a conventional 
air operated diaphragm type valve, for example, the 
speed of operation of the valve is limited by inserting 
an orifice plate of predetermined size into the air line 
which leads to the diaphragm chamber. 
Accordingly, when reference is made herein to any 

of the aforementioned control valves opening or clos 
ing, it should be appreciated that such action takes 
place slowly and gradually over a period of 2 to 5 sec 
onds, more or less, for example. This gradual adjust 
ment of a valve from a closed to an open position pro 
vides, a flow rate which gradually increases or gradually 
decreases over a predetermined period of time. 
For example, when the furnace is being shut down 

due to overheating of the strip, the valves A2 and A5 
that control fuel and air to the burners move gradually 
toward thier “minimum ?re” positions, causing a grad 
ual reduction of feed rate for a considerable period of 
time (2-5 seconds, for example). Similarly, the valves 
A3 and A4 controlling the introduction of cooling gas 
(such as N2 or HNX, for example) open gradually and 
slowly, gradually increasing the feed rate of the gas for 
a considerable period of time (2-5 seconds, for exam 
ple). 

In a shutdown, the introduction of cooling gas and 
the shutting off of burner fuel and air do not occur si 
multaneously. The rate of flow of fuel and air is gradu 
ally decreased to a predetermined low rate. The protec 
tive gas flow rate gradually increases until it reaches its 
maximum. Steady flow of all materials follows. Then, 
later on the fuel and air are shut off. 

It will be appreciated that various changes may be 
made in the form of the invention shown in the draw 
ings and described herein. If desired, the protective gas 
may be introduced at various periods of time before the 
fuel or air valves are actuated. Further, the rates of 
movement of the control valves may be varied, pro 
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vided the pressure in the furnace chamber is main 
tained above atmospheric pressure. Other changes in 
the speci?c form, arrangement and sequencing of the 
electrical and control elements shown in FIGS. 2 and 
3 may be made, and equivalent elements may be substi 
tuted, parts may be reversed, and certain features may 
be used independently of others, all without departing 
from the spirit and scope of this invention as de?ned in 
the appended claims. 
The following is claimed: 
1. In a method of preventing oxidation of a metal 

strip in shutting down a furnace chamber having a plu 
rality of burners, the steps which comprise: 

a. reducing the fuel supply to the burners from its 
normal supply rate to a low fuel supply rate which 
is much lower than said normal rate but substan 
tially above zero, 

b. maintaining said low fuel supply rate substantially 
constant for a period of time, _ 

c. introducing'into said chamber a protective gas 
which is non-oxidizing to the metal strip, 

d. maintaining said feed of said protective gas and 
concurrently maintaining said fuel at said low fuel 
supply rate, both for a predetermined period of 
time, and ‘ 

e. thereafter shutting off said fuel supply. 
2. The method de?ned in claim 1 wherein positive 

pressure is maintained within the chamber throughout 
steps (a) through (e). 

3. The method defined in claim 1 wherein steps (a) 
through (e) are automatically actuated in response to 
sensing the strip temperature, the temperature of actu 
ation being above a predetermined temperature. 

4. The method defined in claim 3, wherein the strip 
temperature is sensed at a location in the vicinity of the 
exit of the strip from the furnace chamber. 

5. The method de?ned in claim 4, wherein the fur 
nace chamber is direct fired and the strip temperature 
is sensed after the strip has exited from the direct ?red 
portion of the furnace chamber. 

6. The method de?ned in claim 1, wherein step (c) 
occurs prior to step (a). 

7. The method defined in claim 1, wherein a time 
delay is provided after any of steps (a) — (e) following 
which the strip movement is stopped. 

8. In the method of claim 1, wherein said chamber 
includes a passageway for exhaust gases, which pas 
sageway has an opening provided with a controllable 
closure for said opening, the step which comprises clos 
ing said opening during the introduction of said protec 
tive gas into said chamber. - 

9. The method de?ned in claim 1, wherein said 
chamber has adjacent zones one above the other, and 
wherein protective gas is separately introduced into 
each of said zones. ‘ 

10. The method de?ned in claim 1, wherein the pro- ' 
tective gas is introduced into said chamber at a gradu-_ 
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ally increasing rate over a predetermined period of 
time. 

11. In the method of claim 1, wherein said furnace 
chamber has an outlet that is in communication with a 
strip treating chamber containing a protective gas and 
also having openings to the atmosphere, the step of 
maintaining the pressure in said furnace chamber 
higher than the'pressure in said strip treating chamber 
to prevent any substantial inward flow of said atmo 
sphere into the protective gas in said chamber. 

12. In an apparatus for heat treating metal strip, 
which apparatus includes a furnace having a chamber 
containing a plurality of burners, the fuel feed to which 
is valve controlled, means for passing said strip through 
said furnace, and means for introducing a protective 
gas into the furnace chamber, an automatic sequence 
control having a turning device connected to actuate 
said control valve for reducing the rate of fuel to the 
burners, time delay means and means for introducing 
said protective gas into said furnace chamber after a 
‘predetermined time delay, and in response to said time 
delay means. 

13. The apparatus de?ned in claim 12 wherein means 
are provided for maintaining positive pressure in said 
chamber when the rate of feed of fuel is reduced. 

14. The apparatus de?ned in claim 12, wherein a 
temperature sensing means is arranged in the vicinity 
of the strip exit from the chamber, and wherein said 
temperature sensing means is calibrated to actuate said 
control valve to initiate a reduction of said rate of feed 
of fuel. 

15. The apparatus de?ned in claim 12, wherein said 
chamber has a ?ue for exhaust gases, provided with a 
controllable ?ue damper wherein means are provided 
for signalling a furnace shutdown, and wherein control 
means is provided for closing the ?ue damper in re 
sponse to a furnace shutdown signal. 

16. The apparatus de?ned in claim 12, wherein said 
chamber has adjacent zones one above the other, and 
wherein separate means are provided for introducing 
protective gas into each of said zones. 

17. The apparatus de?ned in claim 12, wherein said 
furnace chamber has an outlet that is in communica 
tion with a strip treating chamber containing a protec 
tive gas and also having openings to the atmosphere, 
said protective gas introducing means having suf?cient 
capacity, after said time delay means has operated, to 
maintain a pressure within said furnace chamber which 
is greater than the gas pressure within said strip treating 
chamber. 

18. The method de?ned in claim 1 wherein concur 
rently with the furnace shutdown sequence, air is intro 
duced into the ?ue of said furnace chamber. 

19. The method de?ned in claim 1 wherein air is in 
troduced in a selected area of the furnace chamber to 
provide continuing cooling. 

* * * * 
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