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57 ABSTRACT 
In electric furnace systems, the electrode for supplying 
current to the furnace is normally moved up and down 

[11] 3,823,243 
(45) July 9, 1974 

by a reciprocating mast mounted by upper and lower 
mast-guiding means fitting closely about the mast, the 
reciprocating motion being provided by suitable motor 
means. To prevent dangerous up-and-down extremes 
of travel of the mast, there is employed a normally 
open type of switch means positioned between the 
upper and lower mast-guiding means so as to be held 
closed by a surface of the mast during execution by 
the mast of its desired maximum length of travel. The 
mast surface is configured to permit the switch means 
to open when the mast moves beyond the desired 
maximum length of travel, and this opening of the 
switch is caused to deactuate the motor means. Prefer 
ably the configuring of the mast surface comprises 
providing a recess therein so positioned that when the 
switch arm, which normally rides along the exterior of 
the mast, reaches the recess, it moves into the recess 
to permit the switch to open and discontinue the 
motor operation. The position of the switch is prefera 
bly on the side of the mast away from the furnace 
means and within an at-least-partially protected re 
gion. Other arrangements employ more than one re 
cess and/or switch, some of which may be used for 
normal arrest of the extreme motion of the mast and 
others of which may be used as back-up safety devices 
in case the normal mast-arresting arrangement does 
not function. 

7 Claims, 8 Drawing Figures 
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APPARATUS FOR LIMITNG MAST TRAVELIN 
ELECTRIC FURNACE SYSTEM 

BACKGROUND OF THE INVENTION 
This invention relates to safety apparatus for prevent 

ing dangerous over-travel of a reciprocating member, 
and particularly to such safety apparatus for limiting to 
safe values the extremes of travel of the electrode 
supporting mast in an electric furnace system. 

In a typical electric furnace system, such as for the 
production of steel, a massive electrode is positioned 
vertically in the furnace and serves to deliver very high 
electrical currents to the melt. Provision must be made 
for the controlled vertical adjustment of the position of 
the electrode, for example to lift it during recharging or 
pouring off of slag or molten steel and then to replace 
it into operating position adjacent the melt; also, since 
the electrode is consumed during the process, it is nor 
mally moved controlledly downward during operation, 
so as to maintain its lower end in the proper position 
with respect to the top of the melt. 
To provide for this up-and-down motion of the elec 

trode, the electrode is normally supported on a hori 
zontal supporting arm which in turn is carried by an ad 
jacent vertically reciprocable mast, positioned adjacent 
the furnace. The mast is held in suitable supporting 
means so that it may be driven up and down by an ap 
propriate motor driven arrangement. Operation of the 
motor is normally controlled by a relatively complex 
electronic system which, during furnace operation, typ 
ically senses the current being supplied through the 
electrode to the melt, and automatically operates the 
motor to maintain the lower end of the electrode at the 
proper position for which the desired current is ob 
tained. In addition, normally there are operator over 
rides for this automatic system so that the operator 
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may, when he wishes, raise the electrode from operat 
ing position and replace it when desired. 

It will be appreciated that the size and weight of all 
this apparatus is very great. For example, the mast may 
be 20 or 30 feet long, and it together with the parts sup 
ported on it may weigh many tons. In one form of ar 
rangement for mounting the mast, the mast is held ver 
tical in a supporting frame comprising upper and lower 
guide-means, each closely surrounding the mast and 
typically including roller means bearing against the pe 
riphery of the mast to guide it while permitting it to 
move freely through the closely-surrounding support 
structure. Motion of the mast may be provided, for ex 
ample, by a cable fixed at one end and passing around 
sheaves secured to the lower end of the mast, and 
thence upward to a motor-driven winch arrangement. 
By operating the motor so as to tighten the cable, the 
mast is forced to move upwardly, and when the cable 
is unwound the mast moves downwardly under its own 
weight. 
Important practical difficulties have been encoun 

tered in the past in the operation of such systems as a 
result of unintended over-travel of the mast in either of 
its two extreme directions. Excessive upward drive may 
cause damage to components of the system when the 
sheave arrangement at the bottom is forced upwardly 
into contact with them, and it is also possible under 
these conditions for the cable to snap, allowing the 
mast to fall downwardly in its supporting frame and 
cause serious damage to the equipment. 
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2 
Such over-travel of course, is not intended to occur, 

but in fact sometimes does occur either because of mal 
function of the control equipment or in some cases due 
to operator in attendance or error. 
To reduce the chances for such dangerous over 

travel, it has been known in the prior art to employ pro 
jections placed on the outer surfaces of the mast near 
its opposite ends, and to mount a pair of electrical limit 
switches so that one of the limit switches is operated by 
one of the projections when the mast reaches its maxi 
mum desired downward position and so that the other 
limit switch is operated by the other projection when 
the mast reaches its desired maximum upward position. 
These switches can then be connected in series in the 
motor control circuit, so that if either switch is opened 
it cuts off current to the motor and prevents any further 
motion of the mast. 
We have found that even with such a limit switch ar 

rangement, serious and expensive damage and down 
time due to mast over-travel may still occur upon occa 
sions. This unreliability has been found to result from 
certain conditions existing in the environment of an 
electrical furnace of the type described. 
One basic difficulty is that the special environmental 

conditions existing around an electric furnace system 
can cause the limit switch and projecting trip to mal 
function, in which event the motor power will continue 
to be applied and the above-described dangerous or 
catastrophic mast-over-travel will occur; when the limit 
switch arrangement fails, it fails in a manner which per 
mits dangerous over-travel to occur. Another basic 
problem is that since the limit switch arrangement uti 
lizes a projection on the mast to trip the switch, the trip 
(and switch) must be located outside the protected re 
gion between the upper and lower mast-guiding means 
since, due to their projecting configuration, they can 
not move through the mast-guiding means which sur 
round the mast closely on all sides. The limit switch ar 
rangement is therefore exposed to atmospheric and 
physical damage of a severe nature in the environment 
involved, which, as set forth hereinafter in detail, is 
often such as to cause malfunction in the limit switch 
arrangement and consequent catastrophic over-travel 
by the mast. 

SUMMARY OF THE INVENTION 
In accordance with the invention, in a system com 

prising an electric furnace, an electrode for supplying 
current to the furnace, a mast supporting electrode, 
means mounting the mast for reciprocatory motion ad 
jacent the furnace to control the position of the elec 
trode with respect to the furnace, the mounting means 
including upper and lower mast-guiding means fitting 
closely about the mast, and motor means for effecting 
said reciprocatory motion of the mast, there is provided 
an improvement comprising a normally open type of 
switch means positioned between the upper and lower 
mast-guiding means to be held closed by a surface of 
the mast during execution by the mast of its desired 
maximum length of travel, the mast surface being con 
figured to permit the switch means to open when the 
mast moves beyond the desired maximum length of 
travel in a predetermined direction, and means for pre 
venting the motor means for moving the mast further 
when the switch means opens. Preferably the swtich 
means comprises a switch arm normally riding along 
the surface of the mast, and the mast is configured to 
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define a recess in its surface into which the switch arm 
moves to open the switch means when the mast has ex 
ecuted its desired maximum length of travel in one di 
rection. In a preferred form, the mast is configured also 
to define another recess in its surface into which the 
switch arm moves to open the switch means when the 
mast has executed its desired maximum length of travel 
in the opposite direction. Advantageously the switch 
arm is located on the opposite side of the mast from the 
furnace and is at least partially shielded from above and 
from the sides, and preferably the motor means is an 
electric motor the current to which is cut off by the 
closing of said switch means to prevent further motion 
of the mast. 
The term "recess' as utilized herein includes either 

end of the mast, which will permit the switch arm to 
move inwardly with respect to the mast surface when 
it passes beyond an end of the mast. 
Various combinations of plural switches and recesses 

may be employed where desired, for example so as to 
provide a first normally operating limit switch arrange 
ment and an additional back-up limit switch arrange 
ment if desired. 
Because recesses, rather than projections, are uti 

lized to operate the limit switch means, they may be 
provided in the mast without interfering with the mo 
tion of the mast through the upper and lower mast 
guiding means. The recesses are also substantially im 
pervious to damage which would prevent their proper 
cooperation with the limit switch or switches, and the 
limit switch or switches themselves may be located in 
a protected position between the upper and lower guid 
ing-means and on the opposite side of the mast from 
the furnace. In addition, even if damage, or misalign 
ment or misorientation, of the limit switch arrangement 
should occur (for example should a switch arm break 
off, or its higher-potential contact become grounded, 
or too great a separation occur between the mast and 
the switch arm), the limit switch will nevertheless oper 
ate to shut the motor off and prevent further mast mo 
tion. In this sense a limit switch of the normally open 
type, held closed by riding on the mast surface, consti 
tutes a "fail-safe' arrangement important in assuring 
prevention of catastrophic damage. 

BRIEF DESCRIPTION OF THE FIGURES 

10 

5 

20 

25 

30 

35 

40 

45 

These and other objects and features of the invention 
will be more readily appreciated from a consideration 
of the following detailed description, taken in connec 
tion with the accompanying drawings, in which: 
FIG. 1 is an elevational view, partly in section, of 

electric furnace apparatus embodying the safety ar 
rangement of the invention in one of its preferred 
forms; 
FIG. 2 is a fragmentary sectional view taken along 

lines 2-2 of FIG. ; 
FIG. 3 is a fragmentary sectional view, with parts 

omitted, taken along lines 3-3 of FIG. 1; 
FIG. 4 is a functional block diagram illustrating one 

manner of connection of the electrical components for 
the system of FIG. 1; 
FIGS. 5A through 5C are elevational views, with 

parts broken away, showing another alternative em 
bodiment of the invention in three different operating positions thereof, and 
FIG. 6 is a fragmentary side view of a portion of a 

mast in the embodiments of FIGS. 5A through 5C, 
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4. 
showing the location of the recesses and switch arms. 

DETAILED DESCRIPTION OF EMBODIMENTS 
Without thereby in any way limiting the generality of 

the invention, FIGS. 1-4 illustrate one manner of its ap 
plication to an electric furnace. Referring to these fig 
ures, in which corresponding numerals indicate corre 
sponding parts, there is shown a conventional electric 
furnace 10 rotatively mounted on its supporting struc 
ture 12 so that it can be tilted for pouring purposes, and 
containing in the bottom a suitable melt 14 to be used 
in producing steel. The furnace has a slag door 16 and 
a top 18 including opening 20 thorugh which passes the 
consumable electrode 22. Current for the electrode is 
supplied over buses 24 from an electrode current sup 
ply 26 (FIG. 4) by way of supply buses 28. Electrode 
22 is held by transverse electrode-supporting arm 30, 
which in turn is mounted on the top of a vertical mast 
32. Mast 32 is in turn mounted for vertical reciproca 
tory motion in a support casing 36. 
Support casing 36 surrounds the rectangularly cross 

sectioned mast closely on all four sides as at 36A, nor 
mally without touching the mast, and four rollers 40, 
42, 44 and 46 each extends across and bear against a 
different one of the four side surfaces of the mast. The 
closely fitting casing at 36A and the rollers 40, 42, 44 
and 46 comprise upper mast-guiding means for mast 
32. Lower mast-guiding means are provided by the sur 
rounding support casing at 36B and by the additional 
set of four rollers, only two of which are shown and des 
ignated as 50 and 52, it being understood that similar 
rollers appear on the other two sides of the mast at the lower mast-guiding position. 
To raise and lower the mast, there is provided a cable 

56 held to the support casing at one end by a cable ter 
minal 60, extending downwardly around a pair of 
sheaves 64 and 66 secured to the bottom of the mast, 
and thence upwardly to a winch 68. Winch 68 is 
mounted on a mast-hoist drive arrangement 70 and 
driven through a clutch 72 by an electrical motor 74. 

Mounted to the support casing 36 near the top 
thereof is a normally closed limit switch 80, the arm 82 
of which is positioned so that the switch is changed 
from its normally closed position to its open position 
when the mast moves so far downwardly that the upper 
trip projection 84 on the maststrikes the switch arm. 
In FIG. 1 the full-line portion of the drawing shows the 
mast in its substantially lowermost position for which 
projection 84 is about to open switch 80. A similar 
lower trip projection 86 is provided on the lower end 
of the mast and, when the mast is near the uppermost 
desired position as shown in broken line in FIG. 1, the 
latter trip projection contacts and actuates the arm 89 
of a lower normally closed limit switch 90, to move it 
from its normally-closed to its open position. 
As shown in FIG. 4, the electrical portion of the ap 

paratus in this example includes not only the electrode 
current supply 26, but also an electrode current moni 
tor 92 which senses the magnitude of the current being 
supplied to the electrode 22 and delivers a control sig 
nal to the speed and direction control unit 94. The lat 
ter unit contains electronic circuitry for supplying cur 
rent of the appropriate direction and magnitude to 
motor 74 for maintaining electrode 22 in the proper de 
sired position with respect to the melt 14 during normal 
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operation. Between unit 94 and motor 74 there is con 
nected a normally open limit control relay 96 which is 
held closed so as to supply current to the motor when 
a control current is supplied thereto over input control 
lead 98 thereof. A suitable electrical power supply 99 
is connected to the unit 94 to provide the necessary 
electronic supply currents, and also supplies control 
current to lead 98 upon the closure of all of the 
switches connected in series with lead 98, namely limit 
switches 80 and 90, and the additional safety limit 
switch 00, provided in accordance with the invention 
and to be described presently. If any of these three 
switches is open, the motor will stop. In previously 
known arrangements, only the switches 80 and 90 were 
utilized, both of which are normally-closed but are in 
tended to be opened by their corresponding trip projec 
tions 84 and 86 if the mast tends to overtravel in either 
direction. 

It is noted that both of the switches 80 and 90 and the 
corresponding trip projections. 84 and 86 are exterior 
to the support casing 36 and to the region between the 
upper and lower mast-guiding means, hence are in ex 
posed positions with respect to the environment adja 
cent the furnace. In this environment, dirt and dust 
laden air can readily damage the limit switch contacts 
of switches 80 and 90, or can jam the limit switch arms 
of these two switches. Also, in this environment ex 
tremely high ambient temperatures can occur during 
operation of the furnace, and when the furnace is not 
operating, extremely cold temperatures occur; this can 
cause breakdown of insulation in the switches and on 
the wires connected thereto, can damage the limit 
switch contacts, and can shorten the effective useful 
life of the springs which restrain the switch arms. Fur 
thermore, when the furnace is operating the extreme 
radiant heat from the electrode, refractories, molten 
metal and slag can also damage the limit switch 
contacts, the insulation and wiring and the springs in 
the switches; it can also damage or warp the trip projec 
tions so that they do not operate the switch arms in the 
desired mast positions. In the typical electric furnace 
environment, moisture from broken water lines and/or 
high atmospheric humidity are also often present, 
which can cause corrosion of the limit switch contacts 
and their internal linkages, and can damage wiring or 
insulation. 

In addition to the above types of environmental ef 
fects, there are mechanical effects commonly present 
in such an electric furnace operation which make the 
usual limit switch arrangements unreliable. For exam 
ple, the furnace and the supporting arm often vibrate 
severely, which can cause motion of the limit switch 
arm or trip projection away from the desired position 
required for proper operation. In addition, the internal 
elements of the limit switches can become damaged 
and disengaged, and wiring connections can also 
loosen. 
Also, scrap falls or catches can occur in the system, 

in which event one or both of the limit switch arms may 
jam and become inoperative, or be pulled off or away 
from its corresponding trip projection. Due to this same 
cause, the trip projections themselves can be broken or 
bent away from their corresponding limit switch arms; 
the wiring can also be crushed, bent, broken or other 
wise damaged due to this effect. Explosions from fur 
nace charge can also break or bend the trip projections, 
or damage the wiring or limit switch arms. 
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6 
If any of these effects occurs, one or both limit 

switches may fail to operate properly, with possible cat 
astrophic results due to mast over-travel. 
The invention overcomes this difficulty by providing 

a reliable back-up safety switch arrangement compris 
ing, in the embodiment of FIG. 1, a normally open type 
of limit switch 100 supported on casing 36 and having 
an arm 102 positioned to ride along the adjacent sur 
face of the mast as it moves, the mast surface on which 
it rides holding the switch contacts closed. Preferably 
the switch arm includes a roller 101 which rolls along 
the mast surface, to minimize wear. Also provided are 
an upper recess 104 and a lower recess 106 in the sur 
face of the mast traversed by switch arm 102. Recess 
104 is so positioned that if the mast should move 
slightly below the maximum downward position which 
it is intended to attain (as due to failure of the intended 
operation of the limit switch 80), the switch arm 102 
will move to a position in which it is spring-urged into 
the depression 104, permitting its switch arm to turn 
sufficiently to open the contacts of switch 100. Simi 
larly, if the mast should be raised slightly beyond the 
most upward desired position for which limit switch 90 
is intended to be operated (due to failure of the latter 
arrangement), then the swtich arm 02 will be spring 
urged into the recess 106, and causing switch 100 to 
open. Switch iOO is connected, as shown in FIG. 4, in 
series with the limit switches 80 and 90 and, as above 
noted, it is normally held closed by the mast surface. 
Thus, under normal operating conditions it will remain 
closed and current will be supplied over control lead 98 
to maintain relay 96 closed and permit operation of the 
motor as determined by unit 94. However, should ei 
ther of switches 80 or 90 fail and remain closed despite 
the fact that the mast has traveled beyond the desired 
extreme position, then the urging of the arm 102 of 
switch 100 into one of the two recesses 104 and 106 by 
its internal spring will open switch 100, cutting off con 
trol current over lead 98 and causing normally open 
relay 96 to open and immediately terminate current to 
the motor so that no further mast travel occurs. Switch 
100 in this application therefor serves as a back-up to 
the usual external limit switches, which are subject to 
the failure conditions described briefly above. 

It is noted that because the recesses 104 and 106 can 
readily pass throuh the upper and lower mast-guiding 
means without adversely affecting operation, the limit 
switch 100 can be placed between the upper and lower 
mast-guiding means in a position protected and 
shielded from the furnace and much of the adverse en 
vironment. Thus as shown it is mounted on the side of 
the mast away from the furnace, and within a relatively 
sheltered area beneath an overhanging portion of the 
support casing and at least partially protected from the 
sides by other elements of the casing. In this position it. 
is provided with a substantial degree of protection from 
extreme radiant heat, ambient heat, falling scrap, mol 
ten metal or slag, etc. 

It is also noted that the arrangement of switch 100 is 
“fail safe' in that it operates to stop the motor upon the 
occurrence of any of the normally encountered adverse 
mechanical conditions, such as breaking off or falling 
off of the limit switch arm, motion of the limit switch 
arm away from the surface which normally holds it 
closed, scrap metal lying on the limit switch arm, acci 
dental grounding of the high potential contact of the 
limit switch, and so forth. 
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The back-up safety limit switch arrangement of the 

invention is easily installed on existing masts of electric 
furnaces, and is easily tested for proper operation after 
installation by simply loosening the limit switch arm or 
moving the limit switch away from mechanical contact 
with the mast to observe that this stops the motor, and 
replacing it so that the motor starts again. It will be un 
derstood that there are various combinations of reces 
ses and switch arrangements which can be used to ob 
tain similar effects. For example, the arrangement in 
F.G. 1 one can use two normally open limit switches 
spaced from each other appropriately along the mast 
surface, and one recess positioned so that the recess 
causes opening of one normally-open switch when the 
mast is at its upper extreme of travel and opens the 
other limit switch when the mast is at its lower extreme 
of travel. 
FIGS. 5A through 5C and FIG. 6 show a variation of 

the arrangement of FIG. 1 in which the conventional 
upper and lower limit switches 80 and 90 are elimi 
nated, as are the corresponding trip projections 84 and 
86. Instead, the functions of the latter switches and trip 
projections are provided by additional recesses and ad 
ditional normally open limit switches within the sup 
port casing. More particularly as shown especially 
clearly in FIG. 6, the surface of mast 32 is provided 
with a lowermost recess 110 aligned along the vertical 
direction with the swtich arm 12 of normally-open 
limit switch 14, 12 rides on the mast surface, so that 
when the mast is in its uppermost position, arm 112 will 
be urged into recess 110 and the motor arrested. The 
switch 114 and recess 110 therefore takes the place of 
switch 90 and trip projection 86. Also provided is an 
uppermost recess 120, laterally displaced with respect 
to recess 110 and in vertical alignment with the switch 
arm 122 of normally-open limit switch 24, the arm of 
which rides on the mast surface; when themast is in its 
intended lower-most position, switch arm 122 falls into 
recess 20, and the motor is again stopped. This ar 
rangement therefore takes the place of the switch 80 
and trip projection 84 in FIG. 1. In addition there is em 
ployed a third normally-open limit switch 28, the 
switch arm 126 of which rides on the mast surface, is 
aligned with upper and lower recesses 130 and 132 re 
spectively, and is laterally displaced with respect to 
each of the other two switch arms 112 and 122. Switch 
128 and recesses 130 and 132 are so positioned that if 
for any reason recess 110 should fail to arrest upward 
motion of the mast, then switch arm 26 will almost im 
mediately fall into recess 132, stopping the motor, and 
if for any reason recess 122 should fail to arrest down 
ward motion of the mast when desired, immediately 
thereafter switch arm 26 will fall into recess 130 and 
arrest the motor. It will be understood that allof the 
switches shown in FIG. 6 are connected in series with 
each other and with the control lead 98 analogously to 
the connection of the three switches shown in FIG. 4. 

FIG. 5A illustrates the condition wherein the switch 
arm of the upper switch 124 has fallen into the upper 
most recess 120 to arrest the mast substantially at its 
desired lower-most position. 

it will be observed from FIG. 5A that should the mast 
move slightly farther downward, due to any failure of 
switch 24, then the middle switch arm 26 will fall 
into recess 30 to stop the motor, thereby providing an 
additional safety feature. In midpositions of travel, as 
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8 
shown in FIG. SB, all three of the switch arms ride 
along the surface of the mast on their respective rollers. 
FIG. SC illustrates the condition in which the mast has 
reached substantially its desired uppermost position, 
and the lower-most switch arm 112 has fallen into its 
corresponding recess 110 to terminate operation of the 
motor. FIG.5C shows again that should switch 114 fail 
so that termination of motor operation does not occur 
as desired, then a slight additional elevation of the mast 
will cause the middle switch arm 126 to fall into recess 
132, providing the desired back-up operation for ar 
resting the mast. 
Accordingly, while the invention has been described 

with particular reference to specific embodiments 
thereof in the interest of complete definiteness, it will 
be understood that it may be embodied in a variety of 
forms diverse from those specifically shown and de 
scribed, without departing from the spirit and scope of 
the invention as defined by the appended claims. 
What is claimed is: 
1. In apparatus comprising an electric furnace, an 

electrode for supplying current to said furnace, a mast 
supporting said electrode, means mounting said mast 
for reciprocatory motion adjacent said furnace to con 
trol the position of said electrode with respect to said 
furnace, said mounting means including upper and 
lower mast-guiding means fitting closely about said 
mast, and motor means for effecting said reciprocatory 
motion of said mast, the improvement comprising: 
a normally-open type of switch means positioned be 
tween said upper and lower mast-guiding means to 
be held closed by a surface of said mast during exe 
cution by said mast of its desired maximum length 
of travel, said mast surface being configured to per 
mit said switch means to open when said mast 
moves beyond said desired maximum length of 
travel in a predetermined direction; and 

means for preventing said motor means from moving 
said mast further when said switch means opens. 

2. The apparatus of claim 1, in which said switch 
means comprises a switch arm normally riding along 
said surface of said mast, and said mast is configured to 
define a recess in said surface into which said switch 
arm moves to open said switch means when said mast 
has executed its desired maximum length of travel in 
said direction. 

3. The apparatus of claim 2, in which said mast is 
configured to define another recess in said surface into 
which said switch arm moves to open said switch means 
when said mast has executed its desired maximum 
length of travel in the opposite direction. 
4. The apparatus of claim 1, in which said switch arm 

is on the opposite side of said mast from said furnace 
and at least partially shielded from above and from the 
sides. 

5. The apparatus of claim 1, in which said motor 
means is an electric motor and said means for prevent 
ing said motor means from moving said mast further 
comprises means responsive to said opening of said 
switch to cut off current to said electric motor. 

6. The apparatus of claim 1, comprising limit switch 
means external to the region between said upper and 
lower mast-guiding means, and trip-projection means 
also external to said region, said limit switch means 
being normally closed but opened by said trip 
projection means when said mast approaches closely 
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the position corresponding to said desired maximum type of switch means and said limit switch means are 
length of travel. connected in series with each other to arrest said motor 

7. The apparatus of claim 6, in which said motor when either is open. 
means is an electric motor, and said normally-closed ck :: * : *k 
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