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This invention relates to improvements in
electrical means for automatically controlling the
heating of continvous metallic strip and the
bright melting of electrolytically coated tin
therecn by electric resistance heating.

It is now common practice to apply a coating,
such as tin, to continuous length strip material,
such as iron or steel, by electrelytic means.
Afzer the strip is electrolytically tin coated, it is
usually passed through a melting unit wherein
the coating thereon is melted so as to provide s
finished strip having a bright lustre and smooth,
even finish. Sometimes the melting is done by
passing the strip through hot oil, heating the
sirip by electrical inductance, or by subjecting
the strip to electrical resistance. In the resist-
ance melting, the strip is usually disposed in a
vertical plane during the melting of the coating
thereon, passing over one conductor roil then
upwardly over and arcund a deflective roll and
then downwardly around apother conductor roll
into a tank containing a gquenching medium with
that portion of the strip disposed between the
conductor at any particular time heated by elec-
trical resistance 5o as to melt the coating there-
on, Such a melling unit and quenching tank
arrangement is disclosed in the copending ap-
plication of Ewsart 8. Taylerson, Serial No.
447,966, filed June 22, 15432,

Ag the sirip passes over and around the con-
ducter rolls of the melting unit, it will be un-
derstood that the cross-sectional area of the
strip changes due to varicus widths and thick-
nesses thereof and that the spsed of the strip
will change due ioc operating conditions. Ac-
cordingly, it will he seen that it is impossible
10 impress a constant voltage or current input
to the conductor rolls and the strip for the rea-
son that at times due to such changes in operat.
ing conditions, the strip would be heated far
above the melting temperature of the tin coating
thereby causing the same to flow therefrom re-
sulting in spoiling the coating on that portion
of the strip and af other times, the strip would
not be heated sufliciently to melt the tin coating
therecn on other portions of the strip thereby
defeating the purposes of the melting.

Thus, it will be ssen that it is necessary to
supply a variable source ¢f allernating current
80 that the strip and coating thereon is properly
heated to satisfy all operating conditions and it
is to such a means for varying and controlling
the supply of power to the strip that the present
invention relates. Various means and equipment
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variable source of power but usually they have
heen expensive and necessitated special designing
and construction for the particular application.
In the present invention, such variable source of
nower is provided by standard equipment, by an
improved electrical arrangement thereof.

Accordingly, it is the general object of the
present invention to provide an improved elec-
trical means for and method of controlling au-
tomatically the current supplied to a continuous
length metallic strip for melting the coating
thereon by electrical resistance as it passes over
2 pair of conductor rolls wherein the power in-
put to the conductor rolis and the strip is varied
as the cross-sectional area and speed of the strip
varies so that the coating thereon is properly
melted to satisfy all operating conditions.

It is another object of the invention to pro-
vide an improved electrical means for control-
ling automatically the voltage stupplied to a con-
tinuous length metallic strip as it passes over a
conductor roll whereby the voltage input to the
conductor roli and the strip is varied as the
speed of the strip varies so that the strip is im-
pressed with the desired volitage for any given
speed.

It is 2 further object of this invention to pro-
vide an improved electrical means for control-
ling the power input to a continuous length me-
tallic strip as it passes over a conductor roll
wherein the electrical means is controlled auto-
matically by the speed of the strip.

It is a more specific object of the present in-
vention to provide an improved electrical means
for controlling automatically the current sup-
plied to a continuous length metallic strip as
it passes over a conductor roll including a ta-
chometer generator which is driven by the strip-
driving means wherein a balance is maintained
normally hetwesn the voltage supplied to the
strip by the conductor roll and the voltage out-
vutb of the tachometer and arranged so that when
the voltage hecomes unbalanced therebetween
due to an increase or decrease in the speed of
the strip and the tachometer, the voltage input
to the sirip will be accordingly increased or de-
creased o again balance the voltage outputb of
the tachometer so as to supbly the proper
amount of current to the conductor roll and the
strip.

It is still another object of the invention to pro-~
vide an elecirical means for controlling auto-
matically the current supplied to a continuous
jength metallic strip for melting the coating
thereon as it passes over a pair of conductor rolls
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whereby a minimum initial alternating current
voltage is supplied to said conductor rolls and
said strip so as to properly melt the coating there-
on at the instant the strip starts moving over the
conductor rolls.

Various other objects and advantages of this
invention will be more apparent in the course of
the following specification, and will ke particu-
larly pointed out in the appended claims.

In the accompanying drawings there is shown,
for the purpose of illustration, an embodiment
which our invention may assume in practice,

In these drawings:

Figure 1 is a vertical section through a melt-
ing unit together with the quenching fank of an
electrotinning line showing the conductor rolls
with which our invention is incorporated;

Figures 2 and 2* are wiring diagrams showing
an electrical arrangement for controlling the sup-
ply of heating voltage to the strip and the con-
ductor rolls of the melting unit as shown in Fig-
ure 1; and

Figures 3 and 4 are curves showing the voltage
input to the conductor rolls and the strip in rela-
tion to the speed of travel thereof.

Referring more particularly to Figures 1 and 2
of the drawings, S indicates a continuous length
of coated metallic strip as it is delivered from the
electroplating bath of a continuous electrotinning
line with the strip traveling in the direction of
the arrows, as shown in the drawings, and which
is conveyed therethrough and therefrom by any
suitable driving means. After the strip has been
electrolytically coated, it is passed through a
heating unit designed to melt the deposited tin
or coating thereon with such heating being ef-
fected by any suitable means, but preferakly by
the electrical resistance of the strip.

In the present instance there is shown a re-
sistance type melting unit which comprises, a
pair of spaced apart energized conductor rolls 2
and 3 which are connected to a suitable source of
power or transformer in a manner hereinafter
to be described. There is provided an intervening
upper deflector roll 4 with the coated strip S pass-
ing between the rolls 2 and 3 in an elongated
vertical loop over the roll 4, during which travel,
the strip is heated until the tin or coating ma-
terial disposed thereon reaches its melting point.
The vertical loop of the strip as it travels along,
is enclosed preferably in an insulated substan-
tially U-shaped muffle § having an entrance leg 8
and a discharge leg T which legs extend toward
the inner periphery of the respective conductor
rolls 2 and 3, and enclosing the strip to points
adjacent to the latter. As the strip passes
through the muffle 5, the heat generated therein
due to the elecirical resistance of the strip is de-
signed to bring the tin or coated material on the
strip to its melting point in a zone indicated at
M adjacent the lower end of the discharge leg T
of the muffle 5. Directly below the lower end of
the discharge leg T and into which the same ex-
tends, there is arranged a tank 8 containing a
quenching medium and in which the conductor
roll 3 is disposed. The strip passes from the mufile
5 into and through the quenching medium in tank
8 from which the strip passes to subsequent pro-
cessing steps.

The conductor rolls 2 and 2 are energized by a
variable source of power by means of an electrical
arrangement now to be described. The electrical
arrangement or circuit of our invention com-
prises, preferably, a pair of transformers 9 and
{9, although one may be used instead of two pro-
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viding it has sufficlent capacity. The secondary
windings of these transformers are connected in
parallel with each other and to the load or the
conductor rolls 2 and 3, in the present case, by
means of lines {14 and {5. The primary windings
of the two transformers 9 and {0 are connected
in parallel with each other and to one side of

_the line of a source of alternating current supply

by means of a connection 18, preferably, through
a circuit breaker 11. If one transformer is used,
it will be understood that the secondary windings
thereof are connected to the lead or the con-
ductor rolls with the primary windings thereof
connected to one side of the line of the source of
alternating current supply.

There is provided a saturable core reactor com-
prising two additional transformers 18 and 19,
the primary windings of which are connected in
parallel with each other by means of the lines
20 and 21 and in series with the primary wind-
ings of transformers 9 and I8 by means of the
line 22. The primary windings of hoth of the
transformers I8 and {8 are conneccted to the
other side of the line of the source cf alternating
current supply by means of the line 23 through
the circuit breaker (1. In other words, the pri-
mary windings of the transformers {8 and {9 are
connected in multiple with each other and those
of the transformers 9 and 10 also are connected
in multiple with each other, and two multiple
groups of primary windings of all of the trans-
formers are connected in series with the primary
source of alternating current supply. It will be
understood that the latter two transformers (8
and 19 are designed to contrel the power output of
the two transformers 9 and 10, and it will he seen
by connecting the same as above described, that
the input current from the source of alternating
current supply will pass through both of the pri-
mary windings of the transformers 18 and 19,
through the connection 22 and thence through
the primary windings of both of the transformers
9and 0.

The secondary windings of the two trans-
formers {8 and {9 are connected in series with
and in polarity opposition to each other, and with
means, preferably an exciting generator 24, ar-
ranged in the series connection for supplying a
direct current to the secondary windings of the
transformers {8 and 19 for saturating the cores
thereof. There is provided a rheostat 25 which
controls a separate source of direct current used
for exciting field winding of generator 24.

By connecting the secondary windings of the
transformers 18 and 19 in series with and in
polarity opposition with each other, it will be
seen that no alternating current potential exists
hetween the terminal 23 of the fransformer 18
and terminal 27 of the transformer [3. There-
fore, the direct current power connected to these
terminals magnetizes the laminated cores of the
transformers {8 and 19, thereby changing their
reactance through an extremely wide range, i. e,,
from g very high reactance, when no direct cur-
rent is applied, to a very low reactance, when a
full rated direct current is applied to the sec-
ondary windings thereof. By providing such an
arrangement, it will be seen that even when a
full alternating current potential is applied to
the transformer and the controlling transformer
combination, a very small (approximately 3 per-
cent of the rated capacity) output is obtained
from the transformers 9 and {0. On the other
hand, the output of transformers 9 and 9 can
readily be increased any amount up to approxi-
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mately 95 percent of rated output by changing
the applied direct current voltage to the second-
ary windings of the transformers {3 and {9 by
varying the power cutput of the generator 24 to
the transformers. The subject matter described
above is disclosed in the copending application of
George H. Rendel, Serial No. 492,624, filed June
28, 1943,

According to the preseat invention, there is
connected to the lines {4 and i or the alternat-
ing current voltage output of the transformers 9
and i8, a tap transformer 28 tﬂ which there
connected a dry plate rectifier 28, preferably, of
the rectox type. The rectifier 29 is connected
preferably, through an inductance coil 38, to a
tachometer generator 2§, The tachometer gen-
erator is driven, preferably by the driving means
for driving the strip 8, such as the bridle rolls
32 with the tachometer connected to the grive
shaft of one of the rolls in any suitakle manner
50 as to be driven therehy. The tachometer gen-
erator 31 is adapted to control the actuation of
the rheostat 25 directly or throu 1y suitable
control or regulating means, such as an alectronic
control hereinafter to be described.

There is arranged in parallel with the arma-
ture circuit of the tachometer generator 51, pref-
erably, a rheostat 44, the purpose of which will
be hereinafter described. The tachometer gen-
erator is provided with field 34 which is connected
preferably through a reﬂwor a5 to 2 source of
direct current supply by ©
8. 'There is connected in tralah 1 e
tifier 28,

1 rec-
preferahly, 3 condenssr or faowcncv &,

The rectifler 22 and the tachomeber generator
31 are connected o a regulating means r an

electronic control by means of lines £9
There is arranged in the line 282,
the tachometer gene“ator 24, a transf
an inductance coil 84, and a 1ect1ﬁer ‘3"'
pose of which will be later described. heve i
connected in parallel with the rectifier §8, pref-
erably, a condenser or capacitor 88. The tachom-
eter generator is the subjsct 'naLtor of the co-
pending application of George H. R , Barial
Mo, 452,625, filed June 28, 1943,

The electronic control as diselosed aud claimed
in the copending application of Gersld RB. Myers,
Serial No. 497,691, filed August 6, 943, consisis

generally of a transformer 52, a rectifier tube
ae, a. detector tube 52, and itwo power tubes 53
and 54, There is arranged in series with the
detector tube 52, a resistor 58 and potentiome-
ters B2 and 55P to which the L ower tubas B3
and 54 are respectively connected. I is the pur-
pose of the rectifier tube E{ to su p Y a source of
dlrect current power 4o ths de ’u sctor tube 82 by

means of the co nnections shown., The destector
Lube 52, together with the power tl hes 53 and BE
are connected across the line of a source of alter-
nating current supply which is supplied, prefer-
ably, through & transformer 58 Thers is ar-
ranged in ssries with each of the power tubes
83 and B4, o relay BT and 58, respectively. The
relays 87 and E8 conirol the energization of the
armature of the niotor 88 which is driven from a
separate seurce of direct current nower and which
controls the actuation of the rheostst 2% for vary-
ing the supnply of current to the 7 1d wmd"ng of
the generator 24 in a manner io 5
There iz arra nged in the circuit of
preferably, a lower lmit switeh & .'e is
arranged in the circuit of the relay ferably,
an upper limit switch 62 for the ‘ou:msm of lim-
iting the lower and uppsr limits of the mojor
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generator 24.

The electrical arrangement and apparatus as
above described functions in the following man-
ner to conirol the melting of the coating on the
strip as it passes over and arcund the conductor

rolls 2 and 3. It will be understood that the elec-
trlc@ apparatus of the presen vention is essen-
tially a modified form of voltage regulator, and it
will be seen that it consists generally of four
rarts, naraely, the tachometer generator 31, the
speed of which is directly proporiionsl to the
operating speed of the strip; a direct current voelt-
age source, which is supplied by means of the
rnc'umer 23 from the voltage applied to the con-

uctor roll by the transformers 9 and i2; an
electronic control or regulator; and a motor-
operated rheostat 25 Whif‘h controls the output of
the excifer generator 24 which, in turn, controls
the voltage output from the transformers & and
{8 or the impressed voltage on the conductor rolls
and the strip.

By means of the present electrical arrangement,
it will be understood that the voltage output from
the tachometer generator &1 is continuously bal-
anced against the voltage output from the recti-
fier 28 ang when the voltage is balanced, it will
be seen that there is substantially zero voltage
between the lines 8 and 49 thereby permitting
only a small amount of current to flow through
the plate of the detector tube 52 of the elsctronie
control., However, this current flowing through
the detector tube causes sufficient voltage drop
across the resistor 85 to permit power tube 54 to
conduect current. It will be seen that when this
power tube conducts current that the coil of relay
88 is energized but which through its normally
closed auxiliary contact prevents the motor oper-
sted rheostat 23 from moving in o direction to
increase the voltage supplied o the generator 24.
When the speed of the strip incresses, due to the
fact that it is driven by the strip driving means,
the output of the tachometer generator 24 in-
creases thereby causing an unbalance of the voli-
age between the lines 48 and 28, line 43 becom-~
ing negative thereby making the grid of thn de~

sector tube 32 negative, thus causing LE detec~
tor tube to cease conducting CUTl‘ t there~

through which results in reduci Lm voltage

drop across the resistor 5% there rJy oammg noww
tube B4 to cease firing, When the power tube 54

ceases firing, it will deenergize the coil of relay ‘;s
together with normally closed contacts, uherebv
causing the motor-operated rheostat 25 to votate
in a directlon to increase the roll voltage. In
other words, as the rheostat 25 moves in an in-
creased direction, it increases the output from the
exciter generator 24 thereby causing greater sat-
uration of the secondary windings of the trans-
Tormers 18 and 8 thereby reducing their re-
actance and increasss the ouviput from the trans-
formers § and {8, When the voltage ousput from
the transformers § and {8 has increased to the
extent that the voltage output from these trans-
formers as measured through the 1‘ebb‘ilel 28,
balances the voltage ocutput of the tach
generater 3¢, conditionsg as cutlingd bove recur,
and the motor-operated rheostat 28 stops at its
attained position, remsmmg fized as long aS the
voltage ouput of the iransformers 3 am_ i angd
the tachometer generator &1 are balanced.

When the speed of the strip decreases, the volt-
age output of the tachometer ge tor 3t corre-~
spondingly decreases thereby causing en unbal-
ance of the voltage between lines 4§ and 48, line

nierer
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48 in such a case becoming positive thereby mak-
ing the grid of the detector tube 52 positive so
as to permit this tube to conduct more current
which increases the voltage drop across the
resistor 55 thereby causing power tube 53 to fire.
When power tube §3 is permitted to fire, it will
be seen that the coil of relay 57 is energized, and
its normally open contacts close, thereby causing
the motor-operated rheostat 25 to rotate in a
direction to reduce the voltage. In other words,
as the rheostat 25 is moved in a lower direction,
it reduces the output of the exciter generator 24
thereby lowering the exciting current in the sec-
ondary windings of transformers {8 and 19 which
increases their reactance and reduces the output
from the transfcrmers ¢ and {8. When the volf-
age output from the transformers 9 and 18 has
been reduced the required amount, the voltage
output from these transformers as measured
through the rectifier 28, balances the voltage out-
put of the tachometer generator 3i. Conditions
as outlined above recur and the motor-operated
rheostat 25, stops at its attained position again
remains fixed as long as the voltage output be-
tween the transformers 9 and 10 and the tachom-
eter generator &1 are balanced. From the fore-
going description, it will be seen that it is the
purpose of the electronic control to mateh the
voltage output from the transformers 8 and 19
with that of the tachometer generator 3{, and any
deviation, or unbalance between these voltages
will cause the regulator or electronic control to
move the motor-operated rheostat in the proper
direction to restore again a voltage balance there-
between.

The purpose and function of the transformer
63, the inductance 64, and the rectifier 65 ar-
ranged in the line 482 in series with the tachom-
eter generator 3! will now be described. It will
be understood that it is the purpose of these
three pieces of apparatus to constantly supply a
source of direct current bias voltage to the con-
trol network for a purpose hereinafter to be de-
scribed. While there is shown a transformer,
g rectifier, and an inductance for supplying the
direct current bhiss voltage to the control net-
work, it will be understood that any other suit-
able means may be provided in the line for sup-
plying such source of direct current voltage such
as a bias battery. As has been previously stated,
the electronic control or regulator is essentially
a voltage matching regulator, 1. e., electronic con~
trol regulates the heating voltage supplied to the
conductor rolls 2 and 3 by utilizing the output
voltage of tachometer generator 24 as a reference,
or monitor, or in other words, the tachometer
generator voltage is used as a standard or meas-
uring stick.

As shown in the wiring diagram of Figure 2
of the drawings, the differential voltage at the
points C—A, between the voltage supplied by the
tachometer generator 3f, points B—D, and recti-
fied roll voltage, points A—D is applied to the
electronic contrel or regulator. It will be seen
that if the voltage A—D is greater than B—D,
the differential voltage C—A between them causes
the electronic control or regulator to operate to
reduce the voltage suppiied to the conductor rolls
until the voltage C—A is zero or balanced. If
voltage C—D is greater than A—D, the differen-
tial voltage C—A is of opposite polarity than
above and causes the electronic control or regu-
lator to raise the voltage applieg to the conductor
rolls until the voltage between the points C—A
is zero.

10

15

20

30

o
(213

40

50

60

75

8

Attention is now directed to the curves, as
shown in Figures 3 and 4 of the drawings, in
which the abscissa of each of these curves repre-
sents the speed of the strip in feet per minute
and the ordinate represents voltage output. The
curves shown in Figure 3 are not part of the pres-
sent invention but merely show characteristic
curves of voltage conditions when no constant
source of direct current bias voltage is supplied
to the control network. In other words, these
curves represent the voltage conditions, if the line
49» were connected directly to the electronic con-
trol and not thereto through the transformer 63,
the rectifier 65 and the inductance coil 64 or
through any other source of direct current bias
voltage supply. In Figure 3, curve S represents
the voltage cutput of the tachometer generator
3{ and curve, curve W represents the ideal voltage
supplied to the conductor rolls for good melting
in the particular muffle or melting unit in the
present instance which has hereinbefore been
described. This curve also represents the voltage
L—N or O—P as the ratio of transformer 28, as
shown in Figure 2, if it were a standard trans-
former having a ratio of 1 to 1 instead of a tap
transformer, as disclosed. In other words, the
voltage on the primary and secondary windings
of a standard 1 to 1 ratio transformer is of equal
magnitude. The voltage difference between
curves T and W represents the voltage loss in the
full wave rectifier 29 and the choke coil 30 and
capacitor 47,

For the purpese of explanation, it will be as-
sumed that the speed of the strip is 300 feet per
minute and it will be seen from curves S and T,
in Figure 3, that these curves intersect each other
at approximately 6€1.5 volts, and at this point
curves S and T are equal, It will ke understood
that the electronic control or regulator is main-
taining the voltage as shown in curve T, equal
to the reference voltage as shown in curve S, It
will now be assumed that the speed of the sirip
changes to 200 feet per minute and it will be seen
from curve S that the tachometer generator 31
develops approximately 40 volts at this speed.
However, in view of the fact that the electronic
control is a voltage balancing regulator, it changes
the voltage supply to the conductor rolls 2 and 3
until the rectified roll voltage A—D of the wiring
diagram as shown in Figure 2, also equals 49
volts. Attention is now directed to curve T of
Figure 3, and it will be found that 40 volts on this
curve is only voltage enough to produce good
melting on the strip at 160 feet per minute, con-
sequently the coating will not be melted. In order
to increase the voltage supply to the conductor
rolls 2 and 3 so as to properly melt the coating at a
speed of 205 feet per minute, it would be necessary
to adjust the rheostat 44. From the above, it will
be seen that while the electronic control will
maintain the roll voltage correct for a good melt-
ing at any speed for which it is adjusted, it will re-
quire further adjusting each time the speed of the
strip changes. While the electronic contrel will
generally raise and lower the voltage supply to the
conductor rolls as the speed of the strip accei-
erates and decelerates to prevent burning of the
strip and consequent flowing of the coating there-
from, a large section of the coating on the strip
will be unmelted when the strip starts moving
from rest after it has been stopped until the
proper speed is reached where the rheostat has
been adjusted to produce good melting.

It will be seen from curve W of Figure 3 that
when the strip is traveling at 4 feet per minute,
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it requires approximately 17% volts to heat the
strip sufficiently to melt the coating. In other
words, in order to prevent an unmelted length of
coating from emerging from the melting unit or
furnace, 171 volts must be applied by the voltage
regulator or electronic control to the conductor
rolls the instant the strip starts its movement
from rest through the melting unit and over the
conductor rolls. The voltage is removed from
the strip the instant the strip is arrested from
movement through the melting unit.

According to the present arrangement, in or-
der to permit the electronic control or regulator
to apply the required 171 volts for properly melt-
ing the coating on the strip as soon as the same
starts its movement through the melting unit,
a source of direct current bias voltage is con-
nected in series with the tachometer generator 31,
as shown in the wiring diagram of Figure 2. As
has been previously explained, this source of di-
rect current bias voltage consists preferably of
electrical apparatus including the transformer
63, the rectifier 85, and the inductance coi] 84,
or a bias battery may be substituted for this en-
tire arrangement. By positioning such source of
direct current in the line at this point it has the
effect that when the strip is traveling at 4 feet
per minute the voltage output of the tachometer
generator 3f which would be approximately one
volt but due to the source of direct current bias
voltage in line which is 16% volis, the voltage
from points C to D on the wiring diagram of Fig-
ure 2, will be 16% volts plus 1 volt or a total of
17% volts which is sufficient voltage to melt the
coating on the strip at this speed. It will be as-
sumed now that the voltage A to D, as shown in
the wiring diagram of Figure 2, is zero at the in-
stant the strip starts its movement, the voltage
differential C—A of 17% volts is applied to the
electronic control or regulator which immedi-
ately raises the roll voltage to the point where
the voltage C—D equals A—D of Figure 2. Thus,
it will be seen that when the speed of the strip is
4 feet per minute, the regulator is maintaining
17% volts on the conductor rolls 2 and 3.

Attention is now directed to curves shown in
Figure 4 of the drawings, in which curve V rep-
resents the tachometer voltage, points B to D on
the wiring diagram of Figure 2. It will be seen
that by adding 16% volts to the voltage ocutput
of the tachometer by means of the source of
direct current bias voltage supply, that the curve
V will now start at approximately 16% volts af
zero feet per minute, and as the speed of the
strip increases, the voltage from points C to D
increase along cuive Y, as shown in Figure 4.
Again in Figure 4, the curve X represents the
veltage supplied to the conductor rolls 2 and 2
for good melting, Now it will be seen that if
the voltage of curve X is applied at points A—D
of Figure 2, and matched by the electronic con-
trol or regulator with the voltage of curve Y, as
the reference or standard voltage, that through-
out the speed range the roll voltage would always
be equivalent to a higher speed than the speed
of the sirip and burning of the strip would result.

In order to insure that at all speeds that the
voltage A—D of Figure 2, for a good melting
exactly equals the voltage C—D of the tachom-
eter plus the source of direct current hias vcltage
supply, the slope of curve X of Figure 4 must
he changed so that the voltage A—D lies paral-
lel to curve Y and substantially on top thereof,
This is accomplished by providing a tapped trans-
former which is the transformer 28 shown in

10
the wiring diagram of Figure 2. It will he un-
derstood that when 60 volts are suppliad to the
conductor rolls, the transformer at points O to
P develops 75 volts thus effectively changing the
slope of the voltage A—D of Figure 2 from curve
X, as shown in Figure 4, with a 69/60 volt trans-

_former or standard transformer, o curve Z with
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a 60/75 volt transformer, which is another im-
portant aspect of the present invention. It will
be seen from Figure 4 that if curve % represent-
ing the voltage from wires O to P in Figure 2,
then taking into consideration the voltage drop
in the full wave rectifier 29 and the choke coil
38 and capacitor 4%, curve Y becomes the direct
current voltage at points A to D which repre-
sents the voltage impressed upon the conductor
rolls. It will be understcod that curve Y also
represents the voltage output of the tachometer
plus the source of direct current bias voltage
supply. Therefore with the electronic control or
regulator being a voltage balancing regulator and
curve Y representing both the standard voltage,
and the rectified roll voltage which represents
the good melting characteristic of the melting
unit, the electronic control or regulator will main-
tain the voltage impressed upon the conductor
rolls 2 and 8 substantially correct for all speeds
of the strip from rest to top speed without ad-
justment for all conditions, such as acceleration,
deceleration, and any steady selected speed be-
tween rest and top speed that it is desired to op-
erate the line. It will be seen that because of
the retained balance between the voltage and
speed curve, the variation or Auciuation in the
strip speed causes the heating voltage to follow
thus providing the required amount of heating
current for suitably melting the coating on the
strip for any particular speed thereof.

While we have shown and described a specific
embodiment of cur invention, it will be understood
that this embodiment is merely for the purpose
of illustration and description and that various
other forms may be devised within the scope of
our invention, as defined in the appended claims,

We claim:

1. In combination with a conductor roll for
supplying current to a continuous metallic strip
as it passes thereover, means for driving the strip
sG as to pull the same over the conductor roll, a
transformer for supplying current to said conduc-
tor roll and the strip, means for controlling the
power output of said transformer including a gen-
erator, & motor-controlled rheostat for control-
ling the power input to said generator whereby
the voltage input to the conductor roll and the
strip by said transformer may be varied, means
for controlling the energization of the motor of
said motor-contrelied rheostat, and means re-
sponsive to the speed of said strip for controlling

automatically the last named means whereby the

voltage input to the conductor roll and the strip
is adjusted automatically for the variations in
speed and the cross-sectional area thereof.

2. In combination with a conductor roll for
supplying current to a continuous metallic strip
as it passes thereover, means for driving the strip
50 as to pull the same over the conductor roll,
a transformer for supplying current to said con~
ductor roll and the strip, means for controlling
the power output of said transformer including a
generator, a motor-controlled rheostat for con-
trolling the current input to said generator where-
by the voltage input to the conductor roll and
the strip by said transformer may be varied,
eans for controlling the energization of the
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motor of said motor-controlled rheostat, and a
tachometer generator which is driven by said
strip driving means for controlling automatically
the last named means whereby the voltage in-
put to the conductor roll and the strip is ad-
justed autematically for the variations in speed
and the cross-sectional area thereof.

3. In combination with a melting unit of the '

class described having a pair of conductor rolls
for heating a continuous metallic strip and the
coating thereon by electrical resistance as it
passes thereover, an electrical arrangement for
supplying current to the conductor rolls and the
strip including, a transformer connected to a
source of power for supplying current to the con-
ductor rolls and the strip, an exciter generator
for controlling the power output of said trans-
former, a tachometer generator for controlling
the voltage output of said transformer, a motor-
operated rheostat for controlling the voltage out-
put of said exciter generator, an electronic means
for controlling the energization of said motor-
operated rheostat, and means connected to the
voltage output of said transformer as applied to
said conductor rolls for supplying direct current
voltage to said exciter generator, said tachom-
eter generator arranged so as to have a volt-
age output directly proportional to the speed
of the strip with the voltage output thereof
continuously balancing thet of the source of di-
rect current supply whersby the power input to
said conductor rolls and the strip is automati-
cally controlled so that the power is continuously
maintained in proser relation to the speed of the
strip thereby properiy melting the coating there-
on at any particular operating speed.

4. In combination with a melting unit of the
class described having a pair of conductor rolls
for heating a continuous metallic strip and the
coating thereon by electrical resistance as it
passes thereover, an electrical arrangement for
supplying current to the conductor rolls and the
strip, as defined in claim 3, wherein the means
connected to the voltage output of the trans-
former for supplying direct current bias voltage
to the tachometer generator consists of a dry
plate rectifier.

5. Tn combination with a melting unit of the
class described having a pair of conductor rolls
over which a continuous metallic strip passes
for melting the coating thereon by electrical re-
sistance, means for supplying a heating voltage
to gaid conductor rolls and the strip for melting
the coating therecn, means controlied by the
speed of the strip for establishing a reference
voltage for controlling the veltage output of said
voltage supplying means, the voltage output of
said second named means increasing when the
strip speed increases and decreasing when the
strip speed decreases, means for balancing the
voltage of said voltage supplying means and said
reference voltage, and means responsive to any
unbalancing of said voltage supplying means and
said refersnce voltage for varying said supply
voltage for restoring the balance between said
voltage supplying means and said reference volt-
age whereby the voltage output of said voltage
supplying means is automatically adjusted for
any given spesd of the strip so that the coating
thereon is properly melted.

8. In combination with a melting unit of the
class described having a pair of conductor rolls
over which a continuous metallic strip passes for
melting the coating thereon, a transformer for
supplying a heating voltage to said conductor
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rolls and the strip for melting the coating there-
on, a tachometer generator controlled by the
speed of the strip for establishing a reference
voltage for controlling the voltage output of sald
transformer, the voltage output of said tachome-
ter generator increasing when the strip speed
increases and decreasing when the strip speed
decreases, an electronic means for balancing the
voltage output of said transformer and that of
said tachometer generator, and a motor-operated
rheostat controlied by said last named means for
controlling the voltage output of said transformer,
said last named means adapted to actuate said
rheostat to restore a balanced voltage between
the said transformer and said tachometer when
the voltage therebetween becomes unbalanced
wherely the voltage output of said transformer is
automatically adjusted for any given speed of
the strip so that the coating thereon is properly
melted.

7. In combination with a melting unit of the
class described having a pair of conductor rolls
over which a continuous metallic strip passes
for melting the coabing thereon hy electrical re-
sistance, a transformer for supplying current to
seid conductor rolls for heating the strip as it
pesses thereover, an electrical arrangement for
controlling the supply of current to said conduc-
tor rolls by said transformer including a volt-
age regulating means, a tachometer generator
actuated by the strip-driving means connected to
said voltage regulating means, and means con-
nected in series with said tachometer generator
for supplying a bias direct current whereby said
regulating means applies sufficient voltage to said
conductor rolls so as to properly melt the coating
on the strip the instant the same starts moving
in the melting unit.

. In combination with a conductor roll for
supplying current to a continuous metallic strip
as it passes thereover, means for driving the strip
so as to pull the same over the conductor roll,
means for supplying current to said conductor
roll and said strip for resistance heating the
same, a tachometer generator driven by said
strip-driving means for establishing a reference
voltage, the voltage output of said tachometer
generator increasing when the strip speed in-
creases and decreasing when the strip speed de-
creases, means for balancing the heating power
voltage against the reference voltage and means
responsive to the difference between the reference
and heating power voltages for varying the volt-
age supplied to the strip as the speed of the strip
varies.

9. In combination with a melting unit of the
class described for melting the coating on a con-
tinuous metallic strip by means of resistance
heating as it passes therealong, a pair of conduc-
tor rells over which the strip passes for heating
the strip by electrical resistance, bridle rolls for
conveying the strip cver said conductor rolls,
means for supplying current to the conductor
rolls and strip for resistance heating the same, a
tachometer generator driven by said bridle rolls
for estahblishing a reference voltage, the voltage
output of said tachometer generator increasing
when the strip speed increases and decreasing
when the strip speed decreases, means for bal-
ancing the heating power voltage against the
reference voltage and means responsive to the
difference between the reference and heating
power voltages for varying the voltage supplied
to the strip as the speed of the strip varies.

10. In combination with a conductor roll for
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supplying current toa continuous metallic strip,
means for supplying a heating voltage to said
conductor roll and the strip, means controlled
by the speed of the strip for establishing a ref-
erence voltage, the voltage output of said second
named meahs increasing when the strip speed
increases and decreasing when the strip speed
decreases, means for balancing the heating power
voltage against the reference voltage, and means
responsive to the difference between the heating
power and reference voltages for varying the
voltage supplied to the strip as the speed of the
strip varies.

11. In combination with a conductor roll for
supplying current to a continuous metallic strip,
means for supplying a heating voltage to said
conductor roll and the strip, means controlled
by the speed of the strip for establishing a ref-
erence voltage for controlling the voitage output
of said voltage supplying means, the voltage out-
but of said second named means increasing when
the strip speed increases and decreasing when
the strip speed decreases, means for balancing the
voltage of said voltage supplying means and said
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reference voltage, and means responsive to any
unbalancing of said voltage supplying means and
said reference voltage for varying said supply
voltage for restoring the balance between said
voltage supplying means and said reference volt-
age whereby the voltage output of said voltage-
supplying means is automatically adjusted for
any given speed of the strip.

ROBERT W. HOLMAN,
GERALD R. MYERS.
GEORGE H. RENDEL.
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