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1

This invention relates to the feeding of sheet
material, and more particularly to the automatic
separation and feeding of single sheets in suc-
cession from a stack of ferromagnetic sheets.

The primary object of the present invention
is to generally iraprove magnetic sheet separation
and feeding apparatus. A more particular ob-
jeet is to produce a wide separation of the sheets
magnetically.

A further object of the invention is to guard
ageinst the possibility of more than one shest
adhering to the feed roller. In accordance with
my invention this object of insuring the feeding
of only a.single sheet at a time may be fuifilled
by energizing the main induciion coil with a
slowly growing current (or one tooth of a low
speed saw-tooth wave). In such case the top-
most sheet begins to separate ahead of the next
subjacent sheet, and so on, and there is a rela-
tively wide and individual separation of the
sheets as the topmost sheet reaches the feed
roller. When the top most sheet reaches the
feed roller the energization of the main induc-
tion coil is terminated, and the topmost sheet is
prompily fed from the stack.

A further object of the present invention is
to eliminate the need for an clevator table by
affording so substantial a lift of the topmost sheet
as to accommodabe the reduced height of the
stack as it. is consumed.

Still ancther okject of the present invention
is.to provide electronic circuits and apparatus for
supplying the desired saw-{ooth cr growth cur-
rent for energization of the magnetic field. 'The
term “growth current” is mwore apt than “saw-
tooth current” because for the present purpcse
the important thing is that the current grow
from a relatively low value to a relatively high
value, but there is no need for the increase to
be a linear one.

Still another object of the present invention is

to provide electronic circuits which will operate
on g single phase power supply, and on a three
phase power supply.

In many cases the sheets of the stack tend
to adhere tightly because of an oil film therebe~
tween, This is particularly true in winter, for
although. the separating means may be locate
in a huilding, the sheets are more usually stored
outdocrs: or. in' an unheated’ storage shed from
which they are brought tc the separating means

without a long warm-up period in which they-

might gradusglly acquire the building itempera-
ture. Further objects cf the present invention
are-to provide apparatus: which will help over-
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corae adhesion between the sheets, and which:
will prevent repeated or renewed adhesion of the
sheets while in the sheet separating apparatus.

For certain purposes it may be desired to feed.
each sheet bit by bit, as for example 1o a shear-
ing press, until the entire sheet is consumed, be-
fore starting the separation and fesd of a second
sheet, and a further feature and object of the.
present invention isi to provide means for this
purpcse.

To accomplish the foregoing general cbjects,
and. other more particular objects which. will
hereinafter appear, my invention resides in the
sheet separating and feeding elements, and their
relation one to anocther, as are hereinafter more
particularly described in the following specifica-
tion. The specification is accompanied by draw-
ings in which:

Fig. 1 is a plan view of sheet separating and
feeding apparatus emnodying features of my: in-
vention;

Rig. 9 i8 a section taken in elevation approxi-
mately in the plane of the line 2—2 of Fig. 1;

Fig. 3 ig a schematic wiring diagram explana-
tory of one form of my invention;

Fig. 4 is expianatory of a current growth curve
or saw-tooth wave used in my invention;

g, b is expianatory of the operation of a
modified electronic apparatus shown in Fig. 7;

Fig. 6 is.a current growth curve generally simi-
lar to that shown in Fig. 4 but explanatory of a
modification;

Pig: 7 is a schematic wiring diagram for an
electronic form of my apparatus energized from

a-single phase power supply; and

Fig. 8 iz a schematic wiring diagram of elec~
tronic apparatus energized from. a three phase
power supply.

The present application is a continuation-in-
part. of my prior application of like title, Serial
No. 129,662, filed Movember 26, 1949, and some
of the foregoing cbjects, as well as. the subject
matter of Figs. 1 through 4 hereinafter described,
have been taken from that application, while-
the additional subject matter is new in the pres-
ent application.

Referring to the drawing, and more particu-
larly to Figs. 1 and 2, the apparatus comprises &
bed or table {2 for supporting a stack of. sheets
14, ang an induction coil 16 which extends en-
tirely: around the stack {4 and the table {2,
and which acts as a sheet separating means.
The axis of the coil extends in the direction in
which the sheets are to be fed, which in this
case is horizontally,; from left to right. The ap-
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paratus further includes feed means generally
designated 28 for feeding the uppsrmost sheei 22
through the coil i§ and away from the stack
{4, The feed means 20 preferably includes an
electro-magnetic roller 24 ecapable of feeding
sheet 22 with the latter disposed hesneath the
roller. The roller is preferably intermittently
driven, ag by means of a magnetic clutch 25 dis-
posed between the roller and a constantly rotat-
ing motor 28. The latter may rotate one or more
sets of later feed rollers, indicated schematically
at 25, through a drive 27.

The sheets may be stacked between guide plates
30, supported within side plates 32, preferably by
means of adjusting screws 34, so that sheets of
different width may be accommodated. The
sheets are aligned at their forward edge by means
of front stops such as the posts 38, which are
preferably made of non~-magnetic material. The
table 12, on the other hand, may be made of fer-
rous or magnetic material in order to repel and
raise even the last sheet of the stack.

Before referring to the wiring diagram, atten-
tion is directed to the slip rings 38 (Fig. 1) and
brushes 49 which supply magnetizing current to
the coils 42 of the feed roller 24. Also the fesler
44 (Fig. 2) controlling switeh contacts §56. When
the topmost sheet 22 reaches the feed roller 24
the feeler is moved from s lower down-position
to the position £4 shown, thus elosing the nor-
mally open contacts 46. It will be understood
that the showing in Fig. 2 is merely schematic,
and that in practice a fully enclosed and sensitive
microswitch may be used for the intended pur-
pose. Moreover, other means to discriminate be-
tween the absence or presence of a sheet may be
used.

It is desirable to delay re-encrgization of the
main induction coil until the trailing edge of a
preceding sheet nas safely left the magnetic feed
roller 24. This avoids any possibility of the next
top sheet being caused to fly upward prematurely,
in which case the forward portion of said sheet
may strike the bottom of the trailing portion of
the preceding sheet, thus holding it back both
physically and magnetically, or, in the alterna~
tive, causing the second sheet to be prematurely
pulled forward by the first sheet. This resulb
may he accomplished by using s time delay relay,
or by using a second feeler, and the latter ar-
rangement is schematically shown in Fig. 2 in
which it will be seen that a second feeler 4% is
provided outside the stacl, said feseler serving to
close contacts 50 when engaged by a shest E2
passing through feed rollers 25. This is de-
seribed further as an incident to the description
of Fig. 3 which follows.

Motor-driven growth curve circuit

Referring now to Fig. 3, the main feature of
this arrangement is that the induction coil 1% is
energized by a graduzlly increasing current
which starts at zero and rises to a desired value.
Thus the current may follow an intermittent
saw-tooth wave such ag that illustrated in Fig. 4.
In Fig. 4 it will be seen that the current rises
from the point B2 to & maximum at 56, whereupon
it is eut off and remains off until the point 53.
The interval between points 5% and 58 corre-
sponds to the time during which the sheel is fa
away from the stack by the feed roller., When i
main inducticn ceil 1§ is re-energized beginning
at point 88 the eurrent again increases t0 o maxi-
mum as indicated at 8 and is again cut off.

If the induction coil is energized in this man-
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ner the topmost sheet tends to be raised from
the next subjacent sheed before the latter is
raised at all, whereupon both rise hefore the
third sheet rises, so that the fanning out or
Givergence or separation of the sheetg is main-
tained a8 the industion coil is further energized.
In any event the topmost sheet alone reaches the
feed roller, and the induction coil may then be de-
energized without danger of the feed roller hold-
ing more than one sheet. Indeed, by promptly
de-energizing the induction coil when the
topmost sheet reaches the feed roller it is found
that the feed roller may be left at full energiza-
tion, and further that it may be kept under con-
stant rotation. Thus the apparatus of Fig. 3 is
more complicated in introducing suitable means
to apply a growth current or saw-tooth current
to the induction coil, but may bhe simplified in
other respects as by eliminating the elecirically
operated cluteh for the feed roller shown in Fig. 1.

Referring to Fig. 3, a main power switch 82 is
closed to supply power from an ordinary source
indicated by lines | and 2. 'This supplies power
through conductors &2 and 79 to feed rolier 24,
the return being through condustors 74 and 16 to
line 2. The power supply to the induction coil 1§
is varied by means of a suitable variable im-
pedance 38. If the power supply is alternating
current this may be ecither a conventional
“Variac” or a rheostat. “Variac” iz o trade name
of the Ceneral Radio Company for a vari-
able voltage transformer (disclosed in Patent
#2,008,013). It is & deviee which increases or
decreases voltage by mechanical rotation of a
contact engaging the windings of a transformer.
If the power supply is direct current the variable
impedance would, of course, be a rheostat. 'The
power supply to the Variac 50 is from line |
through conductors 68, 70 and 82, the return
peing through conductors 88, 74, and 18, and
back to line 2.

The Variac 38 is driven through a one-revolu-
tion clutch §5 and reduction gearing 87 by means
of a motor 88 energized from the power line
through conductors 98 and 2. One-revolution
cluteh 87 is electrically operated, and is initially
engaged because of a supply of power from line !
through conductor 84, normsally closed contacts

-86 of relay $8, and a conductor 185, The return

is through a conductor 182 to line 2. The result-
ing rotation of the Variac causes o growth in out-
put current from zero until the one-revolution
clutch disengages. The power available in this
way for the main induction coil 8 could grow
to a value greater than needed o raise the first
sheet into engagement with the feed roller, hut
the Dpower supply is interrupted by suitable
means as soon as the sheet reaches the feed
roller. The mechanical rotation of the Variae is
continued under Grive of motor &8, and is ter-
minated after one revolution by the operation of
the one~revolution cluteh, thus preparing the ap-
paratus for the separstion sng delivery of the
next sheet.

In the meantime the growing eurrent is sup-~
plied frem the Variac through conductor 144,
the normally clesed contacts {85 of relay 82, and
conductor {82 to the induction ccil 8, the return
being through conductor §ig.

In the present apparatus the complete pas-
sage of a sheet is determined by the use of two
feelers as shown in Fig. 2, instead of a single
feeler combined with a time delay relay, al-
though either arrangement might be used. The
first and second feelers or microswitches are in-
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dicated at. 44 and 48. The contacts are nor-
mally open. When the topmost sheet flies. up-
ward and reaches the feed roller it closes. the
switch 44, thus energizing relay coil ({2 and so
opening the contacts {86 and thereby interrupt-
ing the energization of the induction. coil.
drops all sheets but the uppermost. sheet, the
latter being held by the fully magnetized feed
roller, which may be constantly rotated and
which prommptly begins. feeding the sheet cut of
the stack. In this case the feed roller may be
permanently magnetized, as by making the same
of Alnico. or other highly magnetic material.
However, as here shown it.is magnetized electri-
cally, with g constant current supply.
Energization of relay 98 opens.the contacts: 88

and thus de-energizes the electrically controlled.

clutch 86 so that when it disengages at the end
of a single revolution it will not again engage
unless and until the preceding sheet has been fed
entirely out of the apparatus.

‘When the trailing edge of the sheet leaves the
feeler 44 the relay coil 112 is not yet de-energized
because of the action of the feeler 48, and there~
fore the main induction coil is not yet re-ener-
gized. However, when the trailing edge of the
sheet leaves the second feeler 48 the relay coil
[i2 is de-energized, the contacts 85 and 186 are
again closed, and the induction coil is again ener-
gized to raise another sheet to the feed roller.

In Fig. 3:the drive motor for feed roller 24 is
not shown. It may be any motor connected. to
the available power supply. It may run con-
tinuously, and the feed roller may be energized
continuosly, with no disadvantage except a slight
waste of eleciric power. Continuous feed of
sheets one after another is contemplated. How-
ever, by additions to the circuit one may provide
intermittent. energization of the motor or/and
the roller, and manual or treadle controlled feed.
Thus a clutch 26 is shown in Fig. 1, for inter-
mittent operation of the feed roller while per-
mitting continuous run of the motor 28.
of these features are described later.

It will be seen that the described apparatus
provides a gradually increasing current in the
main winding 16. The term “gradually” is to be
understood in g relative sense, for if the appara-
tus is operated at high speed to feed a sheet every
few seconds the entire growth of the current may
occur in a very short time, yet that time: is long
compared. to an instantaneous:-application of full
current. With a growth current the first sheet
will be raised from the second; following which
the second will be raised from the third, while
the first will. tend to maintain its distance from
the second, and so on, thus causing all the sheets
to separate from one another and to fan out over
. substantial distance. This eliminates the need
for critical adjustment of the circuit elements and
current values. It provides g large tolerance in
the. operation of the apparabtus, so that if one
sheet varies somewhat from another in thick-
ness or weight, etec., the operation will neverthe-
less be unhampered.

Even the refinement of an elevator table has
been found unnecessary, and in g particular case
I have located the feed roller 16’ above the table,
making it possible to feed sheets from a stack
14’’ high. The stack may be fed down to a thick-
ness of, say 2’’, so that in effect, a 12’/ stack may
be fed, and then another 12’ stack added to the
residual sheets.

The residual stack is preferably left on the
table because it acts as a priming stack and
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makes: possible. the full desired: lift. If only: two
sheets were left on the table the magnetic force
might. separate them a few inches, but:-by having
nine or ten sheets left on the table there is a
muitiple separation hetween the multiple sheets,
so that the top sheet may be raised the desived 147
10 the feed roller. Thus when feeding the last
few sheeis above the priming stack the entire
priming stack may be seen to fan up and down
during each feed cycle. This incidentally helps
insure breakage of the oil seal between succes~
sive sheets.

Single phase electronic circuit

The systemr of Fig. 3 is an electro~mechanical
system because of the motor drive employed to.
produce the growbth current. However, a sub-
stantially wholly electronic system is shown in
Fig. 7, and eliminates the need for the motor,
clutch, and Variac shown in Fig. 3. The specific.
system employs a thyratron, and fires the thyra-
tron by means of a trigger wave. The main in-
duction coil of the apparatus receives the D. C.
or rectification inerements. The trigger wave is
shifted, and this provides a growth current. be-
cause of the increasing increments of plate cur-
rent as the firing point of the thyratron changes.

The plate and grid waves of the thyratron may
be of like frequency and each of uniform magni-
tude, but relatively shiftable in phase, With the
waves 180° out of phase no current will fiow, and
with the waves in phase a maximum current will
flow. At intermediate values the current. sup-
plizd by the thyratron may be varied by shifting
the phase of the trigger wave supplied to the
grid. On the other hand the trigger wave and
the plate wave may be given. a phase difference
which is maintained constant, and the axis of the
:Brigger wave may be raised or lowered by chang-
ing the magnitude of a bias superimposed there-
on. This also has the effect of varying the.plate
current, and because either method or s com-
bination or hoth may be employed I prefer to
use the broad term “shift” in respect to. the

5 trigger wave, in order to include either a. phase.

shiff or a bias shift, or both.

Referring to Fig. 7, the main coil is shown. at
EG,. and the magnetic feed roller at 24, the latter
.bemg driven by a motor 28. Single phase power
is supplied at lines | and 2. The apparatus of
Figs. 1 and 2 applies to this circuit, except that
the clutch 26 of Fig. 1, and the second trip switch
Or microswitch 48 of Fig. 2, are omitted. The
first trip switeh 44 is employed.

When the main switch {16 is thrown on, the-
transformer 12 is energized, heating the filament
of thyratron tube {14, through secondary ii$..
_After the tube is warmed up a cireuit breaker 148
is closed, and then the operating switch 129 is.
closed, which starts the cyecle as follows:

Relay 22 is energized from line | threuglh the
normally closed contacts {24 of relay {23, which
Is stiil de-energized because the trip switch £4
15 open. Actuation of relay {22 opens the cone
tacts 128, When contacts 128 of relay §22 open:
the growth current starts and the sheeis begin
to separate. The growih current is ohtained
from the transformer secondary 144, and is con-
trolled by thyratron {i4. A trigeer wave is sup-
plied from transformer secondary 138 to the -grid:

The resistor 132 and capacitor {24 provide a
phase shifting circuit for the trigger wavs., The
series resistor {3§ limits the grid current, Re-
sistor 182 of the phase shifting cireuit is vari--
able to permit fine control of the phase relation
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of frigger wave or grid voltage to plate voltage.
Secondary 132 of transformer ({2, in con-
junction with full-wave rectifier 14§ and poten-
tiometer 142, provides a positive D. C. girid po-
tential or bias which raises the axis of the irigger
wave and so increases the amount of plate cur-
rent fed through the main sheet separating coil
6. This bias may e set for the maximy
sired amount of thyratron plate current. 7
former secondary 14§ and rectifier 1é
negative bias to lower the axis of the trigger
wave, The thyratron plate current is in er
nate or positive half waves, as suggested
5. The trigger wave from secondary (83 has
its phase displaced by the resistor and capace
itor 132, i34, and has its horizonial axis raised
by the bias supply {88, {48, the amcouni being
adjustably controlied by potentiometer §42. AS
the circuit goes intc operation, however, the ef-
fect of the rectifier circuit 145, 148 is to pull the
axis of the wave down again. It is initisl
pulled down o & point where none, or if
sired, only a small chip of plate current

as shown at {82 in Fig. 5. "The amouns it
is pulled down then decresses by reason of an

R. C. decay eircuibt i52, {84 (Fig. ).
of the A. C. grid voltage wave rise
firing of the thyratron keeps movi
to the left, thus causing larger o
of plate current to flow throuzgh the thyrair
as shown at 188 and (38 in Fig. 5.
eter 160 (Fig. 7) is an additicnal

the axis
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0
=
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particular application. It controls how
A. C. wave is brought down.

in the sense that if there is less rigs
with, then less drop would be needed
a certain plate current value. Ina s
fore the duplicate controls may nos b
and in a simpler circuit one or the ot

be employed alone.

Leaving the lower part of the diagram which
produces the growth current,
of the main coil [§ causes the g%
it reaches the magnetic roller
switch &4, closing the latter d ex
relay 128, which funciions to magnetize th
roller 24 and to start the feed motor 2.
particular circuit here shown the mss
of the feed roller 24 are energi
thyratron tube 72 controlled n
ously deseribed, but with 2 vi
two widely different stages or uniform
of magnetization of the feed roll, as
complete cut-off when the fzed roll
use. A relatively small magnetiz
quate to hold the topmost sheet while the o
coil 16 is being de-energized to parmi
of the other sheets. A substantislly higher de-
gree of magnetization is employed o achy
feed the sheet.

mechanical relays. The thyratvon further
as an energy controlling means, thus e}
ing the need for a power rhecstab with
dissipation of energy to bring the fesd
down to desired energizabion. orenveyr,
incorporate in the same tube circuit s 3
to provide a time delay action before o
the magnetic roller current, which delay is de-
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sired in the manual operation explained laiter.
To suminarize, in the special case whers time
delay de-energization is wanted, in addition to
wo-gtage mmagnetization, the thyratron serves
3 purposes in one, and is trouble-free in
maintenance.

Energization of relay 125 opens contacts 124,
deenergizing velay {22, and permibting contacts
{¢8 to again cloge. This bucks the trigger wave
elevating potentizl of thyratron {i4, and so col-
lapses (either completely or partially) the field
in the main coil {5. The field in the main coil
is collapsed because the trigger wave axis is low-
ered by rectifier supply 148, {48, thus pulling
the A. C. trigger wave down (o the point where
the thyratron does not fire (or fires at desived
minimum) .

Ab the same time relay (23 also closes its. con-
tacts 18% and {84, Contacts 152 initiate the cycle
of the upper thyratron tube {72 with the aid

{66 and 188 of transformer 170.

gh rectifier {88 and po-
1 relay contacts {62 lead-
& and resistors 188, {88,
¢ potential to thyratron
whatever plate current is
requived | the magnetic roller at its
lower stage o
Contecis (84 initiate the operation of a time
arcund tube 184, Tube i54
decay circuib to act as a timer
otation of the feed roller after the
reashed the roller (as indicated by
[ the trip switch 44). The time delay
complished through grid rectification
eans of resistor {96 and eapacitor i188. The
resistor 288 is used to limit grid current.

Beecause of grid rsetification the capacitor ap-
plies a negative potential on the grid of the tube,
and plate current does not How. However, when
the contacts {94 close the charge stored in ca-
pacitor 128 during the grid rectification period
then discharges through the grid cireuit 208, 185,
98, 282, 222, and when the discharge has reached
8 certain point the tube will fre. Tt is this time
reguired for discherge that results in the de-
sired time delay action of the civeuitb.

! ;i 2. velay (82 is energized,
1 288, Contacts 2064 in-

i and L5,
rent through magnetic roller 24

by supplying more p

viously applied through contacts 82 of relay (28

to the grid of thyratron {%2. For this purpose
the adjustment of pobtentiometer 208 is made

higher than that potentiomeier 182, At the
same time the closing of reley contacts 288§ ener-
gizes the feed mobor 38 through switch 2 {9, recti-
fder 21, and vheostat 214,

A3 80 far described the operation would be
wholly automaiic, delivery of one sheet fol-
lowing snother, but in many applications g
manual or psdal control is wanied, and for this
purpose it is merely wecessary to add any con-
venisnt form of manual or pedal switeh 228 in
parallel with the switch 212 previously mentioned,
thie latter t} ned or omitted, and the
switch 230 heing 1y open switeh. Thus
the diagram shows two arrangements in one, for
with autematic operation switch 210 would be

LAY
L@
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closed and there would be no manual or foot
treadle switch, but with switch 210 open it be-
comes necessary for an operstor to close a manual
or foot treadle switch 220 to initiate the opera-
tion. The motor is a shunt motor symbolized at
28, but electrically the terminals 216 represent
the connections to the field of the motor, while
the terminals 218 represent the connections to
the armature of the motor. A shunt motor is
used in order to give a wide range of speed con-~
trol, and also because it can ke started and
stopped more readily than a single phase indue-
tion motor.

‘When the sheet leaves the feed roller 24 the
trip switch 44 opens and relay 126 is de-energized.
This opens contacts 162 and 164, and permits clos-
ing of contacts {24. The opening of contacts {64
cuts off the current flow through tube 194, de-
energizing relay {82, and opening contacts 204
and 206. The opening of contacts 206 stops the
motor, The opening of contacts 204, in conjunc-
tion with the opening of contacts 162 of relay
{26, completely de-energizes the roller after
elapse of a time interval caused by the delay cir-
cuit 184, 186 and i88. The closing of contacts
{24 operates relay 122, thereby opening contacts
128, and so again initiating the growth current in
the main sheet separating coil {6. This causes
the cycle to repeat.

The described circuit is designed for apparatus
in which not only the feed of an entire sheet, but
also the partial feed of a sheet, say only one
foot at a time to g shear press, may be controlled
manually. In such case a single sheet lift is
followed by a whole series of sheet feed move-
ments to the press. For this purnose the feed
roller might be left energized continuously, but
that is not altogether desirable because of waste
of energy, and possible overheating of the feed
roller, Instead the feed roller preferably is ener-
gized only during its feed action, and is then re-
duced in energization to a value sufficient to hold
the sheet up against the roller, although not
enough to feed the sheet, In accordance with the
present circuit, instead of the full energization
taking place strictly in time with the operation
of the feed motor, the time delay circuit 184, 186
prolongs the full energization for a brief interval,
say one-half or one second, to make sure that the
sheet does not break away from the feed roller
because of its own inertia when the roller stops
abruptly.

Thus in a simpler form the circuit of Fig. 7
might provide for continuous fully automatic feed
of sheets, one immediately after the other, with
continuous energization of the feed motor 28 and
the feed roller 24. In slightly more complex form
the feed roller may be de-energized between feed
operations. In still more complex form the feed
motor may be de-energized between feed opera-
tions. In still more comnplex form the feed roller
may be energized with two degrees of magnetiza-
tion, a lesser one for helding but not feeding a
sheet, and a stronger one for feeding the sheet.
In the present circuit there is the still further
refinement of prolonging the full energization or
magnetization of the roller beyond the rotation
of the motor, a feature particularly useful for
partial or incremental sheet feed,

Circuit breaker {18 is used in this ¢ircuit to pro-
tect the thyratron (14, and the main coil, and to
act as a cut-off device if the tube is operated at
maximum leoad for too long a time. The cireuit
breaker includes a. thermal time delay mechanism
to take care of the possibility of a sheet not being
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raised. It will be recalled that the raising of &
sheet is what cuts off the energization of the
main coil 16, and if no sheet is raised to the trip
switch 44 something may be assumed to be wrong,
and instead of letting the main coil be subjected
to full energization indefinitely, it is cut off after,
say four seconds, which is beyond any reasonable
time needed to raise a sheet.

Secondary 116 of transformer §i2 is the fila-
ment heating source for thyratron {14, Trans-
former secondary 222 of transformer 1718 is used
to heat the cathode of tube 184. The plate cir-
cuit of this tube is supplied directly from the
line, rather than from a transformer secondary.
Secondary 224 of transformer 179 is used to heat
the cathode of thyratron 172. Secondary 226 of
transformer {78 is used to supply plate current to
thyratron 172, and consequently to magnetize
the feed roller 24,

The rectifier 2230 across the main coil 16 is used
to give increased life to thyratron 1{4, and in-
cidentally add energy to the main coil 18, The
rectifier 239 is faced in direction opposite to the
rectifier action of the tube, and functions during
the negative plaite cycle or rectifier cycle of the
tube to discharge some of the magnetic energy
of the main coil. It should be kept in mind that
we deal here with a heavily inductive circuit. The
rectifier 230 may be termed a “back rectifier.”

An alternate idea which might be used but is
thought less preferable is the use of a shunt cir-
cuit 232, 238 across the thyratron (14, this being
a series R. C. circuit of very small current value
to just effect the proper commutation. time of the
tube, In either case the idea is to help lessen
the problem caused by tearing of electron surface
material from the cathode of the tube because
of the interrupted or pulse nature of the opera-
tion.

The use of a rectifier 228 has an important ad-
vantage over the use of a shunt circuit and that
is In restoring or making useful some energy
which would otherwise be wasted. This is sym-
bolized in Fig. 5 by the parts 232, 2234, 236 added
to the normal increments (58, 156, 158, the parts
232, 234 and 236 corresponding to the energy
fed back from the main coil. This is apart from
the improvement in commutation. This same
idea has here been employed also in connection
with the feed roller circuit and even in connec-
tion with one of the relay circuits. Specifical-
1y the back rectifier 2388 serves the purpose of
Improving commutation of thyratron {12 and at
the same time adding energy to the circuit. The
back rectifier 240 is used across the motor cir-
cuit to add energy to the circuit. The back
rectifier of tube 194 is indicated at 242 and pro-
vides additional energy in the non-conducting
cyele of tube 194, the additional energy going to
relay 192. In all there are four back rectifiers
used across inductive loads for the same prin-
cible as was explained above, except that in the
case of one of them (rectifier 248) there is no
question of commutation at a cathode, but in all
of them there is some restoration of current
from inductive load.

Resistor 244 is used in the cireuit to connect
the cathode and screen grid to the plate circuit
to aid in grid rectification for the timing circuit.

In the description of the circuit of Fig. 7 1
mentioned the possibility of only partially in-
{;tead of wholly collapsing the field of the main
induction coil 16. This may be explained with
I'gference to Fig. 6 of the drawing, in which it
will be seen that the growth curve or saw-tooth
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wave is much like that shown in Fig. 4, except
that a minimum current value 258 is provided
somewhat above the zero eurrent axis 282, This
is a refinement which may be resoried to when
dealing with sheets which tend to repeatedly ad-~
here together, as, for example, if coated with
a tacky oil film. The partial energization level
259 may be made such as to hold the shests in
slightly fanned or separafed condition, so that
they will not re-adhere each time they descend.
Thus the growth current causes a progressive
fanning of the sheets until the uppermost sheet
reaches the feed roller, at which time the upper-
most sheet i held by the feed roller and the re-
maining sheets are permitted to descend almost
all the way, but not gquite far enough to rest
firmly on one another with the pesszibility of re-
adhering. To accomplish this result it is mere-
ly necessary to so adjust the lowering of the trig-
ger wave of the thyratron {14 (as determined by
the inter-related potentiometer adjustments 142
and 158) as to provide small, uniformly main-
tained increments of plate current instead of
complete cut-off,

To summarize the operation of the circuit of
Fig. 7, thyratron {14 acts as a valve to control the
main sheet lifting coil 18, The transformer sec~
ondary (44 supplies plate current and the trans-
former secondary 132 suprlies g trigger wave o
the grid. The phase of the trigger wave is shifted
by the phase ghifting circuit (32, (24, The
height of the axis of the trige i
mined by adding bias potential sunplied from a
transformer secondary and bridse rectifier and
potentiometer. In the present case there are
two such bhias circuits, one of whish (138, {48,
142) elevates, and the other of which (148, 148,
160) depresses the trigger wavs, the latter haing
effective when the meain coil is not functioning,
and the former heing effective when it is. The
growth of the plate current takes place kecause
the trigger wave axis is raised by discharge of
potential from the decay circuit 152, (54,

Thyratron 112 acts as a valve to control the
magnetization of the feed roller 4. Trans-
former secondary 226 supplies plate current, and
transformer gecondary {65 supplies o trigger wave
to the grid. The phase of the frizger wave i3
shifted by phase shifting means 174, 176, The
height of the axis of the trigger wave iz estab-
lished by bias potential suvplied by transforicer
secondary 188, rectifier 189 and potentiometer
182. This is adjusted to supply the nseded cur-
rent for the sheet holding stage. The magnet-
ization is increased during the sheet feeding
stage by raising the trigger wave 5, this be~
ing done by sending cuirent through resistor
208, the current being supplied by relay 192 con-
trolled by a third thyratron 184. The relay 182
also supplies current o operate the motor 28.

If it be desired to delay the start of the gheet
feeding operation until after ample time for col-
lapse of the main field and the fanned sheets,
such delay is provided by s time delay eircuit
associated with tube 194 and using B. C. cirouit
196, 198. The delay in firing of tube 184 delays
both rotation and full magnebization of the feed
roller.

If it be desired to briefly continue full ener-
gization of the roller after the motor stops, in
crder to compensate for inertia of the moving
sheet, such prolongation is provided by the time
delay or decay circuit 184, 188, {88, If semi-
automatic sheet feed or fractionsl sheet feed is
desired a suitable normally open manusl or
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treadle switch 220 is employed, the switch 210
being opened or eliminated, but for fully auto-~
matic feed of successive sheets the switeh 210
is kept closed.

Three phase electronic circuit

Three phase power supply is available in most
industrial plants, and is preferred hecause it
makes more efficient use of the power available.

A three phase circuit is shown in Fig. 8. The
main power lines are marked Li, L2, and 1.3, with
a neutral return N. The three phases are set
up in Y form, but the entire circuit may equally
well be set up in delta form, without the neu-
tral return, in those areas of the country where
that is the common practice. The circuit also
can he adapted for two phase power supply.

Closing pushbutton 308 energizes contactor
302 which remains on through the interlock cir-
cuit switch 304. The closing of contacts 321, 322,
323 of the contactor 302 connects the three lines
Li, L2 and L3 to the three transformers 324,
326 and 328, respectively, and also energizes the
transformer 3830. The transformers heat the
filaments of the tubes. Contactor 302 sticks by
reason of a circuit from L{ through contacts 306
through normally closed contacts 308 of a relay
310, through the coil of contactor 302, and con-
ductors 312, 314, 316, and thence back to the
neutral N of the line. After the tubes have been
warmed up switch 332 in series with line Ll is
closed, thereby energizing relay 334 by way of
conductors 236 and 338. 'This opens the normal-
ly closed contacts 340 of relay 334, which initi-
ates operation of the three phase eircuit shown
in the upper part of the diagram.

This three phase circuit is similar in operation
to the previously described single phase circuit,
except that there are three circuits, one for each
phase, each of the three circuits being the same
as that previously described, but with a. single
R. C. circuit to control the current growth. The
R. C. circuit which lets the trigger wave rise is
shown at 342 and 344.

Taking phase 2 or the supply from line 1.3 as
typical, the operation is as follows: Secondary
346 of transformer 328 heats the filament of the
thyratron 348. The plate is supplied directly
from the line L3 rather than from a transformer
secondary. Secondary 850 provides the trigger
wave, and its phase is shifted by the circuit of
condenser 352 and resistor 354, The - resistor
356 is used to limit the grid current of the
thyratron 348. The resistor 354 is adjustable to
determine the phase shift. Secondary 358, to-
gether with rectifier 360, supplies the phase ﬁum-
her thrqe portion of the current which provides
the positive D. C. potential to the griq of the
thyratron 348. This positive potential, which is
ac’{justable through potentiometer 362, deter-
mines the extent to which the trizger wave axis
Is raised. This is the maximum rise of the trig-
ger wave, when not pulled down to
point, which may be either complete shut~off
or a residual value for slight sheet separation as
before explained. .

'The Potentiometer 352 which establish
bleys or height to which the trigger wave gii:hi:
rgnsed, works in common for all three tubes. For
hias burposes D. C. is wanted, and with a three
p-h.ase circuit the bhias producing current is ob-
ta,meq from all three phases with three rectifiers
combined. In Pig. 7 g full-wave rectifier circuit
140 was employed, but in g three phase circuit
It is enough to use simple half-wave rectifiers,

initial or rest.
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as shown, because of the overlapping of the three
phases.

Secondary 364 of transformer 328 provides the
negative bias used to lower the trigger wave tc
cut off or reduce the current flowing through
thyratron 348. Here again there are three sec-
ondaries and three rectifiers for the three phases.
The potentiometer 368 confrols the degree to
which the trigger wave is lowered; and.here again
the currents from all three are combined in 2
single potentiometer to obtain D. C. applied to
all three tubes. The bias potential thus obtained
is passed through the combination capacitor 342
and rheostat 344 so that when contacts 348 of
relay 334 open the potential will decay through
this combination 342, 344, and the time factor
of this R. C. circuit determines the rate of growth
of the current in the plate circuit of thyratron
348.

Similar description applies to the thyratron
370 of phase 2 and thyratron 372 of phase {. A
fuse ‘374 ‘is used as a profection in the plate clr-
cuit of thyratron 348, and similar fuses are used
for the other tubes.

In passing it may be mentioned that whils a
common control is used to raise the trigger wave,
and a common control is used to lower the trigger
wave, three independent confrols are used for
the phase shift of the trigger wave ai each tube.
This is shown at 352, 884 for thyratron 34£ and
similar or duplicate controls are shown for thy-
ratrons 378 and 372, respectively. This is desir-
able because each frigger wave must be shifted
in phase relative to the plate wave of its own
tube, and dlso to fire alike, because although
the tubes come within manufacturers’ specifica-
tion limits they may nevertheless have slight
differences in firing potential, and the independ~
ent adjustment here provided mekes it possibie
to bring them into uniform operation.

The combined outputs of the three thyratrons
is a D. C. power supply for the main induction
coil or sheet separating coil 16, ang it is a growth
current because of increasing increments, all as
previously described in connection with Fig. 5,
except that there are increments in three dis-
placed phases which are combined in the common
main coil 16. 'The lower terminal of the coil 16
is connected o the neutral return N, and the
upper terminal has all three cathodes connecsed
to it in common.

The ferrous sheet rises until it veaches the
feed roller and trips the trip switeh $86, shown
at the bottom of the diagram. When trip switch
389 is closed it energizes relay 382, thereby open-
ing contacts 384, and so deenergizing relay 334,
and thus permitting contacts 348 to again close
which provides the negative bias potential neces-
sary to pull the trigger wave down and 50 col-
lapse the main coil field, because when the fuil
negative potential is applied fo the trigger wave
it cuts off triggering of the thyratrons (or re-
duces the oufput to a small residual).

‘Besides elimination of the main field, the other
things accomplished by the trip switch arve to
energize the feed roller and to cause its rotation.
A thyratron tube may be employed fo control
the supply of energy to the feed roller, and prefer-
ably does so in variable increments determined
by shifting a trigger wave, because in that case
the thyratron acts both as a swiich and as a
current controlling means, with no difficulty -of
dirtying of contacts, etc. Three phase energiza~
tion of the roller might he employed by using
three thyratrons, but in the presant circuit the
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apparatus has been simplified by using only &
single phase supply for the feed roller.

The trip switch 38%, by actuating relay 382,
closes contacts 386 and 388. The latter supplies
a trigger wave from transformer secondary 332
to the grid of thyratron 3289, through a phase
shift circuit comprising a resistor 384 and capaci-
tor 386. Series resistor 228 is used to limit the
grid eurrent. The plate of tube 358 is supplied
directly from the line L2, instead of from a
secondary. The secondary 482 of transformer
282, in conjunciion with rectifier 482, provides
a bositive bias potential to raise the trigger wave.
This causes the thyratron to supply current to the
magnetic roller 24, for a partial or reduced en-
vization for merely holding but not feeding
> sheet, The rise of the frigger wave axis
which determines the amount of current flowing
through magnetic roller 24 is controlled by ad-
justing & potentiometer 484. In this apparatus,
as in Fig. 7, the feed roller is operated . in thres
stages, the first being zero ensvgization during
initial lifting of the sheet. The second is the
present partial energiration, sufficient to hold the
sheet hut not feed the sheet. This is applied the
instant the sheet operates the trip switch, and
before the roller rofates. The current flowing
to the magnetic roller is taken from the lines L2
and Li, and is controlled by the thyratron tube
388, while resistors 4908 and 488 complete the
grid eircuit.

With the closing of contacts 825 of rolay 382
a time delay circuit centering on fube #12 is
initiated. This delays action of relsy 41§ to
provide a delay before starting and putting on
the full energization of the roiler, and among
other things, affords time for the sheets, other
than the top sheet, to descend. Here again
grid rectification takes place through resistor
14 and capacitor 41§, while resistor 412 limits
the grid current. The potentiometer & con-
trols to some degree the time of the delay. The
main control is by adjustment of resistor 4i4 as
part of the decay circuit using capacitor £48.
The use of a time delay ecircuit et this point is
a refinement, and in many cases will prove neither
essential nor even desirable.

It may be mentioned that in this circuit the
action of a single relay simultaneously applies
full energization to magnetize the feed roller
and to start the motor which rotates the feed
roller. (In the allernative, it might engage the
cluteh of & continucusly running motor.) The
primary reasson for the time delay is to delay
rotation of the feed roller, but it then is a—lsb
@dvanﬁageous to delay full energization because
it saves power, and avoids any possibility of
tending to feed two sheets forward because of
sticking at the back ends of the sheets if the
sheets have not heen given adeguate time to
descend fully (or to slightly fanned wposition).
In many installations it will be found that full
energization and rotation of the feed roller ecan
he started instantly after the top sheet reaches
me feed roller, but this part of the cireuit is
included in an exzcess of caution, to make delay
available sheuld it be found desirable.

After the timae delay of tube £12 runhs oub it
fAres and relay 418 is energized, closing contacts
432. 'This energizes relay 424 through normally
closgd switch 428, or, if the operation is to he
semi-automatic, through a normally open man-
ual or foot swifich 428, in which case switeh £28 is
to ke assumed left open or omitied

CLE =

7Y

o be > ‘When relay
424 13.S energized, contacts 435 close, and provide
additional bias potential to the grid of thyratron
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390, thereby increasing the plate current through
the magnetic roller 24. The bias is controlled
by a potentiometer 432, and the additions posi~
tive bias shunts or bypasses the . C. eircuit
434, 436, 493,

When relay 424 is energized contacts £38, 849
and 442 also are closed, thersby supplying cur-
rent to the feed mwotor (shown symbaolically at
2B) through rectifiers 444, 445, 243, and rheostal
450. The armature terminals are indicated st
452, and the field terminals ave indicated at 454,
the motor being an crdinary shunt motor, with
advantages previously stated. It receives the
combined rectified current from the thres pha
lines L{, L2 and L3. Rheosiat 48 may be used
to adjust the speed of the motor. The motor
return goes back through conduchors 453 and
315 to the neutral return M.

If a fool switch 488 or other manua
ated switech should be used
fesd, a time delay is preferab
collapsing the magnetic Aeld
roller 24, This prevenis possibl
tha sheet from the rolle
of the sheet when in mot:
is here obtained by the ac
which delays the fall of the tricge:
thyratron &88. The capacitor

S
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ger wave at the tube as ihe charg

through the R. C. cireuit.
When the sheet has been whe

the trip switch 338, relay

and contacts 38§ open, thershy 12 35
timing circuit of tube 412 and
relay contacts 422 then open, i 11}
ocpens the circuit of relay 43 oF 3
contacts 438, 440 and 442, which stops the feed
motor 22. £3% of 40

At the same time contacis

relay 424 reopen, which would parvially de.
energize the magnetic roller were it not at the
same time wholly de-energized becauss confacts
388 are opened when relay 382 is de~energized,
and cut off entirely the flow of current throuio!
the thyratron 880 and the magnetic rolier,

In addition the de-energization of relay &89
permits contacts 884 to re-close, which in turn
energizes relay 334, thereby closing contects LEG
and opening contacts 340. The former initiates
a time delay cut-off or non-shect-1ift safeby
cireuit explained later, and the Iatter re-establish
and initiate growth of current in the main coil {8,

Thus the entire cycle beging anew.

Seme additional refinements and miner de-
tails of the circuit arve next described. One is
the provision of a non-shest-iift so fety means
to cutb off energization of the main coil 18 in the
event that a sheet is not raised within o reason-
able time. In the present case this ig done by
the provision of a time delay cireuit eentering
about the tube 432. It will e recalled that hy
closing the operating switch 232 the relay 334
was energized, which in turn opened the con-
tacts 348 to initiate the srowth current, and at
the same time closed the conizcts A58, The lat-
ter contacts initiate operation of the time delay
cireuit, which in turn lmits the total 4 ne that
the growth current cireuit may remain in its
“on” condition. This may be, say four saconds, g
for if a sheet is not deliversd within some such
maximum reasonable time something may be
assumed to be wrong, and the power 2upply to
the main coil 16 is cut off.

The time delay circuit operates as follows:
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Grid rectification takes place through resistor
452 and capacitor 484, and causes s negative po-
tential to be applied to the grid of tube 489 as a
resuli of the charge built up on capacitor 464.
Grid resistor 458 is used to limit the grid cur-
rent. When contacts 452 of relay 334 close, the
charge decays through resistors 432 and 458, and
when it falls low enough the tube 458 fires, there-
by actuating the relay 3{8 and opening its con-
tacts 368, which shuts off the power to the en-
tire system. This is so because contacts 308
are in the stick oircuit of the main contactor
302, and let the contactor open, which opens con-
tacts 321, 222 and 323, and so onens the main
lines 14, L2 and L3, Resistor 483 is used to tie
the cathode into the plate to aid in grid rectifica-
ticn. During 21l normal operation o sheet is
lifted and reachss the rolier long before the tube
468 fives. The tube fires only if for some reason
8 sheet does not rise to the magnstic roller.

The foregoing description assumed the use of
& foct treadie switch 428 affording semi-auto-
matic and even partial sheet feed, as for example
to fzed & sinsgle sheet intermittsntly through a
shearing press or the like. If & foot treadle is
not employed for partial sheet feed (switch 42§
closer) then the sheets are fed one after another
by reasen of the iact that when the %ail end of
the shest being fed leaves the trip switch 380,
the trip switch opens and so initiates the next
wiole sheet lifting eyele. The growth current or
sheet fanning system provides some delay any-
way, and there iz no need for a speecial time delay
6lsy to insure a delay hetwesn successive sheets.
However, iIf a still longer delay were wanted
such g time delay relay could e employed. The
time delay cireuit here shown for prolonging the
energization of the fesd roller beyond its rota-
tion, namely, the decay cireuit 434, £33, is not
needed when the foob switch is omiited, and
the parts 484, 428 may simply be eliminated,
The identical circuit shown with the parts 434,
433 eliminated would let the full stage energi-
zabion of the feed roller terminate on termina-
tion of rotation.

In this cireuit, as in Mg, 7, it is advantageous
o employ back rectifiers. The back rectifier 478
helps commutation in the thyratrons 348, 310
and 312, prolongs their life, and providss a more
efficient circuit, considering thai it is heavily
inductive. Back rectifier 472 is used across the
relay 310. Rectifier 474 is a back rectifier con-
nected across the relay 418, Rechifier 473 is used
as the back rectifier for thyratron 283 and feed
roller 24, aiding commutation and increasing the
circuit efficiency.

Resistor £76 is used to tie the cathode of tube
£12 to the plate, 2iding in grid rectification.
Transformer secondary 458 is for heating the
cathode of thyratron 3489, secondary 482 is for
heating the cathode of tube 489, and secondary
484 Is for heating the cathode of tubs 412. In
the case of tubes 452 and 412 the secondaries
are connected across the filaments and across
the potentiometers 485 and 429, that is, the fila-
ments, the secondaries and the potentiometers
are all in shunt relation. Polentiometer 888 is
used to increase and to adjush the range of the
time delay caused by the circuit of tube 484, the
primary adjustment being the resistor 263,

To summarize the operation of the circuit of
Fig. g, thyratrons 343, 212 and 372 act ss valves
for controlling the field of the main sheet lifting
coll I8. The lines L1, L2 and L3 supply plate
current, and the three transformer secondaries
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like secondary 358 supply trigger waves to the
grids of the thyratrons. 'The phase of each
trigger wave is shifted relative to its correspond-
ing plate supply by the three phase shifting cir~
cuits like the circuit 352, 354, these being inde-
pendently adjustable to establish & uniform fir-
ing point. The maximum height of the axes of
all three frigger waves is determined by add-
ing positive bias potential supplied by three
transformer secondaries like secondary 288 and
associated thres rectifiers like rectifier 389, the
combined rectified currents being passed throush
o, single potentiometer 382 which affords ad~
justment of the height. The trigger wave may
be depressed by the addition of negative bias po-
tential supplied by three transiormer second-
aries like the secondary 354 and three rectifiers
like its associated rectifier 388. The combined
rectified currents are combined in a single po-

tentiometer 388 which aiso serves to adjust the ¢

drop. The desired growth of the current sup-
plied to the main coil {8 is obiained by the use
of a decay circuit 342, 344 which veduces the
negative bias taken from potentiometer 358.
The thyratron $%9 acts as a valve for control-
ling the magnetization of the feed roller 24. Plate
current is supplied directly from the line, and
a transformer secondary 392 supplies a trigger
wave to the grid. The phase of the trigger wave

is shifted by phase shifting means 384, 386. The 3

height of the axis of the trigger wave to supply
the needed current for the sheet holding stage is
established by bias potential supplied by a trans-
former secondary 428, rectifier 482, and potenti-
ometer 404, The magnetization is then increased
during the sheet feeding stage by raising the trig-
ger wave axis, this being done by sending current
through bias potentiometer 432. The current to
operate the motor 8 is taken directly from lines
Li, 12 and L8 with s neutral refurn N, the three
currents being rectified and combined when using
g series motor as here shown. The supply of
current to the motor is put on or cut off by a
relay 424.

If it be desired to delay the stari of the sheet
feed operation until after time for collapse of
the main field and the fanned sheets, such delay
is provided by an adjustable time delay circuit
centering about the tube 412, If semi-automatic
sheet feed or fractional sheet feed is desired a
suitable manual or treadle switch 428 is em-
ployed, the switch 428§ being opened, but for fully
automatic feed of successive sheets the switch
428 is closed. If with fractional sheet feed it
bhe desired to briefly continue full energization
of the roller after the motor stops in order
to compensaie for the inertia of the moving sheet,
such prolengation may be provided by the decay
circuits £34, 430, 408.

General

There may be difficulty in separating the sheets
due to oil film adhesion. Even when the appa-
ratus is used indoors it often receives a stack
of shests fresh from outdoors storage, and be-
cause of the cold temperature in winter, and
the long time which it would take for the sheets
to acquire room temperature, the sheets stick
very tieghtly because the oil film is congealed.
A first improvement is to not let the growth cur-
rent come down to zerc. Instead the minimum
current (as shown in Fig. 8) keeps at least some
slight separation of the sheets, and this pre-
vents them from again adhering and avoeids the
need to completely break the seal each time. An-
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other step found useful in a serious case is to
limit the height of the stack to only a few ineclhies
so that the separation of the sheets is a max-
imum during each éycle. Still another step is
the retention of a residuary stack beneath the
stack being fed.

It is believed that the construction and oper-
ation, as well as the advantages of my improved
apparatus for separating and feeding sheets, will
e apparent from the foregoing detailed deserip-
tion thereof. Although single phase power is used
for the feed roller, three phase power may be
used. The advantage of the single phase circuit
shown is economy in construction and appa-~
ratus, with some sacrifice in electrical efficiency.
On the other hand, by accepting a greater ap-
paratus cost for a three phase thyratron supply
to the feed roller, one may gain slightly better
electrical efficiency. This is merely a matter of
engineering judgment for any one particular in-
stallation. In general the feed rolier uses much
less power than the main induction coil, which
explains why in the present case a three phase
supply is used for the main induction coil, while
using only a single phase supply for the feed
roller. Incidentally, there is arguably some ad-
vantage in single phase supply for the feed roller
because it may supply a degres of slight pulsa-
tion and vibration of the sheet, which may facili-
tate sheet separation at the lower rear end of
the sheet, despite adhesive oil film.

The circuits of Figs. 7 and 8 are almost fully
electronic in that even for time delay a tube
and circuit are employed. An electronic timie
delay relay is more trouble-free than an electro-
mechanical time delay relay, but the latter may be
used. There is no imporiant change, for now-
adays one can buy & complete electronic time
delay relay assembly, just as one can buy an
electro-mechanical time delay relay, to use in a
circuit at a desired point.

The sheets may be fed one after another auto-
matically with or without time delay therebe-
tween. The sheets may also be fed semi-auto-
matically, requiring & manual or pedal switch
operation, and the sheets may be fed incremen-
tally as when working with a shear press or the
like. The feed roll may he energized continu-
ously or may be deenergized when not in use,
and if desired, may be energized in two differ-
ent stages, one for holding and one for feeding.
The feed motor may be operated continuously
of only when in use. When feeding sheets in-
crementally the full energization of the feed roller
may be prolonged slightly beyond the operation
of the motor to overcome inertia of the moving
sheet. Safety means may be provided to guard
against prolonged energization of the main coil
in the event that no sheet is lifted within a
reasonably short time. Back rectifiers may he
provided to increase the efficiency of the circuit.
Re-adhesion of oil film coated sheets may be
prevented by maintaining a small holding current
through the main coil instead of cutting off the
current entirely. Many of these features are,
of course, optional.

It will be understood that to obtain the bene-
fit of the growth current idea it is not at all
essential to simultaneously employ the large eoil
surrounding the stack, which invention consti-
tutes the subject matter of my aforesaid co-
pending application Serial No. 129,662, filed
Novernber 26, 1948, of which the present applica-
tion is a continuation-in-part. In other words,
while I have shown my invention applied to a
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main coil which entirely surrounds the stack of
sheets, the growth current idea is equally well
applicable to numerous other possible forms of
magnet employed to magnetize the sheets and to
thereby cause them to mutually repel.

It will also be understood that while I have
shown the sheets disposed and fed horizontally,
the sheets and the surrounding apparatus may be
oriented differently. For example, the sheets may
be stacked in nearly upright position and re-
pelled at their upper edges, the sheets then turn-
ing away from the group about their lower edges
until they engage feed means.

It will therefore be apparent that while I have
shown and described the invention in several pre-
ferred forms, changes may be made in the struc-
tures disclosed without departing from the scope
of the invention as sought to be defined in the
following claims. In many claims the reference
to a top sheet and the raising of a top sheet to a
holding means above the stack, etec. is to be
understood primarily in a relative sense, because
the sheets need not necessarily be initially
stacked in horizontal position.

I claim:

1. The method of separating the end ferro-
magnetic gsheet from a group of ferromagnetic
sheets by magnetic repulsion between sheets,
which includes passing o very feeble magnetic
field through the entire group of sheets and
relatively gradually increasing the strength of
the magnetic field passing through the entire
group of sheets as a function of time until the
end sheet has heen moved away a desired dis-
tance.

2. The method of separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets by magnetic repulsion between sheets,
which includes passing a very feeble magnetic
field through the stack of sheets and relatively
gradually increasing the strength of the magnetic
field as a function of time until the top sheet
has been raised to a desired height, holding the
top sheet, then cutting off the magnetic field to
permit the remaining sheets to fall, and then
removing the held top sheet.

3. Apparatus for separating the end ferro-
magnetic sheet from a group of ferromagnetic
sheets by magnetic repulsion between sheets, said
apparatus including an electromagnet so posi.
tioned as to pass a magnetic field through the
entire group of sheets, a source of current to
energize the electromagnet, and means for rela-
tively gradually increasing the strength of the
current in order to increase the strength of the
magnetic field passing through the entire group
of sheets as a function of time until the end
sheet has been moved away a desired distance.

4. Apparatus for separating the top ferromag-
netic sheet from a stack of ferromagnetic sheets
by magnetic repulsion between sheets, said ap-
paratus including an electromagnet so positioned
as to pass a magnetic field through the stack of
sheets, a source of current for energizing said
electromagnet, a sheet holding means disposed
above the stack, means to relatively gradually in~
crease the strength of the current and conse-
quently the strength of the magnetic ficld as a
function of time until the top sheet has been
raised to the sheet holding means, means to
sharply reduce the magnetic field to permit
sheets other than the top sheet to descend, and
means to cause feeding of the held top sheet
away from the stack.

5. Apparatus for separating. the top  ferro-
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magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including an electromac-
net so positioned as to pass a magnetic field
through the stack of sheets, a source of current
to energize the electromagnet, and means for
relatively gradually increasing the strength of
the current in order to increase the strength of
the magnetic field as a function of time until
the top sheet has been raised to a desired height,
said electromagnet comprising a coil extending
entirely around the stack with the axis of the coil
extending generally in the direction of the plane
of the sheets.

6. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including an electromag-
net so positioned as to pass a magnetic field
through the stack of sheets, a source of current
for energizing said electromagnet, a sheet hold-
ing means disposed above the stack, means to
relatively gradually increase the strength of the
current and consequently the strength of the
magnetic field as a function of time until the top
sheet has been raised to the sheet holding
means, means to sharply reduce the magnetic
field to a small amount which permits sheets
other than the top sheet to descend but which
is adequate to keep the next sheets slightly sepa-
rated to prevent re-adhesion, and means to cause
feeding of the held top sheet away from the
stack.

7. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said arparatus including an eleciromag-
net so positioned as to pass a magnetic field
through the stack of sheets, a source of eurrent
to energize the electromagnet, a thyratron to
control the flow of current to the electromagnet,
and means to apply a trigger wave to the grid of
the thyratron in shifting bias or phase relation
S0 as to supply gradually increasing increments
of plate current to the magnet in order to in-
crease the strength of the magnetic field as a
function of time until the top sheet has been
raised to desired height.

8. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including an electromag-
net so positioned as to pass a magnetic field
through the stack of sheets, a source of current
to energize the electromagnet, a sheet holding
means disposed above the stack, a thyratron to
control the flow of current to the eleciromagnet,
means to apply a trigger wave to the grid of the
thyratron in shifting bias or phase relation so as
to supply graduslly increasing increments of
plate current to the magnet in order to increase
the strength of the magnetic field as a function
of time until the top sheet has been raised to the
shest holding means, means to abruptly shift the
trigger wave to sharply reduce the magnetic field
to permit sheets other than the top sheet to
descend, and means to cause feeding of the held
top sheet away from the stack.

9. Apparatus for separating the top ferromag-
netic sheet from a stack of ferromagnetic sheets,
said apparatus including an electromagnet so
positioned as to pass a magnetic field through
the stack of sheels, a source of current to ener-
gize -the electromagnet, a sheet holding means
aisposed above the stack, a thyratron to con-
trol the flow of current to the electromagnet,
means to apply a trigger wave to the grid of the
thyratron in shifting bias or phase relation so
as to supply gradually increasing increments of
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plate current to the magnet in order to increase
the strength of the magnetic field as a function
of time until the top sheet has been raised to the
sheet holding means, means to abruptly shift
the trigger wave to sharply reduce the magnetic
field to a small amount which permits sheets
other than the top sheet to descend but which
is adequate to keep the next sheet slightly sep-
arated to prevent re-adhesion, and means fo
cause feeding of the held top sheet away from the
stack.

10. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including a main electro-
magnet so positioned as to pass a magnetic field
through the stack of shests, a source of current
for energizing said electromagnet, means to rela-
tively gradually increase the strength of the
currrent and consequently the strength of the
magnetic field as a function of time until the
top sheet has heen raised to the sheet holding
means, an electromagnetic sheet feed roller dis-
posed above the stack, means fo sharply reduce
the main magnetic field to permit sheets other
than the top sheet to descend, a thyratron for
controlling the supply of current from the source
to the roller, means to supply a trigger wave to
fire the thyratron in order to supply increments
of current to the roller, and means to shift the
trigger wave to different bias or phase positions.

11. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including a main electro-
magnet so positioned as to pass a magnetic field
through the stack of sheets, a source of current
for energizing said electromagnetic, means to
relatively gradually increase the strength of the
current and consequently the strength of the
magnetic fleld as a function of time until the
top sheet has been raised to the sheet holding
means, an electromagnetic sheet feed roller dis-
posed above the stack, means to sharply reduce
the main magnetic field to permit sheets other
than the top sheet to descend, a thyratron for
controlling the supply of current from the source
to the roller, means to supply a trigger wave to
fire the thyratron in order to supply increments
of eurrent to the roller, and means to shift the
trigger wave to three different bias or phase
positions corresponding to complete cut-off, a
holding current sufficient to hold the top sheet
but inadequate to feed the sheef, and a feed
current sufficient to grip the sheet tightly for
feeding the same.

12. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including a main electro-
magnet so positioned as to pass a magnetic field
through the stack of sheets, a source of current
to energize the electromagnet, an electromag-
netic sheet feed roller disposed above the stack,
a first thyratron to control the fow of current
to the electromagnet, means to apply a trigger
wave to the grid of the thyratron in shifting bias
or phase relation so as to supply gradually in-
creasing increments of plate current to the mag-
net in order to increase the strength of the mag-
netic field as a function of time until the top
sheet has been raised to the roller, means to
abruptly shift the trigger wave to sharply reduce
the magnetic fleld to permit sheets other than
the top sheet to descend, a second thyratron for
controlling the supply of current from the source
o the roller, means to supply a trigger wave to
fire the thyratron to supply increments of cur-
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rent to the roller, and means to shift the trigger
wave to different bias or phase positions in
properly timed relation to the operation of the
main magnet.

13. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including a main electro-
magnet so positioned as to pass a magnetic field
through the stack of sheets, a source of current
to energize the electromagnet, an electiromag-
netic sheet feed roller disposed above the stack,
a first thyratron to control the flow of current
to the electromagnet, means to apply a trigger
wave to the grid of the first thyratron in shift-
ing bias or phase relation so as to supply gradual-
1y increasing increments of plate current to the
magnet in order to increase the strength of the
magnetic field as o function of time until the
top sheet has been raised to the roller, means
to abruptly shift the trigger wave to sharply
reduce the magnetic field to permit sheets other
than the top sheet to descend, a second thyra-
tron for countrolling the supply of current from
the source to the roller, means to supply a trig-
ger wave to fire the second thyratron to supply
increments of current to the roller, and means
to shift the trigger wave to three different bias
or phase positions corresponding to complete
cut-off, o holding current sufficient to hold the
top sheet but inadequate to feed the sheet, and
a feed current suficient to grip the sheet tightly
for feeding the same.

14, Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including an electromag-
net so positioned as to pass a magnetic field
through the stack of sheets, o three-phase
source of current to energize the electromag-
net, three thyratrons to control the flow of cur-
rent to the electromagnet from the three phases
respectively, means to apply trigger waves ©o
the grids of the thyratrons so as to supply in-
crements of plate current to the magnet, and a
single means to simultaneously shift the three
trigger waves in order to supply gradually in-
creasing increments in order to increase the
strength of the magnetic field as a function of
time until the top sheet has been raised to
desired height.

15. Apparatus for separating the top ferro-
magnetic sheet from a stack of ferromagnetic
sheets, said apparatus including an electromag-
net so positioned as to pass a magnetic fleld
through the stack of sheets, a source of current
to energize the electromagnet, means for rela-~
tively gradually increasing the strength of the
current in order to increase the strength of the
magnetic field as a function of time until the
top sheet has been raised to a desired height,
and time delay relay means to cut off the sup-
ply of current to the electromagnet if a sheet is
not raised in response to energization of the
magnet.

16. Apparatus for separating the top ferromag-
netic sheet from a stack of ferromagnetic sheets,
gaid apparatus including an electroimagnet so po-
sitioned as to pass a meaguetic field through the
stack of sheets, a source of current for ensrgizing
said eclectromagnei, a sheet hclding means dis
posed above the stack, means to relatively grad-
ually increase the strength of the current snd
consequently the strength of the magnetic field
as a function of time until the top sheet has been
raised to the shest holding means, means o
sharply reduce the magnetic field to permit shests
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other than the fop sheet to descend, means to
cause feeding of the held tcp sheet away from
the stack, and a time delay relay to delay feed-
ing of the top sheet until after the other sheets
have had time to descend.

17. Apparatus for separating and successively
feeding ferromagnetic sheets from a stack of
sheets, said apparatus comprising a support for
ihe stack of sheets, an induction coil extending
entirely arcund the stack of sheets, with the axis
of the coil extending generally in the direction of
the plane of the sheets and generally perpendicu-
lar to the desired direction of separation of the
sheets, means {0 energize the coil in order to raise
and separate the uppermost sheets of the stack,
and feed means to recelve and feed the upper-
most sheet away from ths coil and stack, said
means to energize the induction coil including
current varying circuit elements arranged and
operated to energize the induction coil with a
current of relatively gradually increasing magni-
tude in order to help insure the separation of
the topmost shest from the immediately sub-
jacent sheet.

18. Apparatus for separating and successively
feeding ferromagnetic sheets from a stack of
sheets, said apparatus comprising a suppert for
the stack of sheets, an induction coil extending
entirely around ths stack of sheets, & sheet feed-

ing means disposed near the leading end of the 2

stack, drive means for intermittently driving the
feed means, means to energize the induction coil
in order to raise and separate the uppermost
sheet of the stack and to bring it to the fesd
means, and appropriate switch means for the in-
duction coil interlocked with the drive means
whereby the induction coil is energized while the
feed means is inoperative and is de-energized
while the feed means is operative, said eircuit ele-
ments energize the induction coil including cur-
rent varying circuit elements arranged and
operated (o energize the induction eoil with =
current of relatively gradually increasing magni-
tude in order to help insure the sevaration of the
topmoest shest from the immediately subjacent
sheet.

19. Apparatus for separating and successively
feeding ferromagnetic sheets from a stack of
sheets, said apparatus comprising a support for
the stack of sheets, a main induction winding ex-

tending entirely around the stack of sheets, a

magnetic reller having a magnetizing coil, inter-
mittently operable drive means for intermittently
rotating the roller, means to energize the main
induetion winding in order to raise and separate
the uppermost sheet of the stack and to bring it
to the roller, means for supplying current to said
coil, means to energize the roller coil to only a
limited extent sufficient to hold the uppermost
sheet when the feed roller is not rotating, means
to more strongly energize the coil in order to
feed the sheet without appreciable sliopage when
the roller iz rotated, and approprizte switch
means to energize the main induction winding
when the feed roller is stationary, and to de-en-
ergize the main induction winding when the feed
roller is rotating, said means to energize the main
induction winding including current varying cir-
cuit elements arranged and operated to energize
the main induction winding by a current of rela-
tively gracdually inereasing magnitude in order
to help insure the separation of the topmost sheet
from the immediately subjacent sheet.

20. Apparatus for separating and successively
feeding ferromagnetic sheets from an upright
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stack of generally horizontal shests, said appara-
tus comprising a supvort for the stack of sheets,
an induction coll disposed in an upright plane and
having each of its windings extending entirely
around the stack of sheets, with the top of the
coil higher than the top of the stack o provide
substantial clearance therebetween, and with the
axis of the coil extending generally horizontally
in the direction in which the shsets are {o he
Ted, means to energize the eoil in crder to raise
and separate the uppermost sheets of the stack,
said means including current varying eircuit ele-
ments arranged to supply the induction coil with
& current of relatively sradually incressing in-
tensity in order to help insure the separation of
the topmost sheet from the immedis ely sub-
jacent sheet, and feed means to receive the upper-
most sheet when raised and to feaed it in g gen-
erally horizontal direction away from the 3011
and stack.

21. Apparatus for separating and succeassively
Teeding ferromagnetic sheets from an uprigh
stack of generally horizontal sheets, szid appara-
tus comprising a support for the stack of shesats,
an induction coil disposed in an upright piane and
having each of its windings extending entirely
around the stack of sheets, with the top of tha
coil higher than the top of the stack o provide
substantial clearance therehetween, and with the
exis of the coil extending generally hovizountally
in the direction in which the sheeis are t0 be fed,
means to energize the coil in order o raise and
separate the uppermost sheets of the stack, said
means including current varying cireuit elements
arranged to supply the induction coil with a cup-
rent of relatively gradually inereasing intensity
in order to help insure the separation of the top-
most sheet from the Immediately subjacent sheet,
and a magnetic feed roller having s horizontal
axis extending across the direction of feed and
disposed at a point highsr than the stack bub
lower than the top of the induction £oil, said
magnetic feed roller serving to receive the upper-
most sheet when raised and to feed i
erally horizontal direction away from the coil and
stack.

22. Apparatus for separating and successively
feeding ferromagnetic shests from a shtack of
sheets, said apparatus comprising a sunport for
the stack of sheets, an induction coil extending
entirely around the stack of sheets, with the axiz
of the coil extending generally in the direstion
of the plane of the sheets and generally perpen-
dicular to the desired direction of separation of
the sheets, means to energize the coil in order to
raise and separate the uppermost sheets of the
stack, and feed means to recsive ang feed the up-
permost sheet away from the zoil ang stack, said
means to energize the induction coil including a
variable impedance driven by a motor nd a one-
revolution clutch, whereby the induction coil is
energized by a current of gradually increasing in-
tensity in order to help insure the separation of
the topmost sheet from tha immediately sub-
jacent sheet.

23. Apparatus for separating and successively
feeding ferromagnetic sheets from a stack of
sheets, said apparatus comprising a support for
the stack of sheets, an induction coil exbfending
entirely around the stack of sheets, a sheet feed-
ing means disposed near the leading end of the
stack, drive means for intermittently driving the
feed means, means to energize the induction coil
in order to raise and separate the uppermost
sheet of the stack and to bring it to the feed
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means, and appropriate switch means for the
induction coil interlocked with the drive means
whereby the induction coil is energized while the
feed means is inoperative and is de-energized
while the feed means is operative, said means to
energize the induction coil including a variable
impedance driven by a motor and a one-revolu-
tion clutch, whereby the induction coil is ener-
gized by a current of gradually increasing inten-
sity in order to help insure the separation of the
topmost sheet from the immediately subjacent
sheet.

24. Apparatus for separating and successively
feeding ferromagnetic sheets from a stack of
sheets, said apparatus comprising a support for
the stack of sheets, a main induction winding ex-
tending entirely around the stack of sheets, a
magnetic roller having a magnetizing coil, inter-
mittently operable drive means for intermittent-
1y rotating the roller, means to energize the main
induction winding in order to raise and separate
the uppermost sheet of the stack and to bring it
to the roller, means for supplying current to said
coil, means to energize the coil to only a limited
extent sufficient to hold the uppermost sheet
when the feed roller is not rotating, means to
more strongly energize the coil in order to feed
the sheet without appreciable slippage when the
roller is rotated, and appropriate switeh means
to energize the main induction winding when the
feed roller is stationary, and to de-energize the
main induction winding when the feed roller is
rotating, said means to energize the main induc-~
tion winding including a variable impedance
driven by a motor and a one-revolution clutch,
whereby the main induction winding is energized
by a current of gradually increasing intensity in
order to help insure the separation cf the top-
most sheet from the immediately subjacent sheet.

25. Apparatus for separating ferromagnetic
sheets from a stack of such sheets, said apparatus
comprising a support for the stack of sheets, an
induction coil extending entirely around the stack
of sheets, with the axis of the coil extending gen-
erally in the direction of the plane of the sheets
and generally perpendicular to the desired direc-
tion of separation of the sheets, a source of power
to energize the coil in order to raise and separate
the uppermost sheets of the stack, and current
varying circuit elements between said source and
said coil arranged and operated each time a sheet
is to be separated to energize the induction coil
with a current of relatively gradually increasing
magnitude in order to help insure the separation
of the topmost sheet from the immediately sub-
jacent sheet.

26. Apparatus for separating ferromagnetic
sheets from a stack of such sheets, said apparatus
comprising a support for the stack of sheets, an
induction coil disposed with the axis of the coil
extending generally in the direction of the plane
of the sheets and generally perpendicular to the
desired direction of separation of the sheets, said
coil being so large in diametral dimension that

the sheets may be moved through the induction €5

coil in the direction of the axis of the coil, and
said coil being disposed so close to the stack that
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the fleld of the coil runs through the stack, with
the stack acting as a core for the field and coil,
a source of power to energize the coil in order to
raise and separate the uppermost sheets of the
stack, said current varying circuit elements be-
tween said source and said coil arranged and op-
erated each time a sheet is to be separated to
energize the induction coil with a current of rela-
tively gradually increasing magnitude in order to
help insure the separation of the topmost sheet
from the immediately subjacent sheet.

27. Apparatus for separating ferromagnetic
sheets for removal from an upright stack of gen-
erally horizontal sheets, said apparatus compris~
ing a support for the stack of sheets, an induction
coil disposed in an upright plane and having each
of its windings extending entirely around the
stack of sheets, with the top of the coil higher
than the top of the stack to provide substantial
clearance therebetween, and with the axis of the
coil exending generally horizontally in the direc-
tion in which the sheets are to be removed and
generally perpendicular to the desired direction
of separation of the sheets, a source of power to
energize the coil in order to raise and separate
the uppermost sheets of the stack, and current
varying circuit elements between said source and
said coil arranged and operated each time a sheet
is to be separated to energize the induction coil
with a current of relatively gradually increasing
magnitude in order to help insure the separation
of the topmost sheet from the immediately sub-
jacent sheet.

28. Apparatus for separating ferromagnetic

5 sheets for removal from an upright stack of gen-

erally horizontal sheets, said apparatus compris-
ing a support for the stack of sheets, an induction
coil disposed in an upright plane with the top
of the coil higher than the top of the stack fo
provide substantial difference in elevation there-
between, and with the axis of the coil extending
generally horizontally in the direction in which
the sheets are to be removed, said coil being so
large in diametral dimension that the sheets may
ke moved through the coil in the direction of the
axis of the coil, and said coil being disposed so
close to the stack that the field of the coil runs
through the stack, with the stack acting as a
core for the field and the coil, a source of power
to energize the coil in order to raise and separate
the uppermost sheets of the stack, said current
varying circuit elements between said source and
said coil arranged and operated each time a sheet
is to be separated to energize the induction coil
with a current of relatively gradually increasing
magnitude in order to help insure the separation
of the topmost sheet from the immediately sub-
jacent sheet.
ALEXANDER FOWLER.
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