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UNITED STATES PATENT OFFICE 
2,661,208 

FEED ING OF AGNETC SHEET WATERA, 

Alexander Fowler, Brooklyn, N. Y., assignor to 
Hercules Electric & Mfg. Co., Inc., Brooklyn, 
N.Y., a corporation of New York 
Application May 16, 1951, Serial No. 226,656 

(C. 2-8) 28 Clains. 

This invention relates to the feeding of sheet, 
material, and more particularly to the automatic 
Separation aid feeding of single siheets in suc 
CeSSion from a Stack of ferromagnetic sheets. 
The primary object of the present invention 

is to generally improve ragnetic sheet separation 
and feeding apparatus. A more particular ob 
ject, is to produce a, Wi?ie separation of the sheets 
magnetically. 
A further object of the invention is to guard 

against the possibility of more than one sheet 
adhering to the feed roller. In aggordance with 
ny invention this object of insuring the feeding 
Of only a Single sheet at a tine may be fulfilled 
by energizing the main induction coil with a 
slowly growing current (or one tooth of a low 
Speed saw-tooth wave). In such case the top 

OSt. 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 nost sheet reaches the 
feed roller the energization of the main induc. 
tion coil is teriiniinated, and the topmost sheet is 
promptly fed from the stack. 
A further object of the present invention is 

to eliminate the need for an elevator table by 
affording SO Substaintial a lift of the topmost sheet, 
as to accomraodate the reduced height of the 
Stack as it is consumed. 

Still another object of the present invention 
is to provide electronic circuits and apparatus for 
Supplying the desired Saw-tooth or growth cur 
rent for energization of the magnetic field. The 
term 'gi'OWith current' is inore apt than “saw 
tooth current' because for the present purpose 
the irportant 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 a Single phase power Supply, aid on a three 
phase power Supply. 

In many cases the sheets of the Stack end 
to adhere tightly because. Of al. Oil film thereose. 
tween. This is particularly true in winter, for 
although the Separating means may be located 
in a building, the sheets are snore usually stored 
Outdo-CIS or ii. an unheated Storage. Shed from 
which they are brought to the S9parating means 
without a long Warra-lup period in Which they 
might gradually acquire the building tempera 
ture. Further objects of the present invention 
are to provide apparatus which will help over. 
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corne 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 to a, shear 
ing preSS, LEtil the entire sheet is consulined, be 
fore Starting the Separation and feed of a Second 
Sheet, aid a further feature and object of the. 
present invention is to provide means for this 

CS.e. 
To accomplish the foregoing general objects, 

aid. Other incre particular objects which Willi 
hereinafter appear, Ely, invention, resides in the 
sheet Separatiig and feeding elements, and their 
rela, iOil. One to 2:05:18, as ate hereinaftei raore 
particularly described in the following Specifica. 
tion. The Specification is accompanied by gira W. 
ings in With: 

Fig. 1 is a pia, View of sheet, Separating and 
feeding appalat is eEOdying features of my in 
wention; 

Fig. 2 is a Section taken in elevation appi'OXi. 
nately in the plate of the line 3-2 of Fig. 1; 
Fig. 3 is a Schematic Wiring diagran eXplaina 

toy of One form of ny invention; 
Fig. 4. is eXplanatory of a current growth curve 

or SaW-tootin Wave uSed in my invention; 
Fig. 5 is expialinatory of the operation of a 

modified electionic apparatUS shown in Fig. 7; 
Fig. 6 is a current growth curve generally Simi 

lar to that SiOWi. ii. Sig. 4 out explanatory of a 
Irodification; 

Fig. 7 is a Schei.atic Wiring diagran for ai. 
electronic forY if Ely apparatus energized from 
a Single phase power Supply; and 

Fig. 8 is a Scheiatic Wiring diagram of eiec 
tronic apparatus energized frona, 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 November 26, 1949, and some 
of the foregoing objects, as well as the Subject 
matter of Figs. through 4 hereinafter described, 
have been taken from that application, While - 
the additional Subject natter is new in the pres 
ent application. 

Referring to the diaWing, and more particul 
larly to FigS. and 2, the apparatuS comprises a 
bed or table 2 for supporting a stack of sheets 
4, and an induction coil 6 which extends en 

tirely around the Stack 4 and the table 32, 
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 uppermost sheet, 22 
through the coil 6 and away from the Stack 
$4. The feed means 20 preferably includes an 
electro-magnetic roller 24 capable of feeding 
sheet 22 with the latter disposed beneath the 
roiler. The roller is preferably intermittently 
driven, as by means of a magnetic clutch 28 dis 
posed between the roller and a constantly rotat 
ing motor 28. The latter may rotate one or iao'e 
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 36, Which are 
preferably made of non-magnetic material. The 
table 2, on the other hand, may be made of fer 
rous or magnetic material in order to repei 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. i.) and 
brushes 48 which supply magnetizing current to 
the coils 42 of the feed roller 28. Also the fealer 
A4 (Fig. 2) controlling Switch contacts is 6. When 
the topmost, sheet 22 reaches the feed roller 28 
the feeler is moved from a lower down-position 
to the position 44 shown, thus closing the nor 
mally open contacts 46. It will be understood 
that the showing in Fig. 2 is merely Scheinatic, 
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-energization of the 
main induction coil until the trailing edge of a 
preceding sheet has safely left the magnetic feed 
roller 23. This avoids any possibility of the next 
top sheet being caused to fly upward preinaturely, 
in which case the forward portion of Said sheet 
may strike the bottom of the trailing polition of 
the preceding sheet, thus holding it back both 
physically and magnetically, or, in the alterina 
tive, causing the second sheet to be prematurely 
pulled forward by the first sheet. This result 
may be accomplished by using a time delay relay, 
or by using a second feeler, and the latter air 
rangement, is schematically shown in fig. 2 in 
which it will be seen that a second feeler A3 is 
provided outside the stack, said feeler Serving to 
close contacts 50 when engaged by a sheet 2 
passing through feed rollers 25. This is de 
scribed further as an incident to the description 
of Fig. 3 which follows. 

Motor-driven groupth cure circuit 
Referring now to Sig. 3, the main feature of 

this arrangement is that the induction coil 3 is 
energized by a gradually increasing current 
which staits at Zero and rises to a desired value. 
Thus the current (hay follow an intermittent 
saw-tooth Wave such as that illustrated in Fig. 4. 
In Fig. 4 it will be seen that the current rises 
from the point 53 to a maximum at 56, whereupon 
it is cut off and remains off uintil the point 38. 
he interval between points 56 and 58 coice 

sponds to the time during which the sheet, is fed 
away from the stagk by the feed roller. When the 
main inducticin coil its is re-energizati aginning 
at point, 53 the clerent again increases to a tinaxi 
num as indicated at 63 and is again cut off. 

If the induction coil is energized in this man 
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4. 
ner the topmost sheet tends to be raised from 
the next Subjacent sheet, before the latter is 
raised at all, whereupon both rise before the 
third sileet, rises, so that the fanning Out Ol' 
divergence or separation of the sheets is main 
tained as the induction coil is further energized. 
In any event the topmost sheet alone eaches 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 
die-energizing the induction coil Wien 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 S3W-tooth current 
to the induction coil, but Inay be simplified in 
Other respects as by eliiin2iting the electrically 
Operated clutch for the feed roiler shown in Fig. 1. 

Referring to Fig. 3, a main power Switch 62 is 
closed to Supply power from an ordinary source 
indicated by lines and 2. his supplies power 
through conductors 38 and to feed roller 24, 
the return being through coductors 4 and 6 to 
ine 2. The power Supply to the induction coil 8 
is Varied by Yaeans of a, Suitable waiiabie in 
pedailce 89. If the power Supply is alternating 
Current this may be either a conventional 
'Variac’ or a rheostat. “Waria 3’ is a trade name 
of the General Radio Conpany for a vari 
able voltage transioner (disclosed in Patent 
#2,039,013). It is a device which increases or 
decre3SeS voltage by inaechanical rotation of a 
contact engaging the Windings of a transformer. 
If the power Supply is direct current the variable 
isinged 2,109 Would, of course, be a rheostat. The 
2OWe' Stiggiy to the Wariac 3) is from line 
through conductor's 68, ii) and 32, the return 
being through conductors 88, 4, and 75, and 
back to line 2. 
The Wariac i is driven through a one-revolu 

tion clutch 85 and reduction gearing 37 by means 
of a motor 38 energized from the power line 
through conductors 2) and 32. One-revolution 
clutch 87 is electrically operated, and is initially 
engaged because of a Supply of power from line 
through conductor 99, normally closed contacts 
96 of relay 93, and a conductor (39. The return 
is through a conductor (2 to line 2. The result 
ing rotation of the Wariac causes a growth in out 
put current from Zero until the one-revolution 
clutch disengages. The power available in this 
Way for the rnain induction coil if could grow 
to a value greater than needed to raise the first 
sheet into engagement with the feed roller, but 
the power Supply is interrupted by suitable 
means as Soon as the sheet reaches the feed 
roller. The mechanical rotation of the Variac is 
continued under (ii'ive of motor 3S, and is ter 
rainated after One revolution by the operation of 
the One-revolution clutch, thus preparing the ap 
paratus for the Separation and delivery of the 
inext sheet. 
In the near time the growing current is Slip 

plied from the Wariac through conductor 4, 
the normally closed contacts 33 of relay 23, and 
Conductor 38 to the induction coil 3, the return 
being through conductor ; i. 
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 (6 and thereby interrupt. 
ing the energization of the induction coil. 
drops all sheets but the uppermost. Sheet, the 
latter being heid by the fully magnetized feed 
roller, which may be constantly rotated and 
Which prominptly oegins, feeding the Sheet, out 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 a constant current Supply. 

Energization of relay 98. Opens, the contacts 96 
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 2 is not yet de-energized 
because of the action of the feeler 8, 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 i8 the relay coil 
2 is de-energized, the contacts. 95 and 6 are 

again closed, and the induction Coil is again ene 
gized to raise another sheet to the feed roller. 

In Fig. 3, the drive motor for feed roller 2 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 electric 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 6. The term "gradually' is to be 
understood in a 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 
a. Substantial distance. This eliminates the need 
for critical adjustinent of the circuit elements and 
Current values. It provides a large tolerance in 
the operation of the apparatus, so that if one 
Sheet varies Somewhat from another in thick 
neSS or Weight, etc., the operation will neverthe 
leSS be unhampered. 
Even the refinement of an elevator table has 

been found unnecessary, and in a 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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6 
makes possible the full desired lift. If only: two 
Sheets were left on the table the magnetic force 
might, separate then a few inches, but by having 
nine or ten sheets left on the table there is a 
inuitiple Separation between the multiple sheets, 
So that the top. Sheet nay be raised the desired i4' 
to the feed roller. Thus, when feeding the last 
few sheets 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 
SiWe sheets. 

Single phose electronic circuit 

ihe System of Fig. 3 is an electro-mechanical 
System because of the motor drive employed to 
produce the growth current. However, a sub 
Stantially Wholly electronic system is shown in 
Fig. 7, and eliminates the need for the motor, 
clutch, and Wariac shown in Fig. 3. The specific 
System employs a thyratron, and fires the thyra 
tron by means of a trigger wave. The mainin 
duction coil of the apparatus receives the D. C. 
Or rectification increments. 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. 

ihe 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 interinediate values the current sup 
plied 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 
trigger 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 a com 
bination or both may be employed I prefer to 
use the broad term “shift” in respect to the 
trigger Wave, in order to include either a phase. 
Shift or a bias shift, or both. 

Referring to Fig. 7, the main coil is shown at 
is, and the magnetic feed roller at 24, the latter 
being driven by a motor 28. Single phase pOWer 
S. 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 switch is is employed. 
When the main switch G is thrown On, the 

transformer 2 is energized, heating the filament 
of thyratron tube 4, through secondary 6. 
After the tube is warmed up a circuit breaker 8 
is closed, and then the Operating switch 2 is 
closed, which starts the cycle as follows: 
Relay 22 is energized from line : through the 

normally closed contacts 24 of relay 23, which 
s Still de-energized because the trip switch 4 
S Open. Actuation of relay 22 opens the con. 
tacts 28. When contacts 28 of telay 2 opera, 
the growth current starts and the SheetS. begin 
to separate. The growth current is Obtained 
from the transformer Secondary $4, and is coil. 
trolled by thyratron 8. A trigger wave is sug. 
plied from transformer Secondary 3 to the grid: 
The resistor 32 and capacitor 34 O'Ovide a 

phase shifting circuit for the trigger wave. The 
Series resistor 35 limits the grid CUT'et. ERe 
Sistor 32 of the phase shifting circuit is Vari. 
able to permit fine control of the phase relation 
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of trigger wave or grid voltage to plate voltage. 
Secondary 33 of transfoi'i(18r 2, ira CCI 

junction with full-wave rectifier i5 and poten 
tioneter 42, provides a positive is. C. grid po 
tential or bias which raises the axis of the iiiggeti, 
Wave and So increases the ariount of plate Cur 
rent fed through the nail sheet separating coil 
6. ihis bias may ce. Set for the Xiaxinuti: de 

Sired annount of thyratrol giate cui'ient. i. 23.In S 
former Secondary 46 and rectifier £8 Suggly a 10 
negative bias to lower the axis of the Liggei" 
Wave. The thyratron plate current is in alter 
nate or positive half Waves, as suggested Fig. 
5. The trigger Wave from Secondary S. 23.3 
its phase displaced by the l'esistor and capag- 15 
itor 32, 34, and has its horizontal axis raised 
by the bias Supply 33, it:3, the all cut).{ }eing 
adjustably controllied by potentionlete; 2. AS 
the circuit goas into operation, however, the ei 
fect of the rectifier circuit, iii, is; 3 is to pull tie 20 
axis of the Wave dowri again. it is initially 
pulled down to a point Wh&ie Ozae, OJ, if de 
Sired, oinly 2, Small cilip of plate curiel, ioWS 
as shown at 33 in Sig. 5. like als. Guia, tiaat, it 
is pulled do Win the deceases y real SOE of 2i. 2; 
R. C. decay circuit ii.2, i: (.3ig. 'i). As the 2Ais 
Of the A. C. grid Voltage Wave rises its 2ci?t of 

t 

ge C. 
of plate current to flow through the tiny rat. 
as shown at 36 and 58 in Fig. 5. 
eter 60 (Fig. 7) is an additional C 
trol which may or may not be 12C 
particular application. It controis CW 
A. C. Wave is brought doWin. 

It Will be noted that potentioi2heters : 
60 are inter-dependent controls whic 

in the Sense that if there is less rise 
With, then less drop would be needed 
a certain plate Cui'ieiit Vallie. In 3, Seii: 
fore the duplicate controls inay not ha 
and in a simpler circuit Oile Oi til 3 Otheir i:3. 
be employed alone. 

Leaving the iower part of the diagrain W 
produces the growth current, the einei'giz3t 
of the main coil 6 causes the sheet to ris3 UEntil 
it reaches the in agretic '{lier 26, 222d the 3'i 
Switch 3, closing the latter, 2 id energizing is 
relay 23, which functions to 3.3gYetize 
roller 26 and to stait the fead Raotor 23. 
particular circuit, here show: the 1723,342.85, CCS 
of the feed roller 24 ai's ere:'gized : roigh a 
thyratron tube i 2 controlled as 'i'eyi. 
ously described, but wit: a, view to providing 
two widely different, stages (); iiiforgia airialists 55 
of magnetization of the fegi 'Oll, as W811 as 2. 
complete cut-off when the feed 'ol is riot, in 
use. A relatively Sail ragnetiz:3tion is: 2 die. 
quate to hold the opiadst, sheet while the 323ii. 
coil 6 is being de-energized to p21 in it, desce: ; 8() 
of the other sheets. A Sustaintistily higher de 
gree of Imagnetization is exployed to 2. Cia& 
feed the sheet. 

It may be explained that, find it, gi'efe: airie 
to employ a thyjatrol) as a SWitch for c03a;3°oilii). 
the energization of the ice begause it, 3.9 
difficulty with oxidation of contacts f ordi: 
mechanical relays. The thylation furthel Se 
as an energy controlling means, this eli 
ing the need for a power rheostat with its hi 
dissipation of energy to bring the feat 'o: 
debwn to desired energization. Tsioreove', ''Fa 22.3). 
incorporate in the Saiae tube circuit. 3, s 
to provide a time delay action before de{ay of 
the magnetic roller current, which delay is de- is 

48 
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70 

8 
sired in the manual operation explained latter. 
To Similarize, in the special case where time 
delay de-energization is wanted, in addition to 
two-gage inagnetization, the thyratron SerWeS 
i:h'83 purposes in one, aid is trougie-free in 
naintenance. 
Energization of relay 2 openS contacts 2, 

gieenergizing relay 22, and germitting contacts 
f38 to again close. This oucks the ziigger. Wave 
elevating potentiai of thyratrOn i3, and So col 
lapses (either completely or partially) the field 
in the main coil 3. he field in the main coil 
is collapsed because the trigger Wave axis is low 
ered by rectifier supply 43, ii. 8, thus pulling 
the A. C. trigger wave down to the point where 
the thyratron does not fire (or fires at desired 
rainimun). 
At the same title relay 26 also closes its con 

tacts 62 and iii. Contacts 32 initiate the cycle 
of the upper tinyi'8,tran tube £2. With the aid 
of secondaries 63 and 38 of transformer le. 
Seccindairy iS6 provides the trigge: Wave, and 
resistoi" is and capacitor is provide the phase 
shift of the trigger Wave, Winic; controls the 
firing of the thyration and So controls the de 
giea of energizatign of the Inagnetic roilet' 24. 
gh3 re;isitoi' i3 is its grid current. 
Seconday 33, thic tigh rectifier 8 and po 

tentioxicier 33, iiii'ot gin 'elay contacts 2 lead 
i:2g to the capacito. 33 &nd resistors 83, 88, 
93 pi'ovide positiv3 i potential to thyration 
i2, thei'e:33, caus wil&tever giate current is 
required to east gize tile jagnetic roller at, itS 
lower stage of Inaginéization. 

Contacis & 5 initiate the operation of a time 
delay relay liaii, around tuige 93. Tube Sá. 
is used with a decay circuit to act as a timer 
to delay 'Otalion of the feed roller after the 
Sheet has reaghed the roser (as indicated by 
closi Gg of the tip switch (i). The time delay 
here is a 36C inplished through grid rectification 
by incaias of resistor 36 and capacitor 98. The 
resistor 288 is used to limit grid current. 

38cause of grid '80tification the capacitor ap 
plies a negative potential. On tha grid of the tribe, 
and plate current does not flow. Fowever, when 
the contacts i? is close the charge stored in ca 
pacitoi 38 during the grid rectification period 
ther discharges through the grid circuit 229, SS, 
i83, 232, 222, and when the discharge has reached 
a certain point the the Wii fire. It is this time 
I'equired for discharge that, results in the de 
sired tirine delay action of the circuit. 
When he tube if fires a relay 32 is energized, 

cg3;g Corta,3:S 33 f anii. 235. Costagits 24 in 
crease the Cul'i'eat, tirough ragnetic roller 24 
by Suppiying 2:10:'e positive potentiai than pre 
viously applied through contacts 82 of relay 2S 
to the glid of thy 33.t:"On 2. For this purpose 
the adi St:}) eit of Genio)eter 28 is inade 
iigher than 5:2, of potex.icioreier 82. At the 
Sa Yne title the glosing of relay contacts 2 S ener 
gizes the feed iotor 33 through Switch 29, recti 
fier 3, 2, direcsai, i. 
As SC fa: described the operation would be 

Wholly altor; 2,tic, the delivery of one sheet, foll 
lowing another', but in rally applications a 
i:Ranual or pedal control is wanted, and for this 
purpose it is Yerely recessary to add any con 
veilient forY. of Yaasual or pecial switch 223 in 
parallel with the Switch 22 previously mentioned, 
the latter then being opened or ornitted, and the 
Switch 20 ye &lly open Switch. Thus 
the diagrazy shows two arrangements in one, for 
With autoriatic operation switch 219 would be 
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closed and there would be no manual or foot 
treadle switch, but with switch 20 open it be 
comes necessary for an operator 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 26 represent 
the connections to the field of the motor, while 
the terminals 23 represent the connections to 
the arrnature of the motor. A shunt motor is 
used in order to give a wide range of Speed con 
trol, and also because it can be started and 
stopped more readily than a single phase induc 
tion motor. 
When the sheet leaves the feed roller 24 the 

trip switch 44 opens and relay 26 is de-energized. 
This opens contacts 62 and 64, and perinits clos 
ing of contacts 24. The opening of contacts i64 
cuts off the current flow through tube 94, de 
energizing relay 32, and opening contacts 204 
and 206. The opening of contacts 206 stops the 
motor. The opening of contacts 294, in conjunc 
tion with the opening of contacts 62 of relay 
f26, completely de-energizes the roller after 
elapse of a time interval caused by the delay cir 
cuit, 84, 86 and 88. The closing of cont&cts 
124 operates relay 22, thereby opening contacts 
28, 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 a shear press, may be controlled 
manually. In such case a single sheet lift is 
followed by a whole series of sheet feed nove 
ments to the press. For this purpose 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 eiher 
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 tinne With the operation 
of the feed motor, the time delay circuit. 84, 86 
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 nore complex form the feed roller 
may be energized with two degrees of magnetiza 
tion, a lesser one for holding 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 
artial or incremental sheet feed. 
Circuit breaker f8 is used in this circuit to pro 

tect the thyratron 4, and the main coil, and to 
act as a cut-off device if the tube is operated at 
maximum load for too long a time. The circuit 
breaker includes a, thernal 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 a 
sheet is what cuts off the energization of the 
main coil 6, 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 6 of transformer 2 is the fila 

ment heating Source for thyratrOn . Trans 
former secondary 222 of transformer 79 is used 
to heat the cathode of tube 94. The plate cir 
cuit of this tube is supplied directly from the 
line, rather than from a transformer secondary. 
Secondary 224 of transformer 70 is used to heat 
the cathode of thyratron 2. Secondary 226 of 
transformer 79 is used to supply plate current to 
thyratron 72, and consequently to magnetize 
the feed roller 24. 

he rectifier 23 across the main coil 6 is used 
to give increased life to thyratron 4, and in 
cidentally add energy to the main coil 6. The 
rectifier 239 is faced in direction opposite to the 
rectifier action of the tube, and functions during 
the negative plate 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 night be used but is 

thought less preferable is the use of a shunt cir 
cuit 232, 234 across the thyratron 4, 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 23 has an important ad 

vantage over the use of a shunt circuit, and that 
is in restoring or making useful S.One energy 
which would otherwise be wasted. This is Sym 
bolized in Fig. 5 by the parts 232, 234, 236 added 
to the normal increments 59, 56, 58, 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 
ly the back rectifier 238 serves the purpose of 
improving commutation of thyratron 2 and at 
the same time adding energy to the circuit. The 
back rectifier 24 is used across the motor cir 
cuit to add energy to the circuit. The back 
rectifier of tube 94 is indicated at 242 and pro 
Wides additional energy in the non-conducting 
cycle of tube S4, the additional energy going to 
relay 92. In all there are four back rectifiers 
used across inductive loads for the same prin 
ciple as was explained above, except that in the 
Case of one of them (rectifier 240) there is no 
question of commutation at a cathode, but in all 
of then there is some restoration of current 
fronn inductive load. 

Resistor 244 is used in the circuit 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 I 
mentioned the possibility of only partially in 
stead of wholly collapsing the field of the main 
induction coil 6. This may be explained with 
reference 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 255 is provided 
somewhat above the zero current axis 252. This 
is a refinement, which may be resorted to When 
dealing with sheets which tend to repeatedly adi" 
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 sheets in 
slightly fanned ol' separated 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 l'oller, at which time the upper 
most sheet is held by the feed roller and the re 
maining sheets are permitted to descend almost 
all the way, but not quite far enough to rest 
firmly on one another with the possibility of re 
adhering. To accomplish this result it, is mere 
ly necessary to so adjust the lowering of the trig 
get wave of the thyratron 4 (as determined by 
the inter-related potentiometer adjust;na:nts 42 
and 58) as to provide Sn) all, unifornly rail 
tained increments of plate current, instaad of 
complete cut-off. 
To summarize the operation of the circuit of 

Fig. 7, thyratron f is acts as a valve to control the 
main sheet lifting coil 3. The transformer sec 
ondary 44 supplies plate current and the trans 
former secondary 33 supplies a trigger wave to 
the grid. The phase of the trigger wave is shifted 
by the phase shifting circuit, 32, 31. The 
height of the axis of the triggeir wave is deter'- 
mined by adding bias potential supplied from 3, 
transformer Secondary and oridge ictifies and 
potentiometer. In the present, case there aire 
two such bias circuits, one of which ( 33, £6, 
42) elevates, and the other of whicin ( f, 3, 
60) depresses the trigger Wave, tha atter bailing 

effective when the inain coil is not functioning, 
and the former baing effective when it is. The 
growth of the plate current takes place becaus& 
the trigger Wave axis is raised by discharge of 
potential from the decay circuit 52, 54. 
Thyratron 2 acts as a valve to control the 

magnetization of the feed roller 24. Trans 
former secondary 22 Supplies plate current, and 
transformer secondary 3 Supplies a trigger wave 
to the grid. The phase of the trigger wave is 
shifted by phase shifting means 4., 6. The 
height of the axis of the trigger wave is estab 
lished by bias potential supplied by transfor aer 
secondary 68, rectifier fa and potentiometer 
82. This is adjusted to Supply the naeded cur 

rent for the sheet, holding stage. tle (agnet 
ization is increased during the sheet feeding 
stage by raising the trigger wave axis, this e 
ing done by Sending culi'ent, through resistor 
28, the current being Supplied by relay 92 coin 
:rolled by a third thyratroin 84. The relay 92 
also Supplies curreni, to operate the rinotor 22, 

if it be desired to delay the start, of the sheet, 
feeding operation until after arple time for col 
lapse of the main field and the fanned sheets, 
Such delay is provided by a tine delay circuit, 
associated with tube i98 and using R. C. circuit 
f96, 98. The delay in firing of tuke 94 delays 
both rotation and full inaagnetization of the feed 
role. 

If it be desired to briefly continue ful ener 
gization of the roller after the motor stops, in 
Girder to compensate for inertia of the noying 
sheet, Such proloagation is provided oy the time 
delay or decay circuit 34, 83, 83. If semi 
automatic sheet feed or fractional sheet, feed is 
desired a suitable normally open manual or 
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12 
treadle switch 220 is employed, the switch 20 
being opened or eliminated, but for fully auto 
natic feed of Successive sheets the Switch 20 
is kept closed. 

Three phase electronic circuit 

Three phase power supply is available in most 
industrial plants, and is preferred gecause it 
inaikes a Ore efficient use of the power available. 
A three phase circuit is shown in Fig. 8. The 

main power lines are marked Li, I?, and L3, with 
a neutral return N. The three phases are set 
tip in Y forin, but the entire circuit may equally 
Well be set up in delta forin, without the neu 
tral return, in those areas of the country where 
that is the coinagaon practice. The circuit also 
can be adapted for two phase power Supply. 

Closing pushbutton 300 energizes contactor 
302 which remains on through the interlock cir 
cuit Switch 304. The closing of contacts 32 , 322, 
323 of the contactor 302 connects the three lines 
I., L2 and L3 to the three transformers 324, 
326 and 328, respectively, and also energizes the 
transformer 330. 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 
39, through the coil of contactor 302, and con 
ductors 32, 34, 36, and thence back to the 
neutral N of the line. After the tubes have been 
Warned up Switch 332 in series with line L is 
closed, thereby energizing relay 334 by way of 
Conductors 336 and 338. This opens the normal 
ly closed contacts 340 of relay 334, which initi 
ates operation of the three phase circuit 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 3 or the supply from line L3 3S 

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 350 provides the trigger 
Wave, and its phase is shifted by the circuit Of 
condenser 352 and resistor 354. The resistor 
355 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 num 
ber three portion of the current Which provides 
the positive D. C. potential to the grid of the 
thyratron 348. This positive potential, which is 
adjustable through potentiometer 362, deter 
mines the extent to which the trigger wave axis 
is raised. This is the maximum rise of the trig 
ge Wave, when not pulled downt 
point, which may be either co 
or a residual value for sli 
before explained. 
The potentiometer 362 which establi 

bias or height to which the trigger eith the 
raised, Works in common for all three tubes. For 
bias Purposes D. C. is wanted, and with a three 
phase circuit the bias producing current is ob. 
tained from all three phases with three rectifiers 
combined. In Fig. 7 a. full-wave rectifier circuit 
40 was employed, but in a three phase circuit 

it is enough to use simple half-wave rectifiers, 

implete shut-off, 
ght sheet separation as 

O initial or rest. 
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as shown, because of the overlapping of the three 
phaSeS. 
Secondary 364 of transformer 32 provides the 

negative bias used to lower the trigger Wave to 
cut off or reduce the current fioWing through 
thyratron 383. Here again there alie three Sec 
ondaries and three rectifiers for the three phases. 
The potentiometer 368 controls the degree to 
which the trigger wave is lowered; and here again 
the currents from all three are combined in a 
single potentiometer to obtain D. C. applied to 
all three tubes. The bias potential thus obtained 
is passed through the combination capacitor 35? 
and rheostat 344 so that when contacts 340 of 
relay 334 open the potential Will decay through 
this combination 342, 34A, and the time factor 
of this R. C. circuit determines the rate of growth 
of the current in the plate circuit of thyratroi. 
38. 

Similar description applies to the thyration 
30 of phase 2 and thyratron 32 of phase . A 
fuse 314 is used as a protection in the plate cii'- 
cuit of thyratron 348, and similar fuses are used 
for the other tubeS. 

In passing it may be mentioned that, While a, 
common control is used to raise the tirigget Wave, 
and a common control is used to lower the trigger 
wave, three independent controls are used for 
the phase shift of the trigger Wave at each tube. 
This is shown at 352, 356 for thyratron 363 and 
similar or duplicate controls alie shown for thy 
ratrons 3 and 372, respectively. This is die5ii" 
able because each trigger wave must be shifted 
in phase relative to the plate Wave of its own 
tube, and also to fire alike, because although 
the tubes come within manufacturers' Specifica 
tion limits they may nevertheless have slight 
differences in firing potential, and the indepeid." 
ent adjustment here provided Kakes it possie 
to bring them into uniform operatioil. 
The combined outputs of the three thyratrons 

is a D. C. power supply for the main induction 
coil or sheet separating coil 6, and 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 6 
is connected to the neutral return N, and the 
upper terminal has all three Cathodes coninecited 
to it in COmn0. 
The ferrous sheet rises until it reaches the 

feed roller and trips the trip SWitch 389, shown 
at the bottom of the diagram. When trip SWitch 
38 is closed it, energizes relay 332, thereby Oleir 
ing contacts 384, and so deemergizing relay 33s, 
and thus permitting contacts Sá is to again close 
which provides the negative bias potential neces" 
sary to pull the trigger wave down and So Col. 
lapse the main coil field, because when the full 
negative potential is applied to the trigger Wave 
it cuts off triggering of the thyratrons (or Te 
duces the output to a, Sinal residia). 

Besides elimination of the main field, the other 
things accomplished by the trip SWitch are to 
energize the feed rollier and to cause its rotation. 
A thyratron tube may be employed to control 
the supply of energy to the feed rollier, and prefer 
ably does so in variable increments determined 
by shifting a trigger wave, because in that case 
the thyratron acts both as a SWitch and as a 
current controlling means, with no difficulty of 
dirtying of contacts, etc. Three phase energiza 
tion of the roller might be employed by using 
three thyratrons, but in the present circuit the 
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apparatus has been simplified by using only a 
single phase Supply for the feed roller. 
The trip switch 385, by actuating relay 382, 

closes contacts 388 and 388. The latter Supplies 
a trigger Wave from transformer secondary 33 
to the grid of thyratron 399, through a phase 
shift circuit comprising a resistor 334 and capaci 
to 3 S. Series resistor 38 is used to init; the 
grid current. The plate of tube 35E is supplied 
directly from the line L3, instead of from a 
SeCOEndary. The secondary A.S. of transformer 
33, in conjunction with rectifier 32, provides 
a positive bias potential to raise the trigger Wave. 
This causes the thyratron to supply current, to the 
Eagnetic Oller 23, for a partial or reduced en 

ization for therely holding but not feeding 
: Sheet. The rise of the trigger wave axis 

Winich determines the amount of current flowing 
through Inagnetic roller 25 is controlled by ad 
justing a potentioi eter Sii. In this apparatus, 
as in Fig. 7, the feed roller is operated in three 
Stages, the first being zero enggization during 

Eine Secog is the initial lifting of the sheet. 
preSeat 32.2'tial energization, Sufficient, to hold the 
sheet hut, not feed the sheet. This is applied the 
inst&nt the sheet operates the trip switch, and 
before the roller rotates. The current, flowing 
to the magnetic roller is taken froin the lines 2 
and is , and is controlled by the thyratron tube 
3, While resistors (SES and 338 coraplete the 
grid circuit. 
With the closing of contacts 32S of relay 382 

2, tie delay circuit centering on tie if 2 is 
initiated. This delays action of relay A E to 
provide a delay before starting and putting on 
the full energization of the roller, and among 
Other thingS, affords time for the sheets, other 
than the top sheet, to descend. Here again 
giid rectification takes place through resistor 
& is 8...d capacitor S, while resistor is limits 
the grid current. The potentiometer 33 con 
trols to SO(ne degree the time of the delay. The 
fain control is by adjustment of resistor fig as 
part of the decay circuit, using capagitor a 6. 
The use of a tine delay circuit at this point is 
a refineinent, and in nany cases will prove neither 
eSSential inor 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 Stait the notor which rotates the feed 
roller. (in the alternative, it isnight engage the 
Ciuteh of a, continuously running motor.) The 
prisinary eason for the time delay is to delay 
rotation of the feed roller, but it then is also 
advantageous to delay full energization because 
it Saves power, and avoids any possibility of 
tending to feed two siheets forward because of 
Sticking at the back ends of the sheets if the 
Sheets have not been given adequate time to 
(dest:end fully (or to slightly fanned position). 
is Yially installations it will be for ind that ful 
energization and rotation of the feed roiler can 
he started instantly after tine top sheet reaches 
the feed rollier, but this part of the circuit, is 
included in an excess of Cai;&ion, to Yalse delay 
available should it be found desirable. 

Afte: the title delay of tube 2 runs out it 
fires a:nd relay fit is energized, ciosing contacts 
422. This energizes relay 422 through normally 
closed Switch 428, or, if the operation is to be 
Sefini-altomatic, through a norinally open saan 
tial Or foot Switch 428, in which case switch A2 is 
to be a SSuined left open or omittei. When relay 
É28 is energized, contacts 33 close, and provide 
additional bias potential to the grid of thyratron 
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390, thereby increasing the plate current, through 
the magnetic rollei 24. The bias is COint:"olled 
by a potentiometer 32, and the aditionai posi 
tive bias shunts or bypasses the R. C. Circuit, 
434, 436, 408. 
When relay 324 is energized contact.S & 3, 32 

and 442 also are closed, thereby Supplying CUJ'- 
rent to the feed motor (show Synbolically at 
28) through rectifiers 444, 4S, 433, and rheostat, 
450. The arnature terrhina is are indicated at 
452, and the field terrinals are indicated at 3:1, 
the motor being an ordinary Shuint, Naoto, With 
advantages previously stated. It receives the 
combined rectified curren, fro: in the hi'ee phaS8 
lines L., 2 and L3, Rileosai, is 212 y i.e iSeg 
to adjust the speed of the notoi". The noto)" 
return goes back through conditatoi's E3 2.3afi 
35 to the neutral return N. 

If a foot Switch 38 or otheir nanually opez'- 
ated Switch should be used for partial sh&et, 
feed, a tire delay is preferakly introd::ci refore 
collapsing the magnetic field of the Ia agretic 
roller 24. This preven is possible dropping of 
the sheet, fion the toile's oecause of the ii.33.tiz. 
of the sheet when in motion. The desired ?iclay 
is here obtained by the 2,3tion of as it. C. 
which delays the fail of the trigg 
thyratron 399. The capacii is i; 

applied, thereby slowing up the fall of the , 
ger Wave at the tube as tie charge is is sig383 
through the R. C. circuit, 
When the Sheet has been Wii 

the trip switch 33, relay 
and contacts 338 open, there; y S 
timing circuit of tube 2 and r 
relay contacts 422 then open, 
opens the circuit of relay iing 
contacts 438, 4.40 and 42, which stops the feed 
notor 28. At the Sane tie contaats Ci 
relay 424 reopen, which would partially 8. 
energize the imagnetic roller were it, ot, at it 2 
same time wholly de-energized becausa contacts 
388 are opened when relay 382 is de-energized, 
and cut off entirely the flow of current, hio:g: 
the thyratron 39 and the magnetis rollier. 

In addition the de-energization of relay 332 
permits contacts 384 to re-close, wiich in turn 
energizes relay 334, thereby closing contacts (S3 
and Opening contacts 343. he forge' initiates 
a time delay cut-off or non-sheet-lift Safety 
circuit explained later, and the latter re-establish 
and initiate growth of current, in the aii. Coil i. 
Thus the entire cycle begins anew. 
Some additional refin einents and iki:C de 

tails of the circuit are ne: ; descries. One is 
the provision of a non-sheet-lift, Safety neaths 
to cut of exei'gization of the rain coii. 3 (3 in the 
event, that a sheet, is not raised Wiliaii. 3, it'eason 
able title. In the present case this is coins sy 
the provision of a tine delay circuit, centering 
about the tube 333. It, Will be recalled that by 
closing the operating SWitch 332 the relay 33 & 
was energized, which is ulic opened the con 
tacts 34 to initiate the growth current, and at, 
the Sane line ciosed the contacts 55, The at 
ter contacts initiate operation of the tire delay 
circuit, which in tulin inits the to ai tire tkhat, 
the growth current circuit may renaiin in its 
'on' condition. This Inay be, say ifoli seconds, 
for if a sheet is not delivered within Sovie Such 
maximum reasonable tine sonnething inay be 
assumed to be wrong, and the power Supply to 
the main coil 6 is cut off. 
The time delay circuit operates as follows: 
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Grid rectification takes place through resistor 
462 and capacitor &, and causes a, Shegative po 
tential to he applied to the grid of tube 635 as a 
result, of the charge built up on capacitor 454. 
Grid resistor 435 is used to limit tha grid cur 
rent. When contacts 53 of elay 333 close, the 
charge decays through resistors 332 and 55, and 
when it falls ow enough the tube 483 fires, there 
by actuating the relay 3:2 and opening its con 
tacts 38, which shats off the power to the en 
tire system. This is so because contacts 308 
are in the stick circuit of the rain contactor 
302, and let, the contactor open, which ope1}S Con 
tacts 324, 322 and 323, and so opens the main 
lines , , 3 aid 3. Resistoi 33 is tiSed to tie 
the cathode into the plate to aid in grid rectifica 
tion, uring ail normal operation 2, sheet is 
lifted and reach as the rollier long bafore the tube 
£35 fires. She tube files only if for SOYale reason 
a sheet, does not rise to the magnetic roller. 
The foregoing description assuined the use of 

a foot treatiie Switch 428 affording Seini-auto 
ratic aid even partial sheet, feed, as for example 
to £aed 3. Single sihae, internittently through a 
shearing press or the like. If a foot treadle is 
not employed for partial sheet, feed (SWitch 426 
closed) thein the sheets are fed one after another 
by reason of the fact that when the tail end of 
the sheet, i.eing fad leaves the trip switch 380, 
the trip Switgh openS and So initiates the next 
whole sheet, lifting cycle. The growth current or 
Sheet, faining Systern provides some delay any 
way, and there is a need for a special tinne delay 
reia.y to in Sire a delay between Successive sheets. 
However, if a, still longer delay were Wanted 
Such a time delay relay could be employed. The 
tire delay circuit, here shown for pioionging the 
33 gizatio of the feed role beyond iS rota 
tion, namely, the decay circuit $38, :38, is not 
needed when the foot switch is omitted, and 
the parts 33, 336 may simply he elininated. 
The identical circuit shown with the parts 434, 
433 eliminated would let the ful stage energi. 
22,tion of the feed role' terminate on termina 
tion of irotation. 

in this circuit, as in Fig. 7, it is advantageous 
to eiploy 2,ck rectifies. The back lectifier 47) 
helps continuitation in the thyratrons 348, 37) 
and 32, prolongs their life, and provides a more 
efficient circuit, considering that, it is heavily 
inductive. Eack regifer #2 is used across the 
relay 3: ... Rectiier 3A is a lack recife' con 
nected across the relay A3. Rectifier 33 is used 
as the back rectiiie for thyration 333 and feed 
Iroller 28, aiding continuitation and increasing the 
circuit efficiency. 

Resistor AS is used to tie the catinode of tube 
42 to the plate, aiding in grid itectification. 
iransformer Secondary 3S is for heating the 
cathode of thyration 333, secondary 332 is for 
heating the cathode of £uke 36, and Secondary 
i88 is for heating the cathode of tube 42. In 
the case of tuges 38 and 42 the secondaries 
are Connected across the filaments and across 
the potentioneers is 33 and 323, that is, the fila 
iments, the Secondaries and the potentiometers 
ai'e all in sin it, J'elation. Potentioletel 8 is 
lised to in2i'eaS9 an: to adjust, the range of the 
time delay caused by the circuit, of tube 46), the 
priinal'y adjuSEent being the resistol' 652. 

to SLinnai'ize the Operation of the circuit, of 
Fig. 8, thyratrons 343, 32 and SA2 act as valves 
for controlling the field of the main shee; lifting 
Coil 3. The lines L. , L2 and L3 Supply plate 
current, and the three transformer secondaries 
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like secondary 35 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 a uniforin fi 
ing point. The maxiiniin height of the axes of 
all threa trigger waves is deterined by add 
ing positive bias potential Suppied by three 
transformer secondaries like Secondary 353 and 
associated three rectifiers like rectifier Sii, the 
combined rectified currents being passed through 
a single potentionnetter 352 Winick affords ad 
justment of the height. The trigger Wave figy 
be depressed by the addition of negative bias pg - 
tential supplied by three transfo inei Second 
arties like the Secondary 35 and tiree sectifiers 
like its associated rectifier 363. The cokined 
rectified currents are combined in a Sigise go 
tentionetter 388 which also serves to a djust the 
drop. The desired growth of the current Sup 
plied to the rain coil i3 is obtained by the use 
of a decay circuit 3f2, 3i, which reduces the 
negative bias taken from potentioneter 353. 
The thyratron 398 acts as a Valve for control 

ling the magnetization of the feed roller 2.É. 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 334, 336. The : 
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 trainS 
former secondary 45: , rectifier 483, and potenti 
ometer i 3. The magnetization is then increased 
during the sheet, feeding stage by raising the trig 
ger wave axis, this being done by Seinding current 
through bias potentiometer 432. The current to 
Operate the notor 28 is taken directly from lines 

i, 2 and LS with a neutral return N, the three 
currents being rectified and cornbined. When using 
a series motor as here shown. The Supply of 
current to the motor is put On OT Cut off by a 
relay 424. 

If it he desired to delay the Stait 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 2. If Seini-automatic 
sheet feed oi fractional Sheet, feed is desired a 
suitable manual or treadle Switch 428 is en 
ployed, the switch 32 being opened, but for fully 
automatic feed of successive sheets the switch 
423 is closed. If With fractional sheet feed it 
be desired to briefly continue full energization 
of the rollier after the notor Stops in Order 
to compensate for the inertia of the moving sheet, 
such prolongation may be provided by the decay 
circuits 36, 36, Bö8. 

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 sheets fresh from outdoors Storage, and be 
cause of the cold teiperature in Winter, and 
the long time which it would take for the sheets 
to acquire room temperature, the sheetS Stick 
very tightly because the oil film is congealed. 
A first improvement is to not let the growth. Cur 
rent come down to Zero. Instead the mininuin 
current (as shown in Fig. 6) keeps at least Sonne 
slight separation of the sheets, and this pre 
vents then from again adhering and avoids the 
need to completely break the Seal each time. An 
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other step found useful in a Seirious case is to 
limit the height of the stack to only a few incies 
so that the separation of the sheets is a max 
imum during each cycle. Still another step is 
the retention of a residuality stack beineath the 
stack being fed. 

It is believed that the construction and oper 
ation, as Well as the advantages of Yny improved 
apparatus for separating and feeding sheets, Will 
be apparent from the foregoing detailed descrip 
tion thereof. Although single phase powei is used 
for the fead 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 roller 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 degree 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 time 
delay relay is more trouble-free than an electro 
mechanical time delay relay, but the latter may be 
used. There is no important change, for now 
a dayS One can buy a complete electronic time 
delay relay a SSembly, 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 

natically With Or Without time delay therebe 
tWeen. The sheets may also be fed semi-auto 
matically, requiring a 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 be energized continu 
Ously or may be deenergized when not in use, 
a.ind 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 
Inay be prolonged slightly beyond the operation 
of the motor to overcome inertia of the noving 
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 be 
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 coil 
Surrounding the Stack, which invention consti 
tutes the Subject matter of my aforesaid co 
pending application Serial No. 129,662, filed 
November 26, 1949, 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 Su:rrounding 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, etc. is to be 
understood primarily in a relative sense, because 
the sheets need not necessarily be initially 
stacked in horizontal position. 

claim: 
1. The method of separating the end ferro 

magnetic sheet from a group of ferronagnetic 
sheets by magnetic repulsion between Sheets, 
which includes passing a 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 been 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 ferronag 
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 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 perinit 
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 feromagnetic 
Sheet S, 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, 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 
2hagnetic sheet from a stack of ferromagnetic 
sheets, Said apparatus including an electromag 
ret 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 leans 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 
ineanS, means to sharply reduce the Inagnetic 
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 fol' separating the top ferro 
magnetic sheet from a stack of ferromagnetic 
sheets, Said apparatus including an electromag 
ret So positioned as to pass a magnetic field 
through the Stack of sheets, a source of current 
to einergize the electromagnet, a thyratron to 
control the flow of current to the electromagnet, 
and ineans 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 plate current to the magnet in order to in 
Crea.Se the strength of the magnetic field as a 
function of time until the top sheet has been 
l'aised 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 
Ineans disposed above the stack, a thyratron to 
control the flow of current to the electromagnet, 
Ileans 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 
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 perrait 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 fro; in a stack of ferromagnetic sheets, 
Said apparatus including an electromagnet so 
positioned as to pass a magnetic field through 
the Stack of sheets, a Source of current to ener 
gize the electronagnet, a sheet holding means 
disposed 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 to 
cause feeding of the held top sheet away from the 
Stack. 

10. Apparatus for separating the top ferro 
ragnetic sheet from a Stack of ferromagnetic 
sheets, Said apparatus including a main electro 
Yagnet so positioned as to pass a magnetic field 
through the stack of sheets, 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 been raised to the sheet holding 
ineans, 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 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 field 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 current 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 sheet, 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 ferronagnetic 
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 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 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 field to permit sheets other than 
the top sheet to descend, a second thyratron for 
controlling the Supply of current from the Source 
to 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 ferroinagnetic 
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 thyration 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 
ly 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 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 controlling 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, a holding current Sufficient to hold the 
top sheet but inadequate to feed the sheet, and 
a feed current sufficient, to grip the sheet tightly 
for feeding the Sane. 

14. Apparatus for separating the top ferro 
magnetic sheet from a stack of ferromagnetic 
sheets, said apparatus including an electronag 
net so positioned as to pass a magnetic field 
through the Stack of Sheets, a three-phase 
Source of current to energize the electronag 
net, three thyrations to control the flow of cur 
rent to the electromagnet from the three phases 
respectively, means to apply trigger waves to 
the grids of the thyratrons So as to Supply in 
Crements of plate current to the magnet, and a 
single means to Sinuitaneously shift the tha'ee 
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 field 
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 tine 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 feiloinag 
netic sheet from a stack of ferromagnetic sheets, 
Said apparatus including an electromagnet, so go 
Sitioned as to pass a magnetic field through tie 
stack of sheets, a Source of current for ensergizing 
Said electromagnet, a sheet holding ineans dis 
posed above the stack, means to relatively grad 
ually increase the strength of the current and 
consequently the strength of the rhagiletic field 
as a function of time until the top sheet, has been 
raised to the sheet, holding ineans, ineans to 
sharply reduce the magnetic field to permit sheets 
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other than the top sheet, to descend, means to 
cause feeding of the held top sheet away from 
the stack, and a time delay relay to delay feed 
ing of the top sheet until after the other sheets 
12We had tile to descend. 
17. Apparatus for separating and successively 

feeding ferronagnetic sheets from a stack of 
sheetS, Said apparatus coln prising a support for 
the Stack of sheets, an induction coil extending 
entirely aircund the stack of sheets, with the axis 
of the coil extending generally in the direction of 
the plane of the sheets and generally perpendical 
lar 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 in ears to receive and feed the upper 
rinost sheet away frozin the coil and Stack, said 
inneans to energize the induction coil including 
current varying circuit, elements arranged and 
operated to energize the induction coil with a 
current, of 1'elatively gradually increasing magni 
tude in order to help insure the separation of 
the topinost sheet, from the immediately Sub 
jacent Sheet. 

13. Appa'atus for separating and successively 
feeding fei'I'oragnetic sheets from a Stack of 
sheetS, Said apparatus comprising a support for 
the Stack of sheets, an induction coii extending 
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 neans, Raeans to energize the induction coil 
in order to raise and separate the uppermost, 
Sheet of the Stack and to bring it to the fead 
In eans, aid appropriate SWitch raneans for the in 
duction coil intejocked with the dive means 
whereby the induction coil is energized while the 
feed means is in operative and is de-energized 
while the fead. In eans is operative, said circuit eie 
inents energize the induction coil including cur 
rent varying circuit eleineints 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 sheet from the immediately subjacent 
sheet. 

9. Apparatus for S&parating and Successively 
feeding ferronagnetic 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 
inittently operable drive means for intermittently 
rotating the rolle1, I:2eans 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, syneans to energize the roller coil to only a 
inited extent Sufficient, to hold the lippermost 
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 rollei' is rotated, and appropriate Switch 
means to energize the Inain induction Winding 
when the feed roller is stationary, and to de-en 
ergize the Ylain induction Winding when the feed 
rollei' is rotating, said means to energize the main 
induction winding including current varying cir 
cuit ele}rents arranged and Operated to energize 
the main induction Winding by a current of rela 
tively gradually increasing 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 sheets, said appara 
tuS comprising a support for the stack of sheets, 
an induction coil disposed i; an Liright plaine and 
having each of its windings extending entirely 
around the Stack of sheets, with the to of the 
coil higher than the top of the stack to provide 
Substantial clearance therebetween, and with the 
axis of the coil extending generally horizontally 
in the direction in which the sheets are to be 
fed, means to energize the coil in order to raise 
and Separate the uppermost sheets of the stack, 
Said means including current W2rying circuit ele 
ments arranged to Supply the induction coii with 
a current of relatively gradually increasing in 
tensity in order to help insure the separation of 
the topmost sheet from the in mediately Sii). 
jacent sheet, and feed neans to receive the upper 
most sheet when raised and to feed it is a gen 
erally horizontal direction away from the coil 
and Stack. 

21. Apparatus for separating and siscessively 
feeding ferromagnetic sheets from an upright 
stack of generally horizontal sheets, said appara 
tuS comprising a Support, for the Stack of sheats, 
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 the 
coil higher than the top of the Stack to provide 
Substantial clearance therebetween, and with the 
axis of the coil extending generally horizontally 
in the direction in which the sheets are to be fei, 
In eans to energize the coil in order to raise and 
separate the uppermost sheets of the stack, said 
ineains including current varying circuit, elements 
arranged to Supply the induction coil with a cu'. 
rent of relatively gradually increasing intensity 
in order to help insure the separation of the top 
most sheet from the immediately subjacent, sheet, 
and a magnetic feed roller having a horigOshial 
axis extending across the direction of feed and 
disposed at a point higher than tie stack it, 
lower than the top of the induction coil, said 
magnetic feed roller Serving to receive the upper 
most sheet when raised and to feed it in a gen 
erally horizontal direction away from the coil and 
stack. 

22. Apparatus for separating and successively 
feeding ferromagnetic sheets froin a stack of 
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 generally in the direction 
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 upper:nost, sheets of the 
stack, and feed means to receive and feed the up 
permost sheet away from the coil and stack, said 
means to energize the induction coil including a 
variable impedance driven by a motor and 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 the 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 extending 
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 notor 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 
ly 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 SWitch 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 indu 
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 of 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 6 
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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26 
the field 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 froin 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 
nagnitude 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 to 
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 dia.netral dinnension that the SheetS may 
be noved 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. 
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