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ABSTRACT OF THE DISCLOSURE

In a document photocopier photosensitive sheets are
fed in a print cycle to an exposure window and thence
through a developer and dryer to an exit under the con-
trol of a cam shaft which closes a cam switch each time
a sheet begins its print cycle. At the exit a switch senses
passage of each sheet from the copier. A time delay relay
starts its delay cycle in response to closing of the cam
switch and is reset to start condition in response to closing
of the exit switch. If a predetermined number (e.g., three)
sheets have entered the print cycle without actuation of
the exit switch further feed of sheets is stopped.

———— N Rt

This invention relates to photographic apparatus for
making copies of original subject matter such as docu-
ments, and particularly to control apparatus for detecting
malfunctions in a copier in which photosensitive sheets
are fed along a path past a printing station and ultimately
to an exit from the copier.

For example, in a typical office copier an original docu-
ment is placed face-down upon a glass platen or like rec-
ord window and illuminated from a light box beyond the
window. The illuminated face of the original is imaged
by a lens upon an image plane where it exposes a photo-
sensitive sheet such as electrostatically sensitized paper.
The photosensitive sheets are severed from a supply roll
and fed sheet by sheet along a path past the image plane,
thence to a developer and fixer and finally to the exit from
the machine. During their progress along the path the
sheets occasionally may become jammed so that they
fail to exit from the machine and cause an accumulation
of jammed sheets behind them. In apparatus wherein the
sheets are delivered from the copier by an exit roll it is
possible that one or more sheets may wrap around the
exit roll instead of being delivered from the machine.
Certain malfunctions of the copier may result in failure
to cut individual sheets from the strip fed from the sup-
ply roll with the result that one long strip is continuously
fed out of the exit.

It is the object of the present invention to prevent or
minimize these and other malfunctions.

According to the invention copier apparatus comprises
means to feed a series of separate photosensitive sheets
along a printing path to an exit, means starting said feed
means actuated by said starting means at the start of said
feed, means at the exit for sensing sheets leaving the path,
and timing means responsive to said actuated means to
start a time delay interval, and including switch means
actuated by said timing means at the end of said interval
and operative to stop said feed means, said timing means
being responsive to said sensing means to interrupt said
time delay interval and prevent stopping of said feed
means.

For the purpose of illustration a typical embodiment
of the invention is shown in the accompanying drawings
in which:

FIG. 1 is an elevation, shown partly in section, of
photocopying apparatus;

FIGS. 1A and 1B are elevations of details of FIG. 1;
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FIG. 2 is a schematic diagram of the mechanism of
the apparatus;

FIG. 3 is a time graph of the cycle of cams shown in
FIG. 2;

FIGS. 4 and 5 are schematic diagrams of the electrical
circuits of the apparatus of FIG. 1; and

FIG. 6 is an isometric view of part of the apparatus of
FIG. 1.

MECHANISM AND OPTICS (FIGS. 1 AND 2)
Operator controls

Briefly, to make a copy with the illustrated apparatus
the operator first presses a lift key S31 at the front (right
side) of the apparatus causing a cover 12 to life up from
a glass platen 1. An 11 in. original document is then placed
face down on the platen with one end against a movable
stop 511. For a 14 in. document, the stop 511 is removed
and the document end placed against a fixed stop 514.
The operator then adjusts a rheostat R (FIG. 1A) which
controls the light intensity for proper exposure of the
original, and then presses either of two print keys S9
or 529 depending on whether the original is 11 in. or 14
in. long. The cover 12 then closes, exposes a photo-
sensitive sheet of 11 in. or 14 in. length and delivers it
developed through an exit roll 33. If only a single copy
is to be printed the cover then rises uncovering the or-
iginal. After a short delay the cover then closes. If a
given number of copies are desired the operator turns a
numbered control knob 81 to its appropriate position be-
fore pressing a print key and the cover 12 does not rise
until the desired number of copies are printed. Or if it
is desired to print copies continuously, the knob 81 is
turned to and locked in a C position prior to pressing
a print key. The copier will then print copies continuously,
without raising the cover, until the control knob is un-
locked and returned to 1 position.

Optics

The original, face-down on the glass platen or record
window 1, is illuminated from below the platen by a light
box comprising two elongate flash lamps 6 located in
curved reflectors 11. Light from the lamps is directed
by diffuse reflecting end wells 8 and 9 and specularly re-
flecting end walls 7 upon the platen and the original an
image of the original is focussed by a lens 3 at the bottom
of the light box upon an image plane 2 to which a photo-
sensitive sheet is fed. At the instant the sheet, moving at
about 400 feet per minute, is registered with the image
the lamps 6 are flashed for under a half a second photo-~
graphically stopping movement of the sheet relative to
the image.

Preferably the original is illuminated by the light box
in a pattern more bright at its corners and edges than
at its center so that the light attrition of the lens is com-
pensated, and the image at the plane 2 is evenly illum-
inated throughout its area. The stops 511 and 514 on
the platen are located so that an 11 in. or 14 in. original
will be centered in the illumination pattern of the light
box on the central axis 3A of the lens 3. Sensitive switches
519 and S20 are placed in the path of the paper sheets
along the image plane 2. As will be explained more
fully, when the one of these switches selected by print
key 89 or S29 is tripped by the leading edge of a moving
photosensitive sheet the lamps 6 are immediately flashed.
The first sensitive switch S19 is located such that when
it is tripped by the leading edge of an 11 in. sheet, the 11
in. sheet is at a position registered with the correspond-
ing position of an 11 in. original against stop 511 on the
platen 1, that is, centered on the image and on the folded
central axis 3A of the lens. Similarly, when switch S20
is tripped by a 14 in. sheet, the sheet is registered with
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the 14 in. image and centered on the axis 3A at the in-
stant of exposure.

Feeding and cutting mechanism

Briefly, print paper having an electrostatically sensitiza-
ble coating is fed from a supply roll 21 to a cutter 23
when it is cut into 11 in. or 14 in. sheets 21’. Concomi-
tantly with the feed to the cutter the sheets are fed past
a pre-exposure lamp 20 for dissipating accidental charges
on the paper, and thence through a high voltage corona
discharge device 19 for placing a uniform electrostatic
charge over the paper coating. The severed sheets are
fed by rolls 22 before the cuiter to a porous belt 24
through which air is drawn into a vacuum plate 25 con-
nected to a vacuum pump 24. The belt 24 carries the
severed sheet along the image plane 2 to the paper sens-
ing switches S19 and S20 where the sensitized paper is
exposed. Thence the paper is fed by a roll 26 into a de-
veloper 31 comprising a reservoir 47 of developer or
electrostatic toner fluid and a tray 48 through which the
paper passes. Toner is supplied from the reservoir 47 by
a pump M3 to the tray 48 from which it spills back into
the reservoir. A float switch S15 senses depletion of toner
from the reservoir 47. An intensifier supply 56 of con-
centrated toner actuated by a solenoid K33 may be ac-
tuated manually or automatically to increase the concen-
tration of the toner in the reservoir 47. Beyond the de-
veloper 31 the sheet is fed by rolls 28 to a drier 32, and
thence by rolls 29 to an exit roll 33. At the exit roll 33
the paper sheet is sensed by a switch S30 with a finger
30 which normally rides in a groove 33’ in the roll 33,
the switch S30 being actuated when a sheet on the roll
lifts the finger from the groove. Beyond the exit roll 33
an .exit switch S22 senses the arrival of paper at the exit.

After leaving the supply roll 21 the paper passes over
an idler roll 16 on a dancer arm 17. If the paper roll 21
is exhausted or the paper breaks, the dancer arm drops
actuating a paper empty switch S24 and swings a con-
nected hook 17’ under a cam follower roll 36’. The cam
follower roll 36’ rides on a cutter cam 36 and is part of
a crank 23’ carrying the paper cutter blade 23. The cam
36, rotated on a cam shaft 35 driven at one of two speeds
through clutches CL5 or CL§, allows the spring-urged
crank 23’ to drive the cutter blade 23 through the paper
21 severing sheets 21’ therefrom in lengths of 11 in. or
14 in. as will be described under the heading Print
Cycle.

The rolls 22 feeding the paper to the cufter 23 are
controlled by a combination electromagnetic brake B1
and clutch CL2. The rolls 28 at the drier 32 are controlled
by an electro-magnetic clutch CL4.

The mechanisms so far described are driven by a mo-
tor M1 through a sprocket chain 71 and sprockets 72
as shown in FIG. 2. One sprocket 72 drives sprocket 73
and 74 at different speeds. These sprockets are alterna-
tively connected by electromagnetic clutches CL5 and
CL6 to a cam shaft 35 to drive the cam shaft at one of
two speeds. Mounted on the cam shaft are the cutter
cam 36, and additional cams 71, 72, 75, 76 and 77 re-
spectively actuating switches S1, S2, S5, S6 and S7 in a
cycle shown in FIG. 3. :

In addition the cam shaft 35 drives the multiple copy
control knob 81 through a step down gear box 86, a
shaft 84, a slip clutch 83 and a shaft 82. The control
knob 81 has a C position and numbered positions from
1 to 25. When turned to a numbered position other than
1 the knob 81 actuates a switch S13. The step down ratio
of the gear box 86 is such that the knob -81 makes one
rotary step from number to number back toward 1 (see
FIG. 1A) for each 360° cycle of the cam shaft 35. Also
the knob 81 may be held by a lock 87 in a C position
actuating the switgh S13 but preventing rotation of the
knob, The slip clutch 83 yields when the knob is in the 1

20

25

30

35

40

50

60

65

70

75

4

or C position, and when the knob is manually turned
from 1 to a higher numbered position.

Other mechanisms

The platen cover is raised and lowered by a motor M5
as described under the heading Platen Cover Operation.
A blower M4 is associated with the drier 32 as are ther-
mostatic switches and heaters shown schematically in
FIG. 5 and described under the heading Auxiliary Cir-
cuits.

PLATEN COVER OPERATION (FIGS. 1 AND 6)

The cover 12 comprises a blanket 51 detachably hinged
by pins 52 to the copier frame 50 at one end of the
platen 1. A rod 53 slides lengthwise of the blanket in a
sleeve 54 fixed to the blanket. A thumb screw 56 extend-
ing through a slot 57 in the sleeve sets the rod extended
from the sleeve as shown, or when loosened, allows the
rod to be retracted in the sleeve for removal of the cover
from the frame.

In operation the rod extends through the frame to a
crank 58 having two spaced arms 59 and 61 coupled by
a spring 62 and pivoted on a bracket 63. The cover lift
arm 59 carries a roller 64 bearing on the rod 53. The
crank arm 61 is engaged by a roller 66 mounted eccen-
trically on a disc 67. The disc is driven by a lift motor
M5 through a reduction gear box 68 and a shaft 69. The
shaft 69 carries a cam 71 having a groove 72 which closes
two sensitive switches S25 and 'S26 at different positions
of the shaft. UP switch S25 is opposite the groove and
is closed except when the blanket has opened to its limit
of about 55° relative to the platen 1. DOWN switch S26
is closed except when the blanket is closed on the platen.

Rotation of the shaft causes the eccentric roller 66 to
depress crank arm 61 which, through the spring 62, de-
presses crank 59 and rod 53 thereby swinging the blanket
51 off the platen 1. Further rotation of the shaft lowers
the blanket. Operation of the blanket is initiated by a lift
key S31. Manually depressing the cover when open does
not damage the rod 53 or associated structure, because
the spring coupling 62 will yield.

With the control circuit of FIG. 4 in stand-by the lift
key S31 is pressed momentarily, charging a 200 micro-
farad, capacitor C8 in parallel with a 10 kilohm DC relay
K49 and its rectier D5 across the alternating current
busses A’ and C. Relay K40 is energized transfering its
contacts k40A and k40B. Current then flows from the bus
A’ through contact 49A and the cover UP switch S25 to
the cover lift motor M5 causing the blanket to be lifted
fully by the crank 58 on shaft 69. After transfer of con-
tact k40A the lift key S31 has no effect. As soon as the
shaft 69 turns, the DOWN switch 826 closes. DOWN
switch S26 and UP switch S25 remain closed until the
cover is fully lifted. At that time 'the cover lift shaft cam
71 opens the UP switch S25 stopping the lift motor MS5.

Capacitor C8 discharges shortly after the cover is
raised during a 5 second interval determined by the
value of the capacitor and relay coil. The charge bleeds
through the relay K40, and K46 is then deenergized re-
transferring its contacts to the position shown. The op-
erator may then lay an original document on the platen
under the opened cover. He then presses one of two
double pole print keys S9 or 529, depending on the length
of the original to be copied. Key S9 is pressed for an 11
in., letter-size original, key S29 for a 14 in., legal-size
original.

At the start of the print cycle, described more fully
hereinafter, relays K9, K10 and K23 are energized, the
latter closing contact £23 and supplying power to the third
bus A”. A time delay relay K61 is then energized and
closes its contact k61 after about 2 seconds and supplies
power to the cover motor M35 through contact k40B
and now closed sensitive switch $26. The motor lowers
the blanket to the platen and in then turned off by open-
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ing the sensitive switch S26. During the print cycle
initiated by closing one of the print keys S9 or $29 a
cam switch S7A is closed energizing a relay K41 during
a period of about 2 seconds determined by the time con-
stant of its resistance (10 kilohms) and the capacitance
of a parallel capacitor C9, and transferring its contact
k41 to connect capacitor C8 to the A” bus. Capacitor
C8 is charged without energizing its parallel relay K40,
and when, after exposure, camr switch S7A retransfers
deenergizing relay K41, contact k41 returns to the posi-
tion shown, and capacitor C8 discharges through and
energizes relay K40. The capacitor discharges for an
interval of over two seconds through the relay coil
transferring contacts k40A and k40B, the former of
which completes a conmection from the secondary bus
A’ through sensitive switch S25 and the cover motor MS5.
The motor raises the cover closing sensitive switch S26
and, when the cover is raised, opening switch S25. The
discharge of capacitor C8 continues long enough to
allow the operator to remove the document just copied
and to place another on the platen. Then, when the dis-
charge is complete K40 is deenergized transferring its
contacts k40A and k40B to the position shown in FIG. 4
and completing a circuit through contact k40B, switch
S26 and the cover motor which lowers the cover to the
platen, closes switch S25 and, when the cover is lowered,
opens switch $26. The cycle is then complete, and a new
print cycle may be started by pressing one of the print
keys S% or S29. If a new print cycle is not started the
tertiary bus A” js disconnected by opening of relay con-
tact k23, as is explained more fully under the heading
Print Cycle.

When the control knob 81 is in C or a numbered posi-
tion other than 1, the switch S13B transferred by the
knob bypasses cam switch S7A holding relay K41 ener-
gized and contact k41 transferred and preventing dis-
charge of capacitor C8 through relay X40. When switch
S13B is opened when the control knob 81 returns to 1,
subsequent operation of cam switch S7B causes the
cover raising previously described.

PRINT CYCLE (FIGS. 1 TO 4)

The copier is capable of printing a single copy of each
original. Also, if the Multiple Copy control 81 is set
otherwise, a selected multiple of the original are printed
automatically, or the copier may be set to print con-
tinuously either one or successive originals. Following
is a description of a single print cycle. Automatic print-
ing is described under the sub-heading Multiple & Con-
tinuous Cycling. Other components not entering directly
into the print cycle are shown in FIG. 5 and described
under the heading Auxiliary Circuits.

Single print cycle

With an original document on the platen or copy
window 1, and with the cover 12 lowered on the platen,
feeding, cutting and exposure of the print paper is initiated
by either the 11 in. PRINT key S9 or the 14 in. PRINT
key S29 selected by the operator according to the size
of the original, Closing the ganged contacts S9A and
S9B of key S9 energizes the latch coil K6JL of a latching
relay K60, which includes a reset coil K60R, and throws
contacts k60A, k60B and k60C to, and latches them in,
the position shown in FIG. 4 if they are not so trans-
ferred. Alternatively, the ganged contacts S29A and
S29B of key S29 energize the reset coil K60R transferring
contacts to, and latching them in, the position not shown.

Closing either key S9 or S29 also energizes a primary
start relay coil K9, closing its contacts k9A, k9B and
k9C. Contact k9A completes a connection from the sec-
ondary bus A’ holding relay K9 energized until cam
switch S6 opens later disconnecting bus A’. Contact
k9B charges a capacitor C3 with current rectified by a
diode D4 and resistor R1 of a secondary start relay K10
by a connection from the main power bus A through
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the coil K10, a switch 24, switch S15 and relay contact
k31C to the common bus C. The contact k10, closed
when relay K10 is energized, energizes a main power
relay K23 through contact k31A of relay K31. Contact
k23, then closed by relay K23, connects the main power
bus A to the tertiary bus A”. Components shown in
FIG. 5 and described under the heading Auxiliary Cir-
cuits are then energized. But primarily contact k23 en-
ergizes the main motor M1 thereby driving the non-
clutched paper feed rolls and belt and the cam shaft
35, and supplies current through bus A’ to cam switch
S1 or S2, of later significance, and through now closed
relay contact k9C to clutch CL5 or CL6, whichever has
been selected by contact k60B of latching relay K66.
As previously explained, relay K60 is latched either in
L or R position depending on whether print switch S9
(for an 11 in. original) or S29 (for a 14 in. original)
has been pressed to start the print cycle. Whichever
of clutches CL5 or CL6 is energized, the corresponding
spocket 73 or 74 is now (time #6 in FIG. 3) connected
to the cam shaft 35 to begin to drive it at one of two
speeds. For an 11 in. original document the drive speed
of sprocket 73 is faster. Because the paper feed rolls
22 just beyond the paper supply roll 21 are not yet
clutched by CL2, paper feed does not begin until after
the cam shaft 35 starts turning at time 0 (FIG. 6).

At time 1 cam switches S1, S2, S5 and S7 are trans-
ferred from the positions shown in FIG. 4 with the fol-
lowing six effects:

(1) Cam switches S1 and S2 break the connection
from bus A” to the braking coil B1 of a combined brake-
clutch B1-CL2, and energize the clutch coil CL2 con-
necting the corresponding main drive sprocket 72 to
the paper feed rolls 22 at the paper cutter 23. Paper
feed through the cutter to the suction belt 24 is thus
started.

(2) Closing of cam switch S5B completes a holding
circuit for energized relay K1i0. .

(3) Cam switch S5A, through S13A, energizes the
transformer T9 of the high voltage power supply 19’ for
corona paper sensitizer 19 and the paper pre-exposing
lamp 20, and directly energizes the L coil of a latching
relay K30L. The relay contact k30 then closes, energiz-
ing a time delay relay K31 which does not transfer its
contacts k31A to C for an interval of about five seconds,
longer than the normal time from the start of the print
cycle until the discharge of a print past the exit switch
S22. In the event that a print becomes jammed in its
path and cannot trip the exit switch S22 within five sec-
onds, transfer of contact k31A initiates a stopping se-
quence described under the heading Malfunctions.

(4) Closing of cam switch S5B at time 1 bypasses
switch 524, malfunction switch S15 and the time delay
relay contact k31C during the print paper feeding, cutting
and exposing portions of the print cycle, to avoid inter-
ruption of these operations once they have begun.

(5) Closing of cam switch S7A bypasses relay con-
tact X9C which is opened at time 2.

(6) Closing of cam switch S7B holds energized relay
K23, which in turn holds the tertiary bus A"’ energized
even if relay K31 should open its contact k31A. This in-
sures that the paper feed and cam shaft drive will com-
plete feeding and cutting of a sheet of print paper even
if a jam of paper develops as detected by failure of exit
switch S22 to be transferred during the time delay period
of relay K31.

At time 72 cam switch S6 alone is transferred from the
secondary bus A’, as shown in FIG. 4, to its alternate
position connecting the main power bus A to relay K10,
thereby holding the relay energized. Disconnecting power
from the secondary bus A’ deenergizes relay K9 whose
contact k9C was bypassed at time 71 by cam switch S7A,
and also disables the lift switch S31.

At time 3 cam switches S1 and S2 are returned to the
position shown in FIG. 4, deenergizing the clutch CL2
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and energizing brake B1 connected to feed rolls 22 and
thereby unclutching and braking the leading end of paper
from supply roll 21, whose length beyond the cutter 23
is determined by the speed at which the cam shaft 35 is
driven by clutch CL5 or CL6.

At time #4 this length of paper is severed from the
supply when the cutter cam 36 actuates the cutter 23.
The leading end of the severed sheet of paper is held on
the continuously running belt 24 by the vacuum plate 25,
and therefore is carried on to the semsitive switches S19
and S20 in the path of the leading edge of the sheet.

At time 14+ the leading edge of the severed sheet suc-
cessively closes switches S19 and S20. But only one of
these switches is effective, depending on the position of
relay contact k60C, which in turn depends on whether
the 11 in. print key S9 or the 14 in. print key S29 was
pressed to initiate the printing cycle. As shown in FIG. 1
the 11 in. paper switch S19 is in advance of the 14 in.
paper switch S20, and is disposed with respect to the
print window 2 such that when $19 is tripped an 11 in.
sheet of print paper is centered in the print window 2 in
optical register with an 11 in. original document located
on the platen or record window 1 by the stop 5 and cen-
tered on the optical axis. Paper switch S20 is so posi-
tioned 14 in. beyond switch S19 that when a 14 in. sheet
of print paper trips it, the sheet is centered in optical
register with a 14 in. original document located on the
platen 1 with one edge at the left hand end thereof.

At the instant 144 when the enabled paper switch S19
or S20 is tripped the exposure trigger relay K43 is ener-
gized and its contact k43A energizes a relay K32 in the
high voltage supply 100 of the stroboscopic exposing
lamps 6. At this instant the original document on the
platen is illuminated ‘and its image is focussed on the
severed print sheet centered in the print window 2.

At time 144 relay contact k43B is also closed, ener-
gizing a meter M which counts the number of exposures
and periodically replenishes the developer in the developer
tray 48 by electromagnetic activation of a liquid de-
veloper intensifier dispenser 50. As shown in FIG. 5 the
intensifier may also be caused to dispense a dose of in-
tensifier by actuation of a manual switch S33 which
activates the coil K33 of the intensifier. Relay contact
k43B also initiates a platen cover opening sequence de-
scribed under the heading Platen Cover Operation.

Following exposure the print that is fed through the
developer 31, dryer 32 to the exit switch S22 which is
tripped by the leading edge of the exiting developed and
fixed print. During the developing, drying and exiting a
new print cycle may be started. However, the print cycle
concludes with the following cam switch operation.

At time 5 cam switch S6 is returned to the position
shown in FIG. 4 deenergizing relays K10, and K61 suc-
cessively and resupplying the secondary bus A’ for sub-
sequent operation of the cover lift relay K40 and the
PRINT switches S9 and S29.

At time 16 cam switches S5A, S5B, S57A and S57B re-
turn to the start position shown in FIG. 4. Switch S7B
deenergizes relay K23 removing supply from the tertiary
bus A",

MULTIPLE AND CONTINUOUS CYCLING

The copy selector operator control 81 comprises a knob
normally set at numeral 1 for printing a single copy of
an original each time the operator initiates a print cycle.
This dial may be set to print any number of copies of
the same original up to twenty-five by turning the dial
to the correspondingly numbered position from which it
is stepped back toward 1 position as each copy is printed.
Or it may be locked in position C so as to print copies
continuously until turned from position C.

When set either to C position or a numbered position
the cam shaft 82 rotated by control 81 transfers ganged
switches S13A and S13B. Switch S13A, when transferred
from the position shown in FIG. 4, breaks the connec-
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tion from bus A" through cam switch S5A and S13A to
the transformer corona sensitizer 20 and pre-exposing
lamp, but makes a direct connection from bus A’’ to the
sensitizer and lamp. Thus while more than one copy is
being made the sensitizer and lamp remain continuously
energized as sheets of print paper are rapidly fed thereby.
Switch 13B bypasses relay contact k9C and maintains the
cam shaft 35 in continuous rotation through clutch CLS
or CL6. Thus the copier continues to execute print cycles
until the control knob 81 is stepped back to position 1
opening switches S13A and S13B.

AUXILIARY CIRCUITS (FIG. 5)

FIG. 5 shows circuits and components auxiliary to
the circuits of FIG. 4 and include those continuously
supplied by the main power bus A, and by the tertiary
bus A" after K23 is energized at the start of the print
cycle.

A humidistat switch S10 responds to excess humidity
within the copier housing 50 by closing and supplying
current to a heater R8 which reduces humidity. A manual
switch S11 within the housing may be closed by a service
man to energize the R coil K30R of the latching relay
K30 with the same resetting effect as transfer of the
exit switch S22. A manual switch S33 may be operated
by a serviceman to energize a relay K33 which electro-
magnetically activates the liquid intensifier dispenser 5¢
in the manner of meter M described under the heading
Print Cycle.

When the tertiary bus A’ has been supplied through
relay contact k23A at the start of the print cycle three
motors M2, M3 and M4 are continuously energized. A
vacuum is drawn at the plate 25 (FIG. 1) by motor M2.
Motor M3 pumps toner from the developer tank 47
to the developer tray 48. Motor M4 continuously circu-
lates air through the drier 32. The clutch CL4 is coupled
to the paper feed rolls 28 at the drier 32.

Assuming that the apparatus is at ambient tempera-
ture, and a thermostatic switch S17 is in the position
shown in FIG. 5 a relay K4 is energized closing its con-
tact k4 and supplying 120 volt current to a 1300 watt
heater R6 located in the drier 32. As the temperature
rises, the contact of the thermostatic switch S17 trans-
fers from the position shown denergizing relay K4 and
energizing relay K42. Relay contact k42 then drops the
current supplied R6 to 105 volts. An auxiliary 500 watt’
heater R7 is supplied directly from the tertiary bus A”’.
Both heaters R6 and R7 are disconnected by overheat
thermostatic switches S3 and S4 respectively, in the event
that the temperature within the apparatus becomes ex-
cessively high.

MALFUNCTIONS

In normal operation the paper supply roll 21 and
the paper tone in tank 47 will become exhausted. These
conditions are indicated visually by lamps P and T in
the circuit of FIG. 4. In addition the circuit prevents
or minimizes the effects of such occurrences as jamming
of the paper along its path between the cutter 23 and the
exit roll 33, wrapping of the paper around the exit
roll 33, and failure of circuit components controlling
the paper feed clutch CL2 which results in feeding con-
condition. Transfer of switch S24 also disconnects the
The circuit of FIG. 4 also prevents response to a mal-
function from stopping the paper cutter 23 while it has
only partially severed a sheet of print paper.

Paper exhausted

When fhe last length of paper leaves the supply roll
21 the idler roll 16 carried on the dancer arm 17 drops
causing the dancer arm to transfer switch S24 and also
lifting the cutter bell crank 23’ off its cam 36. On
transfer of switch S24 from the position shown a con-
nection is completed from the primary bus A through
the Paper Empty indicator lamp P, switches 524 and S15
and relay contact k31C to the common bus C. Lighting
of lamp P thus visually indicates the exhausted paper
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condition. Transfer of switch S24 also disconnects the
common return circuit for brake Bl and clutches CL2,
CL5 and CL6 when cam switch S5B opens at time 76,
the end of the print cycle, after cutting and exposure
of the last full length of paper from the supply roll 21.
Thus a subsequent print cycle is prevented until a new
supply roll of paper has been inserted. A later cycle
might start with less than 11 in. length of paper avail-
able. Such short lengths are apt to jam along the feed
path, and their feed is prevented by stopping print cycles
subsequent to paper exhaust or breaking. In addition
dropping of the dancer arm 17 will swing an attached
hook 17’ under the cutter cam follower roll 36’ and
prevents the cutter crank 23’ from moving the cutter 23
into the paper path.

Toner exhausted

Liquid paper toner in the developer tank 47 is slowly
removed by print sheets until a significant drop in level
is detected by the float switch S15. Transfer of switch
S15 then completes a circuit from the main bus A through
a Toner Empty indicator lamp T, and relay contact £31C
to the common bus C. Lack of adequate toner is thus
visually indicated.

PAPER JAMMED

In normal operation a developed sheet of paper will
transfer the exit switch S22 before the time delay relay
K31 closes at the end of the predetermined approximately
five seconds delay period. The reset coil K30R of the
latching relay is then energized, opening its contact k30
and stopping and resetting the time delay relay K31. The
print cycle then concludes normally as described at the
end of the section entitled Print Cycle.

Infrequent defects in the print paper may result in
the leading edge of the paper becoming jammed along its
path from the cutter 23 to the exit roll 33. In this event
the exit switch is not tripped by the printed sheet and the
time delay period of relay K31 ends with transfer of
relay contacts k31A, £31B and £31C. Unless cam switch
S7B is closed, transfer of contact k31A will deenergize
the auxiliary start relay K23 whose opening contact k23
removes power supply to the tertiary bus A”. If cam
switch S7B is closed, relay K23 will remain energized
until time #6, allowing the cutter cam 36 to conclude
severing a sheet of paper at the cutter 23, and avoiding
initiation of a subsequent print cycle with a partially
severed sheet at the cutter. Then opening of switch S7B
will deenergize relay K23, cut power to the bus A’ and
prevent further mechanical operations until the jam has
been cleared.

Thus switch S5A counts +1 when each sheet enters
the printing path, and switch S22 counts —1 when the
sheet exits from the path. Transfer of S5A starts the
five second cycle of the time delay relay K31, In normal
operation switch S5A adds a count of one to relay K31,
and switch S22 subtracts one. If the copier is set for
multiple or continuous cycling, approximately each two
seconds of elapsed time will be added to the time the
delay relay K31 has run toward the end of its cycle for
each actuation of switch S5A. When a sheet exits and
transfers switch S22, relay K31 is reset to zero time,
thus subtracting from the time elapsed in its five second
cycle. Relay K31 thus acts to sum the number of sheets
entering the print cycle. If more than approximately two
seconds of its cycle are gone, two 11" sheets have entered
the print cycle as shown by FIG. 3. After a third sheet
enters without the transfer of switch S22, the relay will
have summed to over five seconds, equivalent to three
or more sheets counted as having entered but not exited,
and this difference in count stops the feed of further
sheets.

The necessity for clearing a jam is visually indicated
by simultaneous illumination of both lamps T and P upon
transfer of relay contacts k31B and k31C which are di-
rectly connected to the common bus C. Since it is ex-
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tremely unlikely that paper and toner will become ex-
hausted simultaneously, the dual illumination of lamps
P and T is a reliable indication of a jam.

Exit roll wrapping and continuous sheet
(cam shaft stopped)

It is possible that an exiting print will trip the exit
switch S22 but then wrap around and continue to cover
the exit roll 33, In this event a sensitive switch S30 feeling
a portion of the exit roll not normally covered senses the
wrapped paper and closes until the print is removed.
Switch S30 holds the time delay relay K31 energized un-
til, at the end of its period, it deenergizes relay K23,
stopping machine operation, and lights both lamps T and
P as described above.

Other component failures

If during the interval from time 70 (when closing switch
S9 or 829 initiates the print cycle) to time 1 (when cam
switch SS5A closes) a trouble develops which prevented
turning of the cam shaft 35, the auxiliary heaters, blow-
ers and motors shown in FIG. 5 and other components
fed by bus A” would operate continuously because the
print cycle cannot be completed by termination of the
cam shaft cycle. Relay K30L would not be energized by
cam switch S5A, and relay K31 would not start its timing
out cycle to deenergize K23 and cause contact k23 to dis-
connect power from the tertiary bus A”. To prevent this
occurrence during time 70 to time f1, a connection is
provided between the normally open contact k9B and the
normally closed contact k30. Through this connection re-
lay K31 is energized from the primary bus A until cam
switch S6 at time 72 deenergizes bus A" and relay K9.

By this time cam switch S5 will have closed if operation

is normal. If operation is faulty S6 will not transfer and
relay K31 will time out, deenergize relay K23 and brake
power through contact k23 to the components supplied
by the tertiary bus A",

Overlength sheet

If a circuit component associated with either of the
cam drive clutches CL5 or CL6 should malfunction dur-
ing the print cycle before cutting is started the paper feed
clutch CL2 could continue to feed paper from the roll 21.
Malfunction of switches S7A, switch 13 or relay K9, or
failure of diode D2 or resistor R4 can produce such a
condition. To prevent its occurrence a relay K62 is con-
nected in parallel with the clutches CL5 and CL6 and is
energized with them, closing its contact k62 which en-
ables energization of the paper feed clutch CL2. A mal-
function which deenergizes the cam drive clutches CL3
and CL6 will also deenergize relay K62, opening contact
k62 and disabling the feed clutch to stop paper feed.

It should be understood that the present disclosure is
for the purpose of illustration only and that this inven-
tion includes all modifications and equivalents which fall
within the scope of the appended claims.

I claim:

1. Copier apparatus comprising

means to feed a series of separate photosensitive sheets

along a printing path to an exit,

means starting said feed,

means actuated by said starting means at the start of

said feed,

means at the exit for sensing sheets leaving the path,

and

timing means responsive to said actuated means to

start a time delay interval, and including switch
means actuated by said timing means at the end of
said interval and operative to stop said feed means,
said timing means being responsive to said sensing
means to interrupt said time delay interval and pre-
vent stopping of said feed means.

2. Copier apparatus according to claim 1 wherein said
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sensing means comprises a sensitive switch tripped by the
leading edge of each sheet.

3. Copier apparatus according to claim 1 wherein said
exit comprises exit feed means and said sensing means
comprises a sensitive switch actuated by a sheet on the
feed means, said switch being held actuated by continuous
presence of a sheet on the feed means.

4. Apparatus according to claim 1 wherein said timing
means comprises a resettable relay with a contact closing
a predetermined time after actuation of the relay by said
actuated means, and characterized in that said semsing
means comprises a switch operative to reset said relay.

5. Copier apparatus according to claim 1 wherein said
timing means is resettable in response to said sensing
means,

6. Copier apparatus comprising

means to feed'a series of separate photosensitive sheets

along a printing path to an exit during successive
printing cycles,

means starting said feed,

means actuated by said starting means at the start of

each cycle,

means at the exit for sensing sheets leaving the path, and

timing means responsive to said actuated means to

start a time delay interval, and including switch
means actuated by said timing means at the end of
said interval and operative to stop said feed means,
said timing means being responsive to said sensing
means to interrupt said time delay interval and pre-
vent stopping of said feed means.

7. Apparatus according to claim 6 wherein said actu-
ated means comprises an electrical start switch connected
to said timing means to start the same, characterized by
printing cycle programming means causing said feed
means to start the feed of each sheet along the printing
path, said programming means being operatively coupled
to said start switch to actuate the start switch at the start
of each printing cycle whether or not a sheet is fed into
said path,

8. Apparatus according to claim 7 wherein said pro-
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gramming means includes a cyclic mechanism operating
said start switch once each cycle.

9. Apparatus according to claim 8 wherein mechanism

includes cam means operating said start switch.

10. Copier apparatus comprising

means to feed a succession of photosensitive sheets from
an entrance along a processing path to an exit during
successive printing cycles,

means on said path for processing a plurality of sheets
during each printing cycle,

programming means for initiating each printing cycle,

means actuated by the programming means at the be-
ginning of each cycle,

a time delay relay energized by said actuated means to
start a timing period and having a switch contact
transferred a predetermined time interval of more than
one printing cycle after energization of the relay in
start condition, said contact being connected to said
feed means to stop the feed means after transfer of
the contact,

means to reset the relay to start condition, and

switch means sensing sheets leaving said exit, said switch
means being connected to said reset means to reset
said time delay relay to start condition when a sheet

-leaves said exit,

whereby the feed between said entrance and exit is
stopped when a sheet in advance thereof is not sensed
to leave the exit during each predetermined time
interval,
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