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SHEET FOLDING MACHINES
Geoffrey Smith, 46 E. India Dock Road, Londen E.14,
England, assignor of one-half fo James Armstrong &
Company Limited, London, England, a British com-

Filed May 12, 1959, Ser. No. 812,728
8 Claims. (CI. 270—68)

This invention relates to sheet folding machines or
machines for folding bed sheets or other fabric sheets.
The invention is primarily intended for use in laundries,
for folding bed sheets after they have been delivered
from the calender in a condition ready for return to the
customers.

The invention has for its object the provision of an
improved sheet folding machine, and the invention con-
sists broadly of a machine for folding bed sheets or
other fabric sheets, comprising a belt conveyor on which
the sheets are fed in succession, in such a way that they
hang down on each side of the belt, and means for hold-
ing back the forward edge of each sheet, so that, by
the conveying action of the belt, said forward edge be-
comes progressively doubled back, and for subsequently
releasing said forward edge, so that, thereafter, the dou-
bled sheet as a whole, still hanging down on each side
of the belt is conveyed by said belt.

The word “belt” occurring in the above paragraph
and throughout the claims is to be understood as cover-
ing belts of all suitable kinds including chain-like struc-
tures, and as covering not only a single belt but also
a plurality of separate relatively narrow belts side by
side, which again may be of any suitable form such as
wires or chains.

In order that the invention may be the more clearly
understood, a sheet folding machine in accordance there-
with will now be described reference being made to the
accompanying drawings wherein:

FIGURE 1 is a side elevation of the machine, shown
partly in section;

FIGURE 2 is a similar side elevation, to a larger
scale of a portion of the machine;

FIGURE 3 is an end elevation looking from the left
of FIGURE 2;

FIGURE 4 is a plan of the parts shown in FIGURES
2 and 3;

FIGURE 5 is a partly diagrammatic view illustrating
the electro-pneumatic control system employed in the
machine; ' )

FIGURE 6 is a side view, to a large scale, of a switch
employed in the machine;

FIGURE 7 is an end view of the same. .

Referring to the drawings, the sheets 1 (FIGURES
4, 6 and 7) are fed in succession from the calender 2
on to a belt conveyor having a rather narrow belt 3, in
such a way that the sheets hang down equally on each
side of said belt. This conveyor conveys the sheets on
to a second conveyor which forms a continuation of the
first and has a similar belt 4. Said belt 4 travels at a
higher speed than the belt 3, in order to ensure that
any ruckles which the sheet may have acquired in pass-
ing on to the belt 3 will be smoothed out.

At a suitable distance forwardly from the calender
2, a sheet-folding mechanism is provided which com-
prises two roughly U-shaped or bridge shaped folding
elements 5 and 6, each formed of a bent sheet metal
strip. One (8) of said folding elements is of larger
dimensions than the other (8), and said elements are
both: rotatable about the same axis X—X, passing through
both legs of both elements near the ends thereof, with
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the larger element 5 outside the smaller clement 6 as best
shown in FIGURE 4. .

The axis X-—X passes transversely and horizontally” -
a little above the belt 4, and the legs of the folding ele-
ments 5 and 6 are symmetrically on each side of said belt.
Normally, the position is as shown in FIGURES 2, 3,
4 and the full line position of FIGURE 1, said folding
elements being in a roughly horizontal plane, with the
middle portions forwardly of the axis X—X and pass-
ing over the belt 4. :

The middle portion of the inner folding element 6
has a flange 7 bent over rearwardly from its lower edge,
assuming the position to be normal, said flange extend-
ing right over the belt 4 and beyond each side thereof.
The outer folding element 5 has two lugs 8 extending
downwards from its lower edge, one on each side of
the belt 4, said lugs, at a level beneath said belt being
bent over rearwardly at 9, and having soft pads 10 of,
say, rubber mounted on said rearwardly bent portions
9. The outer folding element 5 also has a central flange
11 bent over rearwardly from its upper edge, said flange
11 overhanging, and being in contact with, the upper
edge of the inner folding element 6. Thus the mecha-
nism which has been described can be said to be com-
prised of a pair of jaws on each side of the belt which
grip the front edge portions of each sheet which depend
at the sides of the belt. Each pair of jaws is constituted
by one of the lugs 9 with its pad 10 and the appertain-
ing end portion of flange 7.

As each sheet, hanging over the belt 4, as above de-
scribed, approaches the forward portions of the ele-
ments 5 and 6, the leading edge portion of the sheet
is' spread somewhat by passing over two guides 12 so
that it passes over the two pads 10. At the same time,
in response to the sheet reaching the appropriate posi-
tion, the outer folding element 5 is rotated counter clock-
wise about the axis X~—X by means which will be here-
inafter described. .

This operation is timed so that the two pads 10 engage
underneath the front ie. the leading edge portion of the
sheet before the latter has reached the middle or trans-
verse portion of the folding element 5. Said pads 10
then raise said front edge portion of the sheet until said
pads engage the underside of the flange 7 (with ‘said
front edge portion of the sheet in between) and, there-
after, the folding element 5 carries the folding element
6 with it around the axis X—X. The movement of said
folding clement 6 around said axis is subject to a friction
drag, as will be hereinafter described, and thus, as said
two folding elements § and 6 rotate together counter
clockwise around said axis X—X, the said front edge
portion of the sheet will be nipped fairly tightly between |
the pads 10 on the one hand and the flange 7 on the
other, and said front edge portion of the sheet will be
folded back. The said elements 5 and 6 rotate through
approximately 180° and then stop, and thus the said
front edge portion of the sheet is folded or doubled
back roughly two right angles and i$ accordingly held
at level a little above the belt 4. - -

The position now is that what was at first the front
edge of the sheet is folded back and held stationary, still,
of course, hanging down on each side of the gripper con-
stituted by the pads 10 and the flange 7, i.e. on ‘both
sides of the belt 4 outside the hanging-down d.e. the de-
pending portion of the major portion of the sheet still on
the belt, but the belt is still moving forwards and con-
veying with it said major portion of the sheet. The con-
sequence is that more and more of the sheet becomes
folded back until, by the time the rear i.e. the trailing
edge of the sheet comes level with what was originally the
front edge, the sheet is folded double. 3 -
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At approximately this point, as will hereinafter appear,
the outer folding element 5 is rotated clockwise back
to the original position shown in FIGURE 2. During
the initial part of such rotation, the pads 10 are separated
from the flange 7. The flange 11 of the folding element
5 then engages the folding element 6 and thereafter said
folding element 6 is carried back with said folding ele-
ment 5 to the original position. As scon as the pads 19
are separated from the flange 7 the edge of the doubled
back portion of the sheet is left simply resting on said
flange 7, and it accordingly slides off said flange 7—
either before or after the latter commences to move,
and said doubled back portion falls down onto the por-
tion of the sheet still on the belt 4. The doubled sheet as
a whole, still hanging over the belt 4, is now conveyed
forwards.

At a position a little further forwards, a second sheet-
folding mechanism similar to the first is provided, as will
be clear from FIGURE 1, so that the sheet is again
doubled, and finally the sheet is delivered from the for-
ward end of the conveyor on to a slide 13 of the same
width as the belt on which the twice doubled sheet is
supported still hanging down on each side of said slide.
The sheet has now been twice doubled by lateral folds,
and, by virtue of its hanging down on each side of
the slide 13, it is, in effect, again doubled by a longi-
tudinal fold, and it can be removed by hand in that
condition.

Describing now in more detail the manner in which
the folding elements 5 and 6 are mounted and operated,
the outer folding element 5 has one of its legs secured
fast, by means of a boss 14 to a trunnion 15, and has
its other leg secured fast by means of a boss 16 to a
trunnion 17. Said two trunnions 15 and 17, which are,
of course, coaxial with the axis X—X, rotate in bearing
holes in portions of the main frame 18 of the machine.
The trunnion 15 has its extremity projecting beyond its
bearing hole, and, mounted fast on said extremity is a
sprocket wheel 19 over which passes a chain 20 whose
two ends depend down vertically. One end of said chain
20 is connected to the upper end of a vertical piston rod
21 whose lower end is connected to a piston in a vertical
cylinder 22, mounted on a part of the fixed frame 18.
The other end of said chain 20 is connected to the upper
end of a vertical tension spring 23 whose lower end is
connected to a part of said fixed frame. Thus, when
air under pressure is admitted to the upper end of the
cylinder 2, the piston ‘moves to the lower end of its
stroke and thereby, through the chain 21, rotates the
sprocket wheel 19, and therefore the outer folding ele-
ment 5, counter clockwise to the folding position, this
operation also stretching the spring 23. When air is ex-
hausted from the upper end of the cylinder 22, the spring
23 operates to return the sprocket wheel 19 and the outer
folding element 5 to the normal position.

The folding element 6 has one of its legs secured fast
to a boss 24 which rotates freely on the trunnion 17,
and has its other leg secured fast to a brake drum 25
which rotates freely on the trunnion 15. Two brake
shoes 26 engage said brake drum 25 on opposite sides
thereof, said brake shoes being pivoted at points 27 to a
part of the fixed frame 18, and being biased about said
pivot points towards each other by means of helical
springs 28 coiled on a coupling rod 29 which passes
through holes in said brake shoes, each spring, as clearly
shown in FIGURE 2, being in compression between a
respective. brake shoe and a nut 30 screwed on the ex-
tremity of said coupling rod.

Thus, as before stated, the rotation of the inner fold-
ing element 6 takes place in both directions in opposition
to a friction drag.

Describing now, with reference to FIGURE 5 the man-
ner in which the supply of compressed air to, and its
exhaust from, the cylinder 22 is effected, a pipe 31, con-
nected to the upper end of the cylinder. 22 is connected to
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two branch pipes 32 and 33. The branch pipe 32 leads
to the expansible air chamber 34 of an electric switch 35
which closes when compressed air is admitted to said air
chamber and opens when compressed air is exhausted
from said air chamber. The branch pipe 33 leads to an
air valve 36 which is controlled by a solenoid 37 in
such a way that, when said solenoid is energised, the
branch pipe 33 is connected to a pipe 38 which is in com-
munication with a source of compressed air supply, and,
when said solenoid is de-energised, said branch pipe 33 is
connected to exhaust and the pipe 38 is closed. Two
switches 39 and 40 are provided arranged alongside the
belts 3 and 4 at longitudinal positions as shown in
FIGURE 1. Each of these switches is normally open
and is closed by being overlaid by each sheet as it is
carried along by the belts. These switches 39 and 40 are
connected in series with each other, and with the solenoid
37 across a source of electric supply L1, 12, and the
switch 35 is connected in parallel with the switch 40.

It will now be seen that, normally both switches 39 and
40 are open; the solenoid 37 is deenergised; the supply
pipe 38 is cut off, and the top end of the cylinder 22 is
connected to exhaust. Thus the piston will be at its
upper end and both folding elements 5 and 6 will be at
their normal positions. As each sheet is conveyed from
the calender 2, first along the belt 3 and then along the
belt 4, its forward edge will first overlie the switch 39
and close it. This however, will, for the moment be
without effect. Subsequently said forward edge will
reach, and overlie, the switch 40, and said switch 40
will also close, and thereby a circuit will be established,
from the source L1, L2, through the solenoid 37. The
supply pipe 38 will accordingly be connected both to the
chamber 34 and to the upper end of the cylinder 22, and
thus the switch 35 will close and the piston in the cyl-
inder 22 will move downwards, causing the folding cle-
ments 5 and 6 to rotate clockwise and thus double back
the forward portion of the sheet as heretofore described.

It will be noticed that the doubling back of the forward
portion of the sheet will cause the switch 40 to open, but,
owing to the switch 35 being now closed, this will be
without effect.

When the rear edge of the sheet reaches the appropri-
ate position, it will uncover the switch 39 and the latter
will open, thereby deenergising the solenoid 37. Conse-
quently the valve 36 will be operated to close the supply
pipe 38 and connect the pipe 33 to exhaust, thereby open-
ing the switch 35 and connecting the upper end of the
cylinder 22 to exhaust, so that the spring 23 will operate
to return the folding elements § and 6 to the normal posi-
tion. The folded sheet will now be conveyed onwards
as before described.

The second sheet-folding mechanism is in every re-
spect similar to the first, and no further description there-
of is therefore necessary.

It will be seen that both belts are driven by a common
electric motor 41. Thus said motor drives two equal
pulley wheels 42 and 43, the latter at a higher speed
than the former. The belt 3 runs over, and is driven by,
the pulley wheel 42 and the belt 4 runs over, and is driven
by the pulley wheel 43.

It will be seen that the belt 3, throughout the region
where it supports the sheets, slides over a supporting
underplate 44, and the belt 4 in like manner slides over
a supporting underplate 45, both underplates being, of
course, supported from the main frame 18 of the machine.
The aforesaid guides 12 are mounted on the underplate
45. The conveyors and also the folding elements are
covered by a protective cover 46, and this, at its end
nearest the calender 2 carries a pair of idler rollers 47
which press yieldably on the belt 3 and thus afford a
positive grip for the forward end of the sheet as this
leaves the calender.

Turning now to FIGURES 6 and 7, these illustrate one
of the switches 39, 40 (say the switch 39), This switch
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is a mercury switch and comprisés a containier 48 having
a body of mercury therein. Said containeér is supported
beneath the belt 3 by means of two opposite coaxial
pointed members 49, in such a way as to be rotatable
about the common axis of said members, which axis is
transverse to said belt. Said members 49 are in turn car-
ried by a bracket 50 supported from the underplate 44.
A finger 51 extends upwards and at an angle outwards
from the container 48, and said container and finger are
biased to the normal position illustrated, at which. said
finger extends up just past the side edge of the belt 3.
This is the open position of the switch. When the for-
ward edge of the sheet 1 arrives, it engages said finger 51
and rocks the same, together with the container 48, to
the chain dotted position of FIGURE 6, i.e. the closed
position of the switch, and the sheet -retains said finger
and container at this position so long as it is overlying the
switch. As soon as the rear end of the sheet passes, the
finger and container return to the normal open position
of the switch.

The above described sheet-folding machine may be
modified in various ways. For example, in place of the
air cylinders, hydraulic cylinders or electric solenoids
could be employed.

I claim:

1. In a machine for folding flexible fabric sheets, the
combination comprising a conveyor belt, means feeding
the sheets in succession forwardly along said belt, said
belt being relatively narrow as compared with the width
of the sheets whereby the sheets are supported by and
depend from each side of said belt, jaw means located
at each side of said belt in such position as to engage the
leading edge of said sheet along the corresponding de-
pending portion thereof, means actuating said jaw means
upon engagement by said leading edge of the sheet for
gripping said leading edge at said depending portions and
arresting its forward motion whereby said leading edge
is progressively folded back over the remaining portion
of the sheet as the latter continues its forward travel along
said belt, and means releasing said jaw means from said
leading edge of the sheet when the trailing edge thereof
reaches approximate alignment with said leading edge
thereby leaving the sheet folded on said belt and depend-
ing at each side thereof.

2. A folding machine as defined in claim 1 wherein
said jaw means are constituted by two pairs of jaws, said
pairs of jaws being located respectively laterally outward
from each side of said belt and which further includes
guide means engaging the leading edge of those portions
of the sheet which depend at each side of said belt for
spreading and guiding the same into their respective pairs
of jaws.

3. A folding machine as defined in claim 2 wherein
each said pair of jaws comprises an under jaw and an
over jaw between which said leading edge portion of the
sheet is fed, and means raising said under jaw to grip
said leading edge portion of the sheet between said under
jaw and over jaw.

4. A folding machine as defined in claim 1 and which
further includes a stationary slide extending beyond the
delivery end of said conveyor belt as a continuation of
the path of said conveyor belt, whereby said conveyor
belt operates to transfer said folded sheet onto said slide
and with the said depending portions thereof also depend-
ing at each side of said slide.

5. In a machine for folding flexible fabric sheets, the
combination comprising a conveyor belt, means feeding
the sheets in succession forwardly along said belt, said
belt being relatively narrow as compared with the width
of the sheets whereby the sheets are supported by and
hang down on each side of said belt, a first jaw-supporting
structure rotatable about an axis transverse to said belt,
a second jaw-supporting structure rotatable about the
same axis, each of said jaw-supporting structures having
a normal angular position, two under jaws carried by said
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6
first supporting structure and positioned laterally to each
side of said belt and forwardly from said axis &t the
normal position of said first supporting structure, two
over jaws carried by said second supporting structure and
positioned respectively above said under jaws at the
normal position of said second supporting structure, guide
means along said belt for spreading laterally away from
said belt the leading edge portions of each sheet which
overhang the sides of said belt, whereby said leading edge
portions are fed by said belt above said under jaws and
beneath said over jaws, means actuated upon presentation
of said leading edge portions of the sheet between said
under jaws and over jaws for thereupon rotating said first
supporting structure about said axis in the direction such
that said under jaws are first raised to grip said leading
edge portions between said under jaws and said over jaws,
whereafter said second supporting structure is rotated
about said axis by said first supporting structure to a given
position, and the leading edge of the sheet is thereby
folded back and held for further folding back owing to
the conveying action of said belt, means controlled by the
trailing edge portion of the sheet for subsequently rotating
said first jaw-supporting structure in the return direction
to its normal position, and co-engaging means on said
jaw-supporting structures efiective upon a rotation of said
first jaw-supporting structure in said return direction to

_ its normal position to first separate said under jaws from

said over jaws thereby releasing said folded back leading
edge portion of the sheet and then to carry said second
jaw-supporting structure back to its normal position.

6. A folding machine as defined in claim 5, and which
further includes drag means for resisting the rotation of
said second jaw-supporting structure, whereby adequate
pressure is ensured between said under jaws and said
over jaws during rotation of said first supporting struc-
ture in said first-named direction, and the separation of
under jaws from said over jaws is ensured at the com-
mencement of the rotation of said first jaw supporting
structure in said return direction.

7. A folding machine as defined in claim 5 wherein
said means for controlling the rotation of said first jaw-
supporting structure comprise means for biasing said first
jaw-supporting structure to its normal position, a pneu-
matic cylinder and piston, means coupling said position
to said first jaw-supporting structure whereby, upon ad-
mission of compressed air to said cylinder said first jaw
supporting structure is rotated to said-given position, a
winding, first and second normally open switches in series
with said winding spaced along the track of said conveyor,
said first switch being closed upon the leading edge of
the sheet passing a given position on said conveyor and
said second switch being closed upon the leading edge of
the sheet passing a second given position on said conveyor
following said first position, and said first switch being re-
opened upon the trailing edge of said sheet passing said
first given position, an air valve opened upon energization
of said winding to admit compressed air to said cylinder,
and a third switch, in shunt with said second switch, said
third switch being closed by compressed air in response
to the opening of said valve.

8. In a machine for folding flexible fabric sheets, the
combination comprising a conveyor belt, means feeding
the sheets in succession forwardly along said belt, said belt
being relatively narrow as compared with the width of
the sheets whereby the sheets are supported by and hang
down on eath side of said belt, a first jaw-supporting
structure rotatable about an axis transverse to said belt,
a second jaw-supporting structure rotatable about the
same axis, each of said jaw-supporting structures having
a normal angular position, two under jaws carried by
said first supporting structure and positioned laterally to
each side of said belt and forwardly from said axis at the
normal position of said first supporting structure, two
over jaws carried by said second supporting structure
and positioned respectively above said under jaws at the
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normal position of said second supporting structure, guide
means along said belt for spreading laterally away from
said belt the leading edge portions of each sheet which
overhang the sides of said belt, whereby said leading edge
portions are fed by said belt above said under jaws and
beneath said over jaws, means actuated upon presentation
of said leading edge portions of the sheet between said
under jaws and over jaws for thereupon rotating said first
supporting structure about said axis in the direction such
that said under jaws are first raised to grip said leading
edge portions between said under jaws and said over jaws
and for then rotating said two supporting structures to-
gether in the said direction to a given position, whereby
the leading edge of the sheet is folded back and held for
further folding back owing to the conveying action of the
belt, means controlled by the trailing edgé portion of the

10

15

sheet for subsequently rotating said first jaw-supporting
structure in the return direction and thereby separating
said under jaws from said over jaws and releasing said
folded back leading edge portion of the sheet, and for
then rotating both jaws in said return direction back to
their normal positions.
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