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UNITED STATES 

2,216,655 

PATENT OFFICE 
2,216,655 

SHEET FOLDING MACHINE 

George Edward Smith and William Wilson Stall 
worthy, Toronto, Ontario, Canada, assignors to 
Toronto Type Foundry 
ronto, Ontario, Canada. 

Company Limited, To 

Application March 12, 1938, Serial No.195,598, 
In Great Britain March 22, 1937 

4 Claims. (CI. 270-79). 
This invention, relates to machines for folding 

sheets of paper or like flexible material and is 
more particularly directed to machines of this 
kind which are adapted to impart to the sheets 
what is commonly known as a concertina fold, 
such as is sometimes used for example in the pro 
duction of maps, time, tables, brochures and cer 
tain types of pamphletS. 
The object of this invention is to provide a 

machine which is of comparatively simple and 
inexpensive construction and readily adaptable 
to produce concertina, folds of varying size or 
depth. 
The sheets to be folded are fed in. Succession 

individually between a pair of movable folding 
plates which are arranged in Substantially known 
manner in oppositely moving relation to pass 
through the plane of the sheet so that while one 
of the folding plates is caused, temporarily to 

20 hold the requisite portion of the sheet to be 
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folded, the other folding plate is brought into 
contact with said sheet portion to effect the fold 
ing thereof and retain it, in the folded position 
while the first folding plate is Withdrawn and 
operated to act on the next portion of the sheet 
by a substantial repetition of, the operation pre 
viously performed by the second plate. Further 
folds are then formed by continued operation of 
the plates in an alternating sense. These folding 
plates are conveniently positioned respectively 
above and below the sheet which is fed between 
them in a horizontal or substantially horizontal 
plane by feed mechanism of an appropriate type; 
the arrangement being such that in performing 
the functions referred to each, fold plate in Suc 
cession bends the sheet about the free edge of 
the other in opposite direction thus producing in 
each sheet consecutive folds of the concertina, 
type of a number which may be readily varied. 

Each sheet before being folded in this machine 
is preferably pre-folded to present a single, up 
Ward transverse fold at its leading edge which is 
engaged by the feed mechanism on advancing the 
sheets one by one to the folding plates. Accord 
ing to this invention the folding plates are aSSO 
ciated with mechanism enabling the depth of 
the folds produced to be varied and are With 
advantage associated also. With guide plates 
which are set apart so as to receive the folded 
sheets and guide them under proper control into 
a suitable collecting trough or like stacking re 
ceptacle. 
Any convenient means may be used for driving 

and for controlling the operation of the mecha 
Inism. 

A machine embodying mechanism enabling 
this invention to be carried into effect is illus 
trated by way of example more or less diagram 
matically in the accompanying drawings, in 
Which: 

Fig. 1 is a side elevation of the machine and 
Fig. 2, a plan view thereof. 
Fig. 3 is a detail view of the feed mechanism 

showing the feed lever in its retracted position 
and the position of its controlling cams at this 
Stage. 

Fig. 4. is a detail View similar to Fig. 3 of the 
feed mechanism showing the feed lever in its ad 
Vanced position and its relation to the control 
ling can S. 

Fig. 5 is a side elevation of the feed mechanism 
again in the advanced position but to a larger 
Scale than Fig. 4. 

Fig.6 is a detail face, view of the folding plates. 
Figs. 7, 8 and 9 show three respective positions 

of the folding, plates during consecutive stages 
of their Operation and 

Fig. 10 represents an enlarged diagrammatic 
plan view illustrating an example of mechanism 
for use in varying the throw of the upper fold 
plate to produce folds of varying width, 

Fig. 11 is a part Sectional elevation of a por 
tion of the machine shown in Fig. 1, drawn to a 
larger scale for the purpose of illustrating the 
various, parts more clearly. 
The folding mechanism proper is mounted in 

a suitable frame and in the example shown is 
driven from a motor 2. It comprises two folding 
plates, namely an upper folding plate 3 and a 
lower folding plate 4 which are operated by the 
means hereinafter described in such a way that 
the lower plate 4 is moved simultaneously up 
Wardly and forwardly, i. e., in the direction of 
the feed of the paper to effect a fold, and after 
wards downwardly and then rearwardly to with 
draw from the folding position while the upper 
folding plate 3 is respectively moved simultane 
Ously downwardly and forwardly and thereafter 
upwardly and then rearwardly to perform the 
Same operation for equal folds symmetrically in 
an opposite sense. 
The articles to be folded here represented by 

Sheets of paper, are indicated by the numeral 5 
and are carried forward by an endless belt 6 
over the top of a table 6a over which the belt 
travels guided by the rollers 6b at each end of 
the table, the lower loop of the belt being suit 
ably engaged by a tensioning roller 6c. A weight 
preferably in the form of a runner roller 7 is 
caused to rest upon the topmost one of the sheets 
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2 
which are placed upon the table, as is customary, 
in the form of a fanned out pile. The Weight 
is adapted to keep the sheets in frictional contact 
With the belt and acts also as a stop to prevent 
the sheets from moving backwardly on the re 
turn stroke of the feed mechanism. Each sheet is 
shown preliminarily provided with a single trans 
verse fold 5a at its forward end (Figs, 3 and 4), 
which end forms the leading edge of the sheet 
and is engaged by feed fingers 8 asSociated With 
duplicated feed levers 9, pivotally mounted at 9a 
one at each side of the machine as shown in Fig 
ures 2 and liforning part of the feed mecha 
nism. When the feed mechanism is actuated 
the levers 9 advance and the fingers 8 being ar 
ranged to engage the sheet to be folded on the 
inside of the preliminary fold are likewise ad 
vanced to bring that sheet portion to the posi 
tion illustrated in FigS. 4 and 5. Likewise asso 
ciated with the sheet feed mechanism are fur 
ther fingers f) which are pivotally mounted on 
a rutatable transverse shaft (see Figs. 2 and 
il) journaled in bearings 2a on What may be 
termed a feed frame 2. This frame is slidably 
mounted on stationary guides 2b. As seen in 
Figs. 1, 2, and 3 the fingers 0 are normally held 
in Substantially upright or vertical position, and 
are provided with depending arms a which as 
the feed frame moves forward are each caused 
to engage a pin f3 carried by the main frame of 
the machine and thus effect the rocking of the 
fingers ) into engagement With the upper end 
or fold portion of the paper sheet while at the 
same time the fingers 8 are in engagement with 
the lower portion or crease region of the fold 
(see Figs. 4 and 5). The fingers 8 and 0 thus 
hold this part 5a of the paper in position until 
the upper folding plate 3 is moved down to en 
gage tihis upright portion of the paper and to 
press it against the lower plate 4 which is then 
in the position to form the Support of this folded 
part of the paper as diagrammatically indicated 
in Fig. 7, the fingers 8 and C being withdrawn 
practically at the same time. 
The lower plate 4 is then Withdrawn down 

Wardly and rearwardly and immediately there 
after is again swung upwardly and forwardly to 
engage the next portion of the paper Sheet and 
fold it up around the bottom edge of the upper 
plate 3 along the preliminary or first fold made 
in the paper, as diagrammatically shown in Fig. 8. 
Almost at the same time the upper plate 3 is now 
withdrawn while the preceding folded paper por 
tion is held up by the lower plate 4 (see Fig. 9). 
The plate 3 then comes down again to engage 
the next length of the paper and to fold it about 
the upper edge of the lower plate 4 and then to 
hold it in position while the lower plate 4 is 
again being Withdrawn. This process is repeated 
with these alternating movements of the fold 
plates until the sheet has received its required 
number of concertina, folds and as indicated in 
the Figs. 3, 4, 5 and 9, whereupon the next sheet 
is fed in by the feeding mechanism to be dealt 
with in similar manner. 
The folded sheets paSS out between upper 

guides 4 and lower guides 5, see Figs. 2, 3 and 5, 
to a receiving table 6. The receiving table 6 
is provided with two upright cheeks f as shown 
in Fig. 2 and a sliding block 8 which is asso 
ciated with a spindle 9 extending through slots 
20 in the cheeks 7. By means of springs or 
weights 2 the folded sheets are kept under pres 
sure through the block 8 and the folding and 
stacking operation is carried on against this con 

2,216,655 
stant pressure. As the folded sheets accumulate 
they are removed from this collecting receptacle 
from time to time to make room for the oncoming 
folded material. 
The movements of the folding plates 3 and 4 

above described may be attained ln various Ways. 
In the present instance tilese folding plates are 
operated by properly timed cans. i.e.Ierring 
more particularly to figS. l and li it Will be seen 
that the upper plate 3, which is Suitably slotted 
to pass between the guides 4 in the manner 
shown in Fig. 6, is mounted on an OScillating 
arm 22 which is pivoted on a shaft at 22a mounted 
lin a carriage 23 which latter is Siidably mounted 
on a vertical rod 24. Pivoted at one end to the 
main frame of the machine is a horizontal arm 
25 the other end of which bears upon the shaft 
22a. Mounted above this arm. On a transverse 
shaft 26a is a cam 26 adapted to engage arm 25 
and so formed as to force this arm 25 downwardly 
at the same time that a similar cam 27 journalled 
in a lower lug 2a on the carriage 23 engages 
the airn 22 and forces it forwardly together with 
the plate 3 towards the paper to be folded. 
Springs 25cl and 22b are provided for respectively 
raising the carriage 23 and for retracting the 
arm 22 to bring the upper folding plate 3 back 
to its normal position although it Will be under 
stood that carns may be employed to effect both 
movement.S. The lower folding plate A is ar 
ranged in a Similar Way and Operated through 
equivalent mechanism by the use of similar cams 
as shown in an exactly analogous manner which 
need not therefore be described in detail. 
The operation of the feeding mechanism is 

effected intermittently and in the example shown 
by the use of the following means: A spring 28 
anchored at One end to a fixed frame portion of 
the machine and at the other end to the feed 
lever 9 normally urges the latter inwardly, that 
is to say forwardly towards the folding mecha 
nism. A pin 29 (see FigS. 1, 3, 4 and 11) secured 
to the lower part of one of the feed levers 9, 
normally engages a slow moving cam 3D rotat 
ably mounted on a transverse shaft 30a, thereby 
restraining the forward or inWard movement of 
the feed lever 9 until, during the rotation of the 
can 30, the pin 29 drops into a slot 29a, in the cam 
30 as shown in Fig. 4, Whereupon the lever 9 
due to the pull of the spring 28 is caused to move 
quickly forward, thus feeding the sheet engaged 
by the fingers 8 to the folding position as already 
described. A Second comparatively fast moving 
cam 3 fixedly mounted on the same shaft 3a. 
adjacent to the cam 30 immediately thereafter 
forces the pin 29 out of the slot 29a, in the cam 
3, thus effecting quick and almost instant with 
drawal or return of the feed mechanism. The 
snaft 30d is driven by a chain 52 from a counter 
shaft 43 thus rotating the cam 3f while the cam 
30 is driven by, but at a slower speed than the 
shaft 30a, through a countershaft drive 36b. 
A link 32 is adjustably and pivotally connected 

to the lower end of one feed lever 9 (see Fig. 1) 
and is provided at its other end with a rocking 
pawl 33 adapted normally to engage the teeth in 
a ratchet wheel 34 secured on a shaft 37. As the 
feed levers 9 move forward, the link 32 is likewise 
moved forward and on the backward movement 
thereof the pawl 33 engages and drives an adja 
cent tooth of the ratchet wheel 34 and thereby 
effects a partial rotation of the latter. By means 
of a sprocket wheel also mounted on the shaft 
37 and therefore in positive driving connection 
With the ratchet wheel 34 and a chain 35 rotation 
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2,216,655 
of said sprocket wheel 34 is transmitted to a 
Sprocket 36 mounted on the shaft carrying the 
forward roller 6b of the feed belt 6. In this way 
intermittent movement is transmitted to the feed 
belt at the requisite time to convey each sheet 
progressively at desired intervals to the feed po 
sition. As the feed levers 9 are retracted by the 
action of the cam 3 it will be understood that 
the feed fingers 8 together with the feed frame 2 
and the fingers 0 are likewise pulled back on to 
the first fold 5d of the next sheet as illustrated 
in Fig. 3 and are thus positioned ready for the 
next feeding movement, 
A countershaft 40 is driven from the motor 2 

through a belt transmission 38 by means of a pull 
ley 39. Secured to the shaft 40 is a sprocket 40d. 
transmitting movement by a chain 4 to a 
Sprocket 42 mounted on the countershaft 43 lo 
cated below the feed table and parallel to the 
shaft carrying the feed belt roller 6b. From this 
countershaft 43 movement is transmitted by a 
chain 44 to a sprocket wheel 45 mounted on a 
transverse shaft 46 journalled in bearings on a 
support 47 in the upper part of the frame . 
Mounted on the shaft 46 moreover is a gear wheel 
48 meshing with a gear wheel 49 on and adjacent 
shaft 50. From this shaft 50 movement is trans 
mitted from the gear wheels 48, 49 by a chain 
drive 5 to the shaft 26a Operating the cam 26 
and by a chain drive 5 a to the shaft carrying the 
Cam 27. In a similar manner the cams operating 
the lower plate 4 are driven from the counter 
shaft 43 by sprocket drives 52 and 52a, the former 
drive being the one also actuating the cams 30 
and 3 controlling the feed mechanism as pre 
Viously described. 

It Will be understood by those skilled in the 
art that in practice the mechanism of this ma 
chine Will be made so as to be readily adjustable 
to enable the machine to be used for the folding 
of sheets of different sizes. Moreover if contrary 
to the customary practice it were desired to fold 
sheets which are not provided with a preliminary 
or initial fold the feed mechanism would be as 
Sociated With a time actuated lifting member 
adapted in co-operation with the feed fingers 8 
to prefold the unfolded forward end or edge of 
the sheet as it is advanced from the pile by the 
feed fingers 8 and to hold it in the raised position 
and to be Withdrawn when the upper folding 
plate comes down and clamps the sheet in that 
position. 
By the use of mechanism as illustrated by way. 

of example in Fig. 10 concertina, folds of varying 
depth may be readily obtained. 
To this end the Snail cam 26 is mounted on the 

shaft 26a for operating the upper fold plate 3 so 
as to be longitudinally displaceable and is of gen 
erally conical form so that by its displacement 
Varying portions of its circumference may be 
brought into co-operation. With an adjacent roll 
er or abutment 53 associated with the member 25 
for effecting the reciprocatory movement of fold 
plate arms 22. Consequently longitudinal dis 
placement of the cam 26 on its shaft 26a will re 
Sult in a different amount of Wertical movement 
of the fold plate thus enabling the depth of the 
fold to be varied as required. The cam is keyed to 
or otherwise constrained to rotate with its shaft 
26d and the depth of each fold thus predeter 
mined Will remain constant as long as the cam 26 
remains in its adjusted position. In this way a 

3 

series of folds all of the same depth (which may 
be varied) is obtained. To enable a definite se 
quence of folds of consecutively varying depth to 
be reproduced the adjustment of the cam 26 may 
be effected automatically. For example as shown, 
the cam 26 can be shifted along its shaft by 
means of a rocking lever 54 fulcrumed at 55 in 
a brace 56 of the framework. To this end the 
lever 54 is double-armed, the free end of its up 
per arm engaging a groove 56 in a boSS 57 on the 
cam. 26. Its lower arm is provided with a pin 58 
engaging in a cam groove 59 of a cylindrical drum. 
60 mounted on a shaft 6i. This shaft is driven 
by gear wheels 62, 63 from a shaft 64 which is in 
turn driven from a suitable point of the machine 
drive, for instance from the chain drive 34 in Fig. 
1. The gear ratio of the gear wheels 62, 63 is so 
arranged that the shaft 6 makes one complete 
revolution for every Sheet handled. It Will be 
understood that the can 26 when rotating Will 
be forced from side to side by the lever arm 54 
as the latter is rocked by the cam slot 59 in the 
cylinder 60 while the latter is rotated by the gear 
train 62, 63 with the result that the arm 25 at 
tached to the upper fold plate 3 through the arms 
22 Will be forced down to a varying extent at each 
rotation of can 26 giving the stepped formation 
of concertina fold required. The rotary speed of 
the cylinder 60 and the pitch of the can slot 59 
therein, as well as the pitch of the can 26 Will 
govern the number of folds or steps and depth of 
the Sane. 

Instead of employing a single cam of progres 
sively varying cross section for controlling the 
fold depth, a series of cams each of different. 
throw may be employed side by side and the Se 
quence of the successive folds of varying depth 
may be altered by the requisite choice and combi 
nation of any of Such cams. 
We claim: 
1. In a sheet folding machine, a pair of mowa 

ble folding plates positioned respectively above 
and below the path of the travel of the sheets 
fed to and between them in a horizontal plane, 
and means for actuating each plate to perform 
reciprocating movements and simultaneously 
therewith variable movements in opposite direc 
tions to and from the position in Which the sheet 
is folded between them to vary the size of the 
folds thereby produced in the sheet. 

2. In a sheet folding machine, Vertically mov 
able folding plates, cams for imparting vertical 
movement to said plates, and means for progres 
sively varying the effective throw of said cams in 
timed relation to the feed of the sheet to progres 
sively Vary the size of folds formed in the sheet. 

3. In a sheet folding machine, vertically mov 
able folding plates, Snail cams for imparting Ver 
tical movement to said plates, and means for ax 
ially displacing said snail cams for varying the 
effective throw of said cams to vary the size of 
folds formed in the sheet. 

4. In a sheet folding machine, vertically mov 
able folding plates, snail cams for imparting ver 
tical movement to said plates, and means for ax 
ially displacing said Snail cams for progressively. 
varying the effective throw of said cams in timed 
relation to the feed of the sheet to progressively 
vary the size of folds formed in the sheet. 

GEORGEE. SMITH, 
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