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(57) ABSTRACT

Device for weighing flat objects 1n motion comprising a
conveyor (12) with drive rollers (22A, 22B) for conveying
the tlat objects along a transport path (14), a weighing plate
(16) facing said transport path and comprising a set of free
rollers (160) for receiving the flat objects, and a weighing
sensor (18) attached to the weighing plate for measuring the
weight of the flat objects during their passage between the
conveyor and the weighing plate, wherein the weighing
sensor 1s arranged above the transport path and the conveyor
1s adapted to move vertically 1n order to press the tlat objects
in motion against the weighing plate.
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DEVICE FOR WEIGHING FLAT OBJECTS
IN MOTION

Matter enclosed in heavy brackets [ ] appears in the -
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions

made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding. 10

FIELD OF THE INVENTION

The present ivention relates to a device for weighing
items 1n motion. More specifically, 1t relates to the weighing 15
of envelopes when travelling across a franking machine, 1n
order to apply the correct rate.

PRIOR ART
20

Postage rates depend on various parameters such as
service level, delivery address, dimensions and weight. Post
oflices have defined rate tables associating notably the
weilght of letters with the correspondmg charges. Although
the rate varies by increments, it 1s necessary to measure the 25
weight accurately. Notably, it must be determined with an
accuracy ol +/-1 g 11 the weight 1s close to a value where the
rate will change. Therefore franking machines are often
associated or connected with a scale. Whenever one has to
send a large number of letters per day, 1t becomes unpractical 30
to weigh them manually. The franking machine may then
include a dynamic scale as in US2011/147095 for example,
so that the letters one by one are weighed 1n motion without
slowing the franking process.

Dynamic scales are usually composed of a conveyor and 35
a load cell. The whole conveyor, including motor, pulleys
and belts, 1s supported by the load cell and the letter i1s
transported at the same speed than in other parts of the
franking machine, like for mstance a printing station or a
feeding module. 40

Optical sensors are disposed before and after the con-
veyor. The weighing system 1s activated once a letter has
been detected by a first sensor. Depending on the speed of
the conveyor, the franking machine determines a time win-
dow wherein the letter 1s entirely supported by the conveyor. 45
The gap between two subsequent letters must be large
enough to ensure that only one will be weighed at a time.
The weight 1s measured only aifter the first sensor has
detected the trailing edge of the letter, and a second sensor
has indicated that the previous letter has left the dynamic 50
scale. By comparing the weight of the empty conveyor and
the conveyor plus the letter, the weight of the letter can be
calculated by difference.

To make sure that the letter travels at a consistent speed,
there shall be no slippage between the letter and the con- 55
veying belt. Rollers or flexible flaps are added to the
conveyor 1n order to press the letter against the belt while 1t
1s travelling. Those rollers or flaps form part of the conveyor
and are weighted altogether.

The dynamic scale 1s usually followed by the printing 60
station where a postal indictum 1s printed on the letter after
the postage charge has been calculated. During this opera-
tion, the letter 1s pressed against a printing plate by a
movable drive mechanism, in order to keep a constant
distance between the letter and the printhead. The friction 65
between the letter and the reference printing plate shall be
low enough not to damage the letter. The printing process

2

may also require a constant speed. The movable drive
mechanism usually comprises a combination of arms and

springs, pulleys and belts, and a motor.

Franking machines can process letters of various thick-
nesses, typically 0.5 mm for postcards up to 20 mm.
Therefore the drive mechanisms of the dynamic scale and
the printing station are designed to operate within that range.
It shall be noted that the reference side of the letter changes
from the bottom (in the dynamic scale) to the top (in the
printing station) and the transfer of a letter from the dynamic
scale to the printing station may cause shocks and vibrations
detrimental to the printing process.

The dynamic scale 1s a complex and costly part of the
franking machine because the load cell supports the com-
plete conveyor, which 1s often heavier than the letters to be
weighed. Moreover the rollers or flaps may generate shocks
when bouncing on the letter. The motor, pulleys and belt
may also generate vibrations. These shocks and vibrations
complicate the measure of the weight. In practice they often
limit the throughput of the system.

OBJECT AND SUMMARY OF THE INVENTION

The present mmvention solves the above problems by
providing a different arrangement of the dynamic scale.
Instead of supporting the conveyor, the load cell (weighing
sensor) 1s aiflixed to a weighing plate located above the
envelope transport path. The envelope 1s pressed against the
weighing plate by a movable drive mechanism as in the
printing station. The applied load 1s big enough to ensure
contact between the conveyor and the weighing plate what-
ever the weight of the actual envelope. Additionally, this
load also compensates the weight of the weighing plate so
that the load cell 1s constantly or sensibly constant loaded.

When an envelope travels through the scale, 1t 1s pressed
against the weighing plate and 1ts weight 1s subtracted from
the load.

To achieve this function a new device for weighing flat
objects 1n motion comprises a conveyor for conveying the
flat objects along an transport path, a weighing plate facing
said transport path and comprising a set of free rollers for
receiving the flat objects, and a weighing sensor attached to
the weighing plate for measuring the weight of the flat
objects, wherein the weighing sensor 1s arranged above the
transport path and the conveyor 1s adapted to move verti-
cally i order to press the flat objects 1n motion against the
weighing plate. Preferably, the conveyor 1s adapted to fur-
ther apply a load which i1s constant or sensibly constant
(depending on the selected implementation) regardless of
the thickness of the flat object. The weighing plate com-
prises a set of free rollers which facing the conveyor belt in
order to minimize the Iriction between the envelope 1n
motion and the weighing plate.

In one embodiment, the load applied by the conveyor 1s
obtained by a balance system comprising at least one lever
arm attached at 1ts upper end to the conveyor by a first pivot
connection and attached at 1ts lower end to a counterweight,
said at least one lever arm being adaptable to rotate around
at least a second pivot connection attached to a chassis of the
device and attached to the at least one lever arm between 1ts
upper and lower ends.

In another embodiment, the load applied by the conveyor
1s obtained by a spring system comprising at least one lever
arm attached by its lower end to a chassis of the device by
a second pivot connection and attached to the upper end to
the conveyor by a first pivot connection, and at least one
spring attached to the chassis of the device and pushing the
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conveyor vertically 1n the upper direction. Advantageously,
the spring has a tensile elongation at least equal to the length
ol the horizontal projection of said at least one lever arm and

a coellicient of stifiness of at least 0.5 N/mm and typically
1 N/mm.

The spring can be a tension spring attached at its lower
end to the chassis of the device and at 1ts upper end to one
end of at least a traction cable running around at least one
pulley and the other end of said at least one traction cable 1s
connected to the upper end of said at least one lever arm or
a spiral spring attached at 1ts central end to the chassis of the
device, the other end of said at least one spiral spring being
attached to the upper end of said at least one lever arm.

Preferably, a dashpot is placed under the transport path in
order to reduce the shocks and vibrations due to the passage
of the flat objects on the transport path.

The invention also concerns a mail machine comprising a
device for weighing flat objects, particularly envelopes, 1n
motion as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The actual construction, operation and advantages of the
present invention will be better understood by referring to
the following drawings in which like numerals 1dentify like
parts:

FIG. 1 shows a schematic view of an implementation of
the device for weighing flat objects 1 motion using a
counterweight system to maintain a constant load of the
transport path on the weighing sensor,

FI1G. 2 shows a schematic view of another implementation
of the device for weighing flat objects 1n motion using a
tension spring system to maintain a sensibly constant load of
the transport path on the weighing sensor,

FIG. 3 shows a schematic representation of eflorts in the
tension spring system, and

FIG. 4 shows a schematic view of still another imple-
mentation of the device for weighing flat objects 1n motion
using a spiral spring system to maintain a sensibly constant
load of the transport path on the weighing sensor.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 illustrates a first embodiment of the device for
welghing flat objects 1n motion according to the mvention.

In this first embodiment, the device 10 for weighing flat
objects 1n motion comprises: a vertically movable conveyor
12 for conveying the mail 1items along a transport path 14,
a weighing plate 16 disposed above the transport path 14 for
receiving the mail items 1n motion, and a weighing sensor 18
attached to the weighing plate 16 and also disposed above
the transport path 14. The weighing plate 16 comprises a set
of free rollers 160 facing the conveyor 12.

The conveyor comprises at least a conveyor belt 20,
driven by upstream and downstream drive rollers 22A, 22B
engaged with a motor 24. The conveyor 12 1s vertically
movable (1;¢6 moves against the gravity) in the frame (or
chassis 26) of the device through at least first pivot connec-
tion 27A, 27B attached to at least a counterweight 30A, 30B
via at least a lever arm 28A, 28B. More particularly, the
upper ends of two lever arms 28A, 28B are attached on each
side of the conveyor 12, sensibly midway between the
rollers 22 A, 22B. The other ends of the two lever arms 28 A,
28B are each attached to the counterweight 30A, 30B. The
two lever arms 28A, 28B are attached to the chassis 26 of the
device by a second pivot connection 32A, 32B disposed
between the counterweight 30A, 30B and the first pivot
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connection 27A, 27B. An 1nput presence sensor 34 and an
exit presence sensor 36 are located 1n front and 1n back of the
conveyor (or the weighing plate), respectively, to detect the
presence ol the mail item on the conveyor 1n order to start
the acquisition of the weight of the mail item by the weight
sensor 18.

The counterweight 30A, 30B, through the lever arm 28 A,
28B created by the pivot connections 27A, 278, have the
ellect of pushing the conveyor 12 against the weighing plate
16 and apply a force at least equal to the weight of the
heaviest mail 1tem to weigh (about 1.5 kg). Optionally, a

dashpot 38 1s placed between the conveyor 12 and the
chassis 26 of the device for reducing shocks and vibrations
induced by the successive passage 1n the transport path 14 of
thin and thick mail 1tems between the conveyor 12 and the
welghing plate 16.

The above device operates as follows. At rest, during an
initialization phase of the device, the conveyor 12 1s 1n
contact with the weighing plate 16 via the set of free rollers
160 and thus maintains a constant load on the weighing plate
greater than the weight of the heaviest mail item to weigh
(about 1.5 kg). As the belt 20 15 1n touch with the set of free
rollers, the horizontal efiort between the conveyor and the
plate 1s sensibly null. This constant load applied by the
conveyor at rest 1s measured by the weight sensor 18 and 1s
used as a tare so that when no mail item 1s present in the
transport path 14, the weight sensor measures a null weight.
When a mail item comes 1n front of the device, the conveyor

belt 20 and its drive rollers 22A, 22B drive the mail item
toward the printing station 50. During the moving of the
mail 1tem toward the printing station, the conveyor 12
presses the mail 1tem against the weighing plate 16 via the
set of free rollers 160. The load applied by the conveyor 1s
ensured by the counterweights 30A, 30B through the lever
formed by the lever arms 28 A and 28B and the second pivot
connections 32A, 32B which push vertically the conveyor
12 toward the weighing plate 16. When the mail item 1s fully
supported by the conveyor, the mput presence sensor 34 no
longer detects the presence of the mail 1tem, the acquisition
of the weight of the mail 1tem by the weight sensor 18 can
begin and will be done until the mail item reaches the exat
presence sensor 36. To avoid errors related to instantaneous
measures, the weight sensor acquire several samples of the
weilght of the mail item before applying a filter function to
all acquired samples. The applied function can simply be an
average ol the samples or can be more sophisticated as 1t 1s
known 1n the art.

Precision bearings can be used for the two pivot connec-
tions so that no unwanted torque 1s transmitted to the arms.
Notably, the torque generated by the motor, which may vary
according to the weight of the mail 1tem 1s not transmitted.
In these conditions the counterweight 1s only balanced by
the reaction of the weighing plate, and the load 1s indepen-
dent of the thickness of the mail item. The horizontal effort
applied to the weighing plate 16 1s the same with or without
a mail item and 1s anyway sensibly null.

FIG. 2 illustrates a second embodiment of the device for
weighing flat objects 1n motion according to the invention.
In this embodiment, the balance system formed by the lever
arms 28A, 28B, the counterweights 30A, 30B and the
second pivot connection 32A, 32B (allowing the conveyor
12 to maintain a constant load applied to the weighing plate
16 via the set of free rollers 160) 1s replaced by a tension
spring system composed of traction cables, tension springs
and pulleys, which do not maintain a constant load but a
sensibly constant load only. As 1n the previous embodiment,
the conveyor 12 comprises at least the conveyor belt 20

driven by the drive rollers 22A, 22B connected to the motor
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24. The conveyor 12 is vertically movable 1n the frame (or
chassis 26) of the device through at least first pivot connec-
tion 27A, 27B and at least a lever arm 28A, 28B. More
particularly, the upper ends of two lever arms 28A, 28B are
attached by two pivot connections 27A, 278 on each side of
the conveyor 12, sensibly midway between the rollers 22A,
22B. The other ends of the two lever arms are attached to the
chassis 26 of the device by a second pivot connection 32A,
32B. In this second embodiment, the upper ends of the two
lever arms are also attached to the upper ends 400A, 4008
of traction cables 40A, 40B. The traction cables 40A, 40B
running around pulleys 42A, 428 and are connected by their
lower ends 402A, 4028 at the upper ends 440A, 440B of
tension springs 44 A, 44B. The tension springs 44 A, 44B are
connected by their lower end 442A, 4428 to the chassis 26
of the device. The pulley 42A, 42B are mounted free 1n
rotation on the chassis 26 of the device.

The tension springs 44A, 44B are mounted elongated so
that when the device 1s at rest (ie. no mail 1tem on the
transport path 14), the springs are elongated.

In this second embodiment, the device operates as in the
first embodiment except the following steps. Indeed, the
sensibly constant load applied by the conveyor 12 1s now
provided by the combined action of traction cables 40A,
40B, pulleys 42A 42B, springs 44A, 44B, and two lever
arms 28 A and 28B. By rotating around the pivot connection
32A and 32B, the lever arms 28A, 28B cause the lowering
ol the conveyor 12 and the elongation of the springs 44A and
447TB through the traction cables 40A, 40B and pulleys 42 A,
42B. To ensure a sensibly constant load of the conveyor 12
on the weighing plate 16 or on the mail item regardless of
the thickness of the mail 1tem, the calibration of the spring
1s critical. Indeed, a defective calibration will 1mply a
non-constant (variable) load.

FIG. 3 illustrates the different forces that permit this
calibration of the load spring in the tension spring system of
FIG. 2. The wire 1s horizontal when an envelope 19 mm
thick 1s 1n the scale (this 1s close to the maximum thickness).
In this case the lever arm moves up when no envelope 1s 1n
the scale but its vertically projected length H remains
sensibly the same. The load spring 1s chosen so that its
clongation 1s close to the horizontally projected length of the
arm D. Then the torque applied on the lever arm by the
spring 1s sensibly proportional to this length. As the torque
applied by the conveyor 1s also proportional to this length,
the load 1s sensibly constant within the range of angular
positions of the lever arm as follows:

Cp=-P*D=-P*L cos O
Ct=H*T=H*k*D~=H*k*L cos O
Cp+Ct=0

P*L cos O=H*k*L cos O

P=H*k constant

For instance, the spring 1s chosen with an elongation E of
117 mm when there 1s no envelope 1n the transport path.
At 00 corresponding to no envelope

Ct=H*T=47*k*117 (length 1n mm)

Cp=P*D=P*137 thus PO=40.1387%*k
At 019 corresponding to an envelope 19 mm thick

Ct=H*T=47*k*123 (length in mm)

Cp=P*D=P*144 thus P19=40.1458%k
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With a stiflness k of 0.5 N/mm, the load eflort 1s 20.0698
N when there 1s no envelope and 20.0729 N with an
envelope 19 mm thick. The difference 1s 0.0036 N or 0.36
grams. As H, D and the elongation are quasi-linear functions
of 0 1n the considered interval, it can be easily verified that
all intermediate values of the load are in the same range.

In practice the spring shall not only support the envelope
but also the whole conveyor including frame, motor pulleys
and belts, and furthermore balance the weight of the weigh-
ing plate. The stiflness of the spring 1s more likely to be 1n
the range of 1 N/mm so that the load cell 1s sensibly
constantly loaded. In this case the load difference between
thin and thick envelopes increases but remains below one
gram 1n conformity with the postal requirements.

FIG. 4 1illustrates a third embodiment of the device for
weighing flat objects 1n motion according to the invention.
In this embodiment, the tension spring 44A, 44B and the
pulley 42A, 42B of the second embodiment are replaced by
a spiral spring 46 A, 468 and the traction cable 40A, 40B 1s
no longer useful. With this configuration a sensibly constant
load 1s applied to the weighing plate 16 too. As in previous
embodiments, the conveyor 12 comprises at least a conveyor
belt 20 driven by the drive rollers 22A, 22B engaged with a
motor 24. The conveyor 12 i1s vertically movable in the
frame (or chassis 26) of the device through at least first pivot
connection 27A, 27B and at least a lever arm 28A, 28B.
More particularly, the upper ends of the two lever arms 28A,
28B are attached by a first pivot connection 27A, 27B on
cach side of the conveyor 12, sensibly midway between the
drive rollers 22A, 22B. The other ends of lever arms are
attached to the chassis 26 of the device via a second pivot
connection 32A, 32B. In this embodiment, spiral springs
46A, 468 are attached by their central end 460A, 4608 to
the chassis 26 (for instance 1n place of the pulley 42A, 42B
of the second embodiment), the other ends 462A, 4628 of
the spiral spring 46A, 46B are attached to the upper ends of
the two lever arms 28A, 28B.

The spiral spring 46A, 468 1s mounted elongated so that
when the device 1s at rest (1e. no mail 1tem on the transport
path 14), the springs are elongated.

The spiral spring will apply a momentum M,  to the
chassis equal to k,, o, where k, 1s the angular stiffness and o
1s the angular deformation. The momentum M,__ 1s equal to
T*r where r 1s the external radius of the spring and the linear
clongation of the spring E 1s equal to r*a. .

T'hen the tension
T is equal to k,*E/r*. The spiral spring is chosen so that its
external radius remains sensibly constant between the upper
and lower positions of the arm so T remains sensibly
proportional to E as 1n the previous embodiment.

While the invention has been described with reference to
exemplary embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereotf without
departing from the scope of the invention. For instance, all
embodiment are described with two load application sys-
tems (arms and counterweights, arms and tension springs,
arms and spiral springs), attached of each side of the
conveyor, but it 1s clear for those skilled i the art that a
single load application system attached to one side or the
center of the conveyor path can be used. In addition, many
modifications (other spring and non spring arrangements are
possible to ensure at least a sensibly constant (and preferably
a constant) load whatever the thickness of the envelope
being weighed) may be made to adapt a particular situation
or material to the teachings of the mnvention without depart-
ing from the essential scope thereof. For example, the device
for weighing flat objects can also include an access ramp to




US RE48,188 E

7

transter the mail item to the weighing plate. The access ramp
can have two drive rollers and a conveyor belt, the lower part
of which 1s at the height of the transport path of the feeding
arca while the top i1s at the height of the weighing plate.

It shall be noted that a sensibly constant load (and a
fortior1 a constant load) whatever 1s the thickness of the
envelope 1s not an absolute requirement of the system. As
letter dimensions are required in order to calculate certain
postage rates, franking machines—and notably the ones
having dynamic scales—are equipped with thickness sen-
sors. Then it 1s possible to tabulate the load in function of
thickness and to apply the appropriate correction. However
a constant or sensibly constant load 1s preferable to variable
load 1n order to simplity the calculation of the weight.

Therefore, 1t 1s intended that the invention not be limited
to the particular embodiment disclosed as the best or only
mode contemplated for carrying out this invention, but that
the mvention will include all embodiments falling within the
scope of the appended claims. Also, 1n the drawings and the
description, there have been disclosed exemplary embodi-
ments of the mvention and, although specific terms may
have been employed, they are unless otherwise stated used
in a generic and descriptive sense only and not for purposes
of limitation, the scope of the invention therefore not being
so limited. Moreover, the use of the terms first, second, etc.
do not denote any order or importance, but rather the terms
first, second, etc. are used to distinguish one element from
another. Furthermore, the use of the terms a, an, etc. do not
denote a limitation of quantity, but rather denote the pres-
ence of at least one of the referenced item.

The 1nvention claimed 1s:

1. Device for weighing flat objects 1n motion comprising
a conveyor [(12)] comprising drive rollers [(22A, 22B)]
having a first horizontal axis for conveying along a hori-
zontal transport path [(14)] the flat objects laying on the
conveyor by one of their flat surface, a weighing plate [(16)]
above the conveyor and facing said horizontal transport path
and comprising a set of free rollers [(160)] having a second
horizontal axis for receiving the flat surface of the {flat
objects orniented horizontally, a bias mechanism coupled to
bias said conveyor relatively toward said weighing plate to
apply a reference load to said weighing sensorv even in
absence of the flat objects, and a weighing sensor [(18)]
attached to the weighing plate for measuring the weight of
the flat objects during [their] passage of the flat objects along
the horizontal transport path between the conveyor and the
welghing plate, the weighing sensor senses a load applied to
at least the weighing sensor,

wherein the weighing sensor i1s arranged above the con-

veyor and the horizontal transport path and the con-
veyor 1s configured to move vertically and thereby
press, 1 a vertical direction, the flat objects 1n motion
against the weighing plate such that [the sensed load is
inversely proportional to] the weight of the flat objects
is subtracted from the load as sensed by the weighing
sensor.

2. Device according to claim 1, wherein the conveyor 1s
adapted to further apply a load which 1s constant regardless
of the thickness of the flat object.

3. Device according to claim 2, wherein the load applied
by the conveyor 1s obtained by a balance system comprising,
at least one lever arm [(28A, 28B) ] attached at its upper end
to the conveyor by a first pivot connection [(27A, 27B) ] and
attached at its lower end to a counterweight [(30A, 30B)].
said at least one lever arm being adapted to rotate around at
least a second pivot connection [(32A, 32B) ] attached to a
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chassis [(26) ] of the device and attached to the at least one
lever arm between 1ts upper and lower ends.

[4. Device according to claim 1, wherein the conveyor is
adapted to further apply a load which 1s sensibly constant
regardless of the thickness of the flat object.}

5. Device according to claim 1, wherein the conveyor
comprises at least one conveyor belt [(20)] driven by said
drive rollers.

6. Device according to claim 1, wherein the load applied
by the conveyor 1s obtained by a spring system comprising
at least one lever arm [(28A, 28B)] attached at its lower end
to a chassis [(26)] of the device by a second pivot connection
[(32A, 32B)] and attached at the upper end to the conveyor
by a first pivot connection [(27A, 27B)], and at least one
spring [(44A, 44B)] attached to the chassis of the device and
pushing the conveyor vertically in the upper direction.

7. Device according to claim 6, wherein said at least one
spring has a tensile elongation at least equal to the length of
the horizontal projection of said at least one lever arm.

8. Device according to claim 6, wherein said at least one
spring has a stiflness coeflicient of at least 0.5 N/mm and
typically 1 N/mm.

9. Device according to claim 6, wherein the at /east one
spring is a tension spring [(44A 44B)] attached at its lower
end to the chassis of the device and at 1ts upper end to one
end of at least [a] one traction cable [(40A, 40B)] running
around at least one pulley [(42A, 42B)] and the other end of
said at least one traction cable 1s connected to the upper end
of said at least one lever arm.

10. Device according to claim 6, wherein the at least one
spring is a spiral spring [(46A, 46B)] attached at its central
end to the chassis [(26)] of the device, the other end of said
[at least one] spiral spring being attached to the upper end of
said at least one lever arm.

11. Device according to claim 1, wherein a dashpot [(38)]
1s placed under the conveyor and perpendicular thereto 1n
order to reduce shocks and vibrations due to the passage of
flat objects on the transport path.

12. Device according to claim 1, wherein the flat objects
are envelopes.

13. [Mailing machine comprising a device for weighing
envelopes in motion] Device according to claim 12 wherein
the device is a part of a mailing machine.

14. Device according to claim 1 wherein said weighing
sensor senses the vefevence load minus the weight of said flat
objects when said flat objects are present on said conveyor.

15. Device according to claim 14 whervein said bias
mechanism comprises a lever arm and a counterweight, said
lever arm coupled proximate one end thereof to said con-
veyor, coupled proximate another end theveof to said coun-
terweight, and pivotally coupled to pivot about a pivot point
to apply a constant applied force to said weighing plate.

16. Device according to claim 14 wherein said bias
mechanism comprises a lever arm and a tension spring, at
least one cable, and a pulley, the at least one cable coupled
between said tension spring and said conveyor, and passing
over said pulley.

17. Device according to claim 14 wherein the bias mecha-
nism comprises a spiral spring coupled to said conveyor.

18. Device according to claim 14, further comprising: a
dashpot coupled to said conveyor to dampen vertical vibra-
tion thereof.

19. Device according to claim 14 wherein the applied

force applied via the bias mechanism is at least equal to a

nominal weight of a heaviest one of the flat objects for which
the apparatus is rated.
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