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(57) Abstract: A cutting force analyser is provided, comprising
weighing means adapted to determine the weight of an object and
force applied to the object; a record of a force threshold for cutting
the object; and indicating means. The analyser is formed to use the
weighing means to differentiate between the weight of the object and
cutting force applied to it, to compare the cutting force with the force
threshold, and to use the indicating means to communicate how the
force compares with the threshold.
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TITLE

CUTTING FORCE ANALYSER

FIELD OF INVENTION

The invention relates to the field of analysing force applied while cutting a product and in

particular to providing visual or aural feedback to workers cutting products.

BACKGROUND

There are many situations where people cut various types of products repeatedly. For
example, workers in a supermarket may cut vegetables into portions for packaging and
sale. Pumpkins, cabbage and cauliflower may be cut down into half or less to be sold as
smaller portions to customers who do not want a whole vegetable. Another industry
where product cutting is important is in the preparation of meat and meat products for

sale.

Workers in these industries and other industries may perform the same task repeatedly
during a work shift. While performing these tasks the workers have no way of knowing if

their cutting technique is optimal or their tools need sharpening.

It is the object of a preferred embodiment of the present invention to provide a cutting
force analyser. However, it should be appreciated that the invention has more general
application, and so any objects or advantages applicable to the preferred embodiment
should not be seen as a limitation on the scope of the claims. The object of the invention

per se is simply to provide the public with a useful choice.
The term “comprising”, if and when used in this document, should be interpreted non-
exclusively. For example, if used in relation to a combination of features it should not be

taken as precluding the option of there being further unnamed features.

SUMMARY OF THE INVENTION

In broad terms in one aspect the invention comprises a cutting force analyser, comprising:
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e weighing means adapted to determine the weight of an object and force
applied to the object;
o arecord of a force threshold for cutting the object; and
e indicating means;
the analyser formed to use the weighing means to differentiate between the weight
of the object and cutting force applied to it, to compare the cutting force with the
force threshold, and to use the indicating means to communicate how the force

compares with the threshold.

Optionally the indicating means communicate a visual indication of how the forces

compares with the threshold.

Optionally the indicating means comprise a plurality of lights.

Optionally the weighing means includes a scale.

Optionally the weighing means includes a load cell.

Optionally the weighing means includes a hook.

Optionally the cutting force analyser includes one or more clamps.

Optionally the cutting force analyser includes a record of different blades.

Optionally the record of force threshold for cutting an object is stored electronically.

In broad terms in another aspect the invention comprises a method of providing feedback

using a cutting force analyser comprising the steps of:
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e accessing product information about a type of product and a force
threshold for the product from the record;

e receiving information from the weighing means about force applied to the
product;

o determining whether the force exceeds the force threshold by comparing
force information to the force threshold; and

e using the indicating means to provide feedback based on the force and the

force threshold.

Optionally the feedback is visual feedback.

Optionally the force information is stored on a computing device.

Optionally the method further includes the step of timing out if no products are detected by

the force measuring device for a predetermined length of time.

Optionally the visual feedback includes a number of lights.

Optionally the lights are coloured and the colour of the lights may change as the force

applied to a product is closer to the threshold value.

Optionally the cutting force analyser is used to determine the force used to cut meat.

Optionally the cutting force analyser is used to determine the force used to cut fruit.

Optionally the cutting force analyser is used to determine the force used to cut vegetables.

DRAWINGS
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Some preferred embodiments of the invention will be further described with reference to

the accompanying drawings in which:

Figure 1 shows scales that may be used in an embodiment of the invention;
Figure 2 shows clamps on the scale; and
Figure 3 is a flow chart.

DETAILED DESCRIPTION

Figure 1 shows a set of scales that may be used by a worker/user cutting a product, for
example, meat, fruit or vegetables. The scale 1 has one or more load cells under a plate
1a on which the product is placed. The load cell(s) measure the force on the plate. The
weight of the product itself will apply some force to the load cell(s) due to gravity. As the
worker cuts the product more force is applied to the load cell(s). This is because a knife
or the like generally moves downwards through the product, and therefore exerts a force
on the plate 1a. The generally downwards force is measured by the load cells. This may
or may not be the entire force applied to the product. It will be understood that this
measured downwards force is the cutting force or force for the purposes of this invention.
This force is measured by the load cell(s) and the measurement sent to an electronic
processor that assesses whether or not the force exceeds a predetermined threshold.
Threshold values are stored for different products to be cut on plate 1a. These values are
related to the upper force that may be needed to cut the product in an ideal situation. The
scales may also include an output port to send force information to an attached computing
device. Alternatively, the scales may communicate wirelessly with a computing device.

Alternatively, the scales may have an on-board computing device.

In some embodiments, one or more clamps are provided to hold the product on the scales
so it does not move more than is acceptable while being cut. For example, it prevents the
product rolling whilst being cut and undesirably influencing the readings. The clamps may
be any suitable form. For example, a spike on which the product is impaled or a device

that cradles the product on the scales.

Figure 2 shows an embodiment of clamps that may be used on the scales. The clamps
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11 are V-shaped, pivoted at the bottom of the V 11a with one shorter arm and one longer
arm. The V-shaped parts are spaced around the scale with the sorter arms towards the
centre. A product is placed on the shorter arms, pivoting them downwards towards the
centre of the scale. The longer arms move towards an upright position and help hold the
produce in place. In example shown in figure 2, there are four V-shaped parts provided

with the pivot points about 15 cm apart.

When a product is being cut on the scales the force information obtained is compared to
force threshold information for the product being cut. Feedback information is provided to
the worker. In one embodiment feedback information is provided by a series of lights 3 on
the scales. Light box 3 has six different lights. As force is applied to the product as a
result of cutting it with a knife the lights light up providing an indication of the magnitude of
the force. If the force applied within expected limits (i.e. below the threshold), then the
lights may all be green. If the force applied is near the top of the expected limits one or
more of the lights may show orange. If the force applied exceeds a threshold, then one or
more of the lights may show red. In one embodiment, the lights change from green to
orange to red as the force applied by the worker cutting the product goes from within the
limits to close to the threshold and then over the threshold. The change in lights allows

the worker to relate the force they are applying to the threshold.

As the worker cuts the product force readings are continuously taken by the load cell(s).
The force readings are compared to the threshold information and feedback is provided to
the worker. This feedback allows the worker to see (or hear) if the force applied is too
great so that the worker may adjust their cutting technique during cutting the product, or
sharpen or replace the blade used and see (or hear) the results of the change. The

feedback is effectively instantaneous.

The force threshold is dependent on the product being cut and the sharpness of the knife.
For example, a potato cut with a sharp knife may require a maximum 500g of force. A
potato cut with a dull knife may require up to 2kg of force. Further, cutting a potato with a
dull knife may damage cells of the potato at the site of the cut leading to browning and a
reduced shelf life. If the threshold for cutting potatoes is set at 500g or slightly above
500q, a worker will be provided with a visual or aural indication when the force exceeds

this amount and may go and sharpen his or her knife before cutting the next potato. The
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worker should then find that the force no longer exceeds the threshold.

In another example, the force measuring device can measure force on a product that is
hanging below the device. For example, meat may be hung from hooks are attached to
load cells that measure the amount of force on the hooks. The load cells measure the
weight of the meat and any generally downwards force applied to the meat during cutting.
Feedback on cutting force is provided to the worker as they are cutting the meat to allow
them to adjust their technique or alert them that their blade may require sharpening or

replacing.

In other embodiments, different indicators may be used. The indicators could be visual,
for example a numerical force reading or audible or a combination of visual and audible

indicators.

Figure 2 is a flow chart showing one embodiment of steps used in the method. In step 4
the worker or worker selects the product that is going to be cut. Each product will have its
own threshold value(s) stored. The threshold value relates to the upper expected cutting
force for the product. For example, cutting a lettuce will require less force than cutting a
pumpkin and will accordingly have a lower threshold value than the pumpkin threshold
value. The product selection may be made from a picklist (or other type of list) on the
scales or on an associated computing device. For example, the worker could choose the
type of product from a visual representation of different products shown on a screen

associated with the scales and in communication with a computing device.

After the worker has selected the product, in step 5, product information is retrieved by the
computing device from suitable storage. The product information includes a force
threshold related to the maximum expected force required for cutting the product. Other

product information may be stored as well.

Information on different types of knives and other cutting tools may also be stored. This
means that it is possible to store force threshold information for a single product when

different blades are used in cutting the product. If force threshold information relating to
different blades is stored then the worker can select the blade they are using as well as

selecting the product to be cut. The blade information may be based on blade length and
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weight and/or blade manufacturer.

When the first product is placed on the scales the force on the load cell(s) is sensed. This
initial force relates to the weight of the product. The force will increase as the worker
begins to cut the product. In step 6 the force information is periodically recorded at

predetermined intervals.

In step 7 the question is asked ‘s the force zero for more than a predetermined time?’.
Asking this can allow the system to determine whether the cutting session has finished.
For example, there will be a time when the force is zero after one product is removed from
the scales and before another product is placed on the scales. This zero force period is to
be expected. However, if there is no force applied to the scales for a longer period of time
then the computing device may time out and end the session. Additionally or alternatively,
a worker may be able to end the session, for example, by selecting ‘end’ on the computing

device.

The force applied to the product is compared to a threshold value stored for the product
and feedback is provided in step 10. This force is the difference between the force on the
load cell(s) when the product is being cut and the force on the load cell(s) of the product
by itself. The feedback may be lighting indicators to show that the applied force is less
than the threshold or some other visual or audible means. In one embodiment if the force
applied is less than the threshold value then a number of lights are lit green. If the force is
close to the threshold value, then one or more of the lights may be lit orange. If the force
exceeds the threshold value, then one or more of the lights may be lit red. The light
sequence may change from all green to one orange and the remainder green, through to
all orange, then one red and the rest orange through to all red. This gradual change in
colour of the indicator lights provides feedback to the worker about the amount of force
they are applying, and if the lights start turning red, the amount by which the force
exceeds the threshold. This may indicate to the worker that their tools need sharpening or
replacing or that their technique needs improving. If the force exceeds the threshold
during cutting of a number of products in succession an alert may be provided to the

worker to advise them to sharpen their tools.

The product is removed from the scales after the worker has finished cutting it. Another



10

15

20

25

30

WO 2017/222394 PCT/NZ2017/050083

product may then be placed on the scales for cutting. If the product is the same type as
the previous product the worker can start cutting it. The worker will need to select the
type of product if it is different to the previous product. The session will continue until the
worker ends it or it times out after a predetermined period with no items present on the

scales.

The force information for a session may be stored on the computing device. Storing the
force information allows the computing device to further process the information. For
example, if the force applied to the product during the session regularly exceeded the
threshold value this could indicate that the tool or tools used by the worker require
sharpening or the worker’s technique could be improved. If the force is gradually
increasing over time, this could be used to predict when the worker’s tools will need
sharpening. This information can be provided to the worker. Additionally, force
information could be used to assess if the produce is outside of the expected standard.
For example, if the worker is cutting over-ripe fruit less force would be needed than if the
worker were cutting unripe fruit. If the product is a fruit or vegetables that are unripe more
force may be needed than if the fruit or vegetables are ripe. The average amount of force
used by the worker could therefore be used as an indicator of a property of the produce

(such as ripeness).

If the scale has more than one load cell, force information from each load cell may be sent
to the computing device. Force information from more than one load cell can be analysed
and may provide information about the worker’s cutting technique. This information could
allow the worker to optimise their cutting technique, minimise cutting effort, optimise
processing time, and optimise product quality and optimise tool design, use and

maintenance.

Although the examples given relate to produce, application of the process is much wider

and the examples should not be seen as limiting.

While some preferred aspects of the invention have been described by way of example it
should be appreciated that modifications and improvements can occur without departing

from the scope of the following claims.
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CLAIMS

1. A cutting force analyser, comprising:

e weighing means adapted to determine the weight of an object and force
applied to the object;
o arecord of a force threshold for cutting the object; and
e indicating means;
the analyser formed to use the weighing means to differentiate between the weight
of the object and cutting force applied to it, to compare the cutting force with the
force threshold, and to use the indicating means to communicate how the force

compares with the threshold.

2. A cutting force analyser as claimed in claim 1, wherein the indicating means

communicate a visual indication of how the forces compares with the threshold.

3. A cutting force analyser as claimed in claim 2, wherein the indicating means

comprise a plurality of lights.

4. A cutting force analyser as claimed in any one of claims 1 to 3, wherein the

weighing means includes a scale.

5. A cutting force analyser as claimed in any one of claims 1 to 4, wherein the

weighing means includes a load cell.

6. A cutting force analyser as claimed in any one of claims 1 to 3 wherein the

weighing means includes a hook.

7. A cutting force analyser as claimed in any one of claims 1 to 5 further including

one or more clamps.
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8. A cutting force analyser as claimed in any one of claims 1 to 7 further including a

record of different blades.

9. A cutting force analyser as claimed in any one of claims 1 to 8 wherein the record

of force threshold for cutting an object is stored electronically.

10. A method of providing feedback when using a cutting force analyser as claimed in

claim 1 comprising the steps of:

accessing product information about a type of product and a force

threshold for the product from the record,;

e receiving information from the weighing means about force applied to the
product;

o determining whether the force exceeds the force threshold by comparing
force information to the force threshold; and

e using the indicating means to provide feedback based on the force and the

force threshold.

11. A method of providing feedback as claimed in claim 10, wherein the feedback is

visual feedback.

12. A method of providing feedback as claimed in claim 10 or claim 11, wherein the

force information is stored on a computing device.

13. A method of providing feedback as claimed in any one of claims 10 to 12, further
including the step of timing out if no products are detected by the force measuring device

for a predetermined length of time.

14. A method of providing feedback as claimed in claim 11, wherein the visual

feedback includes a number of lights.

10
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15. A method of providing feedback as claimed in claim 14, wherein the lights are
coloured and the colour of the lights may change as the force applied to a product is

closer to the threshold value.

16. A cutting force analyser as claimed in claim 1 when used to determine the force

used to cut meat.

17. A cutting force analyser as claimed in claim 1, when used to determine the force

used to cut fruit.

18. A cutting force analyser as claimed in claim 1, when used to determine the force

used to cut vegetables.

11
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