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(57)  Disclosed is a method for determining the gauge
of a knitted article 40, including the steps of: knitting a
plurality of samples (12, 13, 14) that are smaller than the
knitted article (40) and have different aspect ratios, by
using a flat knitting machine (10); measuring the width
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Description

[0001] The presentinvention relates to the determination of the number of stitches of a knitted article. More specifically,
the present invention relates to determining the number of stitches in the width direction, in other words, the number of
needles, as well as the number of stitches in the height direction, in other words, the number of knitting courses, to
produce a knitted article in approximately the target size.

[0002] The applicant of the present invention has proposed a technique for knitting test pieces that are smaller than
an actual knitted article, in other words, texture samples, to determine the gauge of the knitted article (Patent Document
1: JP 2676182). In this specification, the term "gauge" means the number of stitches per width or height of a knitted
article, and, "stitches/cm," for example, is used as the unit length thereof. In Patent Document 1, the plurality of texture
samples are knitted under different knitting conditions, to select the optimal texture sample. Here, the knitting width is
constant. Then, the number of stitches per width or height of the selected sample is measured to determine the gauges
of knitted fabrics. The gauges are thus determined and the width and height of the knitted article are specified based
on pattern data of the target knitted article, the number of needles is therefore obtained by multiplying the width by the
gauge in the width direction. In addition, the number of knitting courses is obtained by multiplying the height by the gauge
in the height direction. These processes can reduce the time required for correcting the gauges while producing the
actual knitted article.

[0003] However, the inventors have discovered that the technique of Patent Document 1 alone does not always
determine optimal gauges. Without the optimal gauges, the knitted article cannot fit into a predetermined size, and
consequently, the number of knitting courses needs to be increased or decreased in the knitting data after knitting the
actual article. Especially when obtaining a sweater by joining cylindrical knitted fabrics together seamlessly, the sleeves,
bodies, and other parts with different aspect ratios are knitted simultaneously. For this reason, the aspect ratios of the
texture samples are different from the aspect ratios of these parts. What was discovered by the inventors is that the size
of each of the knitted fabrics in the height direction changes depending on the aspect ratio of each knitted fabric, even
if the other conditions stay the same. In addition to this, the size of each knitted fabric in the width direction also changes
depending on the aspect ratio of each knitted fabric, but the impact of the aspect ratio is small.

[0004]

Patent Document 1: JP 2676182

[0005] An object of the present invention is to enable determination of the number of knitting courses and the number
of needles, in other words, the knitting width, for producing a knitted article in approximately the target size.

[0006] The present invention is a method for converting pattern data of a knitted article into the number of stitches,
the method having: a knitting step of knitting a plurality of samples with different aspect ratios; a measuring step of
measuring the size of stitches of each sample in at least a height direction; a step of obtaining a relationship between
an aspect ratio and the size of the stitches in the height direction of a knitted fabric, on the basis of the aspect ratio and
the size of the stitches in the height direction of each sample; and a determination step of determining the number of
knitting courses for a target height of each of parts of the knitted article, on the basis of the obtained relationship between
the aspect ratio and the size of the stitches in the height direction of the knitted fabric, as well as an aspect ratio and a
target height of each part in the pattern data.

[0007] Moreover, the present invention is a system for converting pattern data of a knitted article into the number of
stitches, the system having: means for obtaining a relationship between an aspect ratio and the size of stitches in a
height direction of a knitted fabric, on the basis of an aspect ratio and the size of stitches in a height direction of each
of a plurality of samples with different aspect ratios; means for storing the obtained relationship; and determination
means for determining the number of knitting courses for a target height of each of parts of the knitted article, on the
basis of the obtained relationship between the aspect ratio and the size of the stitches in the height direction of the
knitted fabric, as well as an aspect ratio and a target height of each part in the pattern data.

[0008] The present invention is a program for converting pattern data of a knitted article into the number of stitches,
the program causing a computer to function as: means for obtaining a relationship between an aspect ratio and the size
of stitches in a height direction of a knitted fabric, on the basis of an aspect ratio and the size of stitches in a height
direction of each of a plurality of samples with different aspect ratios; means for storing the obtained relationship; and
determination means for determining the number of knitting courses for a target height of each of parts of the knitted
article, on the basis of the obtained relationship between the aspect ratio and the size of the stitches in the height direction
of the knitted fabric, as well as an aspect ratio and a target height of each part in the pattern data.

[0009] In this specification, the descriptions of the method for determining the number of stitches apply to the design
system and the design program, and the descriptions of the design system apply to the method for determining the
number of stitches and the design program.

In this specification, the subscript "g" of the symbols represents "gauge," and the subscript "s" represents "size." Since
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the size of stitches is inversely proportional to gauge, gauge may be used in place of the size of stitches.

Aspect ratio is a ratio between, for example, the height and width of a knitted fabric.

[0010] As shown in Fig. 2, the size of stitches is dependent upon the ratio between the width and height of a knitted
fabric. For this reason, a correction function expressing the size of the stitches can be obtained by knitting a plurality of
samples that are different in the ratio mentioned above. Subsequently, the required numbers of knitting courses and
needles are defined based on a target height and width for each part of a knitted article, the size of the stitches obtained
from the samples, and the correction function. As a result, the impact of the ratio between the width and height of the
knitted fabric on the size of the stitches in the height direction can be corrected, and consequently parts in a desired
size can be knitted.

[0011] The plurality of samples may be connected to one another by excess yarn. The size of the stitches in the height
direction may be obtained by, for example, measuring the number of stitches per predetermined height length or by
measuring the total height of a predetermined number of stitches. Since a known method is used as the method for
knitting the samples, a design device and the design program may not be involved in creating the knitting data of the
samples. The pattern data is used for specifying the shape and size of the designed knitted article, the size being the
height and the width.

[0012] Preferably, the determination step of determining the number of knitting courses and the number of needles
for each of the parts:

e converts the ratio between the target width and the target height of each part into a ratio Z between the height and
width of the stitches, based on the correction function;

e obtains the height of the stitches of each part, on the basis of a square root of a ratio between a product of the width
and height of the stitches obtained from any of the plurality of samples, and the ratio Z between the height and width
of the stitches;

¢ obtains the width of the stitches of each part, on the basis of a square root of a product of the size of the stitches in
the width direction and the size of the stitches in the height direction obtained from any of the plurality of samples,
and the ratio Z between the height and width of the stitches; and

e determines the numbers of needles and knitting courses of each part, on the basis of the width and height of the
stitches of each part, as well as the target width and height of each part.

This method assumes that the width of the stitches is inversely proportional to the height of the stitches. Although this
assumption is not necessarily realized, this method allowed the inventors to knit the parts that had approximately the
target width and height and various shapes. Note that the ratio between the number of needles of each part and the
number of knitting courses of each part can be used as a substitute for the ratio between the target width and height of
each part.

[0013] It is also preferred that the correction function correct only the size of the stitches in the height direction. In
other words, the impact of the ratio between the width and height of the knitted fabric is particularly large on the height
of the stitches, and thus corrects only the height of the stitches.

[0014]

Fig. 1 is a block diagram showing how a knitted article is produced in an embodiment;

Fig.2is adiagram showing an example of correction curves of gauges based on the number of needles (knitting width);
Fig. 3 is a flowchart showing a determination algorithm for the number of stitches according to the embodiment; and
Fig. 4 is a diagram showing the width and height of each part according to the embodiment.

[0015] The best mode for implementing the present invention is described below.

[0016] Figs. 1 to 4 show an embodiment. In these diagrams, reference numeral 2 represents a design system that
has a color monitor 4, input keyboard 6, and a mouse 8, and is connected to the internet by a LAN, which is not shown.
The design system 2 is also provided with a disc driver that can be read from a CD-ROM or other storage medium, and
comprises an appropriate computer. Reference numeral 10 represents a flat knitting machine having two or four needle
beds. Reference numeral 16 represents a finishing apparatus that carries out, for example, cleaning, fulling, or steam
processing. A size measuring step 18 measures the width and height, in other words, the width and length, of test
samples 12 to 14 knitted using the flat knitting machine 10.

[0017] The measured width and height of each of the plurality of samples are input to a correction function generating
unit 20 of the design system 2. The correction function generating unit 20 generates and stores therein correction
functions for correcting the size of the stitches, based on a ratio between the width and height of each of the plurality of
samples. The functions express combinations of knitting conditions, such as a target loop length per stitch, the type of
yarn including the material and thickness of the yarn, and the finished style. Note that, instead of inputting a width Xs
and height Ys of each sample into the correction function generating unit, a height direction gauge Yg and width direction
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gauge Xg of a knitted fabric of each sample may be input. In other words, whether to use the width or height of each
sample or whether to use a gauge indicating the reciprocal of the size of the stitches in order to express the size of the
stitches is arbitrary. Furthermore, in the embodiment, correction functions for correcting the height and width of the
stitches are generated, but a correction function for correcting only the height may be generated.

[0018] A design unit 19 of the design system 2 designs a knitted article based on the inputs from the keyboard 6,
mouse 8 or LAN that is not shown. There are two stages in designing the knitted article. In the first stage, the size of
each part is input in the form of the height and width. The sizes input in this stage are specified by unit length in cm or
inch, and the data obtained in this stage is called "pattern data." The design unit 19 then converts the pattern data into
design data of the knitted article, or converts the design data into knitting data that can be processed immediately by
the flat knitting machine 10. In this process, the width and height of each part are converted into the knitting width of
each part, in other words, the number of needles to be used in knitting, and into the number of knitting courses of each
part, based on the correction functions and the size of the stitches in each sample.

[0019] The design unit 19 also outputs the knitting data on the test samples 12 to 14 to the flat knitting machine 10
and cause the flat knitting machine 10 to knit these samples 12 to 14. The test samples 12 to 14 are different in aspect
ratio between the width and height of each knitted fabric. For examples, these test samples are common in the number
of knitting courses and different in the number of needles. Each of the test samples 12 to 14 is in the shape of, for
example, a rectangle but may be in a different shape. The same type of yarn is used in the test samples 12 to 14 under
the same knitting conditions. The target loop length per stitch in the test samples 12 to 14 is also the same, as well as
the finishing conditions obtained by the finishing apparatus 16. When the type of yarn, the finished style, and the knitting
conditions are changed, the design unit 19 outputs new knitting data on the test samples 12 to 14. Note that the design
system 2 and the flat knitting machine 10 may be connected by the LAN, or may be connected manually by using a
floppy disk™ or the like.

[0020] Fig. 2 shows correction functions 22 to 24, wherein the horizontal axis represents the ratio between the width
Xs and the height Ys of each knitted fabric, and the vertical axis on the left-hand side represents the ratio between the
width direction gauge Xg and the height direction gauge Yg, which is also the ratio between the size of stitches in the
height direction and the size of stitches in the width direction. The vertical axis on the right-hand side represents relative
values of the gauges on the basis of the sample whose ratio between the width and height in the knitted fabric is
approximately 1, and shows two types of data, the width direction gauge Xg and the height direction gauge Yg. In the
left-side sample with small Xs/Ys in Fig. 2, the number of needles (the number of stitches in the knitting course direction)
is 30. The middle samples has 60 needles. The right-side sample has 120 needles. The number of knitting courses for
these samples is 80. The data of the samples are shown in Table 1.

[0021] Theimpact of the ratio between the width and height of each knitted fabric is large on the height direction gauge
Yg but small on the width direction gauge Xg. The greater the ratio between the width direction gauge and the height
direction gauge, the greater the ratio between the width and height of each knitted fabric. Although the three correction
functions 22 to 24 are shown by curves in Fig. 2, these functions may be shown by curves or straight lines. The correction
function 22 corrects Xg/Yg based on Xs/Ys, whereas the correction function 23 corrects Yg based on Xs/Ys. These
correction functions 22 to 24 may be stored as functions expressing the ratio between the width Xs and height Ys of
each knitted fabric as variables, or may be stored in the form of a table having the variables as the heading.

[0022]

Table 1
The number of

The number of stitches (the Width gauge C Height gauge D
knitting courses number( of Xs(em)  Ys(cm)  Xs/¥s (stitct?es/gm) (stgi,tchges/(?m) Xg/YgZ
needles)
80 30 8.4 14.7 0.57 3.57 5.44 0.67
80 60 16.7 14.3 117 3.59 5.59 0.64
80 120 33.8 14.1 2.40 3.55 5.67 0.63

[0023] In the data shown in Fig. 2, each of the samples was knitted with wool yarn by a flat knitting method using a
flat knitting machine having twelve needles per inch, to obtain a loop length per loop of 6.0 mm. The steam processing
and cleaning/drying were carried out as the finishing processing.

[0024] One of the reasons that the data shown in Fig. 2 are obtained is because the quality of the knitted fabrics
changes intrinsically according to the knitting widths thereof. In other words, an elongated knitted fabric stretches easily
in a vertical direction, while a wide knitted fabric does not easily stretch in the vertical direction. In Patent Document 1
described above, the gauges, in other words, the number of stitches per predetermined length, are obtained based on
the heights and widths of the knitted fabrics, and the obtained gauges are applied to the entire knitted fabrics. The optimal
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gauges are not always obtained with the parts having different aspect ratios. However, one of the characteristics of the
present invention is to obtain the relationship between the aspect ratio of each knitted fabric and the gauges, or the size
of the stitches, to establish the optimal gauges that correct the impact of the aspect ratios.

[0025] Fig. 3 shows a gauge correction algorithm. Correction here means to correct the impact of the ratio between
the width and height of each knitted fabric during the step of converting the size in the pattern data into the number of
knitting courses or the number of needles in each part of each knitted fabric. The design system 2 stores the data, such
as the knitting conditions of each knitted fabric, the type of yarn including the thickness and material of the yarn, and
the finishing conditions. The design system 2 also stores the correction functions with respect to combinations of these
data items.

[0026] When the thickness or material of the yarn, the knitting conditions, and the finishing conditions change, the
stored correction functions cannot be applied. Thus, the correction function generating unit 20 outputs, to the design
unit 19, information indicating that a new test sample is required, and then the design unit 19 generates the knitting data
on the test samples 12 to 14. The knitting conditions, the finishing conditions, and the type of yarn are used in the actual
production of a knitted article. The flat knitting machine 10 uses these conditions to knit the three types of test samples
12 to 14 having different aspect ratios. These samples 12 to 14 are subjected to the same finishing as the actual knitted
article by using the finishing apparatus 16, to manually measure the width and the height of each test sample. The
obtained measurement results are input to the correction function generating unit 20. The width Xs and the height Ys
of each knitted fabric may be input directly or may be input after converting them into the number of stitches, per length,
in other words, the gauges. The correction function generating unit 20 generates the correction functions shown in Fig.
2 on the basis of the input data, and stores these correction functions along with the type of yarn, the knitting conditions,
and the finishing conditions.

[0027] The width Xs and the height Ys of each of the parts are obtained based on the pattern data, and the required
numbers of knitting courses and needles are determined. The ratio Z is obtained based on the Xs/Y's from the correction
curves shown in Fig. 2. When the impact of the Xs/Ys becomes inversely proportional to the width gauge Xg and the
height gauge Yg,

XgxYg~CxD m

is established. Here, because

Xg/Yg=27 (2)

is established, deleting Yg from Equation (1) accomplishes Equation (3), and deleting Xg from Equation (1) accomplishes
Equation (4).

Xg?~ZxCxD (3)

Yg?~Z'xCxD 4)

As the gauges C and D, for example, those of the sample whose ratio between the width and height of the knitted fabrics
is close to that of each of the parts are used. Once the gauges Xg, Yg are obtained, the number of needles and the
number of knitting courses are obtained from the widths and heights of the parts. Furthermore, The width and height of
the stitches may be obtained in place of the gauges Xg, Yg. The actual knitted article is knitted based on the obtained
numbers of knitting courses and needles. The program with which the design system 2 executes the processes shown
in Fig. 3 is the knit design program of the embodiment, which is supplied to the design system 2 via a storage medium
such as a CD-ROM, or via a carrier wave.

[0028] Fig. 4 shows how the height and width of each part are determined. A knitted article 40 shown in Fig. 4 is
constituted by a front body 41, rear body that is not shown, and sleeves 44, 45. Reference numeral 42 represents a rib
hem and reference numeral 46 a cuff, which are both subjected to rib knitting. The front body 41 has therein a pattern
43 having different colors, which is knitted by the same type of yarn. Knitting width X1 and height Y1 of the front body
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are defined as shown in Fig. 4, for example. Width X2 and height Y2 of each of the sleeves 44, 45 are defined as shown
in Fig. 4. Because the width on the armhole side generally increases in relation to each cuff 46, the knitting width X2 is
the intermediate value between the value of the armhole and the value of the cuff 46. In Fig. 4, because the knitted
article 40 is knitted tubularly, a plurality of tubular knitted fabrics with different aspect ratios are knitted as the test samples.
[0029] Although Fig. 4 illustrates an example of tubular knitting, the total of four parts of the front body, the rear body,
and the right and left sleeves of the knitted article 40 can be knitted integrally. In this case, the test samples are knitted
into a flat knitted fabric instead of a tube, many times with different aspect ratios for the knitted fabrics.

[0030] In the present embodiment, the number of knitting courses and the number of needles of a knitted article can
be determined by correcting the impact of the aspect ratios of the knitted fabrics on the size of stitches. Therefore, a
knitted article in the size in the pattern data can be knitted more easily.

[0031]

2 Design system

4 Monitor

6 Keyboard

8 Mouse

10 Flat knitting machine
12to 14 Test samples

16 Finishing apparatus
18 Size measuring step
19 Design unit

20 Correction function generating unit
2210 24 Correction functions
40 Knitted article

41 Front body

42 Rib hem

43 Pattern

44,45 Sleeves

46 Cuff

Xs1, Xs2  Knitting width
Ys1,Ys2  Khnitting height

Claims

1. A method for determining the number of stitches in a knitted article (40) by converting pattern data of the knitted
article (40) into the number of stitches, the method being characterized by comprising:

a knitting step of knitting a plurality of samples (12, 13, 14) with different aspect ratios;

a measuring step of measuring the size of stitches of each sample (12, 13, 14) in at least a height direction;

a step of obtaining a relationship between an aspect ratio and the size of the stitches in the height direction of
a knitted fabric, on the basis of the aspect ratio and the size of the stitches in the height direction of each sample
(12, 13, 14); and

a determination step of determining the number of knitting courses for a target height of each of parts of the
knitted article (40), on the basis of the obtained relationship between the aspect ratio and the size of the stitches
in the height direction of the knitted fabric, as well as an aspect ratio and a target height of each part in the
pattern data.

2. The method for determining the number of stitches in a knitted article (40) according to claim 1, characterized in
that the step of obtaining a relationship obtains a correction function for correcting the size of the stitches in at least
the height direction on the basis of the aspect ratio of the knitted fabric, and that the determination step:

« converts a ratio between target width and height of each part into a ratio Z between the height and width of
the stitches, based on the correction function;

« obtains the height of the stitches of each part, on the basis of a square root of a ratio between a product of
the width and height of the stitches obtained from any of the plurality of samples (12, 13, 14), and the ratio Z
between the height and width of the stitches;

« obtains the width of the stitches of each part, on the basis of a square root of a product of the size of the
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stitches in the width direction and the size of the stitches in the height direction obtained from any of the plurality
of samples (12, 13, 14), and the ratio Z between the height and width of the stitches; and

« determines the numbers of needles and knitting courses of each part, on the basis of the width and height of
the stitches of each part, as well as the target width and height of each part.

3. The method for determining the number of stitches in a knitted article (40) according to claim 2, characterized in
that the correction function corrects only the size of the stitches in the height direction.

4. A design system (2) for a knitted article (40) for converting pattern data of the knitted article (40) into the number of
stitches, the system (2) being characterized by comprising:

means for obtaining a relationship between an aspect ratio and the size of stitches in a height direction of a
knitted fabric, on the basis of an aspect ratio and the size of stitches in a height direction of each of a plurality
of samples (12, 13, 14) with different aspect ratios;

means for storing the obtained relationship; and

determination means for determining the number of knitting courses for a target height of each of parts of the
knitted article (40), on the basis of the obtained relationship between the aspect ratio and the size of the stitches
in the height direction of the knitted fabric, as well as an aspect ratio and a target height of each part in the
pattern data.

5. A design program for a knitted article (40) for converting pattern data of the knitted article (40) into the number of
stitches, the program being characterized by causing a computer to function as:

means for obtaining a relationship between an aspect ratio and the size of stitches in a height direction of a
knitted fabric, on the basis of an aspect ratio and the size of stitches in a height direction of each of a plurality
of samples (12, 13, 14) with different aspect ratios;

means for storing the obtained relationship; and

determination means for determining the number of knitting courses for a target height of each of parts of the
knitted article (40), on the basis of the obtained relationship between the aspect ratio and the size of the stitches
in the height direction of the knitted fabric, as well as an aspect ratio and a target height of each part in the
pattern data.
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FIG. 3
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