










Alia (used in the Latin phrase “et al.”, meaning “and others”)

“ ”

Exempli gratia (Latin for “for example”

–
Id est (Latin for “in other words”)



– –

“
”

(German for “c
”)





Further methods for changing the fabric’s width



Improving the subdivision’s quality

Poisson’s ratio investigation









according to which in crochet “each loop is drawn through two previous loops, the corre
same row” [

’

’

]. The technique’s flexibility is shown by the possibility to build 





term “Luftmasche” which translates directly as “ ”
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, which were found by searching for “crochet” in 

Through filtering by the keyword “textile”, the results 

(in German “Häkel chine”)

Counted publications per research area, which were additionally filtered by “textile”. 

“ ”
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textile’s 



hine’s main 









“ ”

–

“the largest crochet machine in 
the world”





’









’





cording to the part’s cross section via

“ ”



]. Overall, 3D printing is seen as one of today’s enabling technol

’s front



“ s”



loop control system for controlling the motor’s 



“ ”











chine’s stitch formation processes

’



“ ”

“ ”





of “the largest crochet 
machine in the world”, simple improvements of it were inadequate to develop an industri

], a prototype is defined generally as an “approximation 

mentation”.
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•
•
• Means for shaping the fabric’s width by implementing INC as well as DEC;
•
•
•
•



•
• Enabling of taking advantage of crochet’s potential to create complex structures in 

•
•
•
•
•
•





Schematic illustration of the crochet machine’s fundamental machine elements and their 



inserted there. However, the center of the working stitch’s clearance is not always 







loop, which is going to be drawn through the two other loops on the crochet needle’s shaft.

’s right side.



bars’ 





Slider and opening of the crochet needle’s 

and opening of the crochet needle’s 

the crochet needle’s shaft is not sufficiently ensured. From the situation shown 









’s



yarn is placed in the crochet needle’s hook by an overlap in crochet direction. 

before the yarn guide is lowered to force the yarn into the crochet needle’s hook. This has 



“Verfahren zum maschinellen 
Häkeln und Häkelmaschine”, 10 2022 108 119.2
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system’s 





’s hook





needle so that the hook’s opening is facing down

’s LL



crochet direction, it must rotate by 90° to align the hook’s opening 





needle’s 

needle’s hook. Afterwards, the yarn guide moves in the crochet direction to 



SC’s
rotates to let the hook’s 

’s eyelet, which is
dle’s



d), the hook’s opening faces upwards to aid the subsequent overlap performed 

needle. The yarn guide’s position after the overlap is depicted in Figure 



and the CH’s LL is laid over the first 





current course’s 

turn’s

CH’s 





based model of the fabric’s structure.

b), the turn’s LL is suspended on this added 

where the turn’s LL would be placed normally (cf. 

pended at the working stitch’s position after it 





Placing the turn’s LL

the turn’s LL would be stretched too far, which, due to yarn friction, would 







’

’
the fabric’s width

ing the fabric’s width accordingly.



turn’s

the end of a course to modify the fabric’s width.

methods of changing the fabric’s width. 

chine’s crochet process



verview of the possibilities to change the fabric’s width



Modeling of the methods for changing the fabric’s width based on the crochet patterns of 



pulled through the two loops wrapped around the crochet needle’s

needle, the loop can be transferred to the second needle by inserting it through the loop’s 



chine’s 

α
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suited for the open cam system of the CroMat prototype’s carriage [

α



The requirements for the CroMat’s crochet needle regarding the necessary movement 





α 





needles remain retracted to allow to position the crochet needle’s hook above the fabric, as 



’s



needle’s hook. 





’



’

’s hook



β γ

yarn’s bending stiffness is no longer negligible [

α𝐹1 = (𝐹0 + 𝐵 𝑑02⁄ )𝑒𝜇𝛼 − 𝐵 𝑑02⁄𝑑0 = 2𝑑𝑦𝑎𝑟𝑛

β γ

𝐹𝐶𝑁 = (𝐹𝐼 + 𝐵 𝑑02⁄ )𝑒𝜇(𝜋−𝛽) − 𝐵 𝑑02⁄𝐹𝐼 = (𝐹𝐹 + 𝐵 𝑑02⁄ )𝑒𝜇(𝜋−𝛾) − 𝐵 𝑑02⁄
β γ π



β



𝐹𝐶𝑁 = 𝐹2 + 𝐹3 + 𝐹6𝐹1 = (𝐹𝐹 + 𝐵 𝑑𝑦2⁄ )𝑒𝜇𝑦𝑦𝛼1 − 𝐵 𝑑𝑦2⁄𝐹2 = (𝐹1 + 𝐵 𝑑𝑦𝑛2⁄ )𝑒𝜇𝑦𝑛𝛼2 − 𝐵 𝑑𝑦𝑛2⁄𝐹3 = (𝐹2 + 𝐵 𝑑𝑦𝑦2⁄ )𝑒𝜇𝑦𝑦𝛼2 − 𝐵 𝑑𝑦𝑦2⁄𝐹4 = (𝐹3 + 𝐵 𝑑𝑦𝑛2⁄ )𝑒𝜇𝑦𝑛𝛼2 − 𝐵 𝑑𝑦𝑛2⁄𝐹5 = (𝐹4 + 𝐵 𝑑𝑦𝑛2⁄ )𝑒𝜇𝑦𝑛𝛼3 − 𝐵 𝑑𝑦𝑛2⁄𝐹6 = (𝐹5 + 𝐵 𝑑𝑦𝑛2⁄ )𝑒𝜇𝑦𝑛𝛼2 − 𝐵 𝑑𝑦𝑛2⁄
𝑑𝑦 = 𝑑𝑦𝑎𝑟𝑛 + 𝑑𝑦𝑎𝑟𝑛 = 2 ∙ 0.81 𝑚𝑚𝑑𝑦𝑛 = 𝑑𝑦𝑎𝑟𝑛 + 𝑑𝑛𝑒𝑒𝑑𝑙𝑒 = 0.81 𝑚𝑚 + 1.5 𝑚𝑚



𝑑𝑦𝑦 = 𝑑𝑦𝑎𝑟𝑛 + 2 ∙ 𝑑𝑦𝑎𝑟𝑛 = 3 ∙ 0.81 𝑚𝑚∝1= 70°∝2= 180°∝3= 20°

















fabric’s 



To illustrate the crochet machine’s operation and the complexity of stitch formation, 







The concise structure of the tool’s GUI with international crochet symbols 



face. Also, it’s tabular structure suits well the two

chet symbols, considering the crochet machine’s operation, is presented in Fig

of the machine and putting the leading loop in the crochet machine’s hook before the auto



the crochet procedure. The ellipsis indicates further possible courses and wales. The machine’s 

by clicking on the respective tile. Stitches can be erased with the “blank tile” tool. This se



ll necessary information about the fabric’s structure 



already take into account the CroMat’s shaping possibilities (cf. section 

•

•

•
•
•

•

•



on the course’s direction, the strings (such as ‘sl’) 



one’s



type tool’s 



’



€. Also

€ each, while the servos cost 
€ and 20 € depend

€. In addition, there are the parts for the linear guides such 





’



textile’s topology –
Here, Kyosev’s definition of topology 

as “the knowledge of the orientation and positions of the yarns (or their axes), related to 



the other yarns in the same structure” is applied [

’ center lines

𝑑𝑖 = (1 − 𝑡)(1 − 𝑏)(1 − 𝑐)2 (𝑝𝑖+1 − 𝑝𝑖) + (1 − 𝑡)(1 + 𝑏)(1 + 𝑐)2 (𝑝𝑖 − 𝑝𝑖−1)
𝑑𝑖+1 = (1 − 𝑡)(1 − 𝑏)(1 + 𝑐)2 (𝑝𝑖+2 − 𝑝𝑖+1) + (1 − 𝑡)(1 + 𝑏)(1 − 𝑐)2 (𝑝𝑖+1 − 𝑝𝑖)



𝐿 = 1𝑏𝑥 − 1𝑎𝑥 = 2𝑏𝑥 − 2𝑎𝑥 = 3𝑏𝑥 − 3𝑎𝑥4𝑎𝑥 − 1𝑎𝑥 = 1.85 × 𝐿𝐻 = 3𝑎𝑦 − 1𝑎𝑦2𝑎𝑦 − 1𝑎𝑦 = 1.23 × 𝐻𝐷 = 3𝑎𝑧 − 5𝑎𝑧













’







σ

is the sample’s width perpendicular to TD, the sample’s thickness. The Young’s 

ΔP/Δl𝜎𝑢𝑙𝑡 = 𝑃𝑤 ∙ 𝑡𝐸 = ∆𝑃∆𝑙 ∙ 𝑙𝑤 ∙ 𝑡
cheter A, B and C) on the fabric’s dimensions and mechanical properties is investigated by 



the fabric’s tensile properties could be confirmed. How





of the SLs of the fabric’s last course. 







ever, for Composite 1 the Young’s 

A possible reason for the higher tensile strength and Young’s modulus of Composite 1 



fiber volume fraction also tends to increase the tensile strength and Young’s modulus [





to the pitch of the CroMat’s needle bed of 5.08



’

stitch’s width on which the height is based for 𝐻𝑠𝑙 = 𝑌𝑇𝐹 ∙ 1.25 ∙ 𝐿𝐻𝑠𝑐 = 𝑌𝑇𝐹 ∙ 1.5 ∙ 𝐿𝐻ℎ𝑑𝑐 = 𝑌𝑇𝐹 ∙ 1.75 ∙ 𝐿

Also, the CH course’s 

ric’s centers, the two sides of the machine





operations for changing the fabric’s width.
and generating the fabric’s G

The red “x” marks 



fabric’s









oped that traverses a 2D polygon according to the CroMat’s crochet process and decides 



) for exceeding the polygon’s boundaries. A stitch is 

According to the flow chart’s first step (

At the end of the CH course, due to the machine’s peculiarity, an exception occurs and 



Regarding the partitioning with considered tolerance, the program’s termination also 

position of the turn’s first segment, an alternative position is indicated by 

ygon’s 



’s

𝑢𝑖 = 𝑣𝑖 − 𝑝𝑖  𝑎𝑛𝑑 𝑜𝑗 = 0   𝑖𝑓 𝐵𝐴 − 𝑆𝐴 > 0𝑢𝑖 = 0 𝑎𝑛𝑑 𝑜𝑗 = 𝑝𝑗 − 𝑣𝑗   𝑖𝑓 𝐵𝐴 − 𝑆𝐴 < 0

the polygon’s boundaries (cf. Figure 

approach without tolerance for stitches crossing the shaping polygon’s border. 



−

𝑍 = 𝑓(𝑥𝑠ℎ𝑖𝑓𝑡 , 𝑦𝑠ℎ𝑖𝑓𝑡) = ∑ 𝑢𝑖𝑚
𝑖=1 + ∑ 𝑜𝑗𝑛

𝑗=1−𝐿 ≤ 𝑥𝑠ℎ𝑖𝑓𝑡 ≤ 𝐿−𝐻 ≤ 𝑦𝑠ℎ𝑖𝑓𝑡 ≤ H
of the complexity of following the machine’s rules while subdividing countless



’

−

during the numerical optimization of the triangle’s crochet subdivision. Figure is under CC

−

polygon’s 



shift only changes the area coverage of the courses’ first and last stitches.







, due to the limitations of the machine’s shaping operations.























’

’s

’
ν ε ε

shows an example of the calculation of the lateral strain (ε𝜈 = − 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙𝜀𝑎𝑥𝑖𝑎𝑙𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 = 𝑙 − 𝑙0𝑙0
’

’



’



son’s ratio investigations

the Poisson’s ratio of 

’



. Measured Poisson’s ratios in wale and course direction of a few machine

Poisson’s ratio 

for the other samples. The Poisson’s ratio value of SC in wale direction is comparable to SL 

’

’
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