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Blended yarn - internal structure

IMAGES:
Cross-sections - optical microscopy
Cross-sections - micro (nano) CT
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Blended yarn - internal structure

IMAGES:
Cross-sections - optical microscopy
Cross-sections - micro (nano) CT
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Detected parameters, see STR [1] :

m, M:V/Vc



Internal structure of single length fabrics - internal
standards (see EXA_01):

* IN 46-108-01/01 Recommended procedure for creating cross sections. Soft and hard cuts
* IN 22-103-01/01 Yarn packing density Direct method and Secant method
* IN 22-103-02/01 Yarn packing density - Direct method



Detected parameters, see STR [1]:
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Detected parameters, see STR [1]:

m. pi-Si RING SPUN YARN 659%PET/35% cotton
20 tex, twist 820/m

m Z pl' Sl 0.9 7 —e=yarn n.2
0,8 - 50%PET/50%cotton
07 1 35 tex, twist 480/m

0i =

=
'E = == yarn n.3
p S. 2 500N e N 35%PET/65%cotton
V. = g i . 05 18 tex, twist 900/m
i | ES é : 0,4 N s yarnn.l set mass
. [ Z= ratio of PET comp.
i L EE 03
=
£ 0,2 4 ——vyarnn.2 setmass
0,1 ratio of PET comp.
0 T T T T T T T T T T T T T T T
— v =~ & — v o | —vyamn.3 setmass
2 g" g" 2» 2« = = o= ratio of PET comp.

yarn radius [mm]

RING SPUN YaRN [

—x—1.Textima 19tex
45%w/55%PET

—e—2 7Zinser 19tex
45w/55PET

—¢— 3. Textima 17tex
35w/65PET

—e—4 Zinser 17tex
35w/65PET

—=—vyammn.1,2 set mass
ratio of PET

yvarn n.3.4 sett
mass ratio of PET

radial mass portion
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Detected parameters: ...

O O ba-komp
IBI — Index of blend irregularity [6] - 1 B8P
. . . . . o . . [m| O
* radial homogeneity - distribution of fibres in the yarn cross-section oo ) o
* axial homogeneity - variability of mixing of components between cross-sections_ | o @?Dﬂ” PD T EET ]
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where g ‘E*D
T; = Total number of fibers at a given section
W; = Number of wool fibers at that section. 50 0 50 100 150 20 250
# = Average number fraction of wool fiber for —
all sections. IBI ratrier to O 250 , , , ,
* PES-komp
i = 1 _ fb' 5 - O ba-komp
# = Number of sections examined. 200 I
O% +
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0 - perfect arrangement of fibre placement, IBI rather to 1 O T S SR S, =)
.. . ' o] * oo ¥
1 - perfect randomness of the distribution of threads, L R L
) . . . O YD Ol o . *
>1 - (e.g. 1,3 - mixture affected by "causal factors" that increase its inhomogeneity 5| U A
: . O+
by 30% with respect to the assumed perfect randomness of the fibre arrangement). 0
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Detected parameters:

IBI — Index of blend irregularity [6]

* radial homogeneity - distribution of fibres in the yarn cross-section
e axial homogeneity - variability of mixing of components between

cross-sections

IBI rather to O

EXA_09_10

IBI rather to 1

(T — W .
1BI = \1 % g (1)

where
T'; = Total number of fibers at a given section
W = Number of wool fibers at that section.

# = Average number [raction of wool fiber for
all sections.

g=1—p¢
= Number of sections examined.
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TeZ prize Tez prize
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Bl — experimental results
Yarn/fi- | I.B.L I1.B.I. I.B.I. I.B.I.
Type ber rectan- radial pie between
fineness gular segment | cr.-sect.
[tex]
Yarn n.1 | 20/ PET 1,37 1,40 1,18
65PET/ 0,17 (1,23; (1,18; (1,04; 1,79
35co co 0,14 1,51) 1,62) 1,31)
Yarn n.2 | 35/ PET 0,95 0,99 0,95
S50PET/ 0,21 (0,85; (0,83; (0,82; 1,93
50co |c°00,14 1,05 1,17) 1,08)
Yarn n.3 | 18/ PET 0,88 0,83 0,82
35PET/ 0,16 (0,79; (0,72; (0,71; 0,67
65co |co0,17 0,96) 0,95) 0,93)

index of blend irregularity [-]

1,8 -
1,6 -
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Detected parameters:

Mass uneveness - variability in the number of fibres between cross sections

1002 + (CVy)?

Ey "

(CVy =

where CF7 = coefficient of variation of weight per
unit length of the varn, # = the average
number of fbers in a cross section of
the varn, and CF; = coethcient of vari-
ation of Aiber weight per unit length.

and — Small number - we neglect
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Mechanical properties - linear mixing theory (repetition,
for derivations see STR)



"Linear mixing theory" according to W. J. Hamburgera

Assumptions:

1. Fiber bundle is a blend (| and | ) of 2 types of fibers.
2. All fibers of one type have

a) same force-strain curve and

b) same strength P and same breaking
strain a.
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"Linear mixing theory" according to W. J.

Convention:

Fiber of one type having smaller value of brea-
king strain is denoted as No. 1 (|), other type

of fibers is denoted as No. 2. (|). (This numbers
are used as subscripts.)

Hamburgera

Fiber material

Variables: No. 1 No. 2

Fiber fineness L L

Force-strain relation 3,(¢) S, (&)

Breaking strain of fiber a <,

Fiber strength P=S(a) |R,=S,(a,)

Number o fibers N n,

Total number of fibers n=n+n,

Mass of fibers m m,

Total mass of fibers m=m, +m,

Bundle fineness (count) T=m/h

Mass portion g, =m/m [g,=m,/m
0,+0,=1

Sum of mass portions




"Linear mixing theory" according to W. J. Hamburgera

It is valid for the fiber No. 1: =T
=g,m, t, =m/(nh), n,=m/(th)=(g,/t,)(m/h), m =0, (T/t,)
For the fiber No. 2, it is valid analogically: n,

Maximum forces, in a bundle
a) Interval ¢< a, —max.at &£=4a

S, (a,)=nPR+n,S,(a)
S. (a) =TGR/t +9,S, (a)/t, ]

b) Interval 86(6\1,&2> —> max.at €=a,

S;(a,)=n,-0+n,P, S, (a,)=Tg,P,/t,

c) Interval €> @, = allfibers are broken,



"Linear mixing theory" according to W. J. Hamburgera

Strength of bundle P S ( ) P
P, =max{S;(a),S;(a,)}=T max{[gl_1+g2 A } [92_2}}

t t t
P, /t, ..tenacity of fiber No. 1 (e.g. N/tex) 1 2 2
P, /t, ..tenacity of fiber No. 2 (e.g. N/tex)
S, (al)/tz...specific stress of fiber No. 2 (e.g. N/tex) at € = &,

Bundle tenacity P /T

Pz Pl S2 (al) I:)2

—= =max — + : —=

T {[91 t, g, t g, t,
Breaking strain of bundle

a) az:aiPz/T:glFi/tl_l_gZSZ(al)/tz
b) d, = a, PZ/T:gz Pz/tz




"Linear mixing theory" according to W. J. Hamburgera

Graphical representation of resulting equation

P./T =max{[ g, P,/t, +9,S,(a)/t, |, [9, P,/ ]}

ai...breaking strain... a,

2

minimum of tenacity

2

t,
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"Linear mixing theory" according to W. J. Hamburgera

Minimum bundle tenacity — two possibilities:
a)0,=0 (e) andthen B /T=R/t

b) By point of intersection (0) of two lines, it is
=1-0,
v
0, R/L+8,5,(2)/t,=9,P/t,. O = 5T /Ft’l/ tls oL
_|_ —
lDl/tl:gZPl/tl-I_QZPZ/tZ_QZSZ(ai)/tZ’ R 2\ %)/

P./T=qg,P/t
and using this value we get >/ 9, R/t
Now, the minimum bundle tenacity is the minimum of three calculated values P; /T

Note: After addition of fibers having higher tenacity, the tenacity of resulting bundle
can decrease!




,Linearni teorie miseni” dle W. J. Hamburgera

EMPIRICKE POUZITI VYSLEDKU PRO PRIZE

Misto parametru vlaken se uziji

obdobné parametry jednokompo-

nentnich a smésovych prizi

Velicina|  misto VIAKEN a SVAZKU uZjjeme hodnoty PRIZI
0, Poplélrnévpevn,ost vlakna Pométnév ,pevno_svtvjedgokompo-
S nizsi taznostli nentnl prize s nizsi taznosti
D, Pomvévr,né pevnost vlakna Pométnév pevnost vj,edrlokonjpo-
S vyssi taznosti nentni prize s vyssi taznostl
a, Taznost viakna komponenty | TaZnost jednokomponentni
S nizsi taznosti prize s nizsi taznosti
a, Tair1<3§t vvlékna, komponenty | Taznost jednokomponentni
s vySSi taznosti prize s vySSi taznosti
Specifické napéti ve vlakné Specifické napéti v jednokompo-
o, () s vySSi taznosti pri pomérném | nentni prizi s vyssSi taznosti pri
prodlouzeni ¢ = a; pomérném prodlouzeni € = a;
9,,0, |Hmotnostni podily viaken s niz- Eg:]f')tnostntl Pohdllxlvllake_rlvjlednov
& a vy&i taznosti ve svazku | <OMMPONENENICH Prizi S NIZS| a Vys-
S| taznosti ve smesove prizi
p. [Pomérna pevnost svazku ze Pomérna pevnost smésove prize
dvou komponent ze dvou komponent
a, |[Taznost svazku ze dvou Taznost smésové prize ze dvou
komponent komponent




Experiment - strength of blended yarns [9]

Linearni smésovani

<482:;495>

) hmotnostni| Fezy - L
jemnost| | . L . 95%-ni interval
» zakrut prize | smesovy | efektivni i . .
prize 4 ) . . | spolehlivosti efektivniho
[m™] podil PP | zaplnéni R .
[tex] , . zaplnéni prize - Fezy[-]
vlaken [-] | pFize [-]
828
0 0,427 <0,410 ; 0,444 >
<817;838>
823
0,35 0,352 <0,3359; 0,365>
<812;835>
796
20 0,50 0,414 <0,391 ; 0,438>
<790:803>
825
0,65 0,417 <0,381 ; 0,453>
<817,;833>
787
1 0,544 <0,523 ; 0,565>
<776;7959>
625
0 0,467 <0,445 ; 0,485>
=616;633>
632
0,35 0,403 <0,390; 0,416>
=624,;639>
621
29,5 0,50 0,468 <0,449 ; 0,487 >
<615;626>
643
0,65 0,417 <0,401 ; 0,433>
<637,;648>
601
1 0,517 <0,496 ; 0,537>
<593;610>
467
45 0 0,449 <0,437 ; 0,462>
<461;473>
478
0,35 Q0,399 <0,386,; 0, 412>
=<473,484>
470
0,50 0,461 <0,449 ; 0,474>
<464:476>
470
0,65 0,424 <0,410; 0,438>
<462;477>
489
1 0,495 <0,476 ; 0,513>

3
28
—— 20fex
- / —— 20 Gex
predikovana 45tex
pevnost [cNtex] @ experiment 20fex
—¥— experiment 29 Stex
—8— experiment 48ex
13 sy
8 T T T T 1
0 02 04 06 08 1
smésovy podil PP [-]
EXA_09_10

22



References used:

1. Neckaf, B.: VLAKNA A VLAKENNE UTVARY 1 — DEFINICE, SOUVISLOSTI, TU Liberec, KTT, power point
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CEITEC — vysledky vyhodnoceni textilii pomoci nanoCT
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