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Blended yarns - internal structure by 
image analysis, mechanical properties 

(repeat, see STR)
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Blended yarn - internal structure
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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



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

i
i

m
g

m


i i

i

v g







EXA_09_10 8

Detected parameters, see STR [1]:
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Detected parameters:
IBI – Index of blend irregularity [6]
• radial homogeneity - distribution of fibres in the yarn cross-section
• axial homogeneity - variability of mixing of components between cross-sections

IBI: 
0 - perfect arrangement of fibre placement,
1 - perfect randomness of the distribution of threads, 
>1 - (e.g. 1,3 - mixture affected by "causal factors" that increase its inhomogeneity
by 30% with respect to the assumed perfect randomness of the fibre arrangement).

IBI rather to 1

IBI rather to 0
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Detected parameters:

IBI rather to 0 IBI rather to 1

IBI – Index of blend irregularity [6]
• radial homogeneity - distribution of fibres in the yarn cross-section
• axial homogeneity - variability of mixing of components between
cross-sections



IBI
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IBI – experimental results
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Detected parameters:

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

Small number - we neglect



Mechanical properties - linear mixing theory (repetition, 
for derivations see STR)
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"Linear mixing theory" according to W. J. Hamburgera
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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.

 S 

S 

h 
 

 



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.)
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"Linear mixing theory" according to W. J. Hamburgera
Fiber material 

Variables: 
No. 1 No. 2 

Fiber fineness 1t  2t  

Force-strain relation  1S    2S   

Breaking strain of fiber 1 2a a  

Fiber strength  1 1 1P S a   2 2 2P S a  

Number o fibers  1n  2n  

Total number of fibers 1 2n n n   

Mass of fibers  1m  2m  

Total mass of fibers 1 2m m m   

Bundle fineness (count) T m h  

Mass portion 1 1g m m  2 2g m m
 

Sum of mass portions 1 2 1g g   
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"Linear mixing theory" according to W. J. Hamburgera

It is valid for the fiber No. 1:

For the fiber No. 2, it is valid analogically:

Maximum forces, in a bundle  Force-strain curves:
a) Interval  max. at

b) Interval  max. at

c) Interval          all fibers are broken, 

       1 1 1 1 1 1 1 1 1 1, , ,

T

m g m t m n h n m t h g t m h



     1 1 1n g T t

 2 2 2n g T t

1a  1a 

   1 1 1 2 2 1S a n P n S a  

   1 1 1 1 2 2 1 2S a T g P t g S a t    

 P2 

P1 

a2 a1 
 

S2(a1) 

S2() S1() 

 1 2,a a
2a 

 2 1 2 20S a n n P     2 2 2 2S a T g P t 

2a   2 0S a   
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"Linear mixing theory" according to W. J. Hamburgera

Strength of bundle

…tenacity of fiber No. 1 (e.g. N/tex)
…tenacity of fiber No. 2 (e.g. N/tex)

…specific stress of fiber No. 2 (e.g. N/tex) at

Bundle tenacity

(e.g. N/tex)

Breaking strain of bundle

a)            if 

b)            if

    
 2 11 2

1 2 1 2 2

1 2 2

max , max ,
S aP P

P S a S a T g g g
t t t

  

     
      

    

 1 1 1 2 2 1 2P T g P t g S a t  

1 1P t

2 2P t

 2 1 2S a t 1a 

P T

1a a 

 2 11 2
1 2 2

1 2 2

max ,
S aP P P

g g g
T t t t


     

     
    

2a a  2 2 2P T g P t 
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"Linear mixing theory" according to W. J. Hamburgera

Graphical representation of resulting equation

Other
possibility:

    1 1 1 2 2 1 2 2 2 2max ,P T g P t g S a t g P t    
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"Linear mixing theory" according to W. J. Hamburgera

Minimum bundle tenacity – two possibilities:

a)          (   ) and then 

b) By point of intersection (   ) of two lines, it is

and using this value we get
Now, the minimum bundle tenacity is the minimum of three calculated values .
Note: After addition of fibers having higher tenacity, the tenacity of resulting bundle 
can decrease!
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EMPIRICKÉ POUŽITÍ VÝSLEDKŮ PRO PŘÍZE
Místo parametrů vláken se užijí
obdobné parametry jednokompo-
nentních a směsových přízí

Veličina místo VLÁKEN a SVAZKU užijeme hodnoty PŘÍZÍ 

1p  Poměrná pevnost vlákna  
s nižší tažností 

Poměrná pevnost jednokompo-  
nentní příze s nižší tažností 

2p  Poměrná pevnost vlákna  
s vyšší tažností 

Poměrná pevnost jednokompo- 
nentní příze s vyšší tažností 

1a  Tažnost vlákna komponenty  
s nižší tažností 

Tažnost jednokomponentní  
příze s nižší tažností 

2a  Tažnost vlákna komponenty  
s vyšší tažností 

Tažnost jednokomponentní  
příze s vyšší tažností 

 2 1a  
Specifické napětí ve vlákně  
s vyšší tažností při poměrném 
prodloužení  = a1 

Specifické napětí v jednokompo- 
nentní přízi s vyšší tažností při  
poměrném prodloužení  = a1 

1 2,g g  Hmotnostní podíly vláken s niž- 
ší a vyšší tažností ve svazku 

Hmotnostní podíly vláken jedno 
komponentních přízí s nižší a vyš- 
ší tažností ve směsové přízi 

p  Poměrná pevnost svazku ze  
dvou komponent 

Poměrná pevnost směsové příze  
ze dvou komponent 

a  Tažnost svazku ze dvou  
komponent 

Tažnost směsové příze ze dvou 
 komponent 
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„Lineární teorie mísení“ dle W. J. Hamburgera



Experiment - strength of blended yarns [9]
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