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Change of Breaking Tensile Strength of Thread by Bending (I)

Thread of monofilament

Osamu Sato**, Katsuaki Nasaimoro** and Katsutaro Yamamoro**

A

Abstract

The test of tensile strength of the thread, as many samples break at a chuck
that keeping it, can hardly be measured exactly. It is very important from the
viewpoint of the strength of materials that this strength be measured exactly.
It became known that the tensile strength of the thread decreases on account of
deformation by compressive stress, bending stress and ‘torsional stress.

In this paper, the authors study analyse the decreasing mechanism of tensile
strength of thread by bending, and estimate accurately this strength. Nylon 6
monofilament of various diameters was used as test piece. The experiment con-
sisted in testing with several kinds of bending curvature. From this experiment,
the following results were obtained.

1 The breaking tensile strength of Nylon 6 monofilament decreased by bend-
ing deformation.

2 The experimental formula of breaking tensile stress of Nylon 6 mono-
filament to give bending deformation is as follows,

d 1.3
romo i-()")
where, o,: breaking tensile stress of bending thread
E; Young’s modulus
d; diameter of thread
D; diameter of cylinder
Therefore, the breaking tensile stress of thread that did not deform by bending
is calculated accurately by this formula.
3 The decrease of breaking tensile stress of thread of monofilament by
bending is caused by bending stress and compressive stress inside of this position.
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Table 1. Thread of Nylon 6 monofilament used for experiment.

No. Diameter (mm) Sectional area (mm) Young’s modulus (kg/mm)*
150 1.99 3.09 184
100 1.7 2.40 160
60 1.31 1.35 160
40 1.06 0.88 212
18 0.76 0. 40 160

* These values are measured at 10°C.
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Fig. 1. Schematic illustration of apparatus Fig. 2. Schematic diagram of bending
for bending thread. C;, C;; chuck B; condition of thread.
cylinder of iron S; sample (thread) d; diameter of thread D; diameter of

cylinder for bend T; tensile strength
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Fig. 3. Breaking tensile strength of bended Nylon 6 monofilament at various curvatures.
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Fig. 4. Breaking tensile stress of bended Nylon 6 monofilament at various curvatures.
Solid circle; diameter of thread 1.99mm Open circle; diameter of thread 1.75mm
Cross circle; diameter of thread 1.31mm  Solid triangle; diameter of thread 1.06 mm
Open triangle; diameter of thread 0.76 mm ’

Table 2. Breaking tensile stress of Nylon 6 monofilament of various diameters.

No. 150 100 60 40 18
Diameter (mm) 1.99 1.76 1.31 1.06 0.71
omax (kg/mm?)* 38.0 38.0 41.5 45.5 42.5
Omax/E** 0.21 0.24 0.26 0.21 0.27
* breaking tensile stress ** Young’s modulus
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5. Decreased tensile stress of Nylon 6
monofimlaent by bend.
Solid circle; diameter of thread 1.99mm
Open circle; diameter of thread 1.75mm
Cross circle; diameter of thread 1.31mm
Solid, triangle: diameter of thread 1.06
mm
Open friangle; diameter of thread 0.76
mm
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Fig. 6. Changes in the ratio of the breaking

tensile strength of Nylon 6 monofilament
by bend.

Solid circle; diameter of thread 1.99 mm
Open circle; diameter of thread 1.75 mm
Cross circle; diameter of thread 1.31 mm
Solid triangle; diameter of thread 1.06
mm

Open triangle; diameter of thread 0.76
mm

Table 3. Values of d/D and d/(d+D) having half breaking tensile strength of
Nylon 6 monofilament by bend.

No. 150 100 60 40 18
Diameter (mm) 1.99 1.75 1.31 1.06 0.71
Tmax (kg)* 171 91 56 40 17
T,., (kg)** 68 51 32 23 10

1.0/ Tmax 0.58 0.56 0.56 0.57 0.57
d/D (Tmax/2)*** 1.31 1.24 1.19 1.30 1.34
d/(d+D) (:)r*** 0.50 0.53 0.54 0. 52 0. 556

* breaking tensile strength

** breaking tensile strength on bending condition (d/D=1.0)
*** value of d/D that breaking tensile strength reduced by half
**x* value of d/d+D that breaking tensile strength reduced by half
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Fig. 7. Changes of cross-section of the bending position for Nylon 6 monofilament with
various tensile loads.
A; arm, C; cylinder, P; bending position, T sample
1; tensile load 12.5kg 2; tensile load 25.0kg 3; tensile load 37.5 kg
4; tensileload 50.0kg 5; tensile load 62.5kg 6; tensile load 78.0 kg.
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Fig. 8. Relation between sectional area and tensile load for Nylon 6 monofilament No. 150.
Open circle; bending condition, Solid circle; normal condition
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