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The article presents the results of a study of the process of occurrence of mechanical stress and strain during stretch-
ing of a quartz optical fiber. The analysis and review of the current state of development of fiber-optic conductors is 
performed. The problems of occurrence of microcracks in the body of optical fibers during mechanical loading dur-
ing operation are considered. In the process of winding optical fibers and further operation, cracks occur. The con-
ducted research allows us to solve an important production problem related to increasing the strength of optical 
fibers and reducing the number of microcracks. The object of scientific research is quartz optical fiber of the G652 
standard, used for the production of fiber-optic cables. For optical fibers, the greatest danger is the stretching, 
which is observed when rewinding the fiber, during its cabling, during the laying and operation of the optical cable. 
It was found that the mechanical tensile strength of G652 optical fiber was from 4 482 to 4 808 MPa, and the number 
of cracks and their parameters affect the tensile strength of the fiber.
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INTRODUCTION

Optical fiber (OF) has been used to transmit infor-

mation for over 35 years. Optical fiber has an operating 

frequency range that provides information data trans-

mission more than a hundred times more than the radio 

airwaves. The material of modern optical fibers oper-

ates with light wavelengths of 850, 1 300, 1 310, 1 550 

nm [1, 2]. In 1 966, English scientists Cao and Hock-

ham removed the impurities of transition (“dye”) metals 

from quartz glass.

  This made it possible to achieve a decrease in the 

level of optical radiation energy losses and to obtain 

losses of less than 20 dB/km. For this discovery and 

obtaining new material, they were later awarded the 

Nobel Prize [2, 3]. In 1 973 – 1 974, engineers from 

Bell-Labs and Corning developed the method of modi-

fied chemical vapor-phase deposition (MCVD) [4, 5, 

6]. This method made it possible to obtain optical fiber 

with minimal losses up to ~ 0,2 dB / km at a wavelength 

of 1 550 nm, and in 2 002 it was possible to reduce 

losses to 0,148 dB / km [1, 3]. This event was the begin-

ning of large-scale work around the world on the devel-
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opment of technology for the preparation and use of 

telecommunications optical fibers for fiber-optic infor-

mation transmission systems. An optical fiber with a 

diameter of 125 microns without microdamage has a 

tensile force identical to a steel thread of the same diam-

eter. But if there are microcracks in his body, the 

strength may decrease by more than 3 times [7]. To pro-

tect the optical fiber from the effects of water, various 

contaminants and mechanical damage to the material, 

an external coating is applied to its surface [8]. A pri-

mary buffer coating is formed, consisting of acrylic var-

nish, while the thickness of the optical fiber increases to 

245 ± 10 microns [9], which makes it possible to in-

crease its strength and protect it from the formation of 

microcracks, which reduce its mechanical strength [10]. 

The applied varnish is dried in a drying oven using ul-

traviolet radiation, after which the optical fiber is rolled 

onto coils up to 50 km in length and delivered to cable 

factories or to the consumer [11].

ANALYSIS OF THE PROBLEM 

AND THE PURPOSE OF RESEARCH

At present, the production of fiber-optic cables has 

been mastered in Kazakhstan, but optical fibers are im-

ported from abroad. To organize a full cycle of produc-

tion, it is necessary to set up its own production of fiber 

in Saran at the already operating production of fiber-optic 

cables. Currently, many scientific and technical problems 

are associated with its production, which are solved by 

various methods, but the main goal and task is to conduct 
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scientific research related to the search for ways to in-

crease its strength. This article studies the mechanical 

stresses and deformations of an optical fiber when it is 

stretched during the process of winding and further op-

eration. The studies carried out allow us to solve an im-

portant production problem associated with increasing 

the strength of optical fiber and reducing the number of 

microcracks. Analysis of the literature has shown that 

there are a number of scientists working in this area of 

science. Their research reflects the urgency of the prob-

lem associated with increasing the strength of optical 

fiber, since it depends on the service life of the fiber-optic 

cable, which must be at least 20 - 25 years.

The object of scientific research is quartz optical 

fiber used for the production of fiber-optic cables. The 

production technology is already known and described 

earlier. To pull the fiber, the workpiece is fixed verti-

cally in the cartridge of the exhaust system. The lower 

end of the workpiece is heated to a temperature of 2 000 

°C and pulls the fiber down from the melting furnace. 

The diameter of the fiber light guide remains constant 

thanks to the precise adjustment of the drawing speed at 

125 ± 2 microns and the drawing speed of 300 m/min. 

During stretching, the geometric ratios of the core glass 

and the shell remain unchanged; with a decrease in the 

diameter, the dimensions of the workpiece decrease 300 

times. The refractive index profile n1 < n2 remains un-

changed. Studies have shown that in the future this indi-

cator can change under mechanical influence on the 

optical fiber, as well as when its temperature changes. 

Similar results are described in articles.

RESEARCH METHODS AND RESULTS 

OF LOCAL EXPERIMENTS

The strength properties of optical fibers are the most 

important characteristics that determine the possibility of 

their practical use and operation. Strength characterizes 

the property of materials to resist destruction under the 

influence of external loads. The strength measure is the 

ultimate strength, i.e. the maximum stress that causes the 

material to collapse under static load. For optical fiber, 

the greatest danger is represented by stretching, which is 

observed during fiber rewinding, during its cabling, dur-

ing the laying and operation of fiber-optic cables.

Laboratory experimen  ts conducted to study the me-

chanical properties of low-and zero-water peak fiber pro-

duced at the plant (ITU-T G 652D) with a diameter of 

125 microns showed that when stretching segments of 1 

m length, the number of samples is 50, the elongation 

rate is 20 mm / min, the fiber lengthens by 7 % (72 mm) 

in about 2 minutes. The destruction of the optical fiber 

occurs at a load from 44,82 to 48,08 MPa, and its elonga-

tion is about 7 %. the estimated theoretical strength of the 

tensile forces of quartz optical fiber was 60,00 N with a 

relative elongation of up to 26 %. The discrepancy be-

tween the values of the theoretical and technical strength 

of solids coincided with the Griffiths theory, which ex-

plains the presence of a large number of microdefects on 

their surface, called “Griffiths microcracks”. They may 

be caused by the breaking of Si–O – Si chemical bonds. 

According to Griffiths theory, a section of optical fiber 

can be under load indefinitely, if the value of the applied 

load and the resulting mechanical stress and deformation 

is less than the critical value, then the fiber segment 

should not collapse at the time of loading. To describe the 

change in fiber strength under static load, the concept of 

inert fiber strength is introduced, provided that there are 

no cracks in it. But the results of practical experiments 

show that if a load of more than 80 % of the critical load 

is applied to a fiber segment, the fiber may collapse after 

a while. The time to failure depends on the magnitude of 

the applied load, the size of the defect, and the surround-

ing conditions. This phenomenon is related to the statisti-

cal fatigue of the optical fiber material. There are many 

Figure 1 Photo of defects in fiber optic type G652

Figure 2  Dependence of the probability of failure of a G652 
type fiber under tension on the applied force
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defects in multi-kilometer fibers, and they change along 

the fiber randomly. Therefore, their influence can only be 

taken into account statistically, and the service life of the 

fiber can only be considered with a certain degree of 

probability.

A significant number of defects (cracks) were found 

along the length of the optical fiber in 50 km, which 

reduce its strength. Cracks are randomly distributed 

along the fiber. Figure 1 shows a photo of a fiber defect 

with a crack.

The influence of defects on the strength of an optical 

fiber can only be taken into account statistically; ac-

cordingly, the operating time of an optical fiber is deter-

mined with a certain degree of probability using the 

Weibull formula. Figure 2 shows the results of experi-

ments to determine the strength of optical fiber.

To construct a Weibull distribution, 50 pieces of op-

tical fiber were randomly selected and their strength 

was measured on a tensile testing machine. Confidence 

probability P = 0,95, quantile of the Student’s distribu-

tion t = 2,0095 for a given confidence probability with 

the number of degrees of freedom n k = n - k (n k is the 

number of suspicious observation results). The fiber 

was broken in a rather narrow range from 4 482 to 4 808 

MPa, the breaking strength of the fiber is influenced by 

the number of cracks and their parameters. Fiber optic 

damage occurs when an average force value of 46,04 N 

is applied. The absolute measurement error is ∆X = 

1,96. Relative measurement error δ = 3,5 %.

COMPUTER SIMULATION OF STRETCHING 

OF QUARTZ OPTICAL FIBER

Modeling of the process of occurrence of mechani-

cal stresses and deformations leading to the occurrence 

of cracks during stretching of an optical fiber was car-

ried out in the ANSYS program, research methods and 

the obtained positive results are described in detail in 

[12]. The computer model was created taking into ac-

count all the technical parameters of the optical fiber 

and the loads of the real tearing machine used in the 

test. The visualization of the distribution pattern of me-

chanical stresses during loading of the optical fiber is 

shown in Figure 3.

 DISCUSSION AND CONCLUSIONS

The relative elongation of the fiber is uniquely re-

lated to the amount of stress, since the quartz fiber 

obeys Hooke’s law in a wide range of stresses up to 

failure. The analysis of the destruction of the optical 

fiber material, taking into account the cyclic load factor, 

showed that the main factors for the development of fa-

tigue cracks are: the amplitude of stresses and deforma-

tions; the duration and number of loading cycles. The 

discrepancy between the results obtained experimen-

tally and computer simulation of the maximum allowa-

ble load at tension was less than 15 %. Accordingly, the 

computer model is adequate and suitable for conducting 

various kinds of experiments related to the process of 

occurrence of mechanical stresses and deformations 

during stretching of a quartz optical fiber. The results of 

comparing the results are shown in Figure 4.

The experiments also showed that the protective 

polymer coating using acrylic varnish does not have a 

particular effect on the strength of the optical fiber, 

since the Young’s modulus for polymer coatings is 

much lower than the Young’s modulus for quartz glass. 

The coating cannot significantly increase the strength 

of the fiber, only within 15 - 17 %. Its functions are 

reduced to protecting the fiber from the external envi-

ronment, abrasive particles and partially moisture. Ex-

periments have shown that the protective coating de-

pletes the elimination of primary defects (cracks) in 

the material of the primary fiber coating. The coating 

is capable of gluing opposite sides of microcracks and 

Figure 3 Computer model of G652 type fiber under tension Figure 4 Comparison of results
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prevents them from opening. The use of a metal coat-

ing made it possible to double the maximum strength 

of an optical fiber in comparison with a polymer coat-

ing if doped with titanium [13]. Doped fiber optics are 

less susceptible to degradation and aging. It was found 

that the lower the rate of load growth during stretching 

of the fiber, the lower the value of the fiber strength. 

This can be explained by the fact that the fiber is under 

load for a longer time; accordingly, a longer time in-

terval for crack growth is created. Figure 5 shows the 

dependence of the service life of an optical fiber with 

a change in its relative elongation in percentage. This 

dependence can be called dynamic fatigue. To ensure 

the required fiber life within 25 years, it is necessary 

to provide conditions under which the elongation 

should not exceed 0,6 %.

Figure 5  Dependence of the service life of an optical fiber 
with a change in its relative elongation in percentage
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