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ABSTRACT 

The article presents a diagram of the recommended design of a safety harness with an additional 

shock absorber. The principle of operation of the safety device is given. A method is proposed for 

calculating the tension of the harness sling. Using the balance of forces, a formula is derived to 

determine the tension of the sling. Graphical dependences of the change in the tension of the sling 

on the change in the coefficient of stiffness of the shock absorbers and on the force of the worker’s 

weight at different angles of inclination of the sling to the horizontal axis are constructed, the main 

parameters of the safety belt are substantiated. 
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INTRODUCTION 

Seat belts are widely used in construction, 
construction and installation, repair and 
restoration, maintenance or other types of 
work at height, to correct (maintain) the 
working condition and to protect the worker 
in the event of a fall from a height. A well-

known seat belt that includes a belt, a belt, a 
carabiner sling, and a belt with a sewn shock 
absorber [1]. Belt failure is the inconvenience 
of the shock absorber (a large length of belt is 
required to ensure complete safety, which 
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increases material consumption and labor 
intensity of production).  

MATERIALS AND METHODS 

In the work of V.A. Oguretsky [2]. the safety 
belt is made with a shock absorber in the form 
of a sewing tape in a certain part of the belt. 
At the same time, it was revealed that the 
breaking force of the belt reaches 7890 N. The 
disadvantage of this design is the limited 
deformation of the stitching tape, which does 
not allow the necessary depreciation and 
insurance when falling from a height. 

The belay device includes shoulder, chest and 
hip straps and corresponding buckles for them 
sash, distribution ring, sling and carabiner [3]. 
The disadvantage of this design is the 
impossibility of ensuring sufficient reliability 
during operation and has a narrow range of 
applications. 

 

 

                        

 Figure 1:  View of the belts of the belay device 

The design includes a shoulder strap 1, a chest 
strap 2, a hip strap 3, a buckle 4 of a chest 
strap 2, a buckle 5 of a shoulder strap 1, a 
buckle 6 of a hip strap 3, an adjusting strap 7, a 
distribution ring 14, a halyard 16 (sling) with a 
snap hook 18 and shock absorber 15 and in 
parallel with it a separately installed textile (or 
spring) shock absorber 17, collar 19, belt 26, 
buckle 27 of belt 26, sash 28, distribution ring 

29. In this case, the length of the shock 
absorber 17 is made (15 ÷ 20)% less, than the 
length of the sling 16 with shock absorber 15. 

The safety device works as follows. When a 
person working on a sling 16 breaks off and 
hangs, the shock absorber 15 is deformed, and 
in parallel with the sling 16, the installed 
textile (spring) shock absorber 17 is deformed 
more than the shock absorber 15 due to the 
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shorter length by (15 ÷ 20)%, while energy is 
significantly absorbed. In this case, thanks to 
the installed shock absorber 17, abrupt 
changes in dynamic loads are eliminated (due 
to greater deformation and dissipation). This 
also eliminates the rupture of the line 16 by 
reducing the sharp dynamic loads by the 
shock absorber 17. 

Determination of the tension force of the 
harness sling. During the operation of the 
belay device, it is important to determine the 
tension of the sling. Depending on the value 
of the tension of the sling, the technology of 
its manufacture is determined. In this case, it 
is provided for the safety of the line breaking, 

as well as the lines in the line. To determine 
the tension force in the sling, we will draw up 
a design diagram and consider the equilibrium 
conditions. Figure 2.4 shows a design diagram 
for calculating the tension of the belay device 
sling.  

According to the design scheme, the following 
forces act on the sling of the safety device: Ǥ - 
force of the worker's weight; T1 is the tension 
force of the sling (in a rigid zone with a length 
l1); С1х1 - elastic force of the line shock 
absorber; С2х2 - elastic force of the additional 
shock absorber; R is the reaction force of the 
distribution ring. 

               

Figure 2: Calculation scheme for calculating the tension of the belay  

device sling 
RESULT  AND DISCUSSION 

According to the equilibrium condition of the system [4,5,6], projecting all forces on the X and Y 

coordinate axes, we obtain:  

ƩFi(X)=(с1х1+с2х2)    +T1    -R    =0; 

ƩFi(Y)= -Ǥ+(с1х1+с2х2)    +T    +R    =0                        (1) 
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Where,   – the angle of inclination of the sling to the X-axis.                       

From system (1), excluding R, we obtain: 

- Ǥ+(с1х1+с2х2)    + T1    +
                      

    
·    =0    (2) 

From (2), after some transformations, we obtain an expression for determining the tension [7,8,9] of 

the lines of the belay device: 

Т1= Ǥ    - с1х+с2х2                                                                 (3) 

It should be noted that the tension of the sling 
according to (3) depends mainly on the 
weight of the worker, the elastic forces of the 
shock absorbers, as well as the angle of 
inclination of the sling to the x axis. 
 
By numerical solution (3), graphical 
dependencies of the parameters were built, 
according to which it is possible to choose and 
recommend the required values of the tension 
of the belay device sling. 
 
Figure 3. the graphical dependences of the 
change in the tension of the sling on the 
change in the coefficients of the stiffness of 
the shock absorbers with the variation of the 
force of the worker's weight are presented.  
 
The analysis of the obtained graphs shows 
that with an increase in the stiffness 
coefficients of shock absorbers from s / sϼ = 
0.25 to s / sϼ = 1.5, the line tension decreases 
from 31.2N to 6.8N with a working weight 

force of 55 kg but a linear pattern. With an 
increase in the weight of the worker to 75 kg, 
the tension of the sling decreases from 58.9 N 
to 21.3 N. This means that with a large weight 
of the working shock absorbers, it is necessary 
to choose more rigid ones. Therefore, the 
recommended values are s / sϼ = (0.8 ÷ 1.0), at 
which the tension of the sling T1≤ (25 ÷ 40) N 
is provided. 
 
Figure 4. the graphical patterns of the change 
in the tension of the sling from the force of 
the weight of the working belay device at 
different angles of inclination of the sling to 
the X axis are presented. From the graphs in 
Fig. 4. it can be seen that an increase in the 
weight of the worker leads to an increase in 
the tension of the sling according to a linear 
pattern. Moreover, the greater the angle  , 
the greater the tension of the sling (see 
curves 1, 2, 3, Fig. 4.). The recommended 
parameter values are:  ≤ (), at which Т1≤ (25 ÷ 
45) N are provided. 
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                                    1– at ;   2 – at ;      3 – at . 

 

Figure 3: Graphical dependences of the change in the tension of the sling on the change in 

the stiffness coefficients of the shock absorbers with the variation of the weight force of the 

worker 

 

 

                                 1– at ;   2 – at ;      3 – at . 

 

Figure 4: Graphical patterns of changing the tension of the sling from the weight of the 

working belay device at different angles of inclination of the sling to the X axis 
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CONCLUSIONS 

On the basis of the equilibrium condition of 
the worker in the belay device, a formula was 
obtained to determine the tension of the 
belay device sling. Graphical dependences of 
the change in the tension of the sling on the 
change in the coefficients of the stiffness of 
the shock absorbers with the variation of the 
force of the weight of the worker are 
constructed. The parameters of the harness 
are recommended.  
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