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SUMMARY 

 
 

In order to provide a reliable source base for the night networks on large industrial and infrastructure 

objects, they apply deep-depth monitors. Most often as deep-depth monitors use palm or metal 

monitors. They are laid in hard rock, which provides reliable storage of high-altitude network level for 

long time. They are placed as close as possible to the equipment (25-50 m), or directly in the shop 

(Baran, 2012). The simplest structure of deep rapper – metal or reinforced concrete fuel, clogged at a 

depth of 20-50 m to the level of root pored. Two pipes are used for the metal rheer: The basic one is 

made of steel; and auxiliary – made of duralumina and placed in the main pipe. In the base of the river 

two pipes are fixed to concrete anchor. Inside the main pipe of the river is additionally equipped with a 

perforated pipe. This allows you to lower the thermometer and measure the temperature of the monitor 

rod in different depths. At the top of the benchmark you can set the linear movement indicator or 

mechanical micrometer (Baran, 2012). When the temperature is changed by Δt=t-t0 (t0, t is the 

temperature at the first cycle of the neling and the current cycle), the height of the repper tubes is 

changed by the value entered as an adjustment. The metal repertoire has different constructions. The 

so-known compensating metal benchmark, which consists of three pipes of different diameter: Two 

pipes are made of steel, the third one is made of duralumina. The principle of this bi-metal rapper is 

based on compensation of temperature expansion of two steel pipes with coefficient of linear expansion 

12.5·106‑ and one duralumina pipe with twice the coefficient of linear expansion 22.6·10-6 1/°С 

(Baran, 2012). This article offers an overview and principle of the author’s bietal pen, work with which 

does not require additional calculations and calculations of amendments. 
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Introduction 

 

In order to provide a reliable source base for the night networks on large industrial and infrastructure 

objects, they apply deep-depth monitors. Most often as deep-depth monitors use palm or metal 

monitors. They are laid in hard rock, which provides reliable storage of high-altitude network level for 

long time. They are placed as close as possible to the equipment (25-50 m), or directly in the shop 

(Baran, 2012).  

 

The simplest structure of deep rapper – metal or reinforced concrete fuel, clogged at a depth of 20-50 

m to the level of root pored. Two pipes are used for the metal rheer: The basic one is made of steel; and 

auxiliary – made of duralumina and placed in the main pipe. In the base of the river two pipes are fixed 

to concrete anchor. Inside the main pipe of the river is additionally equipped with a perforated pipe. 

This allows you to lower the thermometer and measure the temperature of the monitor rod in different 

depths. At the top of the benchmark you can set the linear movement indicator or mechanical 

micrometer (Baran, 2012). When the temperature is changed by Δt=t-t0 (t0 , t is the temperature at the 

first cycle of the neling and the current cycle), the height of the repper tubes is changed by the value 

entered as an adjustment.  

 

The metal repertoire has different constructions. The so-known compensating metal benchmark, which 

consists of three pipes of different diameter: Two pipes are made of steel, the third one is made of 

duralumina. The principle of this bi-metal rapper is based on compensation of temperature expansion 

of two steel pipes with coefficient of linear expansion 12.5·106- and one duralumina pipe with twice 

the coefficient of linear expansion 22.6·10-6 1/°С (Baran, 2012).  

 

This article offers an overview and principle of the author’s bietal pen, work with which does not require 

additional calculations and calculations of amendments. 

 

Theory 

 

The output refers to points of high-altitude geodetic basis and can be used in the organization of 

observations on vertical movements of engineering and civil buildings (Romaniuk et.al., 2020, 

Burak, 2010).  

 

The well-known construction of the bietal rheer (Hanshyn, 1981), which consists of the main and 

additional pipes with different coefficients of linear expansion, to the main pipe attached shift indicator, 

which rests on the additional pipe. The disadvantage of this design is that after the indicator of the 

mutual displacement of the main and additional tubes of the bimetal pen, mathematical calculation is 

necessary to determine the height correction of the main monitor tube. This complicates the 

measurement process and leads to a reduction in labor productivity at the same time. 

 

The closest, in terms of the principle of operation, to the proposed, is a metal benchmark, which consists 

of a main and additional pipes with different coefficients of linear expansion, contains a lever of the 

second kind, one end of which is rigidly fixed with a round head of a benchmark, connected spiral 

spring with a main pipe, the second end of the lever is connected with an additional pipe, while the ratio 

of the length of the lever's shoulders to the axis of its rotation, which is rigidly fixed with the main pipe, 

calculated in accordance with the coefficient of linear expansion of materials from which the tubes are 

made. 

 

The disadvantage of this design is that the support head of the benchmark is shifted in a horizontal area 

relative to the axis of the rotation of the lever. This leads to the need to support the rheer head with a 

spring to compensate for the power loads when the rack is installed. The spring should compensate for 

the rack weight. It must be selected taking into account the possible rack impact when installed on the 

instrument monitor head, as the load increases several times. That is, the spring must be strong enough. 

In addition, high accuracy of setting the position of the monitor head is required. Selecting a rigid spring 

causes extra effort in the lever ears. As a result, it is possible to form an oil film in a sleeve, which will 
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result in an increase in friction, and at long-term operation - to clean the bearing surfaces of the joint. 

All of these factors reduce the accuracy of the rheer support head in working position. 

 

The aim of the invention is to increase the accuracy of fitting the base head of the bietal rheer in working 

position. 

 

Description of the Invention 

 

According to the decision, the goal is achieved due to the fact that the metal benchmark, which consists 

of the main and additional pipes with the coefficients of linear expansion α0 and α respectively, the 

lever, the end of the horizontal rod of which is connected with pipes through the hinged joints, vertical 

axes of which are located on the distance d one from each other, and a support head with lower cone 

and upper spherical parts, additionally equipped with a lever with vertical rod, rigidly fixed with 

horizontal rod at the point that coincides with the axis of the joint connection of the main tube, the 

support head is spring-loaded on the supplied bracket, which is rigidly fixed with the main pipe, The 

axis of the joint of the main tube coincides with the vertical axis of the support head, the bottom part of 

which is made in the form of a cone and is located with the possibility of interaction with the top end 

of the vertical shaft of the lever, the surface of which is curved with the variable radius of the curve, the 

value of which for each point of the surface is determined in accordance with the given formula (Figure 

1). 

 
Figure 1 The invention drawing. 1- basic reper pipe; 2- additional reper pipe; 3- the lever; 4- vertical 

rod; 5- horizontal rod; 6,7- the ball joints; 8- the support head; 9- bracked; 10- a cone; 11- the top 

end 
The device consists of a basic 1 and an additional 2 monitor pipes with the coefficient of linear 

expansion α0 and α respectively, a lever 3 with vertical 4 and horizontal 5 rods. The ends of horizontal 

rod 5 are connected with pipes through the ball joints 6 and 7 with the vertical axes in the distance d 

from each other. The vertical bar 4 is rigidly fixed with the horizontal bar 5 at the point that coincides 

with the axis of the ball joint 6. The support head 8 is spring-loaded onto the bracket 9, which is rigidly 

connected to the pipe 1. The support head 8 is installed so that its vertical axis coincides with the joint 

face 6. The bottom part of the support head 8 is made in the form of a cone 10 and is located with the 

possibility of interaction with the top end 11 of the vertical rod 4. The surface of the face 11 is curved 

with variable radius of the curve R, whose value for each point of the surface is determined by the 

formula 
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where φ1 is the angle between the R1 radius direction and the straight that moves the axis of the hinged 

connections; R0 – is the value of the curve radius at φ=0º. 
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Operation of the Device 

 

When the temperature of pipes 1 and 2 changes, they are shifted in a way that leads to the tilt of the 

vertical rod 4 of lever 3. At that, the cone-shaped end 10 of the support head 8 moves on the end 11 of 

the vertical rod 4. This in turn leads to a change in the distance between the joint face 6 and the contact 

point of the cone face end 10 of the support head 8. The change of distance due to the shape of the end 

11 of the vertical rod 4 in accordance with the formula (1) corresponds to the temperature extension of 

the main pipe 1. That is, the support head 8 keeps its height position unchanged when the temperature 

of the monitor pipes changes. 

 

We assume that in the initial position of the distance from the axis of rotation of the ball joint 6 to the 

point of contact of the tapered end 10 of the support head 8 with the end 11 is equal: 
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The φ1 angle values can be calculated with the following expression: 
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where l is the length of the tubes of the bimetal benchmark; t0 is the temperature of the pipes at which 

the horizontal rod 5 occupies a strictly horizontal position; ��� = �� − ��, where t1 is the temperature 

of the pipes when the device is installed. 

 

With t1, the rod 4 of the lever 3 is tilted to the angle φ1. After changing the temperature by, ��� =

�� − �� where t2 is the temperature of the pipes when the appliance is in operation, we will get: 
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When the temperature is changed by ,�� − �� the distance between the rotation of the hinge 6 and the 

contact point of the cone-shaped end 10 with the end 11 will be equal: 
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   (7) 

 

When the temperature is changed by ,�� − �� the length of the main tube 1 will change by 

( )0 2 1l t tα⋅ ⋅ − . The change in the length of the main tube is compensated by the change in the distance 

from the axis of the joint 6 to the point of contact of the cone-shaped end 10 with the end 11 by the 

( )2 1 0 2 1R R l t tα− = ⋅ ⋅ −
i

 thus, the support head 8 will retain the constant height position. 
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Conclusions 

 

1. The proposed device allows you to refuse the rack installation on the horizontal rod of the lever, 

which takes place in the prototype.  

2. There is no need for an additional spring.  

3. During long-term operation of the device, hinges 6 and 7 are affected only by the load from the 

weight of rods 4 and 5. This creates favorable conditions for the operation of the joint unions 6 and 

7 at mutual movement of the main 1 and additional 2 pipes.  

4. The position of the point of contact of cone-shaped end 10 with end 11 on one vertical axis with the 

axis of rotation of the hinge 6, allows to reduce the load on the system at installation of the rack. 

5. The proposed metal monitor can be used, in particular, for control of axle-shafts of tower buildings 

(Trevoho, 2021). 
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