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Анотація. У статті виконано аналіз виконаних раніше експериментальних досліджень. Обґрунтована
актуальність проведення експериментальних досліджень складальних зусиль у шарнірно�стержньо�
вій системі із використанням системи конструктивної компенсації похибок. Наведена методика екс�
перименту та схема експериментальної установки. Представлена методика експериментальних до�
сліджень дозволяє визначити фактичні складальні зусилля не тільки у плоскій металевій шарнірно�
стержньовій системі, але і в просторовій великопрольотній стержньовій оболонці. Загальна форма
об'єктів, що проектується, може бути різноманітна – циліндрична, сферична, еліптична, тороїдальна,
конічна тощо.

Ключові слова: великопрольотні металоконструкції, стержньові системи, похибки складання,
монтажні впливи, теорія розмірних ланцюгів, напружено�деформований стан, теорія управління,
МСЕ, експеримент.
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Аннотация. В статье выполнен анализ проведенных ранее экспериментальных исследований. Обо�
снована актуальность проведения экспериментальных исследований сборочных усилий в шарнирно�
стержневой системе с использованием системы конструктивной компенсации погрешностей. Приве�
дена методика эксперимента и схема экспериментальной установки. Представленная методика экспе�
риментальных исследований позволяет определять фактические сборочные усилия не только в плос�
кой металлической шарнирно�стержневой системе, но и в пространственной большепролётной стерж�
невой оболочке. Общая форма проектируемых объектов может быть разнообразна – цилиндричес�
кая, сферическая, эллиптическая, тороидальная, коническая и т. д.

Ключевые слова: большепролётные металлоконструкции, стержневые системы, погрешности
сборки, монтажные воздействия, теория размерных цепей, напряжённо�деформированное
состояние, теория управления, МКЭ, эксперимент.
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Abstract. This article gives an analysis of previous experimental studies. The urgency of carrying out
experimental research efforts in the assembly hinge�core system with use a system of positive error
compensation. The methodology of the experiment and the scheme and the experimental setup. The presented
method allows to determine the experimental studies of the actual assembly efforts not only in the flat metal
hinge�core system, but also in the spatial span core shell. The general form of designed objects can be varied –
cylindrical, spherical, elliptical, toroidal, conical, etc.

Keywords: large�span steel structures, bar systems, errors assembly, installation impact, theory of the size
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Introduction

Design of large�span spatial rod systems is a multi�
level and multi�faceted process of obtaining and
processing information. Processing starts with the
original design information relating to the design
object that is converted repeatedly in the design
process is completed and the state as a complete
set of design documentation. The use of the
computer in the design process allows us not only
to automate routine work to create a formal
information�designed object, but also enhances the
quality of design solutions and, as a consequence,
increase the reliability and durability of the
structure.

Formulation of the problem

However, the design of building structures must
take into account the characteristics of their work
[1]. For example, using computer numerical studies
on possible account of such features of the large�
core systems, such as assembly errors and efforts
arising from them is not precise manufacturing and
assembly [2, 3]. However, designed for use on a
personal computer method for determining errors
and assembly effort [2, 4] require experimental
verification, that is verification.

Analysis status of the problem

In the study of the theoretical stress�strain state
of structures with errors by the finite element
method (FEM ) to experimental confirmation of
the reliability of the results of the calculation, as
well as the fact that the domestic practice of such
studies for large� core metal coatings available. It
should be noted that domestic doctoral research
devoted to assembly errors, large�span beam
structures, often performed without experimental
verification of the results [5–8]. Exclusion of may
be only of work V. I. Trofimov, E. V. Tretiakova [9,
10], which performed an experimental study of
deviations (gaps) in the rods of the structural unit
of Moscow Architectural Institute, and the work
of D. V. Konin [11], devoted to the experimental
study of joints between columns milled ends. The
works of V. I. Buyakas, A. S. Gvamichavy [12],
J. Bruno Robin [13], L. Gaul, H. Albrecht,
J. Wirnitzer [14], M. E. Kartal, H. B. Basaga,
A. Bayraktar, M. Muvafik [15], H. M. Kim,
H. H. Doiron [16] devoted to the study of the
effect of errors on the reflectivity of radio
telescopes, the carrying capacity of cable�stayed
bridges – work A. Preumont [17], and the results
unfortunately cannot be applied to large�span
spatial core of metallic coatings.



The methodology of experimental and theoretical research efforts in the assembly hinge�core system with use ... 217

The goal, objectives, object of study

Purpose research is to develop methods of
experimental determination of the assembly effort
from the force created by assembly errors in the
hinged�rod system. The object of research –
fragment of a flat hinge�core shell in the form of a
full�scale model farm. To reach the goal of research
is necessary to solve the following problems:

– to create a dedicated test facility, with a flat
hinged�rod system that allows you to change
the basic parameters of the computational
model (the magnitude and direction of the
deviation, the number and arrangement of the
elements with disabilities, etc.);

– to develop a methodology of experimental
studies, i. e. technology to perform the tests at
different parameters calculated scheme to
justify the adequacy of the previously
developed methods of theoretical deter�
mination of the assembly effort [2].

The decision designated tasks is caused the fact
that at theoretical study of the stress�strain state
of structures with errors FEM necessary
experimental confirmation of the reliability of the
results of the calculation, as well as the fact that
the practice of building to date, such studies for
construction of metal rods are missing.

The technique to study

Wiring diagram of the experimental farm is shown
in Fig. 1, and the design and geometry of the
numbered rods and assemblies are shown in
Fig. 2. Diagonal brace and truss belt made of square

steel with a width of 40 mm edge, steel ST45
(R

y = 345 MPa). Luminaries' and support (S1) are
made of steel sheet t = 12 mm, Steel C235
(Ry = 229 MPa). The test farm is set horizontally
on the floor with the power does not shift the
poles – S1. In order to avoid bending at the touch
of truss with supporting girders have been installed
rollers to support, as shown in Fig. 3. For
maintenance of work in a plane truss is additionally
is fixed between the supporting rigel, which in
Fig. 2a shows the installation of the plane
elastically supports the farm. Creation of load, i. e.
external impacts on farm implemented as control
elements, which further allows to create bias, i. e.
errors in the cells. Load was applied to the rods in
steps of 1 mm in a single series. Due to the fact
that the test system is made on the accuracy
class 1 according to [18], for the manufacture of
such precision elements and a small amount
deviation in the closing link of the system is
0.1...0.2 mm, according to calculation methods [2].

Therefore to establish the effect of deviations
of the lengths of rods, i. e. assembly errors on the
parameters of the stress�strain state of the system
it necessary force the construction of the deviation.
In this regard, the individual rods are made with
the clutch (control element) – rods R2, P2,
R2.1...R2.3 (Fig. 4). To measure the deformations
that are caused by abnormalities in the control rods
used in the tests of resistance wire strain gauges
with a base of 20 mm on paper (grade PCB with
electrical resistance R = 201...203 ohms). For the
stickers on the design of load cells used glue
«Cyjanopan Chemistik». Selection of sensors with

Figure 1. Mounting scheme of experimental truss.
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a base of 20 mm due to the study of stress and strain
in rods with a width of 40 mm edge. The scheme
soldering rods strain gauges on the farm is shown
in Fig. 4.

Specified location sensors necessary for
complete information about the stress� strain state,
namely the longitudinal forces. To check prices and
Gage sensors division was made of the test
calibration on the reference cantilever beam. The
average value of the smallest sensors glued on the
glue «Cyjanopan Chemistik», was C = 0.315
MPa = 3.15 kgf/cm2, with a coefficient of variation
of the standard deviation of 3.32 %.

Reading the resistance strain gauges will be
produced using a strain gauge measuring systems –
SGMS�2. Using a system channel measurement
1 000, as the total number of sensors on the farm
was 82 units. Readout of load cells in the process
of uploading the design is carried out at the face of
SGMS�2 followed by manual input from the
keyboard in a program complex «Microsoft
Excel», realized in the environment of Microsoft
Windows. Based on the load cell readings loadings
as a result of treatment in the «Microsoft Excel»
necessary to plot the theoretical and experimental
effort in assembling the elements of the farm.
Fig. 5 shows a diagram of the farm management
system. The load was applied to the farm in steps
of 1 mm. The whole process can be divided into
experimental studies by 115 steps. Fig. 6 shows the
stages of the program (methods) tests. The
sequence for testing the step (S) at each step is
shown in Fig. 7 and Fig. 8. At each stage of the
boot – lengthened or unloaded – shortened rod
coupling. The direction and amount of deflection
elements provident deviations as shown in Fig. 7
and Fig. 8, for each step of the experimental

studies. Then, all steps are repeated three times.
In this case, each rod 48 is received values that will
perform statistical processing and analysis of the
experimental data, i. e. to get the mean, standard
deviation, error limits, i. e. dispersion.

However, due to collapsible nature of all
components of the stand , you may receive multiple
structurally and geometrically non�linear factors
(black holes in bolted joints, the eccentricities of
holes in luminaire and rods, etc.) the estimated
amount of force in the element may have a high
error�scatter. Because assembly effort will be
determined for each load step. This survey will be
made of load cells and in accordance with the
results obtained will be determined probability
estimates of the longitudinal force for each
element. To create the assembly deviation and
therefore the efforts you plan to use spanner
number 60.

Figure 2. The scheme of truss: a – estimated, b – geometrical.

a)          b)

Figure 3. The scheme of installation rollers to support.
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Figure 4. The scheme desoldering of rods strain gauges on truss.

 

 

Figure 5. Scheme truss management system. Figure 6. Scheme stages of testing program.

The calculated values of the theoretical
assembly modeled the influence of temperature
variations in the Computational Complex SCAD
(CC SCAD). Methods of modeling efforts in
assembling the core system is described in [2].
Results of experimental and theoretical studies of
assembly errors will be presented in a subsequent
paper.

Conclusion

The developed method of experimental studies and
experimental studies themselves are necessary to
assess the impact of the errors on the parameters
of the stress�strain state, namely:

– identifying and clarifying the actual stress�
strain state of the core structure for the error;

– study and analysis of changes in the values of
assembly effort to the extent that the errors of
schemes and loadings of rods with disabilities;

– comparing the theoretical values of the
assembly effort with the experimental assembly
effort for later study the reliability of the results
obtained using the methods [2, 4].

The presented method allows to determine the
experimental studies of assembly efforts not only
in the flat hinge�rod system, but also in the spatial
span. The general form of designed objects can be
varied – cylindrical, spherical, elliptical, toroidal,
conical, etc.
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Figure 7. The scheme of the experimental trials in stage 1 and 2.

 

 

Figure 8. Scheme of the experimental tests at the stage 3 and 4.
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