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ABSTRACT

In terms of provide safety and smooth travel, guide rails and their fixing
components are essential elements of the complete elevator system.
Loads acting on the guide rails and fasteners occur during the elevator car
normal travel lead to bending and buckling (or tensile) stresses. In this
study, numerical calculations are explained according to EN 81-1 for
certain loading conditions. Stress and deformations occur on the fixing
components (bolts and T-clips) are examined by experimentally. Finally,
the results obtained from numerical calculation and test results are
compared and discussed.

1. INTRODUCTION

Elevator systems are composed of many elements. Rail brackets and steel clips are
used for fixing guide rails to shaft wall and provide the linearity of the guide rails.
These are the essential elements of a complete rail fastening system. Guide rails are,
for safety reasons, the most important element of elevator systems. The basic
functions of the guide rails and rail fasteners in the elevator system are to guide the
elevator car and counterweight in their vertical travel, to minimize the horizontal
movement of the car as much as possible, to prevent tilting of the car due to
eccentric load, and also to provide safe stance and to stop the car during safety gear
operation activated in case of free falling of the passenger car. Various forces occur
during the elevator car travel, safety gear operation, and seismic activities upon on
guide rails and rail fasteners. When guide rails are not mounted properly, especially
during the operation of the safety brake guide rail brackets would be subjected to
excessive loads. These forces on them lead to bending and buckling (or tensile)
stresses effecting on fasteners and mounting elements. Review of literature about the
topic shows that studies related with stress and deflection analysis of guide rails,
brackets and steel T-clips generally remained limited to the computer environment
(Atay 2013).



2. GUIDE RAILS, BRACKETS AND FASTENERS

In this study, fasteners under certain loading conditions were concerned. Guide rails
and complete rail fastening system are shown in Figure 1.
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Figure 1. Assembly of complete guide rail fixing system

Idea of examining the behaviour of elevator brackets and its connections under static
and dynamic loads with an experimental study emerged from knowledge that
obtained as a result of experimental stress analysis of elevator guide rails and finite
element modelling and simulation studies in the Elevator (Lift) Technologies
Laboratory, ITU Faculty of Mechanical Engineering, and an experimental set that is
submitted by Dr. Merz from HILTI firm in the comprehensive articles (Merz 2008,

2010).
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Figure 2. Brackets and T-Bolts

Bracket connection system will make displacements or relative movements under the
loads applied during tests. Loads on rail brackets and its joints that for fixing guide
rails to wall of the elevator shaft, studied experimentally. In this case the brackets are
mounted with pre-stressed bolts (Figure 3). Wherein by the application of transverse
forces between the parts, a pFpe friction force, (Fric) occurs. The theoretical
principles of fasteners are given for making the mechanical joint effective (1).

Ftiic = uFpre 2 F/i or UFpre = Co F/i (1)



Where i is the number of bolts and co = 1.1 - 1.5 is the safety factor against sliding.
From this equation, the force necessary to provide the joint can be found.
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Figure 3. Bolts under transverse loads

M12 bolts and T3 T-bolts are suitable for T90 guide rails in accordance to the
standards (Imrak and Gerdemeli, 2000).

3. TEST SETUP

Those parts that make up the basic elements of the elevator system, examination of
the behaviour of the different load cases, monitoring and new constructive measures
to be taken to investigate an experimental set was designed and installed for the
purpose. Experiments to be made by using this experimental set; with the basic
elements of the elevator system is aimed to obtain tangible concrete data. For an
experimental study on the guide rail brackets and its connections, possibilities within
the experimental set system was designed and established with the support and
contributions of the sponsor companies. The experimental set, designed, which was
tried to have the qualities that will allow for compliance reports and research and
investigation to be made more comprehensive in the future on a variety of guide rail
brackets and its connections. This experimental set system consists of four main
structures. These are carrier structural frame that is used to connect the elements to
be tested in experimental studies, hydraulic power unit that provides variable loads to
be applied, control-drive unit and sensors. The carrier structural frame is used to
connect the experimental elements, which is made of St37 material, is a structure
formed by the method of welding using profiles from T90 guide rails. The system
designed to simulate elevator car loads applied during operation of an elevator was
for the application of tensile and shear loads of a guide rail unit.

A data acquisition and measurement equipment were used during the experimental
studies. Test setup was designed for experimental stress analysis of complete guide
rail fastening systems, brackets and fasteners were connected to the T90/B guide
rails at the test tower in ITU Faculty of Mechanical Engineering (Figure 4). Available
sensors and data acquisition system connected to the guide rail fasteners. Real time
data were obtained by examining different loading conditions of the elevator test
cabin. Tests were carried out in the test tower which is 7.3 m high. The purpose of
the tests were to investigate the forces from the guide rail fasteners and brackets
under different loading conditions of elevator cabin and interpret the results as
experimentally.
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Figure 4. The test tower in ITU Elevator Technology Laboratory

USB sensor interface device is used to transfer data from sensors to the PC
environment (DigiVision Software) (Figure 5). It has 16-bit resolution and allows up to
2500 measurements per second.

PC environment USB sensor interface Position of Load Cells on setup

Figure 5. Data acquisition and signal processing system of the test setup

Load measurement sensors are divided into two categories; these are tension and
compression load cell and donut load cell (Figure 6). In this study donut load cells
were used in order to investigate the compression loads on bolts.
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Figure 6. Donut type load cell used in experiments



In the test, 8-person elevator cabin with empty and loaded (100% full) cases were
investigated. Steel casting weights, each weighing 17.3 kgs, were used in the
elevator cabin frame to ensure empty and full status (Figure 7).

Loaded Case: 46 pieces of steel casting weights

Figure 7. Elevator test car loading conditions

Brackets elements, made of St37 material, and were utilized at the test tower. Test
results were taken from the ring type (donut) load cells placed on guide rail fasteners
(steel clips) (Figure 8). During test car’s course, the forces applied on the brackets
and the bracket joints were observed through donut load cells.

Figure 8. Donut type load cell used in experiments

In tests T90/B type standard guide rail was used. Guide rails were fitted to the base
with four bearings and there is 2000 mm distance between the guide rail mounting
brackets. Different test cases and configurations can be seen on Figure 9.



Bolts were fastened by different torques. These torques caused 3 different pre-
loading conditions: 2000, 2500, 3000 N. Point zero calibrated in accordance to these
pre-loads. Forces below pre-load values are negative and above these values are
positive. Results can be found on section in Table 1 and 2.

1300 1300 1300
| [J=====--- | [Jem=mmme--- | ===~ >
> S >
S S i~
(o] (o] o
1450 1450 1450

740
40

C1 C2]

W

Figure 9. Configurations of 3 different test cases

4. TEST RESULTS AND CONCLUSION

The matter of seismic activities on the elevator systems is not a new discussion but it
has come into question especially after Van Earthquake 2011 in Turkey. The
improved safety aspect must be underlined in respect to structural safety and
reliability during seismic activities. So this paper focused on seismic activity loads
and their effects on guide rail fasteners. Thus brackets and bolts were subjected to
loads similar to the case of seismic activities.

As can be seen in Table 1 and Table 2, maximum load occurred on bolts is -470.6 N
at Test-3 in 3000 N pre-load condition from C1 load cell. According to Eq.1 the force
to untie this connection must be more than 7549-8088 N due to the standards (BS
EN ISO 898-1:1999). Comparison of these two values shows that safety factor is
approximately 16.



Table 1. Forces occurred on the bolts in empty car case [N]

Load Pre Test-1 Test-2 Test-3
Cell | Loaded | pin | Max | Min | Max | Min | Max
2000 | -47.3 | 424 | 286 | 759 | -91.1 | 420
C1 2500 | -58.5 | 384 | -77.3 | 134 | -131.8| 37.9
3000 | -63.0 | 113.9 | -102.3 | -11.1 | -50.4 | 7856
2000 | -105.2 | 914 | -1922 | 3.1 |-1628| 70.0
Cc2 2500 | -120.4 | 79.4 | -1351 | 718 | -1975| 575
3000 | -180.2 | 415 | -106.6 | 97.7 | -110.6 | 142.3

Table 2. Forces occurred on the bolts in loaded car case [N]

Load Pre Test-1 Test-2 Test-3
Cell | Loaded | pin | Max | Min | Max | Min | Max
2000 | -332.0 | 786 |-179.2 | 94.3 | -43.8 | 208.2
C1 2500 | -186.3 | 103.2 | -339.6 | 127.3 | -133.6 | 221.2
3000 | -223.4 | 55.4 | -2927 | 4.4 | -470.6 | 172.0
2000 | -2292 | 722 | -1351 | 1271 | -68.7 | 179.3
c2 2500 | -230.5 | 55.3 | -186.0 | 125.8 | -75.4 | 189.1
3000 | -197.1 | 168.1 | -116.8 | 151.2 | -169.9 | 111.9
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