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The paper presents an experimental study of the deformation of a cantilever bar
with a linearly varying cross-section under thermomechanical loading. The
experimental setup and the sequence of the tests are described. The measurement
results under static thermomechanical loading are given in tables. The free vibrations of
the cantilever bar are investigated. It is determined that the natural vibration frequency
decreases with increasing temperature.

Keywords: Cantilever Rod, Variable Cross-Section, Thermomechanical Loading,
Experiment

During operation, rod elements in structures are often subjected to
simultaneous action of non-uniform temperature fields and mechanical loads.
Therefore, analyzing their stress—strain state and strength requires solving a
coupled boundary problem of heat conduction and solid mechanics. Since the
general multidimensional formulation is complex, simplified applied models are
used, based on certain assumptions. To verify theoretical results and
assumptions, experimental studies are necessary. Key findings on cantilever rod
displacements and temperature fields are presented (Baiicaposa 2015, 41-44;
Baisarova 2015, 7).
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At Akaki Tsereteli State University Strength of Materials Laboratory,
experiments were conducted on the deformation of variable cross-section

cantilever rods under thermomechanical loading (Fig. 1).

Fig. 1. Experimental Setup.
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Fig. 2. Experimental Stand Diagram. 1 - Cantilever Rod, 2 - Thermometer, 3 - Heating
Device, 4 - Dial Indicator, 5 - Load, 6 - Piezo Sensor.

The experimental stand layout is shown in Fig. 2. Its dimensions are: 1 =
700 mm, 11 = 120 mm, 1> = 230 mm, 15 = 180 mm, 1+ = 270 mm. The cross-section
width is 24 mm, and the height at the fixed end is 12 mm. The rod material is
steel St.45. A 200 W spiral heater was installed to heat a 190 mm section of the
lower surface. Temperature was measured using a TK-5.03 digital contact
thermometer, a universal digital thermometer with external probe, and a W-05
infrared thermometer. Displacements were recorded with a dial indicator.

Mechanical loading was applied by a 1 kg weight (plus 240 g hanger),
giving a total force of 12.4 N, with the hanger alone producing a 1.25 mm
displacement.

Temperature was measured at four surface points of the rod, as shown in Fig. 3
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Fig. 3. Arrangement of Temperature Measurement Points 1, 2, 3, 4 — Measurement Points
with Corresponding Coordinates (mm).
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In three points, temperature was measured with a contact thermometer; at

point 2 with a universal digital thermometer with an external probe; and at

points 1 and 4 with a non-contact infrared thermometer.

Tests were conducted under two conditions: first, heating only the lower

surface section of the rod; second, under thermomechanical loading. For the

latter, the rod was initially loaded at the free end with a weight, then the lower

surface section was heated for 8 minutes. Every 40 seconds, temperatures at the

heated lower and upper surfaces were recorded, along with the vertical

displacement at the free end. Table 1 shows the temperature distribution along

the rod at the measurement points for each test.

Table 1. Temperature Distribution on the Rod Surface

Point Number
Test Number 1 2 3 4
1 29.2 39.2 97 62
2 29.5 42 105 68.5
3 31.5 44.6 113 70
4 28 28 30 28

The temperatures shown correspond to those measured at point 3 with the

contact thermometer.

Table 2 shows the displacements at the free end of the rod under static

thermomechanical loading.

Table 2. Vertical Displacement at the Free End

Thermomechanical Difference in| Displacement (mm)

loading Indicator

N Force (N) Temperature Readings
(°C)

1 97 522 5.22
2 10 105 526 5.26
3 113 532 5.32
4 30 504 5.04

To obtain the deflection corresponding to a 10 N load, 1.25 mm was

subtracted from the values in Table 2. At room temperature, free-end

displacements under a 12.4 N load were measured four times: 5.04, 5.06, 5.02,

and 5.02 mm. The average value was 5.04 mm.
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Free vibrations of the rod under thermomechanical loading were also
studied using the connector shown in Fig. 1. The piezo sensor converted
vibrations into electrical signals transmitted via the connector to a computer,
where a four-channel virtual oscilloscope recorded them automatically. Parallel
recordings were made with a Hantek 5000 oscilloscope.

Free-end vibrations were initiated by quickly removing the load from the
free end. Natural frequencies were determined and compared between the
virtual and conventional oscilloscopes. Vibrations were studied at different
temperatures. Temperature distribution at point 2 matched static-load
experiments at points 1, 3, and 4.

Vibrations were recorded at point 2 for temperatures of 28°C, 47°C, 57°C,
58°C, and 62°C. Fig. 4 shows the free-end vibration graph at 28°C.
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Fig. 4. Free-End Vibrations of the Rod Recorded by the Piezo Transducer at 28°C.

Analysis of the experimental results shows that under the selected static
thermomechanical loading, increasing the temperature by 80°C causes the free-
end displacement to increase by 6%. An increase in temperature also reduces
the rod’s natural frequency, that confirms the results obtained by numerical
calculations in works (Kikvidze 2021, 1-6; Kikvidze 2021, 7-15) for a constant

cross-section cantilever thermomechanical bar.
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