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Introduction

In general, one of the fundamental objectives aisueement is to determine the
value of the measured quantity. We obtain the imédion necessary for verification,
detection and comparison of different phenomenapgiodesses by measurement.
Application of different measurements, measuristyiiments and methods of meas-
urement enabling to track at the same time a fedependent variables thanks to
sensors may be seen in today’'s dynamic developohew technologies, microe-
lectronics and computer technology. After readirgrheasured quantity, it is neces-
sary to transform obtained data and informatiorusing the A/D converters for
measuring systems that can monitor and record meebdata, subsequently evaluate
data and display them by using the programs of gornputer. It is convenient to use
gauging systems that enable to connect differeasumag sensors [Patel: 2012]. For
example, among the advantages of the universalunegasnt system QuantumX
MX840 are universal inputs, modular system andidlexuse, support TEDS (Trans-
ducer Data Sheet Electronic) and high transfef{iFaa#mann 1989].

One of the possible methods of determination @fsstin construction points
IS to experimentally measure the strain of comptsén the actual operating
conditions another one is to experimentally deteenhe strain at models. The
components of stress are the most often deternbgdahse of physical equa-
tions, which express the relationship between stegsl the strain. Presented
contribution describes the use of the measuringuapps for the measurement
of strain of the circular and circular hollow rog lmad torsion moment. In the
paper the maximum values of the stress obtainetytaradly and by deriving
from measured deformations are compared. The assémieasuring apparatus
should serve for the activation of students witthie teaching of subject Exper-
imental methods and technical diagnostics.

Torsion loading

Machine tools and shaping machine, but also pdrteeospace structures
are often loading by torsion. Shafts with circudaid annulus section have spe-
cial statuses among the bodies of different shagescover they have found the
widest application in practice [Tretva 2000]. Twisting is characterized by
a single non-zero internal variable that is torgéecording to the basic
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knowledge of linear theory of elasticity and strigmgt can be said that the indi-
vidual cross-sections of shafts or rods are loaudy by torsion load, which is
given by following equation:

w(r) ="k, (1)

where: 7(r) = shear stress at a distancérom neutral axis at the given
cross-section (MPa) = the size of torque at the given cross-sectioim(),
Jo= Polar Moment of Inertia of an Area (fnr = radial distance from the neu-
tral axis (mm).

Maximum shear stresgaexits in external fiber of the cross-section (Hig.

1, =-—% (2)

max E’

where: W = section modulus in torsion;, = —’rﬁ'} (mnT), D = diameter of

the circular section (mm).
Section modulus in torsion could by expressed as:

. . mD*®
of circular sectioni, = ~—, ®3)

g%
of hollow circular sectionw;, = %, (4)
whereD = outside diameter of the cross-section (muny, inside diameter

of the cross-section (mm).

Tmax Tmax
7(r)
a) the circular section b) the hollow circular satt

Fig. 1. Distribution of shear stress

According to the pure shear properties, we coutdiade following:

In torsion, a brittle material will break along pés whose coincide with max-
imum tension, that is, along 45° to the axis of. lodthese planes are generated
the principal normal stresses. The values of theipal normal stresses are equal
to values of the maximum shear stress. The shemsss zero in planes of princi-
pal normal stresses. A planes, which have inclinthé¢ axis rod at an angle 45°
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are strained by tensile. The planes which are-gghted to them are strained by
compressive. This is used when measuring stratarigometric bridge.

If we are able to measure principal strains, we el able to calculate the
principal stresses by the equation for Hooke’'sflamplane stress:

E E
‘51:1__#:(514'-”52),‘52 :1__#:(52 +pey), ()

whereg;, 0; are principal normal stressgs= Poisson’s ratiog & are prin-
cipal strains.

Considering case of the pure shears - & (& = & and some mathematical

. . Es Es
m =4+ g =—T"
odifications, we haver; = + n p Th (6)
Maximum shear stress can be calculated by equation:

Tynax = |o‘m = 2Ge. @)
Note: relationship between Young's ModullE) @nd shear modulussj

was usedt = ,E - (8)
20 1+u]

Description of the measuring apparatus

To measure deformation of the rods with circulat hallow circular cross sec-
tion measuring apparatus was constructed accotditige scheme in Fig. 2. All
strain-gauge configurations are based on the contepWheatstone bridge [Stur-
cel 2002]. Measuring axes of two strains gaugesvarelially perpendicular (The
gauge factoK = 2.05). Strains gauges are linked in half-bridgd they are con-
nected to the measurement system QuantumX MX384@hich is controlled by
computer®. Program Catman Easy from firm HBM was used tameqlata, to
manage the measurement system and to procesddireedizata.

~
pas =

= s

— 7

Fig. 2. The scheme of measurement apparatus
Figure 3 shows the rod itself, which was loadedtdngue. Torque

was created by solid bodies with given weighj acting on the arml)
Material properties of testing rods we@&= 81 000 MPay/=0.29.
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Fig. 3. Rod loaded by torsion and location of strai gauges

The dimensions and parameters of the rod with lerarross-section: diam-
etersD = 16.18 mm, arm length | = 500 mm, modulus initor8\, = 831.6976
mm’.

The dimensions and parameters of the rod with toltdrcular cross-
section: outside diamet® = 22.25 mm, inside diameter= 12.55 mm, arm

lengthl = 490 mm, modulus in torsion = 1943.9031mm

Comparison of stresses obtained experimentally arahalytically

Value of torqueMy is constant over the length of the rod and ismgive the
product:M, =m- g1, 9)

wherem = weight of bodies used as a weigpt; gravitational acceleration
(g=9.81ni§?, | = length of arm.

The values of maximum shear stress of the cirauiass section according
to the size of the torque are recorded in the Tablg,,, represents values of
the stress, which were analytically calculated ediog to equation (2)7Zmax2
represents the size of stresses, which were ctddubccording to equation (7)
from strains obtained by experimental measurenmentdetermine the percent-
age error of the measurement value of shear str@ssanalytical calculation
has been considered as the true value. Establishengercentage error allows
the measuring apparatus to be used in the labgrator

Table 1
Values of maximum shear stress of circular rod

M My € Tmax.1 Tmax.2 error

[d] [Ny [10°mih™ [NEhm?] [N [%]
998.83 4899.26 3.457 5.600 5.891 4.927
2037.63 9994.58 7.052 11.425 12.017 4.928
3076.57 15090.58 10.654 17.259 18.144 4.880
4105.02 20135.12 14.196 22.998 24.210 5.007
5143.96 25231.12 17.954 29.085 30.337 4.126
6178.91 30307.55 21.335 34.562 36.441 5.154
7217.62 35402.43 25.061 40.598 42.567 4.623
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Values of maximum shear stress of hollow circularad

Table 2

m My € Tmax.1 Tmax.2 error

[a] [N [10° mm? [Nhm?| [NThm?| [%0]
1038.94 4994.081 1.5323 2.569 2.482 3.378
2077.74 9987.488 3.0209 5.138 4.894 4.749
3076.57 14788.764 4.4642 7.608 7.232 4.939
4145.13 19925.225 6.0310 10.250 9.770 4.682
5143.96 24726.501 7.5082 12.720 12.163 4.377
6141.96 29523.788 9.0694 15.188 14.692 3.262
7176.61 34498.689 10.535 17.747 17.067 3.833

Figure 4 shows experimentally and analytically oted values of the max-
imum shear stresses.

45

40

354

a)

the circular section

0

184

164

144

124

10

[MPa]

T
5000

T T T T T T 1
10000 15000 20000 25000 30000 35000 40000

M, [N mm]

the hollow circular
section

/’ ’

max, 1

e —
Tmax,z

T
5000

T T T T T T T 1
15000 20000 25000 30000 35000

M, [N mm]

T
10000

Fig. 4. Variations of shear stresses
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Conclusion

The contribution deals with determining of stress1f measured values of
strains. Gauge strains, which were linked in hailfigee, and the universal meas-
urement system QuantumX MX840 were used to expetiig obtain the
strains. Rods with circular section and hollow glec section serve as tests
samples. Students within the educational proce#ishave the opportunity to
acquaint with the universal measuring system aedise interconnectedness of
theory and practical application.
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Abstract

The contribution is focused on determination of ieximum shear stress in
rods with circular and annulus section. The valabtined analytically and
derived from measured unit less of strains are ewath Measurement system
used should contribute to teaching process by atatty of students and also by
linking theory with practice. Universal logger QuamX MX840 was used in
experimental measurements of unit less of strain.
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