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Abgtract: The paper deal with quantification of residuatsses by the drilling method and design of the auktlogy of

using optical device LF/Z-2 for their verificatiomhe optical methods have been used for strairysisaior years, but
with the continuous development of new and moreu@te measuring instruments and devices, are sdived
possibilities of creating new application methodji#s. For using the Optical PhotoStress methodudantifying residual
stresses, has been designed an accurate positevig to analyse the released deformations artendrilled hole in

multiple steps as considering by ASTM E837-13adfiting

1 Introduction

methods.

2 Analysis of the causes of defects in

Determination of causes and the prediction of the constructions with a combination of hole

failure of the bearing members of structures ikastiighly
topical issue related to the assessment of thiéntiéeof
structures, machines, equipment, etc. It shoulddieted
out that many failures of parts of structures, esyst or
machines are not only due to the stress induceledpad,
but are also due to the occurrence of residuabsge
These also occur in unloaded structures or maghanis.
They can be caused not only by the operating loaicalso
by the production technology (casting, rolling, smiag,
etc.) as well as by welding. Determining the ocence of
residual stresses, their size and direction is Iprodtic
without carrying out experimental measurements. ridke
of their occurrence is mainly related to the faet they are

drilling methods and photoelasticimetry

Despite the advances made in numerical methois, it
still not possible to unambiguously analyse thedres
stresses using numerical methods. Therefore, even
nowadays experimental methods in the area of detect
and measurement of residual stresses have their
irreplaceable place. It is necessary to know tldévidual
stages of the experiment when stressing machine
components or assemblies with drilling and optical
methods and then determining stress and deformation
sizes. The aim of this experimental part was tppse a
methodology for determining residual stresses using

tical methods, namely the PhotoStress methodhege

superimposed on operating stresses, which C%)ﬁth hole drilling method [1-12]

significantly affect the life of machines and equgmnt.

For this reason, it is necessary to know and giyanti
these stresses to predict the occurrence of disord
Currently, the drilling method is most commonly dige
determine residual stresses in the material. Bhisgemi-
destructive experimental method of quantifying daal
stresses in a selected point. The authors usdXieNsTS
3000 drilling equipment or the RS 200 drilling manehto
solve specific practical tasks.

~29

American norm ASTM E837-13a is currently the only
generally accepted standard that deals with inyestitig

esidual stresses by experimental mechanics. Hayweve

there are a number of limitations in this standkaod.direct
drilling into the component and subsequent exartnaitf

the deformation values by optical methods, it was
necessary to design and manufacture the device
(Fig. 1 a, b), which would connect the two mentine
methods of detecting stresses and deformations in
structural members. The idea was to design a deviite

an adjustable driling head and an optical devioe f
detecting deformation fields - the LF/Z-2 polarigeoThe
principle was to accurately drill into a definecptteof the
component with a special cutting tool. Subsequertjy

~
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means of a stepper motor, is released by the haako component adhesive (resin + hardener) was apmi¢ioket
displacement of the drilling head outside the opgrihe sample from aluminum as indicated by the manufactur
space for measuring the residual stresses by thig-2F [15,16].
polariscop with a compensator [8,13-15]. Furthermore, the simulated stresses were determined
At the Fig. l1a is a view on one of the designs 8Da on a uniaxial loaded aluminum sample. It consigteithe
model of a positioning drilling device, and at ffig. 1b is gradual drilling of the blind hole and the subsedue
the resulting real constructed device. The motogsuged observation of the emerging photoelastic entitiests
for horizontal and vertical movement of the driihead vicinity. A strain gauge cross was applied to #s sample
and for rotating the drill or milling cutter. to check the stability of the induced load (Fig.E2ch grid
was connected to the quarter bridge. Time warp was
recorded and evaluated by Catman Easy.

Figure 1 Proposal of the drilling device (a) anchly
configurable positioning drilling device (b)

. T - . Fi ure3AIumin sample with aj "Iied sfr;ain aogess
The precise positioning drilling device was largely g P PP gaoges

constructed from aluminum alloy due to its satisiac
strength and total weight of the device. Subsedyerds
tested the accuracy of the drilling device for honital and
vertical movement of the drilling head and drillitigough
the unloaded samples with already applied phottelas
coating. Also tested was a hydraulic load devicated in

the newly built Prototyping and Innovation Centéitte
Faculty of Mechanical Engineering TUKE, which is
capable of generating loads of up to 100 kN in two
direction. The annealed samples were drilled uthokz
and through the polarizing device and the phottielas
coating were examined the formed entities [16].

In the following section of experimental testingdan
investigation of stress fields, was designed amadum
sample of dimensions and shape as shown in Fighe.
shape of the samples, resp. its 65 mm edges, Wepeeal
for further testing by other methods for detectatigsses
and deformation fields in the component.

At the Fig. 4 is a view on a drilling process on an
aluminum sample loaded with a hydraulic loading
apparatus and stress measuring by optical appdrBtids

=

Figure 4 Drilling with positioning device and meaisig of
/ T stresses with the optical device LF/Z-2

/\\ »
65
65

60,84 240

The mill cutter speed with diameter 3.2 mm (or 18)m

. &0 -~ was 120 rpm. The released relative deformationarato
Figure 2 Shape and dimensions of samples usedifimg the blind hole were analyzed in twenty steps with a
detection and optical method PhotoStress increment of 0.1 mm. During the whole measurentéet,

tensile force was 7.5 kN. By moving the drillingaldein

The sample was annealed to eliminate residuakstses o horizontal direction to a position allowing thee of the
A photoelastic coating PS-1D was consist of a two-
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polarisop, directions and differences of the mainecord of the vertical displacement of the drillimead into
proportional deformations were observed. After estelp  the annealed sample registered by the displacesaanbr.
were created images of isoclinic and isochromaties! In the next section, isochromatic lines for a gidepth
(Fig. 5). of 0.5 mm (Fig. 7), 1.0 mm (Fig. 8), 1.5 mm (Fiya@d 2
mm (Fig. 10) are given for comparison of the redels
strain ratios. Blind hole drilling was not realizfst larger
depths (in according of ASTM E 837-13a). From Fig.
Fig. 10 it stands to reason that more pronounceutida
(isochromatic lines) are more visible when drilliag
annular groove, which corresponds to the results of
numerical modeling. Despite this, it can be st#tetithese
are relatively low stresses levels, their quardtfan is
more demanding and the measurement inaccuracgas al
higher in this case. On the other hand, low lewadls
simulated "residual” stresses do not pose a riskesafe
: operation of machinery and equipment. Higher smitgit
Figure 5 Process of registration of isoclinic aisdchromatic of the snmulatgt_:l stress .meas.urement IS POSS |bl|e|bglan
lines with a polariscop LF/Z-2 optically sensitive coating with a greater thicls)eshich

The entire measurement phase without the appl'n:ati@owever limits the use of cutting tools (millingter or
of strain gauge and photoelastic coating tooROllow cutter).
approximately 2 hours. At the Fig. 6 is a more itledetime

s
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Figure 6 Time recording from vertical movement aiehdrilling

Within the proposed methodology of quantificatidn oRing-Core. The limiting factor is the shape of theting
residual stresses using the PhotoStress metheesitlue tools for drilling the blind hole, respectively. amnular
to the comparison of achieved results with the oethf groove, since the thickness of the adhesive anddhtng
drilling, resp. Ring-Core method considered usingsed had to be added to the depth itself. Therefassused
identical cutting tools 3.2 mm diameter cutter ugéth the thinnest coating of PS-1D with a thickness.6frim.
RS-200 and hollow cutter used with SINT-MTS 3000
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Figure 7 Isochromatic lines for 0.5 mm depth ahthlhole, b) Figure 9 Isochromatic lines for 1.5 mm depth ahthlhole, b)
annular groove annular groove

b)
Figure 8 Isochromatic lines for 1.0 mm depth ahtblhole, b) Figure 10 Isochromatic lines for 2.0 mm depth @)dhole, b)
annular groove annular groove

b)

The time recording of the relative deformationghia causing hydraulic load device. The hydraulic logdin
test sample during the experimental measurements disvice can be considered as one of the key eleroétiie
shown in Fig. 11. Itis clear from the figure thia¢re were measurement chain, since if the stress in the sampl
no significant variations during the measuremehg t analysed is changed in the experiment, the obtae®dts
correct operation has been confirmed of the siradlitad- could not be considered as relevant.
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Figure 11 Time recording of relative deformatiomsloaded test sample
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