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Introduction. Due to the process reasons, the structure of cast
parts of the railway rolling stock (RRS) often has embedded
flaws that affect drastically their strength. The degree of
impact depends on many factors including the shape and
location of defects in the product. The shape of the defect has
the greatest effect under alternating loads. This often refers to
dynamically loaded parts of the RRS underframe. The defect
oriented perpendicularly to the direction of tensile loads
reduces the component life to the maximum. To identify
embedded flaws, the parts are subjected to ultrasonic testing
by the classical pulse-echo technique. However, such methods
require increased validity and informativity. For example, they
do not provide the determination of the type and orientation of
the defect.

Materials and  Methods.
disadvantages of the classical pulse-echo technique of the

Features, advantages and

ultrasonic non-destructive testing, which is based on the
registration of the following echo signals, are considered:

e sent;

o reflected from the opposite surface (bottom) of the
object;

o reflected from the defect (if any).
The pulse arrival time is proportional to the thickness of the
part. If there is a defect, this time is proportional to the
distance from the pulse input surface to the defect. This
method can determine the presence of a defect, but it cannot
determine its type.
Research Results. To determine the shape of a defect, a dual-
frequency defectometry method is proposed. Its principle,
algorithm and implemented analytical dependencies are
described. When an echo signal from a defect is detected in
the monitoring object, the amplitudes of the bottom signals
and the amplitudes of the echo signals from the defect are
measured at the ultrasonic wave frequencies of 2.5 MHz and
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Beéeoenue. CTpyKTypa JIUTHIX JCTalei MOJBMKHOTO COCTaBa
skene3Hsix gopor (IICXK]I) mo TexHOJOrHm4eckuM HpUYMHAM
4acTO MMeEeT BHYTPEHHHE Ie(eKThl, KOTOpPBIE CYIIECTBEHHO
BIUSIIOT Ha MX HPOYHOCTh. CTENEeHb BIMSHUS 3aBHCUT OT
MHOXXecTBa (DaKTOpOB, BKIIOYas (OPMY U PpaCIOIOKCHHUE
nedexroB B m3menuu. Popma nedexra okaszpiBaeT HaMOONb-
IIee BIMSIHUE TP 3HAKONIEPEMEHHBIX HArpy3kax. JTO 94acTo
OTHOCHTBCS K IUHAMHYECKH Harpy>KCHHBIM JETaJSIM JKHITaK-
Ho#t wactu [ICXK][. MakcuMallbHO CHW)KA€T JOJTOBEYHOCTH
neranu JedexT, OpPHEHTUPOBAHHBIM IEPHEHAUKYIIPHO K
HAIPaBJICHUIO PACTATHBAIOIINX HArpy3oK. JlIs BBIIBICHUS
BHYTPEHHHX Je(EKTOB AeTaay IMOJBEPraloTCs YIbTPa3ByKO-
BOMY KOHTPOJIIO KJIACCHYECKHM DXO-HMITYJIbCHBIM METOJIOM.
OnHAaKO TaKkHe METOAWKH TPEOYIOT MOBHIIIEHHS JOCTOBEPHO-
ctiu ¥ uHbopMmaTtuBHOCTH. Hampumep, OHM He TO3BOJISIOT
OIIPEAENUTh TUII U OPHEHTAINIO JeeKTa.
Mamepuanst u memoovl. PaccMOTpeHBI OCOOCHHOCTH, IIpe-
HUMYIIECTBa M HEJOCTATKH KJIACCUYECKOTO 3XO-HMITYJIbCHOTO
METOJIa yIbTPa3BYKOBOTO HEPa3pyIIAIONIEro KOHTPOIS, KOTO-
PBIif OCHOBAH Ha PETHCTPALMHU CICAYIOLIMX 3X0-CUTHAJIOB:

®  TIOCJIaHHBIN;

® OTPaXEHHBIH OT MPOTUBOIOJIOKHON TOBEPXHOCTH
(nHa) oObeKTa;

®  OTpaXeHHBIH OT eexTa (TPH eTo HAJMIUHN).
Bpemst nmpyxoia MMITyJIECOB HPOMOPIMOHATIBEHO TOJIIMHE JAeTa-
mm. [Tpu Hammamy feekTa 5To BpeMs MPOTIOPIMOHATIEHO PaccTo-
SHHIO OT TIOBEPXHOCTH BBOJIA MIMITYNILCOB 10 Aedexra. OTum
METOJIOM MOXKHO OIpENeNMTh Hajunuue ne(eKra, OJHAKO HET
BO3MOKHOCTH OIPEIEIIUTH €TO THUIL
Pesynomamor uccnredosanus. Jns onpeneneHus (GopMbl Je-
(exTa TpeUIoKEeH ABYXYaCTOTHBI MeTOX He(eKTOMETpHU.
OmnucaHa ero CyIIHOCTb, aITOPUTM U pealn3yeMble aHATNTH-
gyeckue 3aBUCUMOCTH. [Ipn oOHapyKeHnH B 0OBEKTE KOHTPOJIS
9XO-CHTHAJIA OT Je(eKTa U3MEPSIOTCS aMIUIMTY/bI JOHHBIX CHT-
HAJIOB M aMILTHTY/IbI 9XO-CUTHAJIOB OT Jie()eKTa Ha 4acToTaX yilb-
Tpa3BykoBoi BomHbl 2,5 MIm u 5,0 MI'm. PaccuutsiBaercs
ko3 duIeHT GopMbI edeKTa M0 AHATUTHYCCKOH 3aBUCHMOCTH
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5.0 MHz. The defect shape factor is calculated from the
analytical dependence; and the type of defect is determined. It
can be volume (pores, shells, non-metallic inclusions) or
planar (cracks, segregations, etc.).

Discussion and Conclusions. A dual-frequency defectometry
method to determine the type of defect under the manual
ultrasonic testing of the RRS cast parts is proposed in the
paper. For an express automated use of the proposed method,
the software product NDTRT-07.04-L is developed, and its
operation algorithm is described. The application of the
technique can increase the validity and informativity of the test
results.

Keywords: ultrasonic testing, defectometry, defect form, dual-
frequency method, software product, validity, informativity.
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u ompenemnsercss tan aegpexra. OH MoxeT OBITh 0OBEMHBIH
(TIOpBI, PAaKOBHHBI, HEMETAJUINUECKHE BKIFOUSHUS) MIIH ILIOC-
KOCTHOU (TpEeIIMHBI, THKBALUK U JIp.).

Obcyscoenue u 3akmouenus. B pabore mpennoxeH AByxda-
CTOTHBIA MeTOJ Ie(pEeKTOMETPUH, O3BOJISIOMUI ONpPEIeTUTh
TUI fedeKTa IMpH PydHOM YIbTPa3ByKOBOM KOHTPOJIE JIUTHIX
neraneit IICXK. Jnsg sKcOpecCHOro aBTOMAaTU3UPOBAHHOIO
UCIIONB30BaHMS TPEAJIOKEHHOTO MeToAa pa3paboTaH Mpo-
rpammebId pogykT NDTRT-07.04-L u omucaH anroputm
paboTsl ¢ HUM. [IpuMeHeHHe NaHHOrO METO/a MTO3BOJISIET I10-
BBICHTH JOCTOBEPHOCTh M HWH(OPMATHBHOCTH pPE3yJIbTaTOB
KOHTPOJIA.

KiioueBble cjioBa: ynbTpa3ByKOBOIH KOHTpPOJIb, AeEeKTOMET-
pust, dopma nedexra, AByXYACTOTHBIA METOM, MPOTPaMMHBIN
HPOAYKT, TOCTOBEPHOCTh, HHPOPMATHBHOCTb.

Oépaszey Onsa yumuposanus: IIOBBIICHHE TOCTOBEPHO-
CTH W WH)OPMATHUBHOCTH YJIBTPa3BYKOBOTO KOHTPOJISI
JUTBIX AeTajell MOJBHKHOTO COCTaBa JKEJIE3HBIX IOPOT
A. H. Kupees [u np.] BectHuk JloHCKOTO roc. TEXH. YH-
ta. — 2019. — T.19, Ne4. — C.335-341.
https://doi.org/10.23947/1992-5980-2019-19-4-335-341

Introduction. Using casting technologies, many vital parts of the RRS underframe are manufactured, for ex-

ample:
« disk wheel centres of diesel locomotives;

* spoke wheel centres of electric locomotives and electric trains;

* truck-side frames of freight wagons;
* bogie brackets of mainline locomotives.

The structure of cast parts often has defects due to process reasons. Fig. 1 shows some types of internal casting

flaws in the parts of the RRS underframe.

<)

Fig. 1. Casting flaws in rolling stock parts: @) localized contraction cavity in cast wheel centre;
b) internal longitudinal hot crack in wheelset axle workpiece;
¢) oxide non-metallic inclusions in casting wheel steel

The degree of impact of internal flaws on the structural strength of parts depends on a number of factors,

such as:
* product operating conditions;
* product loading conditions;
* type and location of defects in the product

Internal flaws in the cast parts of RRS can have the character of both volume defect (pores, shells, non-metallic
inclusions) (Fig. 1, a, ¢), and planar flaws (cracks, segregations, etc.) (Fig. 1, b). Volume defects reduce the cross-
sectional area of the part, due to which its strength properties are lowered. Planar flaws breach the continuity of metal,
concentrate stresses at the edges, and significantly reduce the strength. Moreover, the flatter shape of the defect, the
greater its influence is. In this case, the decrease in strength can be significantly greater than from volume defects. The
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shape of the defect has the greatest impact at the alternate loads, which often refers to dynamically loaded parts of the
RRS underframe.

The defect oriented perpendicularly to the direction of tensile loads reduces the component life to the maxi-
mum. The worst case is the location of the defect in the most loaded area of the part. If the direction of the planar flaw
is close to or coincides with the direction of tensile forces, then the strength of the part practically does not decrease.

To identify internal flaws, vital cast parts of RRS are subjected to ultrasonic pulse-echo control when releasing
from production. However, classical methods based on comparing the working value of the amplitude of the echo signal
to the standard value of this parameter make it possible to determine whether the defect is admissible or not; but they do
provide the type and orientation of the defect in the part. Therefore, an increase in the validity and informativity of such
a control is required.

Materials and Methods. The pulse-echo technique [1-7] of the ultrasonic non-destructive testing is based on
the registration of echo signals from defects in the part volume. In this case, the sent (probing) pulse / and pulse /7 re-
flected from the opposite surface (bottom) of the product (bottom signal) are observed on the screen of the ultrasonic
flaw detector. If any defect in the body of the product, pulse // (an echo signal reflected from the defect) is observed
(Fig. 2.). The arrival time of pulses /II and /I is proportional to the thickness of the part and to the distance from the
input surface of the ultrasonic wave to the defect. If the control circuit is compatible (Fig. 2), the transmitter and receiv-
er are operated by a single converter. If the circuit is independent, two different converters are used.

defectoscope screen
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piezoelectric transducer
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;
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object of control ) o
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Fig. 2. Ultrasonic testing circuit by pulse-echo technique

The admissibility of discontinuities is evaluated through comparing the amplitude of the echo signal from the defect
to the amplitude of the echo signal from the standard reflector in the shop reference sample (equivalent sensitivity), or to the
reference sensitivity level tuned on the standard sample (measure) CO-2 (Fig. 3) [ 8] with the addition of a gain factor (condi-
tional sensitivity) [9].
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Fig. 3. CO-2 measure
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The shop reference sample is made from a product identical to the object of control in terms of material, acous-
tic properties and geometry. Various types of artificial reflectors imitating real defects are used as standard reflectors. A
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flat-bottomed cylindrical reflector got the most widespread use under the control of RRS parts. This is a standard reflec-
tor in the form of a flat bottom of a cylindrical hole oriented perpendicularly to the cylinder axis.
Research Results. To determine the defect shape under the manual ultrasonic testing of RRS cast parts, a two-

frequency defectometry method was proposed [10—13]. Its essence is as follows:

1. When an echo signal from a defect is detected in the monitoring object, the following characteristics are
measured at the ultrasonic wave frequencies of 2.5 MHz and 5.0 MHz:

» amplitude of bottom signals;

+ amplitude of the echo signals from the defect;

« distance from the wave input surface to the reflective surface of the defect.

2. The defect shape factor is calculated using the following dependence:

v= Nae(bZ.S _Nz[e(l)S.O +Ny5.0~Np2 5
where N ned2.5 is the amplitude of the echo signal from the defect at the frequency of the ultrasonic wave 2.5 MHz,

dB; N n1ed5.0 is the amplitude of the echo signal from the defect at the frequency of the ultrasonic wave 2.5 MHz, dB;

N 2.5 is the amplitude of the echo signal from the defect at the frequency of the ultrasonic wave 5.0 MHz, dB; N 15.0

is the amplitude of the bottom signal at a frequency of an ultrasonic wave of 5.0 MHz, dB.

3. The boundary value of the shape factor of an ideal planar point defect is calculated from the formula:

X

2 —
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where: A, 5, As is the ultrasonic wavelength at a frequency of 2.5 MHz, mm, and 5.0 MHz, mm, respectively; Sus, Sus0
is the area of the piezoelectric transducer at a frequency of 2.5 MHz, mm?, and 5.0 MHz, mm?, respectively; x is the
distance from the surface of the input wave to the reflective surface of the defect, mm; x, is the distance from the wave
input surface to the bottom surface, mm.

4. The boundary value of the shape factor of an ideal volume point defect is calculated from the formula:

X
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5. The boundary value of the shape factor of an ideal planar extended defect is calculated from the formula:

3 -
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6. The boundary value of the shape factor of an ideal volume extended defect is calculated from the formula:

ViuLmp.
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7. The type of point defect is determined as follows:
a) the defect is considered planar if the following condition is satisfied:

< _ .
Va3Vt 0'3|V06.T vl'lJ'I.T|’

b) the defect is considered volume if the following condition is satisfied:

V2061 _0'3|V06.T _VHJ'I.T| :
If both conditions are not satisfied, the point defect is not planar, however, it is not ideally volume either.

8. The type of extended defect is determined:
a) the defect is considered planar if the following condition is satisfied:

v

vy +0.3 rm.np‘5

= 'm.mp

Vo6.mp ~

b) the defect is considered volume if the following condition is satisfied:
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If both conditions are not satisfied, the extended defect is not planar, however, it is not ideally volume either.

In the methodology for determining the type of both point and extended defects, a confidence interval of 30%
is assigned for the discrepancy between the actual and boundary values of the shape factor of volume and planar discon-
tinuities. This interval is obtained empirically as a result of the experimental studies; it considers the methodological
and instrumental measurement errors.

A special software product NDTRT-07.04-L is developed for fast automated use of the dual-frequency defec-
tometry method for the ultrasonic testing of cast parts of RRS. Fig. 4 shows its work windows.

NDTRT-07.04-L
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Fig. 4. Software product NDTRT-07.04-L windows:
a) start screen; b) “Planar defect” window; ¢) “Volume defect” window

Work with the software product NDTRT-07.04-L is carried out as follows:

1. Input the following data at wave frequencies of 2.5 MHz and 5.0 MHz in the relative window:

+ amplitudes of bottom signals;

» distance from the wave input surface to the defect;

+ amplitude of the echo signals from the defect;

» distance to the bottom surface.

2. Input the type of defect and the diagram of the dependences of the boundary conditions and the confidence
interval on the ratio of the distance to the defect to the distance to the bottom surface in the relative window.

Discussion and Conclusions. Using manual ultrasonic testing, the acceptability of internal defects of cast parts
of RRS is determined; however, it is not possible to determine the type of defect: volume or planar. At the same time,
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the type of defect significantly affects the structural strength of the product. Planar defects are more dangerous than
volume ones, especially under the dynamic loads during RRS movement. Thus, a different approach is required to eval-
uate the acceptability of different types of defects.

The authors have proposed a dual-frequency method of defectometry, which provides the determination of the
defect type under the manual ultrasonic testing of cast parts, as well as an increase in the validity and informativity of
the control results. High reliability of the dual-frequency defectometry method was confirmed by the results of experi-
mental studies [14].

For an express automated use of the dual-frequency defectometry method, the software product NDTRT-
07.04-L was developed.
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