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FRACTOGRAPHIC ANALYSIS OF THE DESTROYED SIDE FRAME OF
THE TRUCK OF A WREIGHT WAGON

Vakulenko I.A., D.T.S. (D.E.S.), Professor in Department of the Applied
Mechanics and Material Science, Dnipro National University of Railway Transport
named after the Academician V. Lazaryan

Kuzin N.O., D.T.S. (D.E.S.), Leading Researcher, Lviv Research Institute
of Forensic Expertise, Dnipro National University of Railway Transport named
after the Academician V. Lazaryan

Vakulenko L.1., C.T.S. (PhD), Manager in Pridneprovsk Railway.

The initial inspection of damaged frame in fracture revealed two sections with
characteristic structural features. The area with traces of slight corrosion, representing a
smooth surface, corresponds to the gradual movement of fatigue crack. The rest of fracture
surface with signs of a dynamic destroy has a qualitatively different structure. The fatigue part
occupies approximately 30% of the total cross-sectional area. The propagation front of fatigue
crack, after reaching the outer and inner surfaces of vertical wall from the side of wheel, reaches
half the length lower horizontal wall. The focus of origin fatigue crack, located in lower inner
corner, when moving from vertical wall to horizontal part of the side frame, is difficult obtain
access when visually inspecting the frame trolley.

Key words: crack front, fatigue, non-metallic inclusion, pores, step.

State of problem. The intensive development of industry is accompanied by
a constant increase in the requirements for the operational safety of railway
transport. With the constant strength characteristics of the metal, a continuous
increase load on the axle of wheel set is accompanied by the inevitable acceleration
of development damage in various elements rolling stock. Compared to railway
axles, wheels and other rolling stock elements manufactured using hot plastic
deformation technology, including using various thermal and thermo mechanical
treatments, foundry technologies are widely used. Without these technologies, it is
practically impossible manufacture products of complex shapes, such as the side
frame of trolley, etc. In addition to the formation of a structural state with a
relatively low resistance to the onset of damage various origins, the metal, after
cooling in the mold, additionally has defects in the internal structure. The most
common defects are non-metallic inclusions, the remains of the molding sand,
pores, segregation of the metal in structure and chemical composition, etc. These
defects, being places of increased stress intensity, become centers of crack
initiation, which reduce the service life of rolling stock elements. Based on this, an
analysis of the causes premature decommissioning or damage to an individual
element of rolling stock will form the basis for the development of measures to
improve its manufacturing technology.
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Purpose of the work. Analysis conditions nucleation and development
destruction of the side frame freight wagon trolley.

Material and research methods. The material for study was fragments of
side frame truck model 18-100 of a freight car made of steel 20I'JI. The
concentration of chemical elements estimated on a «Spectrolab» spectrometer was:
0.2% C; 1.52% Mn; 0.44% Si; 0.011% P; 0.039% S; 0.05% Ni; 0.08% Cr and
0.11% Cu. The preparation objects and studies of microstructure steel was carried
out in accordance with the methods of light microscopy [1]. The analysis of the
fracture surface on a side frame fragment was carried out using fractography
techniques [2]. The mechanical characteristics were determined on the samples and
according to methods described in OCT.32.183-2001.

Discussion of the results study. According chemical composition,
microstructure, number of non-metallic inclusions various nature of origin, the
mechanical properties, the steel of side frame the trolley basically met
requirements of OCT.32.183-2001. The exceptions were: insufficient elongation,
some excess of restrictions on presence of non-metallic inclusions and porosity.

The elements found on the fracture surface (Fig. 1) indicate several reasons
that led to a fracture of the side frame. An analysis of the location fatigue lines [3]
and orientation of formed steps [4] indicate that the surface of foundry origin, with
fragments of destroyed non-metallic inclusion (Fig. 1b, designation 2), should be
considered primary focus of crack initiation. The character influence of a
nonmetallic inclusion particle on the state of metal matrix was studied in detail in
[5]. The formation steps (designation 1, Fig. 1b) from inclusion — matrix interface
is justified, and their gradual disappearance indicates growth of fatigue crack along
several surfaces [2]. Moreover, after combining the fronts of fatigue crack, the
growth process was already carried out with increasing speed, as evidenced by
distance between the places where the crack stops [4] (designation 3, fig. 1a,b). As
the area of damaged metal increases due to propagation of the fatigue crack and, as
a result, the intensity of acting stresses increases [5], there is an increase static
component in loading cycle [2].

~ —

o

a b

Fig. 1 — The location of structural elements fracture surface of side frame:

(1) - steps, (2) - crack exit to the surface, (3) - places where the crack stops and moves, (4) - crests, (5) - pores
in general view (a) and region formation of focus fatigue crack (b): (1) - steps, (2) - non-metallic inclusion
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Based on this, the growth plane of fatigue crack (designation 4, Fig. 1a,
Fig. 2a), elements similar to radial section are detected during the static destruction
metal material [5]. Indeed, in a more detailed analysis, the detected scars and fine
facets [6], indicating the acceleration of crack growth, allow us to determine
direction of predominant movement crack front. The location of crack nucleation
center and the orientation of acting stresses, the crack growth conditions on the
side walls of frame should be somewhat different. Indeed, after the front of
growing crack reaches the first stiffener on the left side wall, it is quite difficult to
detect signs of fatigue fracture in the kink (Fig. 1a). For the right side of side frame
(Fig. 1a), the crack nucleation site is located on the extension of the side wall.

a b
Fig. 2 — The ridges
(designation 4, Fig. 1a) - (a) and fibrous component of fracture in the form of pits (b)

Based on this, the growth of fatigue crack was carried out in one plane to the
middle of the frame wall. After that, the change in stress during the operation of
trolley frame or another influence such as the development of local hardening
processes during strain aging of metal [7] at the mouth of crack is evident; a growing
crack moved to an almost parallel plane. As a result of this, the signs of fatigue failure
are again quite unexpectedly detected, although to a greater extent they correspond to
areas with a high degree of cyclic overload. To a certain extent, the indicated crack
growth could continue to the upper horizontal part, if not for significant porosity of
the metal (designation 5, Fig. 1a, Fig. 3). The presence of indicated porosity,
contributing to a local decrease in fracture resistance of the metal [2], can change the
crack growth conditions. The structural features of fracture surface indicate an almost
complete transition of the crack growth process to the phase of dynamic destroy [2] of
the side frame. A similar fracture pattern was found on the left side wall of frame. The
dynamic destroy phase began from middle of the wall towards upper horizontal part.
Based on analysis of fracture surface, the discovered complex nature of the initiation
fatigue crack and the rather rapid formation of a united front (completion of
propagation steps, Fig. 3) indicate the total effect of several factors. Against the
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background of a possible overload trolley, first of all, defects in the foundry became
the nucleation point of fatigue failure.

Further, in the process of fatigue after a decrease in the cross section of
product, by about 20 - 25%, crack growth is accelerated, with the simultaneous
appearance of signs static fracture of the metal: crests (Fig. 2a), pits and fibrous
component in fracture (Fig. 2b).

Fig. 3 — Pores - casting defects (designation 5, Fig. 1a) in manufacture of side frame

In addition an increase intensity of acting stresses from decrease in the cross-
sectional area of frame elements during fatigue, additional acceleration of the
fracture process was obtained from presence of foundry defects. This is evidenced
by the formed steps on fracture surface and change in shape of front growing crack
(Fig. 1b).

Conclusions. 1. The cause fracture of side frame trolley was the formed
fatigue crack in the corner of jaw opening, in region radius R55 on the inner side of
supporting surface facing the wheel.

2. The focus of fatigue crack was the volume metal with exceeding limits of
regulatory documentation for manufacture of the side frame trolley for non-
metallic inclusions and concentrated porosity.
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BUMIPIOBAHHSI JIETAJIEA CKJIAJTHOI ®OPMU
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MEASUREMENT OF COMPLEX FORM DETAILS
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This paper describes the features of measuring parts of complex shape using a measuring
microscope. Also, the article discusses the structural features of this type of devices and the three
main methods by which measurements are performed (projection, contact and axial section method).

Key words: examination of machine parts, coordinate measurement methods, measuring
microscope, projection measurement method, contact measurement method, axial section
method, measuring complex parts.

ITocrtanoBka mnpodaemu. [IpakTMka BHKOHAaHHS EKCIIEPTH3 B HANPSIMKY
BU3HAYCHHS TPUYMH BUXOJY 3 Jlaay JeTajedl MalluH TO0Ka3ye HEOOXiTHICTh
BUMIPIOBAaHHS TEOMETPUYHUX TApaMeTpiB JAeTalied JOCITIKyBAaHOTO BY3Ja.
HeBinmoBigHicTh TEOMETPUYHUX IMapaMeTpPiB OKPEMUX JeTajeil Moxke OyTh
NPUYMHOI0 BHUXOAY 3 JiaJly BChOrO By3la B wnuiomy. Tak, Hampukian,
HAJJHOPMATUBHHUM 3HOC MIJIIUITHUKIB BaJliB KOPOOKH TIEPEMHUKAHHS TIepeiad MOXKe
MPU3BECTH JIO TONIKO/KEHHS 3y01B IIECTEPEHb, a HEMAPAICIBHICTh OCEH BEPXHBOT
Ta HMKHBOT T'OJIOBOK IIATYHIB IBUT'YHIB BHYTPIIIHBOTO 3TOPSIHHSA MOXE MPU3BECTH
JI0 TOIIKOJI)KEHHSI pOOOYHX MOBEPXOHB MOPIIHS 1 HUIIHAPA.

JlaHe 3aBJaHHS ICTOTHO YCKJIQJHIOEThCS Y pa3i BUMIPIOBAHHS JeTaneit
ckiagHoi ¢popmu. Y Kareropito neranei CkiaaHoi GopMU MOXKHA BIIHECTH Takl
JeTanl SK: KyJayKoBl Bajid, LIECTEPHI MAaCJSIHUX HAcCOCIB, KOCO3yOl IeCTepHi,
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