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FORMATION OF STRUCTURE OF HOOKS OF LOADING LIFTS IN CONDITIONS
OF SHS

The article deals with the formation of the structure of hoists for lifting cranes in order to
prevent the development of cracks by forming the structure of steel 20 by treatment in the conditions of
self-propagating high-temperature synthesis (SHS) to obtain fine-grained ferrite-perlite structure. The
conducted researches allow to form a rational structure of steel to exclude the development of cracks
in dangerous sections of lifting hooks of hoisting and transport mechanisms working in the shops of
metallurgical production. The method of structure control after SHS is developed taking into account
the influence of different diameters of hooks.
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Problem statement

In the shops of the metallurgical industry the lifting hooks of the suspension of the crane beam
3 t are destroyed. On an external inspection of the destroyed hook it was found that its destruction
occurred in cross section along the tangle at the point of transition to the threaded part of the hook,
shown in Figure 1.

Analyzing the results of the snapshot of Fig. 1 of the zone of destruction obtained during
metallographic research, it can be argued: the zone of fracture, characterized by the presence of a zone
of fatigue and fragile destruction (zone of fracture) [1-2].

x100

Fig. 1 - breakage of the hook along the tensile transition with fatigue cracks: a - microstructure of the
breakage of the hook

Fatigue fracture extends throughout the perimeter, preferably from two opposite sides of the
workpiece surface, with a maximum propagation depth of up to 18 mm. The zone of fatigue fracture is
characterized by the presence of 8 (eight) lines of zones of fatigue with different distances between
them, which divide the fatigue fracture into several sections (the fronts of the fatigue crack
propagation in time in several stages. The area of the home area is approximately 5%.

Analysis of the destruction of the threaded part of the hook.

Gradually, the growing fatigue crack after 50-60% of life reaches a size that becomes visible
to the naked eye. When the length and depth of the crack from 0.5 to 1 mm, it can no longer be
considered as a micro crack, but as a crack in the engineering sense. After the zones of fatigue cracks
occupy a sufficiently large part of the cross section of the hook, then in the rest of the final cross-
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section, there are stresses that exceed the static strength of the material. This leads to a complete
breakdown of the hook. Thus, two zones are distinguished on the surface of fractures formed during
cyclic loading: the zone of gradual propagation of cracks with a relatively flat surface and the zone of
fracture during the last cycles of loading.

After the crack is generated, each subsequent load cycle leads to its gradual growth. With
cyclic loading on the hook "stretching - compression™ the crack developed at right angles to the
direction of the applied voltage. With little cyclic fatigue, the destruction of the hook occurred in the
elastoplastic region within 5 - 104 cycles. The fatigue lines resulting from the temporary stoppage of a
crack upon termination of loading are a significant difference in the feature of fatigue fractures. The
ratio of the size of the zone of gradual growth of cracks and zone of fracture is a measure of the
magnitude of the cyclic stresses that led to the destruction. The cause of the failure of the crane - hook
suspension hook is related to the development of fatigue cracks during operation.

In order to improve the structure of steel, steel was treated in SHS [3,4]. To establish the
dependence on the influence of the number of special boundaries on the ferrite-pearlite structure of
steel 20 and the relationship with the magnitude of the coercive force Ns, the heating of samples No.
1,2,3 according to the following scheme.

Sample Nel- witness, sample Ne2 SHS treatment, heating at 850°C for 60 minutes, sample Ne2
SHS treatment, 180 minutes and air cooling.
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Fig.2 Metallographic structure of the sample-witness Nel of perlite-ferrite in the ratio of 20/80. The
magnitude of the coercive force is Hc = 6,79 A/cm. The average relative value of the number of
special boundaries is 12,66%

1

Fig. 3 Microstructure of hook after SHS processing (holding time 60 min) and cooling in air
The magnitude of the coercive force is Hc = 7,58A / cm, and the depth of the decarburized

layer is from 78,05 1o 89,2 um. The amount of perlite decreased to 5%. The average relative value of
the number of special borders is 19.66%
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Fig.4 Microstructure of hook after SHS treatment (holding time 180 min) and cooling in air

The magnitude of the coercive force is Hc = 7,4 A/cm and the depth of the carbonless layer is
from 223 to 245 pum. Analyzing the depth of the carbon-free layer on the sample, it can be established
that the layer at a normalization of 3 hours (sample Ne3) increased by 2,5 + 2,8 times as compared to
sample Ne2. The preliminary analysis of the decrease in the coercive value can be explained by the
decrease in the amount of perlite in the middle part of the sample, as well as the increased content of
special low energy boundaries. The average relative value of the number of special borders is 34,45%.

The structure of the sample in such processing in the SHS environment is fine - grained and
meets the requirements [5]. Studying the properties of steel shows promising management by creating
special low energy boundaries in the structure. Increasing the relative number of special boundaries
leads to a decrease in the grain energy of the boundary complex, which affects the magnetic properties
of steel.

The increased content of special boundaries in the carbon-free layer compared to the parent
metal can be explained by the absence of perlite or other low-mobility elements of the structure
[6,7,8]. Thus, it can be assumed that the emergence and interaction of special boundaries in the SHS
process contributes to the mechanism of cyclic growth and grinding of ferrite-perlite steel grain.

The control of the structure of hooks after SHS can be carried out using a magnetic
coercimeter method of control. However, the disadvantage of the magnetic method of NC based on the
coercive force of HC proposed in [9] is its sensitivity to local changes in the diameter of the threaded
part of the shank of the hook, which creates additional difficulties in the interpretation of the control
results. Where, when changing the physical properties of a metal section (for example, the loss of
elastic properties of metal in an intertwining thread space), a distortion of the magnetic field occurs
caused by a change in the magnetic properties of the metal at that site

Therefore, for more accurate determination of the resource of hooks by means of a magnetic
method of control, it is recommended in addition [9] to use experimental samples with variable
diameter with known chemical and mechanical properties and coercive force Hc [10].

a)
Fig. 5 Experimental specimens of steel 20 for determining the correction factor: a) sample diameter
from 12 to 64 mm, b) sample diameter from 70 to 170 mm
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Using the correlation equation and calculations in [9], the formula for determining the tensile strength
for hooks of load-lifting cranes was obtained.

H. =0,026 xG; -3,2
1)
where: H", - the calculated value of the coercive force to determine the strength of the hook shank in A
/ cm,
G, — is the tensile strength in MPa
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Fig. 6 The graph of the coercive force versus the diameter of the experimental sample with
with variable section: a) diameter from 20 to 64 mm, b) diameter from 70 to 170 mm

However, this formula does not take into account the correction factor determined by the
experimental samples. After calculations, formula (1) takes the form
B
H. =0,026 xG -3,2
(2)

where: H”, - the correction factor obtained when recalculated on the experimental samples

Using the formula and substituting the obtained correction factor in formula (2) we obtain the

calculated value of the tensile strength.
Conclusions:

In the course of the conducted researches it is established that after treatment in conditions of
SHS of steel 20 after 3 hours of isothermal holding at 850 ° C leads to formation of fine-grained
structure which increases the physical and mechanical properties of steel in 1,2-1,6 times

A method for controlling the structure of shanks of hoists of hoists of cranes is established
and proposed, where it is necessary to take into account the correction factor for each diameter under
which control is made, where the error from accounting for the difference of diameters is eliminated

The method of control for the control of shanks of hooks taking into account the difference of
diameters MK 230-140-15 is developed. Patent for utility model received in Ukrpatent Ne 99528 dated
09.12.2015, "Experimental sample for control of mechanical stresses in steel products".
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®OPMYBAHHS CTPYKTYPU T'AKIB BAHTAKOIIOAMOMHUX KPAHIB B
YMOBAX CBC

Y cmammi posenamymo ¢hopmysanna cmpykmypu 2axié 6aHmaxiconioitiManibHUx KpaHie 3
Memoi 3anobieanHs PO3GUMKY MPIWUH WAAXOM (Qopmy8aHHs KOHcmpykyii cmani 20 wiiaxom
00pobKU 8 YMOBAX CAMO PO3NOBCIOONCYBAHO20 BUcOKomemnepamyproeo cuumesy (CBC) ons
ompumanus  OpibHo3epHucmoi  hepumo-nepaimosoi  cmpykmypu.  Ilposedeni  docnioicenns
0036015110Mb  CHOPMYBAMU PAYIOHATILHY CIMPYKMYPY CMAdi OJisl UKTIOYEHHS PO3GUMKY MPIWUH Ha
Hebe3neyHux OLIAHKAX NIOUOMHUX 2aKi6 NIOUOMHO-MPAHCNOPMHUX MEXAHIZMIE, W0 Npayiooms 6
yexax memanypeiunozo upoonuymea. Pospobnena memoouxa xonmponio cmpykmypu nicis CBC 3
VPAXy8auHaM 6NAUBY PISHUX OiaMempis 2aKie.

Knrouoei cnosa: cmpykmypa, nonpasounuii KoeQiyicHm, camopo3no8ciooNiCyroyuli
BUCOKOMEMNEPAMYPHULL CUHME3, MPIWUHA, 8MOMHE DYIHYBAHHI, KOEPYUMUSHA CUId,
MIKpOCMPYKmMypa, eKcnepumMeHmanbHuli 3pa3ox.

Jlitepatypa

1. Cepena b. Il. HoBi marepianu B metanyprii : HaBd. moci6. mis cryn. BH3 /; 31IA. -
3amopixoxs : 2009. - 394 c.

2. Cepena b. II. MeTtano3HaBcTBO Ta TepMidyHa 00pOOKa YOPHUX Ta KOJHOPOBUX METAIIB:
HiApy4. s CTya. By3iB.-3anopixoks: 3/IA, 2008.- 302 c.

3.Cepena b. II. IloBepxHeBe 3MiLIHEHHS MaTepialiB MPALIOIOYHX B YMOBAaX KOMIUIEKCHOTO
BIUIMBY arpeCHMBHHUX PE4OBHH : MoHorpadis / Juinpos. nepx. texH. yH-T (ALTY). - Kam'sHebke :
JATY,2019.-172c.

4. Cepena B.I1., Kpyrmsik [.B., XKepebuor O.A., bemokons KO.0. O6poOka MeTaniB TUCKOM
NpY HECTalllOHAPHUX TEMIEepaTypHUX yMoBax. MoHorpadis.- .-3anopixoxs: 3IA, 2009.- 252 c.

5. 'OCT 2105-75 Kproku KoBaHbIE MITAMIIOBaHHBIE. TeXHIUECKNE YCIOBHUS.

6. Bonbmakos B.U., Cyxommun B.U., Bonox B.M., BimsHue temmneparypbl OT)KHTa Ha
(dopMHpOBaHNE CIHENHANBHBIX TPaHUI B apMKo-kene3e / CTpOWUTENBCTBO, MaTepUallOBEICHHUE,
MmamuHocTpoenue //CO. HayuH. TpyaoB.Beim.80,- duenponerposck-, [BY3 «II'ACAy, 2015.- C.67-
70.

7. bonpmakoB B.M., Cyxomumn B.U., CoboneBckuii C.HU., OBuapyk C.A., Bomox B.U.,
BnusiHue oTkura Ha CTPYKTYpY M CBOMCTBA XOJIOAHOJE(HOPMHUPOBAHHON HU3KOYTIIEPOAUCTOM cTau /
CrpoutenbcTBO, MarepuanoBeleHue, MammHoctpoeHue //CO. HayuyH.TpynoB.Bem.80,- [Iuemnp-,
I'BY3 «III'ACA», 2017.- C.37-41.

8. Cyxommun B.l, Bomox B.l., BrnusHue IIuTenbHOCTH HOpPMajH3allUd Ha CTPYKTYPY
MarHUTHBIC CBOWCTBA ¥ CIICHMAJbHBIC TPAHMIBI B HHM3KOYIJICPOAMCTOW cTamu. Science, Society,

© ©B.P. Sereda, V.I. Voloh



128 "[IEPCIIEKTUBHI TEXHOJIOI'II TA IIPHJIAJIIT" Jlyyox, 2020. Bunyck Nel6

Education: Topical Issues and Development Prospects wmarepianu Te3 momosige#t I mixkHapomHoi
HAyKOBO-TpakTU4HOI KoHpepeHiii (M. XapokiB 16-17 rpyaus 2019p.). m. Xapekis, 2019. C.271-276.

9. Hemuues B.H. Ouenka 1 noBbieHne 6€300acHOCTH SKCILUTyaTallli KPIOKOBBIX MOJBECOK U
IrPy30MObEMHBIX KPaHOB: JUC. ... KaHJ. TexH. Hayk / B.H. [lemuueB. — HoBouepkacck, 2011. — 181
c.

10. ITar. 99528 Vkpaina, MIIK GO1L 1/12. EkcnepuMeHTansHAN 3pa30K M1 KOHTPOIIOBAHHS
MeXaHIYHUX HamnpyxeHb y craneBux aetainsix / [Boxox B.I., Cyxomnun B.1., Mocsnan B.B., boiiko
B.M., Mounnii B.B. ]; 3asBamk 1 mnareHtoBiacHuk  IlyGmiune Axmionepae ToBapucTBo
«luinpoBcrknii Metamypriiauii kom6Oinat imeHi @.€. [IzepxkuHchkoro». - Ne u 2014 13815;
3as811.23.02.2014; ony611.10.06.2015, brom.Nel 1.

®OPMHUPOBAHUE CTPYKTYPbhI KPIOKOB BAHTAKOIIOJHOMHHX KPAHOB B
YCJIIOBUSAX CBC

B cmamve paccmompeno opmuposarue cmpykmypsl KpioKO8 2py30no0beMHbIX KPAHO8 C
yenvio npedomepaeHUsi pa3gumusi mpewun nymem Gopmuposanus koncmpykyuu cmanu 20 nymem
00pabomku 6 YCIOoGUAX Jice PACNPOCMPAHAEMO20 ebicokomemnepamypnoeo cunmesza (CBC) ons
NONYYeHUsT MeKO3epHUCIOU  heppumo-nepaiumosou cmpykmypul. Ilpogedennvie ucciedosanus
NO360I5I0M CHOPMUPOBAMb PAYUOHATLHYIO CIMPYKMYPY CMARU 015 UCKIIOYeHUs PA3GUMUs MpeujuH
HA ONACHBIX YHACIKAX HOOBEMHBIX KPIOKO8 NOOBEMHO-MPAHCHOPIMHBIX MEXAHUZMO8, pAOOMAiowux 8
yexax Memannypeuiecko2o npouzeoocmedq. Paspabomana memoouxa KOHMPOAsi CMpYKmMypul nOcie
CBC ¢ yuemom @IusAHUA PA3TULHBIX OUAMEMPOS KPIOKOS.

Knrouesvle cnosa: cmpyxmypa, nORPAGOUHBLI KOIPOUYUEHM, CAMOPOZNOECIOONCYIOUUL
BbICOKOMEMNEPAMYPHbIL  CUHMES, MPewuna, YCMaloCmHoe paspyulenue, KOIPYUMUBHAS CUd,
MUKPOCIMPYKMYPA, IKCNEPUMEHMATbHBLII 00pa3ey.

®OPMYBAHHS CTPYKTYPU KPFOKOB BAHTAKOIIOJJMOMHIX KPAHIB B YMOBAX
CBC

Y cmammi pozensinymo gopmyeanns cmpykmypu 2axie 6aHmMaiconiOiMaibHUx Kpauie 3
Memolo 3anobieanns po36UmMKy Mpiwun wiasaxom @opmyeanns Koucmpykyii cmanu 20 winsaxom
00pOoOKU 6 YMOBAX Jice PO3NOBCIOONCYBAHO20 Gucokomemnepamyprozo cunme3y (CBC) oas
ompumantsa  OpibHo3epHuUcmoi  heppimo-neprimosoi  cmpykmypu.  Ilpogedeni  0ocniodicenHs
0038071A10Mb CHOpMY8amu payionanbHy CMpYKmypy Cmanu Ol UKNIOYEHHS PO36UMKY MPIWuH HA
Hebe3neyHux OLNAHKAX NIOUOMHUX 2aKi8 NIOUOMHO-MPAHCNOPMHUX MEXAHIZMI8, WO Npayiowms 6
yexax memanypeilino2o eupoonuymea. Po3pobneno memoouxy xkoumpono cmpykmypu nicas CBC 3
VPAXyBaHHAM GNIUBY PI3HUX OlamMempie 2aKie.

Knrouoei  cnosa: cmpyxkmypa, nonpasounuii  Koe@iyienm, — CAMOPO3NOECIOONCYIOUIll
BUCOKOMEMNEPAMypHULl  CUHMe3,  MpiWuHa,  GMOMHE  DYVUHY8AHHA,  KOEpYUmMueHoi  cuid,
MIKPOCMPYKIMYPA, eKCHePUMEHMANbHUL 3PA3Z0K.
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