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Research of the process of cold breaking of rolling by bending under static and shock loads was
conducted to determine the effect of loading speed on the power parameters of the separation process and the
guality of the workpieces. Experimental researches are conducted for the three-point cold breaking by bending
of templates from steel of different brands at the static and shock loading with the use of original equipment
and rigging. Comparison of maximal force of breaking at the static and shock loading was estimated by the
coefficient of dynamic, which for the different brands of steel laid down accordingly: ILIX15 - 0,7; 60C2 - 1,6;
45 - 2,0..2,2; 40X - 1,8..2,1; 20 - 1,6..1,8 at speed of deformation to 18 m c. At the increase of speed of
deformation the coefficient of dynamic grows for materials in the plastic and viscidly-resilient state and
diminishes for materials in the fragile state. Than higher plasticity of material of templates, the greater size of
coefficient of dynamic.

Obviously, that for the exposure of inclination of materials of templates to fragile destruction it is
necessary to apply the higher values of speed of loading. With the growth of speed of deformation geometrical
exactness of blanks from the different brands of steels, gets better, but not significant. The most high quality
was shown by blanks at the division of standards from fragile and viscoelastic steels: 111X 15, steel of 60C2,
steel 45, steel of 40X. It is identified that greater part of energy of deformation is spent on an origin and viscid
growing up of crack, while energy expended on fragile destruction is insignificant. Got results can be used for
the improvement of the technologies of process of division of grade rolling on the measured blanks by the
method of the cold breaking by a bend.
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Fig. 6. Table. 1. Ref. 8.

1. Introduction

Among the known waste-free methods of cut out of high quality rolling the special place is occupied
by breaking bend, which is based on the directed destruction of the cut rolled during bending. The method of
cold breaking by bending has low energy consumption, ease of implementation, the ability to separate hard
and high-strength materials without heating. However, the full advantages of bending fracture can be used only
if additional measures are taken to radically improve the quality of chipping and reduce the energy
consumption of the fracture process, because the elastic-stress state is formed throughout the rolled section
and only a small part of elastic energy goes to crack development. Other part of resilient energy is spent on a
flowage in a macrovolume - in the area of contact with a shock instrument and supports [3].

In addition, as a result of the analysis of the regularities of deformation and destruction of rolled metal,
it was found that the development of geometric defects during fracture is also caused by plastic deformation
during separation [3,4].

One of the promising ways to reduce the level of plastic deformation is the use of high load speeds. A
large merit in the study of questions of influence of speed of deformation on property of durability of metals
belongs to the scientists: loffe O.F., Davidenkov N.N., Shevandin Ye.M., Gopkinson D., Erdogan E., Ekobori
T., Pirson D., Sokolov L.D., Napivkhin P.1., Gun G.Ya., Galkin O.M., Parton V.Z. and others [1-8].

Development of new high-speed processes of division of high quality rolling on the measured blanks
must be based on the modern methods of experimental analysis. Knowledge of the conduct of material at the
shock loading - one of necessary terms of correct choice of the technological modes of process of division [5].
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2. Problem formulation

Important direction of improvement of machine-building production is the development of ways of
the cost of metal cutting in a purveying production and also the increase of exactness and productivity of cut
out of rolling, as the noted factors substantially influence on the technical and economic indexes of next
processes of production [1-5].

However, determination of size of arising up at a blow effort, through small enough duration of
collision, presents the known problem. The briefness of action of loading and appearance of wave effects with
the height of speed of deformation considerably complicate the analysis of conduct of material and influence
of speed of loading on his mechanical properties [4].

Numerous experimental data testify to the sensitiveness of materials to speed of loading, that speed of
loading can, both to increase and diminish descriptions of durability depending on a structure, composition
and technologies of their receipt. However, published experimental data are contradictory and it’s volume
unsuffices, especially in relation to the processes of division of high quality rolling on the measured blanks

[3].

3. A purpose of work

A purpose of work is research of the process of the cold breaking of rolling by bending at the static
and shock loading for determination of influence of speed of loading on the power parameters of process of
division and quality of blanks.

In order to obtain such data, experimental studies on three-point cold fracture by bending samples of
steel of different grades under static and shock loads were performed [5].

4, Results of research

During the experiments, a press hammer was used as equipment (Fig. 1), a structure of the Donbas
State Machine-Building Academy (DSMA), which provides the ability to create quasi-static, shock and
combined loads in a wide range of speeds, energies and forces and has the following characteristics: maximum
energy blow — 1,3 kDh; force developing by the press part — 106 kH ; the maximum theoretical speed of the

moving parts of the machine — 24,6 m/s and the corresponding stroke of the rod — 114,6 mm ; battery

capacity — 12-10"® m®; maximum working pressure — 18 MI7a ; mass of moving parts — 6,25 kg [7].

For carrying out experiments the installation for division of samples by a method of cold breaking by
a bend consisting of a bed 1 in which guides mechanisms of a clip of hire, a breaker and the supports established
with a possibility of the translational movement limited by stops 2 and overlays 3 which fasten to a bed with
1 bolts. The position of the clamping mechanisms, breaker and supports is fixed by bolts 5 screwed into the
stops 2, nuts 4 and spacers 6. The rolling clamp mechanism consists of a housing 7, in the hole of which is a
sample 15 between the half-sleeves 8, which are clamped by a bolt 9 screwed in the housing 7. The mechanism
of the breaker consists of the housing 10, the striker 11, installed with the possibility of translational movement
in the guides of the housing. The support mechanism consists of a housing 12 and a support plate 13, which is
held by the pad 14 by means of bolts with washers [5,8].

A structural chart and picture of the experimental rigging (Fig. 1, a), picture of experimental equipment
(Fig. 1, b) and chart of realization of experiment (Fig. 1, B), is brought around to Fig. 1.

Foil strain gages FKTK 10 200 C I, included according to the half-bridge scheme, were used as strain
gages for registration of efforts on a fight and support of equipment. Information from strain gauges through a
universal device for multichannel information collection E-440 was fed to a PC, where after processing using
the original program was stored in tabular and graphical form, convenient for further analysis [5,8].

In an experiment cylindrical standards were used from rolling with diameter 16 mm and long 150 mm
from the different brands of steel, that are in plastic - Ct. 3, in resiliently-plastic - Steel: 20, 45, 40X and in
fragile state - Steel: 60C2, IIIX15. Stress concentrators in the form of an annular groove of a triangular profile
were previously applied to the samples by means of a turning cutter with such parameters: depth — Ah =1 mm

and Ah =3 mm, aradius at a top — 0,15 mm. Shoulder of appendix of loading — 50 mm [7].
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Fig. 1. Structural chart and picture of the experimental rigging (a), picture of experimental
equipment (b) and chart of realization of experiment (c)[5,8]

Measuring of geometrical parameters which characterize geometrical exactness of the divided
standards, was conducted by the method of macrostructural analysis with measuring of absolute and relative

values of curvatures of geometrical form with the use of universal measuring instrument.
Typical graphics of change of power parameters of process of the three-point cold breaking by a bend

from time at the division of standards from the different brands of steel with the concentrator of tensions
Ah =3mm at the static and shock loading presented on Fig. 2.
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Fig. 2. Dependence of force on a firing-pin from time for standards from the different brands of

steel at Ah=3 mm1 — Steel IIIX15; 2 — Steel 20; 3 — Steel 40X; 4 — Steel 45
a — at the static loading; b — at the shock loading
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Typical oscillogram which is taken off from a firing-pin and supports (testimony of three channels

which are taken off simultaneously) for standards from steel of brand of 60C2 at V =18 m/s presented on
Fig. 3.
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Fig. 3. Typical oscillogram which is taken off Fig. 4. Dependence of static force is on a firing-pin
from a firing-pin and supports (testimony of from timefor the different brands of steel at
three channels which are taken off Ah =1 mm 1 - Steel 60C2; 2 — Steel 45; 3 - Ct. 3
simultaneously) for standards from steel of
brand of 60C2 at V\=18m/s: axis of X — time, a
scale — 100000 measuring in 1 s.

Change of force of breaking F(t) at the three-point breaking of standards with the concentrator of
tensions Ah =1 mm at the static and shock loading presented on Fig. 4,5.
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Fig. 5. Graphics of change F(t)of force on a firing-pin and supports (a testimony is from three
channels which are taken off simultaneously) for the different brands of steel at the shock loading
(V =18 m/s) on the chart of the three-point breaking by a bend at Ah =1 mm
a—Steel 60C2; b — Steel 45; ¢ — Steel 40X; d — Steel 20

Results of the conducted experimental researches and additional calculations presented in Table. 1.
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Table 1
Results of experiments
Maximal force of breaking F ,xH
Mark of steel Ah=3 mm Ah=1mm Dynamic factor
statics dynamics statics dynamics
Steel IIX15 3,8 2,7 — — 0,7
Steel 60C2 — — 22,0 35,0 1,6
Steel 45 3,9 8,6 16,0 32,0 2,0...2,2
Steel 40X 3,9 7,0 21,0 45,0 18..2,1
Steel 20 4,2 7,5 22,0 35,0 16..18

Comparison of maximal force of breaking at the static and shock loading was estimated by the dynamic
factor k, =F,, /F, (see a table. 1), which for the different brands of steel laid down accordingly: Steel

IIIX15-0,7; Steel 60C2-1,6; Steel 45-2,0..2,2; Steel 40X-1,8..2,1; Steel 20 — 1,6..1,8. Obtained results
satisfactorily comport with data, resulted in literature [3] (taking into account that experiments were conducted

at speed of loading V =18 m/s) where dynamic factor with the height of speed of deformation a to 100 m/of

¢ for an armco-iron increases in 3,4 times; for Steel 45 — in 2,8 times; for steel Ct 3 —in 2,9 times; for steel
HIX 15 — less than 1,0 (explained by the initial processes of destruction in a metal and allows to consider a
structural factor qualificatory on the initial stage of high-speed tests of materials).

Pictures of standards from the different brands of steel, divided on the chart of the three-point cold
breaking by a bend at the shock loading presented on Fig. 6. Description of geometrical exactness of interphase
of blanks was conducted on the known methods [3].

A blank from steel 60C2 is got by fragile destruction, the surface of destruction is mat, there is a small
tear-out from the side of area of squeezing tensions, the trajectory of crack is rectilineal, the areas of standard
near-by the concentrator of tensions practically are not deformed. Quality of blanks is high (see fig. 6, a).

0 )
Fig. 6. Pictures of standards: a — Steel 60C2; b — Steel 45; ¢ — Steel 40X; d — Steel 20

Standard from steel 45 has next descriptions of geometrical exactness: destruction is fragile, surface
of destruction ofstriped, rough with the size of faction a 0,2...0,3 mm, the trajectory of crack is rectilineal. The
areas of blanks which join to the concentrator of tensions are not practically outbowed (see fig. 6, b). Quality
of blanks is satisfactory.

A standard from steel 40X has next descriptions of geometrical exactness: destruction is viscidly
resilient, surface of destruction of striped, coarse-grained with tear-outs (faction is a 0,3...0,4 mm), areas near-
by the concentrator of tensions are deformed poorly (see rice. 6, ¢). Quality of blanks is satisfactory.
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Standard from steel 20 has next descriptions of geometrical exactness: destruction is viscidly resilient,
surface of destruction of striped, coarse-grained with tear-outs (faction is a 0,6...0,8 mm), areas near-by the
concentrator of tensions are deformed poorly (see rice. 6, d). Quality of blanks is satisfactory.

Thus, with increasing the speed of deformation, the geometric accuracy of obtained from samples of
different steel grades improves, but insignificantly. Most of the energy is spent on the nucleation and viscous
growth of the crack, while the energy spent on brittle fracture is negligible. There is leakage of the crack at
room temperature, which is inherent in the brittle fracture, which is consistent with the data of the experiment
[3] at temperatures below 50° C.

5. Conclusions

1. Values of dynamic factor at the shock loading of standards with different mechanical properties on
the chart of the three-point breaking by a bend were defined. On the whole at the increase of speed of
deformation the dynamic factor grows for materials in the plastic and viscidly-resilient state and diminishes
for materials in the fragile state. The higher plastic properties of material of standards, the greater size of
dynamic factor. For the exposure of inclination of materials of standards to fragile destruction it is necessary
to apply the higher values of speed of loading - to 50 m/s.

2. With the increase of speed of deformation, geometrical exactness of blanks, obtained from standards
from the different brands of steel, gets better, but not significant. Greater part of energy is spent on an origin
and viscid growing up of crack, while energy expended on fragile destruction is insignificant.

3. Obtained results can be used for improvement of the technologies of process of division of the grade
rolling on the measured blanks by the method of the cold breaking by a bend.
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JOCIIIKEHHA IMTPOLECY PO3AIVIEHHS COPTOBOI'O ITPOKATY
HA MIPHI 3AI'OTOBKH CIIOCOBOM JIOMKMU 3 HHOM IIPU CTATUYHOMY TA
YIAPHOMY HABAHTAKEHHI

B pobomi nposedeno oocniddicenus npoyecy Xon00Hoi 1OMKU NPOKAMY 32UHOM NPU CIMAMUYHOMY |
VOapHOMY HABAHMAICEHHT OJIsl GUSHAYUEHHS GRAUBY UWIGUOKOCTNI HABGAHMAICEHHS HA eHEP2SOCUNO8] NAPAMEMPU
npoyecy po30ileHHs ma AKICMb 3a20Mo6oK. Excnepumenmanvhi 00CaiodceHHs: npogedeHi 0 mMpPUmouKko8o20
XOJIOOH020 JIAMAHHS 32UHOM 3PA3KI6 31 cmaJiell PisHUX Mapox npu CMAmuyHoMy i YOApHOMY HABAHMANCEHHI i3
BUKOPUCTNAHHAM OPULTHANLHO20 001A0HAHHA | ocHacmky. [IopiGHAHHA MAKCUMANbHOI CUNU TAMAHHA NpU
CMAMUYHOMY i YOAPHOMY HABAHMAICEHHT OYIHIOBAN0CA KOeDiYieHMOM OUHAMIYHOCII, AKULL 01 PISHUX MAPOK
cmaneti cknas ionogiono. [IIX15-0,7; 60C2-1,6; 45-2,0...2,2; 40X-1,8...2,1; 20 — 1,6...1,8 npu wseuokocmi
degpopmyeanns 0o 18 m/c. Ipu spocmanni weuoxocmi depopmysanus koeghiyienm ounamiuHocmi spocmae
01 Mamepianie y nAACUYHOMY Ma 8 SI3KO-NPYHCHOMY CMAHI i 3MEHWYEMbCA OJi MAMepianie y KpuxKkomy
cmani. Yum euwye nnacmuynicms mamepiany 3pasKie, mum Oilba 6eIUYUHA KOeDiyicHMAa OUHAMIYHOCHII.
Ouesuono, wo Ons BUABNEHHA CXUIbHOCMI Mamepianié 3paskie 00 KpuxKozo pyuHyganusi mpeoa
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3acmocogysamu  Oilbl 6UCOKI 3HAYEHHS WBUOKOCMI HABAHMAdCeHHs. I3 niosuwjenuam weuoKocmi
O0ehopmyeanHs 2eoMempuiHa MOYHICIb 3a20MOBOK i3 PI3HUX MAPOK CTAell, NOTNULYEMbCS, dJle HeCYMMEBO.
Haiibinbw eucoky sikicms noxazanu 3a20moKu npu po30LleHHi 3pasKié i3 KPUXKux ma eﬂsxonpyofcnux
cmaneu: LIX 15, cman 60C2, cmanv 45, cmanw 40X. Bcmawnosneno, wo 6Oinbua wacmuna enepeii
Odehopmysants BUMPAYAEMbCS HA 3aPOOJNCeHHsl | 8’s3Ke NIOPOCMAaHHA MpiyuHy, mooi sSK eHepeis,
3amMpayy8ana Ha KpuxKe pyuHysanis, € HesHaynoto. Ompumani pe3yiemamu ModICyms Oymu 6UKOPUCMAHT 015l
600CKOHAIOBAHNS MEXHO02IT npoyecy ooy Copmoso2o NPOKAMY Ha MIPHI 3a20MOBKU CHOCOOOM XOI00HOT
JIOMKU 32UHOM.

Kmouosei cnosa: tovmka 3euHom, cuna, cmamuxa, yoap, siKiChib, BpoKan, 3a20moeKa, KoeqiyieHm OuHaMIMHOCHIL.

Puc. 6. Taon. 1. JIim. 8.

NCCIEAOBAHMUE IMNPOLHECCA PA3JIEJIEHUSA COPTOBOM NPOKATKHA
HA MEPHBIE 3ATOTOBKH METOJIOM PA3PIBHOI'O U3T'BA ITIPYU CTATUYECKOM
N YJIAPHOM HATPY3KE

B pabome nposedeno uccredosanue npoyecca Xo100HOU TOMKU NPOKAMA U32UOOM HPU CIAMUYECKOM
U YOapHom HazpysceHuu Ojisk Onpedenetuss RUsHUL CKOPOCTHU HAZPYICEHUST HA IHEP2OCUNOBble NAPAMEMPbL
npoyecca pazoeneHusi U Kaiecmeo 3a20mooK. DKCNEPUMEHMATbHbIE UCCIe008AHUL NPOGedeHbl  Olsl
MPEeXmo4euHol X0N00OHOU TOMKU U32UO0M 00pA3y08 U3z CMAiei PA3TUYHbIX MAPOK NpPU CMAMUYecKou u
VOapHOU Hazpy3Ke ¢ UCNONb308AHUEM OPUSUHATLHO20 000pydosanus u ochacmku. CpasHeHue MaKCUMaibHOl
CUbl JOMKU HPU CMAMU4ecKoll U YOApHol Hazpy3Ke OYeHUBAIOCh KOIPOuyUeHmom OUHAMULYHOCTU,
KOMOpbiil 0Jis PA3TUHHBIX MAPOK cmaietl cocmasun coomeemcemeernno: IIIX15—0,7;60C2—-1,6; 45-2,0...2,2;
40X -1,8..2,1; 20 — 1,6...1,8 npu cxopocmu Odegopmuposanusi 0o 18 m/c. Ilpu yseruuenuu cxopocmu
depopmuposanuss KoIpPuyuenm OUHAMUYHOCIIU YEeaUHUsaemes Oisi MAmMepuailos, HAXO00SAWUXCs 6
NIACMUYECKOM U BS3KO-YNPY2OM COCHOSHUU, U YMEHbUUACMC sl OI5l MAMepUanos 8 Xpynkom cocmosuuu. Yem
gbllle NaACMUYECKUe CBOUCMBA Mamepudanra obpa3yos, mem OOIbule GeIUUUHA KOIPPuyuenma
Ounamuunocmu. QOueguono, umo O GbIAGNEHUsI CKIOHHOCMU MAMepuanog oopasyos K XpYnKomy
PAaspyuienuio Heooxo0UMo UCHOIb308amMb Oolee BblCOKUe 3HaweHusi ckopocmu Hazpyacerust. C nogvluuenuem
CKOPOCU 0ehOPMUPOBAHUS 2OMEMPULECKASI MOYHOCTb 3A20MOBOK, NOTYYEHHBIX U3 00PA3Y08 U3 PAZTUUHBIX
Mapok cmaret, yIyuuiaemcs, Ho HeznauumenvHo. Haubonee 6blcokyl0 mouHocms 3a20mMo60K NOYHULU NPU
pazoenenuu 0opazyos uz xpynkux u easkoynpyeux cmaneii: LLIX 15, Cmane 60C2, Cmans 45, Cmane 40X.
Bonvwas uacme sHepeuu pacxodyemcsi Ha 3apodcOeHUe U 653K0e NOOPACMAHUS MPeujutbl, mo2oa Kax
OHepeusl, 3ampavueaeMas Ha XpynKkoe pazpyuienue, Hesnawumenvra. [lonyuennuvle pezyibmamosl Mo2ym 6vime
UCNOML308AHBL OJISI COBEPUICHCIBOBANUSL MEXHOL02UU NPOYECCa PA30eNeHUsl COPMOB0O20 NPOKAMA HA MEPHbLe
3G20MOBKU CHOCOOOM XOTOOHOU IOMKU UZLUOOM.

Knwouesvie cnosa: nomka uzeubom, cuiqa, Cmamukd, yoap, Kavyecmeo, NpoKam, 3a20moeKa,
KO3 puyuenm OuHamMuyHOCmu.

Puc. 6. Taon. 1. Jlum. 8.
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