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Abstract: In this work, the method of manufacturing
of long-measuring tubular blank (barrel blank) from a
short blank by hydrostatic extrusion on the smooth
moving mandrel under the high-pressure is proposed
and realized. It is proposed the new techniques of
receiving precision thick-walled tubular blank with
inside helical grooves by example of the
manufacturing of the rifled barrel with polygonal
shape:

- double-line process, based on crimping of the
barrel blank on the shape mandrel by idle rollers;

- pressing-wire drawing of the barrel blank with
the shape mandrel through the smooth conic mould
with the blank fixation (centering) on parallel land
with no restrictions and with one-sided metal flow
along the length.

For the first time the method of determining MD
of the barrels of small arms with a rifled inner surface
of different form, under the influence of internal static
and dynamic loading, based on the use of FEM is
developed.

Keywords: computer simulation, finite element
method, mandrel, hydrostatic extrusion, hydrostatic
pressure, crimping, wire drawing, conic mould,
longitudinal stability, strength.

INTRODUCTION

Thick-walled tubular products with the precision
elements of the inner shape (6 ... 8 workmanship,
with a roughness 0,16 ... 0,64 mmm) are widely
used in mechanical engineering, instrument
engineering and special-purpose products.

By typical example of special-purpose products
can be barrels of artillery and small arms. Their
manufacturing technique provides two stages:

1. The production of a deep hole with the
specified geometrical parameters of an inner surface.

AHHOmMauus: B 0aHHoU pabome rpednoxeH u pearnu-
308aH ¢rnocob nosyyYeHus: OnuHHomMepHol mpybdamou
3a20mMoeKU  (CmMeosibHOU  3a20moeKu) U3 KOPOmKol
3a20mosKU MemodoM 2udpPO3KCmMpPy3uuU Ha MoO8UXHOU
enadkol ornpaske 8 cpede 8bICOKO20 2udpocmamu4dec-
Koeo OaeneHusi. [lpednoxeHbl HO8ble MEXHOMo2UU
nonyy4yeHusi NpPeyu3uoHHolU moricmocmeHHol mpybya-
moli 3a20mMO6KU C 8HYMPEHHUMU 8UHMOBbLIMU KaHae-
KaMu Ha rpumepe U320Moe/eHUs Hape3Hoe0 cmeosa
C NonueoHasbHbIM Mpogunem:

- 08yXrpPOXO0HbIl MPOYECC, OCHOBaHHbIU Ha 0bxxa-
muu cmeosIbHOU 3a20MOBKU Ha rnpogusibHOU Orpaske
HernpueoOHbIMU POSIUKaMU;

- MpeccosaHue-80Mo4YeHUe  C€mMeosibHOU  3a20-
moeKu ¢ npogunbHOU orpaskoll yepe3 2aiadKyr Ko-
Hu4eckyro mampuuy ¢ gukcayuell (UueHmpuposaHuUem)
3a20moeKku Mo Kanubpupytouwemy mnosicy 6e3 oe-
paHu4eHusi, ¢ 00HO- U 08YCMOPOHHUM O2paHuUYeHuUeMm
meyeHusi Memarna no OnuHe.

Bnepebie paspabomaHa, OCHOBaHHasi Ha UCMOJIb-
308aHuu MK3, memoduka onpedenerus HC cmeonos
CMPEeIIKO8020 OPYKUsI C Hape3HoU 8HympeHHel nose-
pXHOCMbIO pasHol @hopMbi, Haxodsuuxcs rnod oed-
cmeuem 8HympeHHel cmamuyeckol u OuHamuyeckol
Haepy3Ku.

Knroueenie cnoea: komnbiomepHoe mModesnuposaHue,
Memod KOHeYHbIX 3JIeMEeHmMo8, orpaska, audpo-
aKecmpy3usi, 2uépocmamudeckoe O0asrneHue, obxamue,
80J104eHUe, KOHUYecKasi Mampuua, npodosibHasi cmou-
KOCMb, MPOYHOCMb.

BBEOAEHUE

ToncTocTeHHble TpyG4yaTble U3genust ¢ Npeumano-
HHbIMW 3NeMeHTaMu BHyTpeHHero npodunsa (6...8
KkBanuTeT, npu wepoxosatocth 0,16...0,64 mkm) gocTa-
TOYHO LUMPOKO NPUMEHSIIOTCSI B MALUMHOCTPOEHWU, Npu-
6OpPOCTPOEHNM U N3OENUAX CNELNANbHOTO Ha3HaYEHUS.

TvNOBbLIM MPUMEPOM U3AENUIA CneuuanbHOro Ha-
3HaYEHUS MOTYT CNYXWTb CTBOJbI apTUMNEPUACKOrO 1
CTPENKOBOrO OpYyXusi. TEeXHONMOrns Mx MW3roTOBIEHUS
npegycmaTpuBaeT ABe CTaauu:

1. Mony4yeHne rnyGokoro OTBEPCTUS C YKa3aHHbIMU
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2. The production of the shape elements on an
inner surface.

Each of them requires several operations and
special equipment.

Most often the bore in the blank of the barrel is
made according to the scheme: preliminary
continuous drilling, reaming, finishing reaming. As
finishing operations, it is applied a honing or drawing,
and recently — electrochemical processing [1].

PROBLEM STATEMENT

The great scientific and practical interest is the
improvement of the manufacturing processes of arm
barrels using the method of plastic deformation of the
following principal causes:

* as materials for the barrels manufacturing
generally are used structural alloyed high-quality
steels, such as 30HN2FMA, 50RA et al., that are
low-ductility materials;

+ the necessity of the receiving of primary long-
measuring thick-walled tubular blank with the deep
hole of accuracy requirement with a surface
roughness of 0.16 ... 0.64 mmm;

* the bore of the arm barrel has high dimensional
accuracy and a rather complicated geometry of
shape elements, generating a helical surface;

* service performance (ballistic characteristics) of
firearms directly depends on the quality of the inner
shape of arm rifled barrel.

However, by the manufacturing of the bore of the
barrel using the traditional methods, based on cold
plastic forming of the metal (radial forging,
mandrelling) it is not always provided the desired
quality of the bore.

Hereby, the question of making of new non-
traditional, highly  productive = methods  of
manufacturing of high-quality barrels of small arms
(SA), based on the plastic forming of the metal,
currently remains sufficient relevant.

The aim of the work is the development of the
existing and the making of new science-based,
providing the improvement of engineering-and-
economical performance, manufacturing processes
of long-measuring tubular barrel blanks and barrel of
SA with the optimal shape of inner surface of the
driving part of the bore, based on the cold plastic
forming of metals.

MAIN ARTICLE

The development of new manufacturing
processes of precision tubular products by the
methods of the cold plastic forming and the design
required for this production tooling are not possible
without a thorough analysis of the mode of

reoMeTpuU4ecKMMm
BEPXHOCTW.

2. MNMonyyeHve Ha BHYTPEHHEW MNOBEPXHOCTWU MNpO-
VNbHBLIX 3NIEMEHTOB.

Kaxpas u3 Hux TpebyeT Heckonbkvux onepauui u
cneupnansHoro obopyaoBaHus.

Yale Bcero kaHan B 3arotoBke CTBOfla NpPOMW3BO-
ONTCa No cxeme: npeaBapuTenbHOE CMOLIHOe CBe-
prneHue, pa3BépTbiBaHNE, YNCTOBOE pa3BEpPThiBaHue. B
KayecTBe (PUHULIHBLIX oOnepauui, MPUMEHSAIOT XOHU-
HroBaHvWe unv NpoTArMBaHve, a B nocnegHee BpemMs —
anekTpoxumuyeckyto obpabotky [1].

napameTpamy  BHYTPEHHen no-

NMOCTAHOBKA MNMPOBJEMbI

BonbLlor HayyHbIN M NpakTU4ecKnn nHTepec npe-
OCTaBnsieT COBEpPLUEHCTBOBaHME MPOLECCOB W3roTo-
BMEHNS OPYXEWHbIX CTBOMOB METOAaMU NIacTUYecKom
aedopmanmm no cnegyoLwmnmM OCHOBHBIM MPpUYMHaM:

* B Ka4ecTBe mMaTepuarnoB 4SSl U3rOTOBIMEHNsI CTBO-
NOB  MCNOMb3YTCA B OCHOBHOM KOHCTPYKLUMOHHbIE
nerMpoBaHHblE€ BbICOKOKAYECTBEHHbIE CTanu, TakMe Kak
30XH2PMA, 50PA n gp., T.e. ManonnacTuyHble maTe-

pvansi;
* HeobGX0OMMOCTb MONyYEeHMST UCXOOHOW [LOFIMHHO-
MEpPHOM  TONCTOCTEHHOM TpyO4aToMm 3aroTOBKM C

rnybokum oTBepcTUEM HeOoBXOAMMOW TOYHOCTWU MpU
wepoxoBaTocTn noBepxHoctn 0,16...0,64 Mkwm;

* KaHan OpYyXeWHOro CTBOMa MMEeT BbICOKYIO
TOYHOCTb PasMepoB W [JOCTATOYHO COXHYH reome-
TpUyeckyto opmMy NpOdUIbHBIX 3reMeHToB, obpa-
3YHOLLMX BUHTOBYIO NMOBEPXHOCTb;

* 3KcnnyaTauMoHHble KadectBa (BannucTnyeckue
XapakTepUCTUKN) OTHECTPENBHOIO OPYXWS HanpsMyo
3aBUCAT OT KauyecTBa BHYTPEHHEro npoduns Opyxen-
HOro Hape3Horo cTeona.

OpHako npwu M3roTOBMEHMU KaHama cTBofa Tpa-
OVLMOHHBIMWM MEeTOA4AaMW, OCHOBaHHBLIMW Ha XONOAHOM
nnactuyeckom AecdopmvpoBaHun metanna (paguans-
Has KOBKa, AOpHMpoBaHWe), He Bcerga obecneuuBa-
eTCH enaemoe ka4yecTBo KaHana.

Takum obpas3om, BOMPOC CO3[4aHWS HOBbIX HeTpa-
OVLIMOHHBIX, BbICOKOMPOU3BOAUTENBHBIX METOAO0B W3-
FOTOBIIEHMS BbICOKOKAYECTBEHHBIX CTBOIOB CTPEIIKO-
Boro opyxusi (CO), OCHOBaHHbIX Ha MMACTUYECKOM
nedopMMpoBaHUM MeTanna, B HacTosiee BpeMmsi
OCTaéTCs AOCTATOYHO aKTyarnbHbIM.

Lenbto paboTbl ABNSeTCH pasBuUTUE CYLLECTBYIO-
WMX U CO34aHUEe HOBbIX Hay4yHO OBOCHOBaHHbIX, 06e-
CneuynBaloLLnX MOBbILWEHNE TEXHUKO-3KOHOMUYECKUX
rnokasaTternewn, TeXHONOrMYeCcKMX NpoLEeCccoB U3roToBIe-
HUS ANMHHOMEPHbIX TPyB4aTbiX CTBOMbHbLIX 3arOTOBOK
n cteonos CO ¢ onTuManbHbIM Npodunem BHyTPEHHEN
MOBEPXHOCTU BeayLLEen YyacTu KaHana, OCHOBaHHbIX Ha
XONOAHOM  MnnactuyeckoM AedopMyMpoBaHMM  MeTa-
nno..

OCHOBHOM TEKCT CTATbM

PaspaboTka HOBbLIX TEXHONOMMYECKUX MNPOLECCOB
W3roTOBMNEHUSI MPELM3NOHHbIX TpyOuaTbix K3Oenui
MeTo4aMn XOMOAHOW nnacTtudeckon gedopmauum u
NpoeKTUpoBaHNe HeoOXOAMMOW Ans 3TOr0 TEXHOSO-
rMMYecko OCHACTKM He BO3MOXHbl 6e3 TuaTenbHoro
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deformation (MD) in the deformation site, an energy-
power characterization and strengthening calculation
of operating tools.

Because of the low-ductility barrel steels, the
traditional cold extrusion does not provide the
necessary degree of the forming without fracture.
Therefore, to improve the steel ductility by cold
shaping of products it is used the scheme of
extrusion in MD conditions of uniform irregular
compression by the forming under the high
hydrostatic pressure or hydraulic forging (hydrostatic
extrusion).

It is proposed and considered the promising
technique of receiving of high-precision tubular
products with high performance characteristics (for
example, of the barrel blanks) by the method of
hydrostatic extrusion with differentiated backpressure
of the tubular blank on a smooth moving mandrel [2-
4].

The realized scheme of the hydraulic forging of
tubular blanks with moving mandrel is shown in Fig.
1.

aHanu3a HanpsiKEHHO-A4e(dOPMUPOBAHHOIO COCTOSIHUS
(HAC) B ouare pedopmauuu, onpeaeneHns aHeprocu-
NOBbIX NAPaMETPOB M NMPOYHOCTHBLIX PAcY4ETOB paboumnx
WHCTPYMEHTOB.

BBrvay HWM3KOW MNNAcTUYHOCTM CTBOSbHBLIX CTanewn,
TpaaWLUMOHHOE XOrodHoe BblaaBrvBaHue He obecne-
ynBaeT Heobxoaumon cTeneHu aedopmaummn 6e3 pas-
pyweHuin. NoaTomy, ANA MNOBbIWEHUS NNACTUYHOCTU
cTanen npu xonogHoM ¢opMooOpasoBaHUM U3denui
MCMOnb3yT CXeMbl BblgaBnuBaHus B ycrnosusax HOC
BCECTOPOHHEr0 HEpaBHOMEPHOro cxatus npu aedop-
Mauun B cpefe BbICOKOrO rMapoCTaTU4ecKoro Aasre-
HUS MW TMAponpeccoBaHmne (TMAPO3KCTPY3NIO).

MpeonoxeH U paccMOTpeH NepCneKkTUBHbIN MeToa
Nnony4yeHns BbICOKOTOYHbLIX TpyBuaTbIX usgenuii ¢ no-
BbILUEHHBIMW  3KCMNSlyaTauMOHHbIMW CBOWCTBaMK (Ha-
npumep, CTBOJSbHbIX 3aroTOBOK) METOAOM MAPO3KCTPY-
3um ¢ pguddepeHUMpoBaHHbIM  MPOTUBOAABMEHNEM
Tpyb4aToOn 3aroTOBKM Ha MOABWXHOW rMagKon onpa.ke
[2-4].

PeanusoBaHHaa cxema rmgponpeccoBaHus Tpyo-
YyaTbIX 3aroTOBOK C MOABWXHOW OMpaBKOW npeacTas-
neHa Ha pwuc. 1.

-

Fig. 1 — Scheme of hydraulic forging of tubular blanks on mandrel / Cxema audpornpeccosaHusi mpybuyambix 3a20mMoO8OK Ha
ornpaske

The initial position before the extrusion is
imaged on the left and in the process — on the right
of the symmetry axis.

The banded container 1 is mounted on the plate
5. The tubular blank 6 is positioned by bevel on the
conical edge of the mould in the container. Then it
is set the mandrel 4 and is filled with hydraulic fluid.
The upper conical part of the mandrel provides a
sealing to avoid fluid leakage. On top of the
mandrel it is set the rod 2 with the sealing 3.

HavanbHoe nonoxeHue, nepen BbiAaBNMBaHUEM,
oTobpakeHO crneeBa, a B npouecce — crnpasa OT OCH
CUMMeTpUU.

BaHgaxvpoBaHHbIA KOHTEVHep 1 yCTaHOBMEH Ha
nnuty 5. TpybyaTtas 3arotoBka 6 nosuumMoHWpyeTcs
dackon Ha KOHMYECKOW KPOMKE MaTpuubl B KOHTER-
Hepe. [lanblue ycTtaHaBnvusaeTcs ornpaska 4 v 3anu-
BaeTcA paboyass XuaokocTb. BepxHasi koHuueckas
YacTb onpaBku obecneumBaeT YNNOTHeHWe, ANs
NCKINIOYEHNA NpoTekaHus xugkoctn. Ceepxy onpasku
yCTaHaBNMBaeTCs LWTOK 2 C YNNOTHEHNEM 3.
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To the rod it is applied the force Py . During the

movement of the rod 2, firstly conical part of the
mandrel overlaps the aperture of the blank, and
then the hydraulic fluid in the container 1 is
compressed, making a hydrostatic pressure on the
free surface of the blank. The blank with the
mandrel passes through the hole in the mould, as a
result the desired inner diameter and surface
smoothness of the blank are got.

The analysis of tubular blanks hydraulic forging
from the steel 30HN2MFA with moving smooth
mandrel was carried out by the finite element
method (FEM) using the software package

DEFORM™ _3p.

According to the results of computer modeling,
it was determined MD of manufactured
components, necessary hydrostatic pressure,
which will provide the forming in the cold state for
steel 30HN2MFA without fracture (750 MPa), the
final product geometry, the specific force
distribution on the blank surface in contact with the
tool and the force process parameters.

In addition before the experimental check, it
was investigated by method of computer simulation
MD of mould during hydraulic forging under the
influence of hydrostatic pressure that provides the
plasticity of steel blank 30HN2MFA [5]. To
calculate the mould it was used the software
package DEFORM.

Proceeding from the computer simulation data it
was developed the manufacturing process of the
barrel performing and was designed the equipment
for its manufacturing by hydrostatic extrusion under
the high hydrostatic pressure [6]. On this ground, it
was made the forming equipment and was realized
the hydrostatic extrusion process of barrel blanks
on the smooth moving mandrel.

In the Fig. 2 are shown the steel barrel blanks
30HN2MFA obtained by hydrostatic extrusion
method on the smooth moving mandrel through the
conical mould.

The hydraulic forging was carried out without
the departing of the blank from the mould (not full-
length), as a result it is formed a thickening part for
the machining for the chamber and an entrance of
the bullet.

By the comparing the experimental data with
the results obtained by calculation, it should be
noted that the difference was less than 10%, that
confirms the adequacy of the obtained calculation.

The developed manufacturing technique of
barrel blanks makes it possible to reduce the
manufacturing cost of products and to increase the
productivity of the barrels of SA manufacturing.
This is achieved by process of elimination the
blanks on special equipment techniques from the
manufacturing process.

K wtoky npuknageiBaetcs ycunue Ps. Bo Bpems
nepeMeLleHunst WToka 2 cHayana KoHu4Yeckas 4acTb
OonpaBKu NepekpbiBaeT 0TBEPCTME 3aroTOBKK, a fanee
paboyaa XMOKOCTb B KOHTEMHepe 1 Cxumaetcs,
cos3gaBasi rmgpocTatuyeckoe AaBrneHue Ha cBoboa-
HYl0 MOBEPXHOCTb 3aroTOBKW. 3aroToBka BMecTe C
ONpaBKoOW NPOXoaWT 4epes3 OoTBepcTue B Matpuue, B
pesynbTate nony4yaem HeoOXOAMMbIA BHYTPEHHUN
AnamMeTp U YUCTOTY NOBEPXHOCTU 3aroTOBKN.

AHanus rugponpeccoBaHust TpybyaTbiX 3aroToBOK
n3 cranm 30XH2M®A ¢ nogBwXHOW rnagkon onpa.-
KON NPOBOAMNN METOAOM KOHEYHbIX 3MeMEeHTOB
(MK3) ¢ ncnonb3oBaHMeM nNporpammMHOro KoMrnnekca
DEFORM™-3D.

Mo pesynbTataM KOMNLIOTEPHOTO MOAENUPOBAHUA
obino onpepeneHo HOC wu3rotoBnsembix pertanew,
HeobXxoaMMoe rugpocTaTyeckoe AaBrieHne, KoTopoe
obecneuvT gedopMmpoBaHue B XONOAHOM COCTOAHMU
ansa ctanu 30XH2M®A 6e3 paspywenun (750 Mla),
KOHEYHYI0 reoMeTpuio U3[enus, pacnpeaenexHme yae-
NbHBIX YCUIUI Ha MOBEPXHOCTM 3aroTOBKM B MeCTe
KOHTakta C WHCTPYMEHTOM, a TaKkke CWUMoBble
napameTpbl npoLecca.

Kpome TOro, 0O 3KCMepuMMEHTanbHOW NPOBEPKMU,
ObINo MpoBedeHO uccregoBaHWe METOAOM KOMMbHo-
TepHoro mogenupoBaHunsa HOC maTtpuubl B npoLecce
rMApPONpPeccoBaHWs Npu BO3LENCTBMM rmapocTaTmyec-
Koro gasnexus, obecneymBatoLero NnacTMYHOCTb 3a-
rotoBkn u3 ctanu 30XH2M®A [5]. Ons pacyéTta ma-
TPUUbl  UCMOMb30Bancs MNPOrpaMMHbIN  KOMMIEKC
DEFORM.

Mcxons m3 nonyyYeHHbIX AaHHbIX KOMMbHOTEPHOTO
MoLenupoBaHust Gbin pa3paboTaH TEXHONOrMYeCcKUin
npouecc MNOoryyYeHUss CTBOMbHOW 3aroTOBKU W CMpo-
€eKTUpoBaHa oOcHacTka Ans €€ W3roTOBMeHWUs MyTéMm
TMAPOIKCTPY3NM B YCMOBUSAX BBLICOKMX MapocTaTy-
yeckunx aaeneHun [6]. Ha ocHoBaHuM aToro Gbina ms-
roTOBMEHa LUTaMnoBasi OocHacTka, KOTopas ycTaHaB-
nvBanacb Ha ruapasnuyeckuin npecc 62432 ycunu-
eM 1600 kH, n 6bIn peannsoBaH NPOLIECC MTMAPOIKCT-
py3uKn CTBOMbHbIX 3aroTOBOK Ha rMaaKoW MOABWXHOM
onpaske.

Ha puc. 2 nokasaHbl CTBOSbHbIE 3arOTOBKM U3
ctanm 30XH2M®A, nony4eHHble MeToAOM [MApO-
3KCTPY3MU Ha rMafgkon MOABWXHOW oOrpaBke 4vepes
KOHWYECKYIO MaTpuLly.

"'moponpeccoBaHue ocyLlecTBnAnNock 6e3 Bbixoaa
3aroToBKM M3 maTpuubl (He Ha BCIO ANWHY), B pe-
3ynbTaTte 4ero obpasyeTcs y4acTOK YTONWEHWs nog
MexaHu4yeckyto 06paboTky nod NaTpPOHHWK M y4acToK
nyrnbHOro BXxoaa.

CpaBHuBas aKCcnepuMeHTanbHble AaHHble C pesy-
nbTaTamu, NOMNy4YeHHbIMM PacyETHbIM NYTEM, crieayeT
OTMETUTb, YTO pasHuua coctaBuna meHee 10%, 4TO
NoATBEpXAaeT afeKBaTHOCTb NOMYYEHHbIX PAaCYETOB.

PaspaboTtaHHasi TEXHOMOrMs MoNy4YeHust CTBOSb-
HbIX 3arOoTOBOK MO3BONSET CHU3NTbL cebecToumocTb
N3roTOBMNEHNS U3OENWIA U MOBLICUTb MPOAYKTUBHOCTb
npoussoactea crteonioB CO. OTo gocturaetca nyTém
UCKIMIOYEHNS U3 TEeXHONOrMYeckoro npouecca MeTo-
0OB  MONy4YeHus  3aroTOBOK Ha  cneuuanbHOM
obopynoBaHuu.
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Fig. 2 - Barrel blanks obtained by hydrostatic extrusion method on the smooth mandrel / CmeornbHbie 3aeomoeku, nosy4eHHble
nymém 2udpoakcmpy3uu Ha anadkol ornpaske

The barrel manufacturing with polygonal cross-
sectional shape, that does not require special
equipment, is possible by the barrel blank crimping on
the shape moving mandrel:

« by idle rollers;

« in the smooth conical mould.

It is proposed the new obtaining techniques (Fig.
3) of precision thick-walled tubular blank with the
inner helical grooves by the example of the barrel of
SA manufacturing with the polygonal shape:

» double-line process based on the barrel blank
crimping on the shape mandrel by idle rollers (Fig. 3,
a) [7];

« the barrel blank crimping with shape mandrel in
the smooth conical mould with parallel land fixation
(centering) of the blank with no restrictions and with
one-sided metal flow along the length (Fig. 3, b). [8]

The shape mandrel mode and measurement
satisfied the inner surface of the rifled barrel of
Ukrainian submachine gun “EIf", created in
engineering department of special equipment [2], with
screw tracks with 250 mm in increments.

The barrel section with the polygonal shape is
shown in Fig. 4.

ala

MaroTtoBnenne cteona ¢ npodmnem nonepeyHoro
CeyveHnss MoNUroHasnbHOro Tuna, He Tpebytowero cne-
umnaneHoro obopygoBaHus, BO3MOXHO obxaTvem
CTBOMbHOW 3aroTOBKU Ha MPOMUIBbHON MNOABWMXHOW
onpaske:

* HENPMBOAHBLIMW PONNKaMU;

* B IMagKOW KOHMYECKOM MaTpuLe.

MpeanoxeHbl HOBbIE TEXHOMNOrMK (puc. 3) nonyye-
HWS NPELM3NOHHON TONCTOCTEHHON TpybuyaTon 3aro-
TOBKM C BHYTPEHHNMUW BUHTOBBLIMU KaHaBKaMu Ha npu-
mMepe uarotoBrneHusa cteona CO c nonuroHanbHbIM
npodunem:

* OBYXMPOXOOHOM MpOLEeCcC, OCHOBAHHbIN Ha 06-
KaTuu CTBOSIbHOW 3aroTOBKM MO NPOdUIbLHON onpaBke
HenpuBOAHbIMK ponmkamm (puc. 3, a) [7];

* obXaTue CTBOJSIbHOW 3aroTOBKM C MPOdoUIibHOM
OMnpaBKoW B rragKon KOHMYECKON maTpule ¢ cmkcaum-
en (LeHTpMpoBaHMWEM) 3aroTOBKM MO KanubpyoLlemy
nosicky 6e3 orpaHn4YeHns N ¢ O[HOCTOPOHHUM OrpaHu-
YeHVeM TevyeHusa meTarnna no gnvHe (puc. 3, 6) [8].

dopma 1 pasmepbl NPOMUIBLHON ONpPaBKM COOT-
BETCTBOBaNM BHYTPEHHEN MOBEPXHOCTU Hape3Horo
CTBOMa YKPAaMHCKOro nucTtoneTa-nynemMéra «dnbd»,
CO30aHHOr0 B KOHCTPYKTOPCKOM GHOpO creumansHowm
TexHukn (KB CT) [2], ¢ BMHTOBbIMW [OPOXKaMU C
warom 250 Mm.

CeyeHne cTtBONa C MONWUroHarnbHbIM NpPOdUNIEM
nokasaHo Ha puc. 4.

N

RV "y

6/b

Fig. 3 — Scheme of the barrel blank crimping: a — between the rollers; b — in the conical mould / Cxema o6xamusi cmeonbHoU
3a20mosKu: a - Mexdy pornukamu; 6 - 8 KoHU4Yeckol Mampuue
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Fig. 4 - Cross-section of the barrel with polygonal shape / lornepe4yHoe ceyeHue cmeona ¢ nonuaoHanbHbIM npogunem

To form a polygonal profile of the inner surface
of the barrel blank obtained by hydraulic forging
under not equiaxed uniform compression, it was
used in the work its crimping method after the
annealing on the shape mandrel in the idle rollers.
With four rollers it was made drawing die, through
which the barrel blank with shape mandrel was
pushed.

This process is carried out in two passes, as
due to the inevitable clearance between the rollers
so-called "outlets" in a single pass it is obtained
the barrel blanks faceting, to eliminate that is
required the additional second pass with pre-
turning of the semi-finished product after the first
passage at 45° (Fig. 3, a).

To study the process of the shaping the inner
surface of the barrel blank, obtained by crimping
on the mandrel with idle rollers, the
characterization of MD, the efforts on the rollers
and torques, that are necessary for the design of
technological equipment it was used the software

package DEFORMMT 3D on basis of FEM.

Also, it is carried out the computer simulation of
the barrel manufacturing process with the polygon
shape by pushing-drawing of the barrel blank with
the shape mandrel through the smooth conical
mould (Fig. 3, b), with the help of the application
software DEFORM-3D, based on the using of
FEM. The simulation was carried put to crimp in
the conical mould with different operating angles
with parallel land fixation (centering) of the blank
with no restrictions (30HN2MFA steel), with one-
(steel 30HN2MFA and steel 10) and two-sided
(steel 30HN2MFA) restrictions metal flow along the
length.

The results showed the using acceptability of
the proposed method for barrel manufacturing with
polygonal shape by pushing-drawing of the barrel
blank with the shape mandrel through the smooth
conical mould with no restrictions steel flow along
the length and with one-sided restriction. The best
value of the operating angle of the conical mould
during the tubular blank crimping in specified
processes, is 10° .

The carried out computer simulations and
natural experiments have shown the effectiveness

[ns dopmMupoBaHns NoNMroHansHOro Npoduns BHy-
TPEHHEW MOBEPXHOCTW CTBONIBHOW 3aroTOBKM, MoIyde-
HHOM MeTOAOM TUAPOMPECCOBAHUA B YCMOBUAX He-
pPaBHOOCHOrO BCECTOPOHHErO CXXaTusi, B paboTe ucnosb-
30Basncs MeTon e€ obxaTus nocre omkura Ha npo-
(UNbHON onpaBKe B HEMPUBOAHBLIX poruvkax (Barkax).
YeTblpbMSA ponvkamy co3gaBanacb Bonoka (3amKHYTbIN
Kanubp), 4Yepe3 KOTOpPyl MpoTankMBanacb CTBOSIbHas
3arotoBka ¢ NponbHON ONpaBKoWn.

[aHHbIN npouecc ocyLlecTBNseTcs 3a ABa Npoxoaa,
Tak Kak BBMOY Hen3bexHOro Hammumsa 3asopa mexay
ponvkamu (Bankamu), Tak Ha3blBaEMbIX, «BbIMYCKOBY»
npu OAHOKPATHOM MNpoxofe MnorlyyaeTcs orpaHka CTBO-
NbHON 3aroTOBKMW, ANS YCTpaHeHWUs KOoTopon TpebyeTcs
OOMNOMNHUTENbHbIA BTOPOW MPOXOA C NPeaBapuUTenbHbIM
nosopoToM nonydabpurkaTa nocne nepeBoro Npoxoaa Ha
459 (puc. 3, a).

Ons m3yyeHus npouecca nNpodUNMPOBaHUS BHY-
TPEHHEW MOBEPXHOCTW CTBONIbHOW 3aroTOBKM, Mony4e-
HHOM obxaTvem no onpaBke HEMPUBOOHLIMU PONUKaMU
(Bankamu), onpepenenunst napameTtpoB HOC, ycunun Ha
ponukn (Bankum) U KpyTSALLMX MOMEHTOB, 3HAHWE KOTOPbIX
HeobXxoaMMO ANA NPOEKTUPOBAHUS TEXHONOrMYecKoro
YyCTPOWCTBA, MCMNONb30Bancs MakeT NpuKNagHbiX Mpo-
rpamm DEFORMMT-3D Ha ocHoBe MKO.

Takke npoBedeHO KOMMNbIOTEPHOE MOLENMpOBaHue
npouecca M3roToBIEHWA CTBoMa € npodwunemMm nonuro-
HanbHOrO TMNa MNpoTankMBaHNMEM-BONOYEHUEM CTBOJIb-
HOW 3aroToBKM C NPOdUIIbLHON ONPaBKOM Yepes rmaakyto
KOHM4Yeckyo matpuuy (puc. 3, 6), ¢ MoOMOLIbIO NakeTa
npuknagHeix nporpamm DEFORM-3D, ocHoBaHHOro Ha
mcnonb3oBaHnm MKD. MopgenupoBaHue npoBOANNOCH
Ans o6XaTusi B KOHWYECKOW MaTpuue C pasfnunyHbIMU
pabouMmun yrnamm ¢ dukcaumen (LeHTpUupoBaHUEM)
3aroTOBKM MO KanubpytoLlemy nosicky 6e3 orpaHu4eHus
(ctane 30XH2M®A), ¢ ogHo- (ctanb 30XH2M®A n
ctanb 10) n AByxcTOpoHHUM (cTanb 30XH2M®A) orpa-
HUYEHUEM TEYEHMS MeTanna no AnuvHe.

Pesynbtatbl aHanmMsa mnokas3anuM nNpuUemMnemocTb
MCMONb30BaHNA NPeAIoXeHHOro cnocoba Ans u3roTo-
BMEHUsi CTBOMa C NpodureM MOMUrOHANbLHOro Tuna
npoTankuBaHWEM-BONOYEHNEM CTBOSMbHON 3aroTOBKW C
NPOUNBHOM ONPaBKON Yepe3 T[MagKyl KOHUYECKYH
MaTpuuy 6e3 orpaHMYeHUss TeYeHUss meTanna no AnnHe
3aroTOBKM U C OHOCTOPOHHWUM OrpaHnyeHnemM. HageHo
onTMManbHOe 3HadeHne paboyero yrna KOHUYECKOMN

e
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of the new manufacturing techniques of the barrels
of SA with the polygonal cross-section shape. (Fig.
5).

MaTpuubl Npu obBxaTtuu TpyG4yaTon 3aroTOBKM B ykasa-
HHbIX NpoLeccax, koTopoe coctasumno 10°.
lMpoBeAeHHbIE KOMMbIOTEPHOE MOAENMPOBAHUE WU
HaTypHble 3KCMEpPUMEHTblI MNokasanu 3ddEKTUBHOCTb
HOBbIX TEXHOMOrMIM N3rotoeneHuns creonoes CO ¢ nonu-
roHanbHbIM NPOUIIEM MONEPEYHOro CedeHust. (puc. 5).

|

Fig. 5 — Shape mandrel and barrel of small arms, made by radial crimping method / lpogunsHasi onpaska u cmeon
CMPEesIko8o20 OPYyKUsi, U320MOBIIEHHbIU MemModoM paduasibHo20 obxamusi

A significant feature of the new techniques
compared to traditional one — is the recovery
feature of the inner shape of the product, outworn
during its operation.

With the help of modern methods of calculating
barrels of SA has been done test of the
effectiveness of the new techniques of their
manufacturing [9, 10].

For the first time it was developed a method of
determining MD of barrels of SA with a rifled inner
surface of various modes under the influence of
internal static and dynamic loading, based on the
use of FEM (Fig. 6). This -calculation was
performed using the computer program ANSYS.

As the Fig. 6 indicates that in the embodiment
of the barrel with rectangular riflings (Fig. 6, a), the
reduced stress distribution has concentrated local
form of concentric circles with the center at the top
of the concentrator, while the embodiment of the
barrel with polygonal shape (Fig. 6, b ) has the
same form of concentric circles, however, their
center is located in the immediate vicinity of the
center of the cross-section of the barrel.

In addition, the barrel with a rectangular riffling
has the extreme values ratio of reduced stresses
omax/ omin for 11.3 versus 3.69 of the barrel with the
polygonal shape, and therefore, we can assume
that in the barrel with polygonal shape the stress
distribution over the cross-section in the radial
direction is smoother and more uniform than in the
barrel with the rectangular riffling.

BaxHas 0co6eHHOCTb HOBbIX TEXHOMOMMIA Mo cpa-
BHEHMWIO C TPAANLIMOHHBIMU — BO3MOXHOCTb BOCCTaHO-
BMNEHUSI BHYTPEHHEro Npouns U3aenus, N3HOLLEHHO-
ro B MpoLecce ero aKcnnyarauum.

C nomowblo COBPEMEHHbIX METOAOB pacyérta
cteonoB CO 6bina npoBegeHa npoBepka 3ddekTu-
BHOCTM HOBbIX TEXHOMOIUI Nx n3rotoenenus [9, 10].

BnepBble paspaboTaHa MeToauka onpeaeneHusi
HOC ctBonos CO ¢ Hape3HOW BHYTPEHHEN NOBEPXHO-
CTbl0 pasnuyHon opMbl, HAXOOALWMXCA NOL BO3AEN-
CTBMEM BHYTPEHHErO CTATM4ECKOro U AMHAMWYECKOTO
Harpy)XeHusi, OCHOBaHHasi Ha ucnonb3oBaHuM MKO
(puc. 6). daHHbIi pacyéT Obln NpoBeAeH C MCMoflb-
30BaHVeM KoMmMbloTepHon nporpammbl ANSYS.

M3 puc. 6 BMOHO, YTO B BapuaHTE KOHCTPYKLUN
CTBOMa C NpsAMOYrofibHbIMK Hapesamu (puc. 6, a), pac-
npegeneHne 3KBUBANEHTHbIX HaNPSXEHUA MMeeT Co-
CPenoTOYEHHYH NOKanbHYH hOpMY KOHLLEHTPUYECKMX
KPYroB C LIEHTPOM B BepLUMHE KOHLEHTpaTtopa, B TO
BpEMSsl, KaKk BapWaHT KOHCTPYKUWMM C MONUrOHasbHbIM
npodunem (puc. 6, 6) nmeeT BUO TakUX Xe KOHLe-
HTPUYECKMX KPYroB, OOHaKO MX LIEHTP pac MOrioXeH B
HenocpeacTBEHHON OnM30CTU LeHTpa MnonepevyHoro
ceyeHus cTeona.

Kpome TOro, y ctBona ¢ NnpsiMoyrofibHOM HapesKkown
OTHOLLEHME 3KCTpeMmarbHbIX 3HAYEeHWU SKBUBANEHT-
HbIX HanpsXKeHUA omax/omin cocTaengeT 11,3 npoTtus
3,69 y cTBOMa ¢ nonuroHanbeHbIM Npodwune, B CBS3N C
YeM, MOXHO MpeanonoXnTb, YTO B CTBOME C MONUro-
HarnbHbIM NpodunemM pacnpegeneHne Hanps>KeHn no
CeyeHno B paavanbHOM HanpasneHuv 6onee nnas-
HOE 1 paBHOMEPHOE, YEM B CTBOJSIE C MPSIMOYrOfbHON
HapesKow.
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Fig. 6 — Reduced stress distribution over the cross-section of the barrel: a — with rectangular riflings; b — with polygonal shape /

PacnpeaeneHue 3KeuealleHmMHbIX Hal'lpﬂ)KeHUL? 10 rnoriepe4yHoMy ce4YeHuro cmeorna. a — C npPsMoy20/ibHbIMU Hape3amMu, 6-c
nosiueoHaslbHbIM npoqbuneM

It is analyzed MD of the barrel and the bullet MposepeH pacyét napametpos HOC cTtBOnma wu
casing at their interaction in the shooting. It was 060noYkM Nynu Npu ux B3aMMOAEWNCTBMM B npouecce
examined the dynamic interaction of the bullet with BblcTpena. PaccmaTpmBanocb AnHaMmMyeckoe B3aMMo-
the inner shape surface of the barrel of the polygonal OelcTBME Mynun ¢ BHYTPEHHEN NpodunMpoBaHHoOW Mno-
and rifled submachine gun (Fig. 7). The analysis was BEPXHOCTbIO CTBOMAa nucToneTa-nyneMéra HapesHoro
performed using the computer program ANSYS / LS- 1 NonuroHansHoro Tuna (puc. 7). AHanu3 npoBeeH ¢
DYNA. NCMNONb30BaHNEM KOMMNbIOTEPHOMN nporpammbl

Fig. 7 shows frames of computer simulation of ANSYS/LS-DYNA.
dynamic interaction between the bullet and the bore Ha puc. 7 nokasaHbl kagpbl KOMNLIOTEPHOIO Moae-
of the polygonal and rifled barrels. NMPOBaHNA ANHAMWYECKOTO B3aMMOLENCTBUS Mynu U

Furthermore, there are diagrams of: KaHana Hapes3Horo 1 NoONMroHanbHOro CTBOJOB.

» changes in the axial acceleration of the bullet in Kpome Toro, nocTpoeHbl agnarpammbi:
the interaction with the barrel conical guide; * U3MEHEHNS1 OCEBOI0 YCKOPEHMWS Mynu B npoLecce

» changes in the axial velocity of the bullet in the B3aMMOLENCTBMA C  KOHWYECKOW HanpaensoLllen
interaction with the barrel conical guide; CTBONQ;

* M3MEHEHMSI OCEBOW CKOPOCTW Nynu B npoLecce
B3aMMOLENCTBUS C  KOHUYECKOW  HanpaBnstoLien
CTBONa;

ale el/f */g 3/h
Fig. 7 — Frames of the computer simulation of the dynamic interaction between the bullet and the bore of the barrel: a, b -
the process of interaction between the bullet and the barrel conical guide; ¢ - the plastic forming distribution in the bullet; d, e -
the reduced stress distribution (according to Mises) in the bullet; f - the reduced stress distribution (according to Mises) in the
barrel conical guide; g, h - the plastic forming distribution in the barrel conical guide / Kadpsl komrbromepHo20 ModenuposaHusi
duHamuyeckoeo g3aumodelicmeus nysu u kaHana cmeona: a, 6 — npoyecc g3aumodelicmeus rysu U KOHUYecKou
Hanpasnsoulel cmeora; 8 — pacnpedernieHue nnacmuyeckux deghopmayudi 8 ryne; e, @ — pacrpedeneHue 3K8UBaNEHMHbIX
HanpsixeHul (no Mu3ecy) e nyne; e — pacrnpedesnieHue 3Kk8u8aneHMHbIX HanpsixeHul (no Mu3ecy) 8 KoHu4eckou
Harpasnswel cmeona; X, 3 — pacrpedeneHue niacmuyeckux deghopmayuli 8 KOHUYeckol Harpasnaowel cmeona
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» changes in the axial advance of the bullet in the
interaction with the barrel conical guide.

On the basis of calculations, it is shown the
effectiveness of the performance specifications of the
polygonal shape of the barrel of the small arms.

CONCLUSIONS

1. The new structure of the manufacturing
processes of tubular products of structural alloy
steels with the shape on the inner surface by the
example of barrels of small arms manufacturing,
based on hydraulic forging of long-length semi-
finished product (the first stage) with the following
radial crimping on the shape mandrel (the second
stage) is developed. The new structure makes it
possible to reduce the manufacturing cost of products
and to increase the productivity of the manufacturing,
due to exclusion from the manufacturing process the
technique methods of blanks on the special
equipment. The feature of the new techniques
compared to traditional - is the recovery feature of the
inner shape of the product, outworn during its
operation.

2. On the ground of the performed analysis of
longitudinal stability of the compound rod consisting
of a cylindrical bar (mandrel) inserted inside a
cylindrical tube (barrel blank), for the first time it is
identified the critical value of the axial force (pushing
force), the length of the compound rod and the
favorable crimping scheme in the conical mould and
with idle rollers, from the standpoint of the loss
prevention of the axial (longitudinal) stability of the
barrel blank with the mandrel. The accuracy of the
obtained analytical dependences is confirmed
experimentally.

3. With the purpose of efficiency auditing of the
new manufacturing techniques of barrels of SA, it
was developed the unique method of determining MD
of the barrels with the riffled inner surface of different
shape under the influence of internal static and
dynamic loading. It is made the finite element models
of interaction between the barrel of SA with the
riflings of different shapes and bullet when fired. The
computer simulation confirmed the advantages of the
polygonal shape, in terms of dynamics and barrel
strength.
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* W3MEHEHWsi OCEBOr0 MEPEMELLEHUst MNynu B
npoLecce B3aMMOOeNCTBMA C KOHUYECKOW Hanpaens-
loLen cTeona.

Ha ocHoBaHUM NpoOBeAEHHbIX pacyéToB, NnokasaHa
3(PPEKTUBHOCTb IKCNIyaTaALMOHHbBIX XapakKTePUCTUK
NONMMroHanbHOro  Npodunsa  CTBONa  CTPESIKOBOro
opyxusi.

BbIBOObI

1. PagpaboTtaHa HOBasi CTpyKTypa TexHomormyec-
KMX NPOLECCOB U3roTOBMNEHNS TpybyaTbiX usgenun n3
KOHCTPYKUMOHHBIX NEerMpoBaHHbIX cTanen ¢ npodm-
nieM Ha BHYTPEHHEeWn MOBEPXHOCTU, Ha Npumepe n3ro-
TOBMEHWNSI CTBOJIOB CTPENKOBOrO OPYXUSA, OCHOBaHHas
Ha rMaponpeccoBaHUN ANUHHOMEpPHoro nonydabpu-
KaTa (nepBas cTagus) C nocredylowmnm pagmanbHbIM
ob6xaTmem Ha npodunbHOM onpaske (BTopasi cTagus).
HoBas cTpykTypa no3sonsiet CHU3UTb cebecToMMoCTb
W3roTOBMNEHUSI U3AENUA U MOBbLICUTbL NPOAYKTUBHOCTb
Npou3BOACTBa, 3a CYET MCKIOYEHUS M3 TEeXHOMOoru-
Yeckoro npoLecca MeToAOB MOSy4YeHUs 3aroTOBOK Ha
crneumansHom obopyanoBaHun. OcCoBGEHHOCTb HOBbIX
TEXHOMOMMM NO CPaBHEHWIO C TPaAULMOHHLIMU — BO3-
MOXHOCTb BOCCTaHOBMEHWUS BHYTPEHHEro npoduns
M3aenus, U3HOLLEHHOro B Mnpouecce ero akcnnyata-
uun.

2. Ha ocHoBaHuM npoBedeHHOro aHanm3a npopo-
NBHOW YCTOMYMBOCTN COCTABHOrO Gpyca, COCTOsILLEro
M3 LUNUHOPUYECKOTO CTEPXHSI (OnpaBka), BCTaBne-
HHOMO BHYTPb LMAMHAPUYECKON TPYObl (CTBONbHAs 3a-
roToBKa), BNepBble OnpeaeneHbl KpUTUYECKNE 3Have-
HWS OCEBOW CuUIbl (CUMbl NPOTanNKMBaHUS), ANVHbI CO-
cTaBHOro 6pyca n 6naronpmaTHble cxeMbl 0OXaTusi B
KOHMYECKOW MaTpuue M HENPUBOAHBLIMW PONUKaMU, C
TOYKM 3pEeHWs npegoTBpalleHus MnoTepu OCeBON
(NpofonbHOM) YCTOMYMBOCTM CTBOJIBHOW 3arOTOBKM
BMeCTe C oOrnpaBKoW. [JOCTOBEPHOCTb MOMYyYeHHbIX
aHanMTUYeCcKMX 3aBUCUMOCTEN MOATBEPXKAEHA 3KCre-
pPUMEHTarnbHO.

3. C uenblo npoBepkn apHEKTUBHOCTN HOBLIX Te-
XHonorun unsrotoBneHust cteonoe CO, paspaboTaHa
yHUKanbHasa metoauka onpegenenns HOC cTtBonos ¢
Hape3HOW BHYTPEHHEN MOBEPXHOCTLIO pasnnyHon o-
pMbl, HaxoOALWMUXCH MO BO3OENCTBMEM BHYTPEHHENO
CTaTUYeCcKoro M AuHamu4yeckoro Harpyxenusi. Cosga-
Hbl KOHEYHO-3NIEMEHTHbIE MOJENV B3aNMOLENCTBUS
ctBona CO c Hape3amu pasnu4HoW OpMbl U MNynu
npu BeicTpene. KoMmnbloTepHoe MoaenvpoBaHue noga-
TBEPAMIIO MpeVMyLLecTBa MONUIroHanbLHOro Nnpodwuns,
C TOYKM 3PEHNSt QUHAMUKM M NPOYHOCTW CTBOMA.
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