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Engraving Process of Projectiles with Different Bore Cone Angles in
Large Caliber Gun

Zhang Heng, Shi Chunming, Guo Junxing, Zhang Shiquan, Zhai Renpei
(Northwest Institute of Mechanical and Electrical Engineering, Xianyang 712099, China)

Abstract: In order to compare and analyze the engraving process of projectile in a big bore gun with different bore cone
angles, smoothed particle hydrodynamics (SPH) method was used to simulate the engraving process of projectile band
under a certain charge condition. The engraving resistance and driving torque are obtained by simulation, and the causes of
torque fluctuation are analyzed, and the improvement measures to reduce the torque fluctuation and relieve the rifling force
are put forward. The results show that the study can provide a reference for the study of the influence of the cone angle of

the slope bore on the groove of the ammunition belt.

Keywords: large caliber gun; projectile engraving; smoothed particle hydrodynamic method; bore cone angle

0 3l8

2 i KA R S I R e K 2 RSN B AL B ) 5N
M, 5T E I 2R A B S T R, R A
e e 3 — e T Py R B 2R
TR ALT R B, e B R, i —
e K FHEUE AT B a9 . SCHR[2-41i8 S A B oo
WA BT TR OE K b gt f2, & T
ST MR R OB AL s T Ry AR T 5 R 77 = R
PIEM R R X AEHIES RSB T 5K
AR T ] I 25 5 T B o AR L 5] R (a3 =P K
SN, RS BOR M. SRR AR B
P IC MR, B O R R DL R
fiftdas R, AN R A AR OCER, WE
M W A2 52, T DA RE BRI A R OR AR T Ml R, AT 3R
BT TR AP, B A GRS
JIEEER R T BRI Bt #E, SCEk[6-710F 5T T K
A28 KM R S 38R R N N BT E SR BE R, SCRR [8]F
TR AT BN N I AR, SCER[91IF AL 7 K D4R
KRS AL S E N R, SCER[1010F 70 T Bk

s BE: 2024-06-27; 1&EIBHI: 2024-07-30
ET—EH: 5%k F0995—), B, A, Wit.

JBE 2% B B SR BT NI N ISR, SCER[ 118 9T 1 A2 i
2 be i DL T X KM R ST oL AR S LS B E R A
B A5 S ) S0 o a3 LB FT T 2 SR A T O T
RE 5 AR Bl 7 5 5 K OB N i Y O R T A
R, AT DAAR G 1 18 SRR J5E AT SR AR 2%

SEALGT I RN L AR A EE . B A SR
KM, DT A i 450 BTN 2 ik dE 5, R
JE A B 5 RAR A X Bt R L i 2 % 70 A5 T R
G2 UG- SRR A ) BT R T EE W AU,
TC T S A 1 X B HEBH T AR, (B I HE A O
NJE R ORFL I, B 2R
PR AR FARNIT DT

ZREPTIR I A A0k RS OK AR O B R B
BN A L 2 b gl A& S F AL, R R T B
BRI ). SBOLRE . 5T 2R 3 4 sk
ZWHTT, A0 BT FRE I HHE A Xk AT 2 R R e ) AT
o MUk, BHEKMIEHE KT IR S 1Ak JE
R VAR KM AEAS 7 35 ft S e () AL 5 b R, 15
B Fr 1k kL b Bl B0 A0 5 e ) B S e o T
L.



%10 ¥ IS

K AR R R A AL I R 53

1 HEREROFFN

FOR PR B B8 H e 80 1) UG 3 4R
Bl 1 oo fi ] Hypermesh BCPFHEAT WA R 4, i
LR AL T IR I RST N 2 mm,  HAR A
JCHTH 1A B RSSO 10 mme AAKR e B AR A3 2 1 B
B A RTEA W 1(c)fTm. #AK 3 4EH R
TCHE RN 2 frs o

(a) JUATAER (b) B A FRITAER

(c) Z#J)E A TRTAR
E1 EXORAKME3HEGRTME

B2 #fE 3 %R T

SRl KR T RN B AR, SR B 2 B [
YRS, LR A TESE 1 BelUHE B JLHEEE KR,
o2 B HesE N BRI R MEROZ KBS
BN EL R R R, HLEE 1 BLRIAEHERE N, 5 2 B
HEHERE K, #REmEwE 3 fiow, FESWIHE 1
HE BN TN 1. BN 1L 2 HEE 3, PSS
KMBEERI VT B, R S WU AE 2 HE R Tl
R 2. WRILOK M 1. 2 HE B35 R S st
7E 1 HEF, T 3. S AR I R e A A
73 M I 26 R 30 5 e 2R kT R S L B ST A B
FALFE B B BTH 3G K. 85 8 I B 7 VR SR
Fradb b B2, A3 M AN [R] P 2E 56 P i A2 g RN
FLIZ B 5 0

(a) T 1

EESIE-

/ \ \ Vo o e T

/ i A \ N 1% VA
/ ! \ A \ \ \ e e Uays

———70 VAL LT T

(b) T

?Jf&%ﬁggi‘ [ 2% AL |5

(c) =23
B3 AEEEHEANMSREAEETIR
AT TR 2 JEERE, NERMSERIT, SR
KOG R RIT @B, AN AME M 2 18] 8 57 48 E
2. BRI RL T Ron o i b KB R B
W%, KRB P P 78 70 R3O KL 1k A PR
KAZTE o] BRI OL 3, 158 1 R BT
R B B O TR 2 kR
KIBAR T I v] g KA R 3%, Wk FH Johnson—Cook
JE IR RIS Johnson—Cook 451457 4k Rk AU 10T, i
AR o oA AR T FEM KL E EH Gleeble 55
T AR 48 S 56 RNV 5 4 A% R TR 48 S50 il 28 28 0 4L
WA RAN, Bt R R AR 4, Ay
B AR 4 ms, WCRH BB TR . 2%
24 5% P BTE T B R R R ) b & 4 f
TN, AT LR . RS AT IR T, A
T 5 o0 308 471 3 T AR PN ft T 2 D) g N 4 i OC &R
250
200 |

JE 71/ MPa
S @
o o

0.001 0.002 0.003 0.004
A1) /s

B4 IREMZ

2 REREER

PR AZAT PR T BT SR A A 7Y Ji 3 3 D' T R T
MIAE bR SR TT SROBIEN AR SRR, T H
EIRME AR, 13305 0 8 LS5 A2 By
AU, Bt 5E B % T I R R R A I L Ak
235 A in &l 5 pas o BL B B R 23— mi IR R
SLARRR R, BEARIAIRON z Bk, BLE 22 x
W, 1By R R, e TR SRt E
S A BT e v R B IR DI, SR E EIFR



e 54 Ex Qe

fi) Python #% 5 #EAT J5 4b BEAF 2% 4 U i b 3% 42
BT MEITPTETRL, AR L R 5 R B
R, Sy B K AF RN J1 4 320 MPa,  JER I TH I B £k
FER WY& . FA 2ol SH TS v, T S e A ) B

LIRRABHE,
80 300
. 78
200
£ 76
=
74 100
72
-10 -5 0 5 10
x/mm
300
g 200
£
- 100
-10 -5 0 5 10
x/mm
(b) =2
80 300
78
g 200
£ 76
=
74 100
72 1 1 1
-10 -5 0 5 10
x/mm
(c) =3

Es5 HASIHMNBEESMNNSH (BAL: MPa)

F5 3k 76 B 55y 2 1) H TR Db ) S R A B
Ao AT 6 Fis o JR A RN AR 3 A R IE 0.37 .
0.41 A1 0.34. B0l LA H 45 85008 P R0 AR 43 A AN 1)
51, TR ZIRE I MR R, TFHE T,
Uk B A L 52 B 26 55 I 11 AR SR AR TR B0 .

80
78 0.3
=)
g 76 0.2
E
74 0.1
72 L
-10 -5 0 5 10
x/mm
(a)y =1
80
78 0.3
=]
£ 76 0.2
=
74 0.1
72 : -
-10 -5 0 5 10
x/mm

(b) T2

80
78
g
g 76
=
74
72 L L
-10 0
x/mm
(c) T3

El6 HESIHNBHHRSWBENTSH

05 FAF B T 8 O S At By 52 98 il 1) BE 0 22 4k
w7 fras, EwETH 1 F# RN 35.7 mm
ik B B KRB HEBE 718 1 080 kN, 1 J& FF 4Bk /)
TEHFATIE N 80 mm B S5 i . A BE S
SCHR[13]45 H I AE AT FE N 34.6 mm KA 2 £ K
PR FH 77 1 040 kN 45 R4 . T oL 2 B 3 4,
ATHE N 35.0 mm I3 2 B K5 EBH /1789 926 kN, T
W3 R ALAT FE N 48.7 mm Ik B g K B EBE S N
893 kN, IJEL TN 1 /Iy, W] Do 35 i ok A A8 /)N i S
Re vk /N B KB HERE 77, EEFRERH 7T B RE .

5
12 x10

10 |

7.7 FL 7y /(Nemm)
N

4+
— 1l
2+ ——=- T2
—— I3

2I0 4I0 6I0 8I0 l(I)O 120
# A AT A2/ mm
E7 {HESEIMFEE %

U7 BARAR T BOUBT R b 5 A P A i N )
A, B8 Fion. MBI RIEL, R K fid v
JIE[IE 2 116+ 1 847 F1 1 829 MPa, 4 1 sk /> It 3¢
Jii A % it I 3 A 9IS o

CPRESS

General _Contact_Domain
2.116e+03
1.940e+03
1.763e+03
1.587¢+03
1.411e+03
1.234e+03
1.058e+03
8.816e+02
7.053e+02
5.290e+02
3.526e+02
1.763e+02
0

(a) .T_/}L 1



10 31 gk FAE FOR AR KA [R) 3 it 4 A e Fu Bt i R ©55 .
CPRESS ¢ 210
General Contact Domain - - .
1.847¢+03 B sll= 2t —mmx iy ——— it
1.693¢+03 | i -~
1.539¢+03 ] E
1.385¢+03 &
1.231e+03 =
1.077e+03 W
9.235¢+02 R
7.695¢+02 &
6.156e+02 S
4.617e+02
3.078e+02
1.539e+02 -1 1 | | | !
0 0 20 40 60 80 100 120
¥ AATAZ/mm
| B9 HESINSENEMLZL
(b) =352 4 ?_:Eiﬁ
CPRESS 4
Ge“e;a;—zgzi‘g’}“—])‘)ma‘“ EE KRR TR ki ] T R R
1.676e+03 -l A KA ) I Jlt S 2 I R s AL E D AR, 19 8 T B
1.524e+ e s o .
13716403 — 33 A et 16 BEL 9 S D SE B R AR AL .
10670103 LA
3'3,‘{3?83 1) 7ELH0 1 Wik, 4 B B KHrdE 77 1 080 kN,
. (S
6.095¢+02 [ SCHRICE 1 1 040 KN REHZUT . 1. 2 4 B 4 i
3 oAger02 7E 2 HE E T 2 W B KHEERL ) 926 KN, 1. 2 HE
§oeerz MR BELE 1 HE L0 3 RO B A 893 kN,
I Jist A £ AR /N SI2RE 8 98N B K BFIERE 77
= anm 2) L 1 Wik, Hrdtid e S5 )
(c) T3 AN, KR EIE(EZ) 12 000 Nom, 1. 2 4E T

B8 BEABEMNISH (BAL: MPa)
3 HRITIR

5 Gt 7 s S B2 S 85U, AR
e Zean & 9 s, WS IE —BHEK K,
J& FF U v/ T 3G K, B ) BE S RULAT R BT O
3, L8l 1 hE i RATREE . EESRA, &
KR HRUEAE 2] 12000 Nem, #5 1. 2 # B 5 T 2
A3 FH IR BINK, K RAIEEZ 31 000~
36 000 Nem, 5[ AT B AE AW K. X2
DRAKGE 1y 2 B30 B A0 A Bl B K1 i R 5 8k AT
T, TSR ALBE RIS IR b T K 2R I, Tk
TESRIIE R, T3 W R T8 A B AT, B 58 43 14
K TERIE R ZI S, HE 2 52 BIAR K 3R 1430,
fE1F 504 2 710 A, Mgl 1M S, M H4S
REXEH T FEHEERAPZAREE. LA
AT TR IR LR, A AL I AR
B ZIRE R N R, WA KBRS T 38 3G K ) b
DR, SRRk /N i 2R AR U 2 A o 9/ K2 IR e 1 A R
77 b T TH AR S it ) RE A R D AR B BN, 1A B S R
it £ 52 J1 00 H 1 o

Ja Lot 2 A3 SRR, K5 iEE 4
31 000 ~36 000 Nem.

3) s T Er R RE R R AR AR B P, AT
FALFFHEE AR P IZH 2 N, B KRR
T E I W ANA, FF45 T N 0 R B 1 e
el /I8 JBE G R AR A A /N el K BRI I )
THf R 2

SE W
[1] =W, Jg&Xit[M]. b BEE Tk, 2007:
37-42.

[2] F4k, HER, I, F. LK 0BG HB0ETHFHE
SRFAABEMA R[] £ L F4R, 2015, 36(2): 206-213.

[3] £m, HBEkR, F& 3, &, 3T Johnson—Cook & #j 4
R84 3 A Hrat ik A2 A AL M[T]. B IR, 2015, 27(2):
55-61.

[4] FAk. Ko EgRIeRG s H FHMR[D]. dw:
H I I K%, 2015: 10.

[5] LUCA M, YACINE K. SPH simulation of liquid metal

target dynamics[J]. Nuclear Engineering and Design,
2010, 240(5): 940-946.

(%58 67 )




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


