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The rifling is applied to most of the conventional gun barrels to stabilize the projectile using the spin. The rifling force
(torque) acting on the projectile inside the barrel also wears the rifling itself and shortens the gun lifespan. To reduce the
rifling wear, the increasing rifling angle is designed. The starting-part low angle decreases the rifling force while the
increased muzzle angle creates the required projectile spin. With the advance of the computer-aided design and
manufacturing, a smooth rifling curve is introduced using the Fourier functions. The method shows a high performance in
decreasing the maximum rifling forces, but applying the design constraints is limited due to the sinusoidal features of
Fourier functions. In this research, a node-point-based rifling-angle design method is introduced. The optimization algorithm
and the interpolation method are used to create the smooth profile from the discrete parameters. With the piecewise cubic
hermite interpolating polynomial (PCHIP) monotonicity, it is possible to apply various constraints easily while maintaining the
design feasibility. To verify the performance, the design results and the comparisons with the previous methods are presented.

NOMENCLATURE

b, = Groove width

b; = Land width

h = Groove depth

b, = Diameter above the grooves

d = Caliber and Projectile diameter

J, = Moment of inertia of projectile about longitudinal axis
m, = Mass of projectile

P(x) = Gas force on the base of projectile at point in the bore
p(x) = Pressure on the bass of projectile at point in the bore
R(x) = Rifling force on the base of projectile at point in the bore
v(x) = Velocity of projectile at point in the bore

x = Longitudinal direction of bore

x; = Starting point in the bore

x;= End point in the bore

y = Unwound peripheral direction

o(x) = Rifling angle at point in the bore

Copyright © The Korean Society for Precision Engineering

Manuscript received: September 19, 2017 / Revised: January 18, 2018 / Accepted: May 21, 2018

1. M2

o] Sl Fol IS S B 91 B 184
7)ol FHatEle] @i diRie] Fael 2 g=lo] k. 27]
o 402 AR AL o) I A A o5
o AR TEE AE Thgo] Zhsslch o] O3t Fh
grelo] Mofubx) ehEs elzhel Alelelld Ao Bhe AR
S)AI717] Sl well bRl ZAlRe BA AR S
A7, FHEHE 918 St AR Qe des
ol 2k ok s 2ol ol s/} s B2t
27K 7ple] A817] AT BAZE BAE Ak
Huesol sieEoR AREE vy B §How

sk meleo] 7isshu], AR Aol 3 BEel Al

= L =
7ho] ZR3} WA £5e] £ a4l ZdEEH 24
2 al

Qe g Sol QaEe etk AvAel

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



888 / September 2018

ASIe] S7Hel ek el St ol
e e ool s} 2718 e Hesd 24
]9} 70l 7419 UPE~ =Y 4 Qloks Aol Sledl, &
AR 7}F Wol WAtk 2719F 710 Az LetAlA A
Eol= WAolet. o] % 7S FTHAIA FETelA st
sl B} 278 9Bl it 2719 e ojd
e o] AR E dHA e, 1R, Asd S7H

WAl A8 lo] gieh ol A w1 el At
;ﬁo] P:fiﬂ"“ﬂl ug} 7|29 Thiest AAEY o FAES &
S0 Yehel 3749 BAUA o] sl

Krummang 19929 & s
Zahole] 7 F7he ZHA1S sk e ANRT 24T
Ae AAE sl aap Felof A9 AeE A3} dalgES
Fol Sk WAL ARgStck of o) Hajsle] Bl
e o] 2gigho] 2|47} HE=R Sk Zlo|m Xti-2|4-8K(Minimax)
A2 B 4 ok o Sololis my Bue)y Eeke] oby
Ao ol ERE F/lHOR HH JHg] RO A
sieict.

A A

o
l

o

0

O
“
O

Jut

1o o olff o rlr b offt by
o
J

-{>
r{r

Of

I‘

A= Krumman®| 2]of gk
7¥ste] oAl 2Agkste] Al
o] o= =718 7FAzhe]

ol

o 1k
rhu
é

C

o

Wi

N
19
ﬁ
]o
b
o —|~

AR Rl FIREE 4Rl Zme] E
AzAe Holg 4 ok Aol ek, T oA B}

A&Hor F7lelal Qle Z4=7t o]%9] ©=
of oS A Zor AiE dofl= ‘5HE* Aol Azt A
R FoAA g9
= = A8AA wAE S8R
the sE3ol Qi l 23t o]f= & AN =A Rkl g
Xﬂ«l Lot e Aot vidgAd
Z-go] ofg7] wizolt.
H]aLA o= 201790]] Sun 5-9f AttellA] 7S Zh4le]
AA Ag S AR A= WA 7 A
W ES A4 0}7\1 ekt
- Lof A= PCHIP (Piecewise Cubic Hermite Interpolating
Polynomial)*E o]-§¢t =3 7|9ke] 24 A& AAYHS Al
Atk B vbHo A= AR ZFAzia 2 7FAZE Alolof EF
FEY REE BEAT|L, ©GRFTP0] HAEE BHe &
ool e A4S vhso] W WAl 7|29 2o A
o= A Aol wlsf thFst AlftRdS A8A 5 vk A
o] xlolw, ojof| thefrl= E%':Oﬂ*ﬂ é gotqict. 2710l A5
Al vjR)E E=EES 2A S g
2A7E eSS ?1"5011415% @‘?&EJE}- ZdE A

B FARE SAl0] A48 Al glom, A g )
B AAE A5 A Pjo] M ATFBo| wEE] ek

S Aol nhg A1) Sl HHBA AAE
fov], 0] =S Besiet.

AR Eelle =Ee] Mart AAFEES] HAE 1L

[e)

Land Groove

r]Q

(a) Cross section through a rifled bore

uR(x)cosa b~
— uRIx)sina

1 h:
LW RIx)sine W 1 I
~g ’ > {
Rix)sin o Rx)cos x
Rix)cos - dI2

(b) Representation of the forces on the projectile
Fig. 1 Diagrams for rifling problem
efste] 58] ol S g7] e & SE@EAAe
25} darelgo] AR ettt ot 2E-ES A7)0
2t % ‘“’é( Ortlng)OP— ol iﬂEVl el e ‘ﬁ_E% Ol%

_I

o E,_Q_E—‘: CI\/IA-ES—%x A}%ﬁq—.
(Particle Swarm Optimization)2} H]<=%} ]é
107) o14ge] Aldee] B4 MBS ThRt B Bl Agehctn
ot 4 9leh.

o1} g7 Felol e 7ibe] 7ol AN AR AA
W 23 =ale] 2 QoA AAsR: A4 e 3
S oA B,

_Y‘i
B
i)
l‘l’
<
2]
@)

AR AR S weh SR TS AW o) gA

o $AYFO R APYFOR Mg G2 OJulatch. oje} 2

o] ABH: WL ALAOT FAE vhAY)E NS YA |

o}, ZhA1e] Ak} ZPAEe) Ag A Fig. 13t Zow, 24
o] Aupa A (1)} o] HHT 4= Gk
_aDldvy ) dy

R(x) = ;mp[ P Svwm, M

% = tana(x) = a(x) 2)

dy_dax) 1 do(x) 3

x> dx cosza(x) dx



September 2018 / 889

—— Pressure(mean)

=
n

Pressure(Pa)

=
o

0.0

Travel(m)

(a) Travel vs pressure on the projectile

7004 .
—— Velocity

600 1

S w
[=] o
o o

Velocity(m/s)
w
S
o

200+

0 1 2 3 4 5 6 7
Travel(m)
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Fig. 2 Example of pressure and velocity curves
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Fig. 5 Comparison of profiles with various numbers of nodes
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Table 4 Node points settings
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