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Abstract: The rifling design problem has continuous-type shape variables and an integral number of riflings. In
addition, it requires considerable time for analysis because its behavior should be described by a nonlinear finite
element model (FEM). Therefore, this study presents an efficient design process for rifling based on a design of
experiment (DOE) approach. First, Bose’s orthogonal array is used to represent 25 runs for four design variables
including three shape variables and one integer variable. Then, nonlinear FE analyses are performed. Next, to minimize
the bullet resistance without affecting the bullet velocity and bullet rotational angle immediately before a bullet leaves
the gun barrel, a what-if design is performed. In the proposed what-if design, a functional including the design objective
and constraints is constructed and effect analysis is performed by using the functional. It is found that the new design
obtained from the what-if design shows better results than the current one.
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Table 1 Experimental runs of Bose’s orthogonal designs

Trials Level Factors
4 2 2-3
9 3 2-4
25 5 2-6
49 7 2-8
121 11 2-12
169 13 2-14
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Table 2 Experimental Design variable ranges

1-level 2-level 3-level 4-level 5-level Remark

DV1 1245 1.745 2245 2745 3245 by
Dv2 0.1 0.2 0.3 0.4 0.5 br
DV3 0.2 0.3 0.4 0.5 0.6 H
Dv4 8.0 100 120 140 160 N

Fig. 4 Design variables for barrel design
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PROJECT File Name : CTA_GUN_BARREL_DESIGN.edf
DOE Method : Bose's DA
RUN ovt | Dvz2 Dv3 DV4
#1 | 124500 | 0.10000 0.20000 2.00000
42 | 124500 020000 0.60000 16.00000
3 1.24500 0.20000 0.50000 14.00000
#4 | 124500 0.40000 0.40000 1200000
#5 1.24500 0.50000 0.30000 1000000
#6 | 174500 0.10000 0.60000 1400000
#7 1.74500 0.20000 0.50000 1200000
#8 | 174500 0.30000 0.40000 10.00000
#9 1.74500 0.40000 0.30000 2.00000
#10 | 1.74500 0.50000 0.20000 16.00000
#11 224500 0.10000 0.50000 1000000
212 | 224500 0.20000 0.40000 2.00000
#13 224500 0.20000 0.30000 16.00000
#14 | 224500 040000 0.20000 1400000
#15 2.24500 0.50000 0.60000 12.00000
#16 | 274500 010000 0.40000 16.00000
#17 2.74500 0.20000 0.30000 14.00000
#18 | 274500 0.30000 0.20000 12.00000
#19 274500 0.40000 0.60000 10.00000
#20 | 274500 0.50000 0.50000 800000
#21 3.24500 0.10000 0.30000 12.00000
#22 | 324500 0.20000 0.20000 10.00000
#23 324500 0.20000 0.60000 2.00000
#24 | 324500 040000 0.50000 16.00000
#25 324500 0.50000 0.40000 14.00000
4 '_ m )
DESIGN PARAMETER PROPERTY
DVID Level Desciption | Type | Le #
DVi| Slevel | BU | pea - L2
DVa | Slevel | BL | Real - 0.1
ov3 | 5 Level 1 H | rea B el
D\-'4 | SLeveI | Riffing Mum. . "F'-,ea.l == S;.D ¥
4 | fI'I' { 3
ANALYSIS RESPONSE PROPERTY
ARID Description | -
AR ‘1. Barrel Stress [GPa]
AR 2 | B?n_d _Stre_s_s [(_EF_‘a]_ =
[ Ok, | i Lancei |

Fig. 5 DOE table by using Bose’s orthogonal design
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(a) Maximum stress for barrel
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(e) Angular velocity of bullet
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(b) Maximum stress for bullet band
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(d) Velocity of bullet
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(f) Internal energy of barrel

Fig. 6 Effect analysis results
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Fig. 7 Sensitivity chart
RUN V1 pv2 V3 V4 New AR
27 124500 | 0.10000 0.20000 5.00000
#2 1.24500 0.20000 0.60000 16.00000
#3 1.24500 0.30000 0.50000 14.00000
#4 124500 0.40000 0.40000 12 00000
#5 1.24500 0.50000 0.20000 10.00000
#6 1.74500 0.10000 0.60000 14.00000
27 1.74500 0.20000 0.50000 12.00000
#5 1.74500 0.30000 0.40000 10.00000
29 1.74500 0.40000 0.30000 00000
#10 1.74500 0.50000 0.20000 16.00000
I #11 224500 0.10000 0.50000 10.00000
212 224500 0.20000 0.40000 00000
#13 224500 030000 030000 16.00000
#14 224500 0.40000 0.20000 14.00000
#15 224500 0.50000 0.60000 12.00000
#16 274500 0.10000 0.40000 16.00000
217 274500 0.20000 0.30000 14.00000
#18 274500 0.30000 0.20000 12.00000
#19 274500 0.40000 0.60000 10.00000
#20 274500 0.50000 0.50000 00000
221 3.24500 0.10000 0.30000 12.00000
#22 324500 020000 020000 10.00000
#23 3.24500 0.20000 0.60000 2.00000
#24 3.24500 0.40000 0.50000 16.00000
#25 3.24500 0.50000 0.40000 14.00000

Fig. 8 What-if design result

DV ID Description Value
DV 1 | B Upper 3.2
DV2 | B Lower 0.1
DV3 |H 0.6
DV 4 | Rifling Number 12

Fig. 9 What-if design
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