Transactions of KSAE, Vol. , No. , pp. - (Sf59%) Copyright © sHE1 = KSAE
pISSN 1225-6382 / eISSN 2234-0149
«REN DN EEe = EANE g DOI htp://dx.doi.org/10.7467/KSAE

= = = = = — = =

HEAZFA AL HH LA E -?—lPJ sgds zHs
2a2" 4xa .0 '

sleihsti OlRISAZ SR Shthstn MAMA A shehstn ol

= *3)
2 s o e e

The concept of combat vehicle systems integrated performance for design
optimization
Hansu Kim) - Jihwan Sung" - Seungjae Min > + Tachee Lee”

b2 ”Department of Automotive Engineering, Hanyang University, Seoul 133-791, Korea

Abstract : This study proposed and simulated weapon-vehicle system for analysis of performance related to system
design factors. For dynamic analysis of vehicle during passing over a bump and firing, six wheel car model was modeled
containing spring-damper of tires and suspensions. To estimate the maximum firing range, an interior ballistic and an
exteriror ballistic model were built by using Le Duc method and point mass trajectory model. And all design factor are
optimized by set performance indicator.
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Parameters Symbols Units Values Remarks
Vehicle speed 12 mls 1.0
Suspended mass mg kg 567.0
Pitching moment of inertia E; kg-m’ 600.0
Front and rear unsuspended masses ay. o, kg 725
Front and rear spring coefficients K. K, kNIm 28.030 Design variable
Front and rear damping coefticients €, 0 IN-s/m 3.000 Design variable
Front and rear tire spring coefficients K Kz kNTm 400,000 Design variable
Front and rear tire damping coefficients Cpn.Cpy kN-s/m 162 Design variable
Distance between front axle and center of gravity a m 09
Distance between rear axle and center of gravity b n L0
Bump radius R, m 0.1

Table 4 Numerical parameters and values of the 4—wheel combat vehicle model
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Subsystem Parameters Symbols Units Initial Values
Vehicle speed v m/s 10.0
Suspended mass g ko 567.0
Pitching moment of inertia T; kg -m? 600.0
Unsuspended mass Ny, My, My kg 72.5
Spring coefficients of first suspension Ky KN/m
Spring coefficients of second suspension K, KN/m 28,030
‘_rehicle Spring coefﬁme%\ls of thard suspensi@ K3 KN/m
Damping coefficients of first suspension Cy KN - s/m
Chassis Damping coefficients of second suspension Ca KN - s/m 3,000
Damping coefficients of third suspension Ca KN - s/m
Spring coefficients of tire Kry Kr2,.Kr3 KN/m 400,000
Damping coefficients of tire Cry,Cr2, Cr3 KN - s/m 162
Distance between front axle and second axle a m 0.7
Distance between second axle and center of gravity b m 0.2
Distance between third axle and center of gravity c m L0
Bump radius Ry m 0.1
Caliber dy m 0.04
Outer diameter d, m 0.05
Tube length L m 0.52
e Mass of projectile My K 0.24
Ammunltlﬂn Mass of propellant me .’\’i 0.05
Angle of firing B Degree 15
Distance between 40 mm AMG and center of gravity d m 0.3
Drag coefficient G dimensionless 0.16

Table 5 Numerical parameters and initial values of the 6-wheel combat vehicle model
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Xi1s Xigs A3

Minimize  Pitch Angle(X) 5)

Subject to

25,227 < X, < 30,833
2,700 < X, < 3,300
25,227 < X; < 30,833
2,700 < X, < 3,300
25,227 < X; < 30,833
2,700 < X, < 3,300
360,000 < X, < 440,000
145.8 < X5 < 178.2
0.63 < X, < 0.77

0.81 < X;, <0.99

0.216 < X;; < 0.264
0.045 < X, < 0.055
0.045 < X3 < 0.055
at+tb+ec=1.9

Verical Acceleration < 2.5
Range > 1,500
nf(SafetyFactor) > 2.5

53 H=s AT

#3153 A3} Table 69 2t}

Initial Optimum
Item
Value solution
K, (KN/m) 28,030 29,486
K, (KN/m) 28,030 28,226
K, (KN/m) 28,030 27,224
C, (KN-s/m) 3,000 3,300
C, (KN-s/m) 3,000 2,951
C, (KN-s/m) 3,000 2,700
K (KN/m) 400,000 380,013
Cr (KN-s/m) 162 163
a (m) 0.7 0.63
b (m) 0.2 0.36
¢ (m) 1.0 0.91
m, (kg) 0.24 0.216
m, (kg) 0.05 0.055
d, (m) 0.05 0.0543
Stabilization time
0.5953 0.1976
(sec)
Vertical
) 3.0405 2.4997
acceleration (G)
Range (m) 1,461.6 1,560
Safety factor 2.1201 2.9475

Table 6 Optimum Solutions



Transactions of KSAE, Vol. , No. , pp. - (Sf59%)

“REN I HES o)z FAE S
shoich, A2 A3t o
ol Heh . WAL
s A7 BT

Z7] gkell vlsl 25 57

o,

o =

4
o
o
kS
X

rlr
oo &
o
_O,L‘
2>
4 |
N
o b
N

LSO

o
fr oo

e X
K

R

o
R

-~
o
-
2
o
ol
il
32
o

o

DY

)

B

2

ot

in

i)

i

=

=)

ojN

)

&
z Y

bl

30

=

7

-/

GER
34 9
]_

2 E
= 5

&

i

= Lo

P 3
o} m
>

o
feie)

K

oX
Ty
rlr

2

o

ot

o o
—

ol

N
ol

=)

-0,

2
b
>

N,

lo

N

N
B~
_O‘L
k

>~
)
X
i)

N
-

W g
o &
£ &
)
£ x> ¢

ORI )
P> o|X
e

2 o
2 2
i, ol

of gtz 2437

-

o
4

0,
u)
o
2
2
i)
ol
rlo
ofN
)

, Eias!
W} AFAR 7F B SbeAl "k #

g A|3ko] radka AP 7k Sobehe

b o

S o > g o

o
Ol
o,
N
pie
5& fob ox vy o
o
fo N oy BT oox A o R

ro oo

T
[e=
(

S

r
[ox

= Solth.
AL S7kskd _RBAAGTE S Shh whebA
Q]S F7hek Zlolehar o sl
W el o] T RS G 5 vk 27] Al
7 H A3t AYLE o] g5t £ 7%
AIZE AEAE, EAAIFe] o
Fig. 10, Fig. 11, Fig. 129}

<Vertical Acceleration of Body >

Copyright © iE1= KSAE /
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE

1400 H .

/ﬁ—\\
20 0 a0 E 000 20 a0 [
Honzanldistance ™

Fig. 11 Range between initial values and optimum solutions

Wodifed Goodman Line

sting St (4Fe)

300 w00 w0 7
Wikange Sirss 04Ps)

Fig. 12 Safety factor between initial values and optimum
solutions

6. GUI

FHAstel= AR V1S s A3 AE

fion (@)

o1 2 3 4 3 3 o1

Fig. 9 Vertical acceleration between initial values and
optimum solutions

<Pich Angl ofBody >

JIAW
[ A

3 Ts
=

Fig. 10 Pitch angle between intial values and optimum
solutions

8 saxExzss=Rxy H A A 5, siEes

H, HA3 2 Ql FATME R, s AIRE A, PAATE
’ b

) =48 g s 2295 MATLABS )83t

= ok 5} o] Fig. 133} #o] vk=o] Bkt AREHRS A

= pi A2 YYE 7 Y 5AE WES 2w Agshe
HENEESE T DIIE

a Comba Veticle =N

e | ‘ Specifications Analysis
Firing Mobility i ilization | Range  Tube Life

distance m3 &2 cT1 c Safety Factor

Impuise (N°S)
Maximum Pitch Angio (degroe)

Graph

A

Fig. 13 GUI

1) 385 HAE Foto] HA g M
AZE A gz A ], A 7SR, QB Al
ThSehs A s 22 5 ASITh

2) /W32 A (conceptual design) & Esfo] A=
F%57] (product life cycle)F 3 @AE 1193
o] 2 g0l Hh

3) 71sEE d| Aol 2xkd& ARk, o]

=
=
3AHo R B4 Gt TP e 21T Y



The concept of combat vehicle systems integrated performance for design optimization

References

1) E. H. Choi, J. B. Ryoo, J. R. Cho and O. K. Lim,
"Optimum suspension unit design for enhancing the
mobility of wheeled armored vehicles", Journal of
Mechanical Science and Technology, Vol.24, No.1,
pp-323-330, 2010.

2) Raza N. Jazar, Vehicle Dynamics Theory and
Application, pp.828-864, Springer, New York, 2007.

3) J. B. Ryoo, The concept of combat vehicle systems
performance analysis integrated system for exploring,
Ph. D. Pusan University, Pusan, 2009.

4) Naver, Equation of Deacon,
http://blog.naver.com/eungsun_99?Redirect=Log&lo
gNo=100175066724, 2014.

5) H. J. LEE, Gun and Ballistic , Chungmungak

Transactions of the Korean Society of Automotive Engineers, Vol.

, No.



