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Dynamic Analysis of a Launcher under Impulsive Forces
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ABSTRACT

The dynamic behaviors of a launcher under impulsive forces are analyzed. All the components of
the system, ie 3 chassis, turret, cage and suspension parts, are modeled as rigid. The dynamic analysis
code, which is developed with the formulae describing the system equations of motion in terms of
relative quantities, is used to carry out the analysis. The results show the dynamic responses of chassis
and cage when the driving constraints are imposed on turret and cage.
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Fig.1 Schematic diagram of a launcher sys-
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Fig.2 Location of suspension parts

Fig.3 Configuration of a suspension part
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Fig.4 Characteristics of torsional springs
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Fig.5 Characteristics of dampers

Table 1 lInitial global coordinates of the origin of local coordinate systems and material properties
of each body
Bodies Mass(kg) Global coordinates(m) Moment of inertia(kg * m?)

X Y Z L Ly L.

chassis 17300 2.54 001 021] 125000 73800.0 82400.0
suspension W1 100 067 —135 —0.28 1.0 40 30
suspension W2 100 145 —135 —0.28 1.0 4.0 3.0
suspension W3 100 229 —135 —028 1.0 4.0 3.0
suspension W4 100 310 -—135 —0.28 1.0 4.0 3.0
suspension W5 100 391 —135 —028 1.0 4.0 3.0
suspension W6 100 476 —135 —0.28 1.0 4.0 3.0
. suspension W7 100 555 —135 —0.28 1.0 4.0 3.0
suspension W8 100 0.67 135 —0.28 1.0 40 3.0
suspension W9 100 145 135 —0.28 10 40 3.0
suspension W10 100 2.29 135 —028 10 4.0 30
suspension W11 100 310 135 —0.28 10 40 3.0
suspension W12 100 391 1.35 —0.28 1.0 40 3.0
suspension W13 100 4.76 135 —028 1.0 40 3.0
suspension W14 100 5.55 135 —0.28 1.0 4.0 3.0

turret 780 5.26 0.0 0.81 700.0 2047.0 1347.0

cage 8000 4.43 0.0 153 6468.0 16027.0 21162.0




Table 2 Local coordinates of joint definition points
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Joint no. Body Coordinates(m) Reference Coordinates(m)
X y z body X y z
1 w1 —0.29 0.0 0.0 chassis =205 —135 -—026
2 w2 —0.29 0.0 0.0 chassis —127 —135 026
3 W3 —-029 0.0 0.0 chassis —043 —135 -—0.26
4 W4 —0.29 0.0 0.0 chassis 038 —135 —026
5 W5 —0.29 0.0 0.0 chassis 119 —135 =—026
6 Wé —0.29 0.0 0.0 chassis 204 —135 —026
7 w7 —029 0.0 0.0 chassis 283 -—135 -—026
8 wa —0.29 0.0 0.0 chassis —205 134 —026
9 w9 —029 0.0 0.0 chassis =127 134 —026
10 w10 —0.29 0.0 0.0 chassis —043 134 —026
11 W1l —0.29 0.0 0.0 chassis 0.38 134 —026
12 w12 —0.29 0.0 0.0 chassis 119 134 -—026
13 w13 —029 0.0 0.0 chassis 2.04 134 —026
14 Wil4 —0.29 0.0 0.0 chassis 2.83 134 -—026
15 turret . 00 0.0 0.0 chassis 272 —001 0.60
16 cage 2.20 0.0 —1.20 turret 138 —049 0.0
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Fig.7 Ground force versus penetration
@ : Origin of global coordinate system
Fig.6 Ground force on the road wheel
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Fig.9 Relative rotation angles road arms

BEE TS/ Vol. 15, No. 2, 1993/89

2ol X ¥)dte AZKA A7t HEH
Az 74WEA ot goz Fo|7] Wl
Ae g, B8 ANANE &0 AN
Uale 54°) $2 2299 AZe] ¢ AA
velgdo gz walte] FAFAH A2 &A

S g5 Ut AcAE o] 27 AuielA
R vkA A wae 2 g0°HE A7 e FHE
2x9te FAZL FolA U (Fig(a)) $5
A AAE A(Figybh)) &2 Hop BAH=
ezoz %A i, B AolXd FHEIe
229 9t A 7F o] EH (rolling) &
FL g 4 Ak 2% HY L ANAE 4 9
Az BYSE YAHE ML) HYYNZ B

80.0

o N

o
2

[

-3

8

o

S

[ =

8

h]

-

@

[}

—-20.0 . " . L . .
Q.0 4.0 8.0 12.0 16.0 20,0 240 280
Time (sac)

(a) for the entire simulation time

n
o
o

L
N
o

56.0

Elevalion of cage {deg)

o
i
[~

6.0 10.0 140 18.0 22.0

Time (sec)

(b) for the time around firing

Fig.10 Elevation of cage



90/ X

opztth, Aolx o] FHA(RFAFTAY Xr™
Aol th3 2t (elevation) o] AA A Ed ol
A Ztel Wk W slEte Bpo] Figl0(a) e =4
o] lth Figlo(h)= A 3o Zadle Az
Fl Y nZhg JEE Qo g AelA 7}
ARAle] i dte] LelF F HH YA oA 17t
o] 557° A5 2 JElgt) oA At A
FEao] R¥o g £y dFon sty ARA
9] Fo] =HAAN o 17°Hx B8 gL
£tk Hle] AE3 F FHHo] AlolAd
g5 A A AkAle] 24 28k Ao]A]
17t A J3Ee ¢ 4 U 49 Ages
Al $ENENe AuAER 2, ALe
HE ZT2IYPe DADSYE s4§ ZAue =
X5 #FUskPh

2 Aol A FAl Ajade BE 17
Mo 2H 2 o) FiA glov 579 75 T&
Z30¢ M4 2d g A gEle fHo o=
RS EAR e FE AN Y duATS
o]-83H= Ae BT 119709 LEwA Al go
M) A1TEE FEHEA, o4 usibge o
g 178 $8E F452d, 1F =0 5
B 102708 FEzA Y] dojAY B dF
dAe] FUHRE o] 48 EdydMEe 2F
2370 9] &5 AT 6/ FErAHoE A
259 2FE TEY 4 Uk IdvrFg ez v
EU Ao Bod X037 AR £ gl
ov, AEHFAGAN FH2HAL DFA 7
A1 ®el a3HA fv ued BA5I Be
B3¢ Aade) g syl B gl &
HHoz Agd F glede} Argd)

5. 8 E

GEAAY FEYANE SEHRRIYE 9
S8t fEsta NEE HFH 229G o
43, B3R Ao AE Yds A 244
H ZAEE dAEE 49 dE daldy
BHYY 2 FAAELE #9498 29 9L
72 4EL 4. '

(D EAI Y Z} B-&58 AR 713§ §9

3 2 HystHen, & A7 44
A7 Y8 2P DADSZ sl A5 Aot
YA ES FAsA

(2) BREFHNA AR FAFY S 2=
o] vy o YFel glom FHAolAE
o] £94E A= $AMNS ¥AgAch 28
HRE A3 FA A FZge] 7t AHA
Al el B datg AolA e izl A
wasdg ¢ F AN

(3) #7440l 717 Fei2Rd A HY
FHz goteed dEe AR A F
Aen, AAFA R Ve dA=E WA
nE FHAFE 4A 89T + A A
E¥EE ¥ A74%e WA dAE S
CAE Al&% T&d 7]ofste]et £t

g 1= 8

1. Orlandea, N., Chace, M.A. and Calahan, D.A.,
“A Sparcity-Oriented Approach to the Dyna-
mic Analysis and Design of Mechanical Sys-
tems-Part I & II,” Trans. of ASME, Journal
of Engineering for Industry, pp.773~784,
1977.

2. Nikravesh, P.E. and Chung, 1.S., “Application
of Euler Parameters to the Dynamic Analysis
of Three Dimensional Constrained Mechani-
cal Systems,” Journal of Mechanical Design,
Vol.104, pp.785~—791, 1982.

3. Kim, S.5. and Vanderploeg, M.J., “A General
and Efficient Method for Dynamic Analysis
of Mechanical Systems using Velocity Trans-
formations,” Trans. of ASME, Journal of Me-
chanisms, Transmissions, and Automation in
Design, Vol.108, pp.176~182, 1986.

4. Haug, EJ. and McCullough, M., “A Variatio-
nal-Vector Calculus Approach to Machine
Dynamics,” Trans. of ASME, Journal of Me-
chanisms, Transmissions, and Automation in
Design, Vol.18, No.l, pp.25~—30, 1986.

5 o18E, “SxEEYL o) &% @4 &4



AR TR / Vol. 15, No. 2, 1993/91

Ao 9 4" wAletg =g 9=
#87]e 9, 1992.

6. Jerkovsky, W., “The Stucture of Multibody
Dynamics Equations,” Journal of Guidance
and Control, Vol.1, No.3, pp.173~182, 1978.

7. Baumgarte, J., “Stabilization of Constraints

and Integrals of Motion in Dynamical Sys-
tems,” Computer Methods in Applied Me-
chanics and Engineering, pp.1~—16, 1972.

. DADS(Dynamic Analysis and Design Sys-

tem), Computer Aided Design Software Inco-
rporated, Oakdale, lIowa, U.S.A.



