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Influences of Ship Swaying Motion on Missile Launching Outlet Attitude

LIU Guang, WANG Lin-na, ZHANG Bao-gang, ZHANG Xing-yong, WANG Guan-kun
(Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109, China)

ABSTRACT: Objective To ensure launching safety and provide accurate initial outlet attitude parameters for robust design of
exterior trajectory. Methods Launching dynamic modeling and simulation technology was proposed to study influences of ship
swaying motion on missile launching outlet attitude. The rigid-flexible coupling multi-body dynamic model was built based on
topology structure of concentric canister launcher system. The flexible body models of launcher and missile were built through
the Craig-Bampton modal synthesis method. The contact collision between missile and launcher was simulated through nonlin-
ear spring damping. The thrust model was built with AKIMA interpolation method based on engine test data. The roll, pitch and
sway motion of ship were simulated through sinusoidal function. Results The research was made on a series of working condi-
tions influence on missile launching outlet attitude. Through this research, some useful values of key design parameters which
were difficult to be measured in physical tests were obtained. Conclusion The research results show that the reasonable sliding
block distance and sea wave level can effectively ensure launching security of concentric canister launcher system. The research
results have important engineering value for the design of concentric canister launching system.

KEY WORDS: ship swaying motion; launching dynamics; concentric canister launcher; outlet attitude; launching safety

B 25 28 AAR BRI AW R =, X B2 3k sy BOROLDBOR, BATCR S Ik . OR BRdEdr 5 68 |
RYERYERA Wi =y, DL AR I A 007 SORME e B A 1k L B 42 5 (0 B i R P A 4 4 2 Y
B o LR AT A S BN R R S I D, IR S AR HE S F 22 R R S S 04

R BHEI: 2019-03-04; f&iTHHI: 2019-04-15
1EE"NT: 21 (1976—), B, TAA, Ht, HRIEF, TRHAH @A LML S,



- 40 - g HE TR

2019 4 8 H

FARW, R AR 5 A AT — R R I R
G¢, BOREsZ B RS E A E A ik, BT kR
O 8 2 S AR 8 g S 9 A AR G BT AR A i 1) RE
T HAEERE L

X FANRIE A BT, SRR AR AR E
TR S . WA S BE ], S A ) Hh T
BAE BB K 22, m o2l g siiE
592bR CAT HUEAFTEBOR R i 22, A S BCRATIAE
R PRIHCAIT S S 58 A S5 Hh T S8 25 A AR AL RS A S
AR SN IE A BT B BB S 2R
SRV 5 | 1) FOL A 4 1350 sl o I 2 e A 53 3 g 2
PERE R — 2 RS0, O T R A S AR
RS I RS, R AR AN R IE AR
PR BEERR A 00 iR 28, 5 X RO T A
T3 R R GEREAT WM& 21880 T 27 i AU R L A
S5 8, B EHTONGAFILAE T Z MR T 0
X [ 5 S5 S i ) S A R R

1 RSERFHK

SCH AT ST B RO fRT A g R SR A A% 2R A
4 S B A5, DA 3 SR A S 2 B AR o AR AT 1
JIT 7R B B R GEAR AN R TR SR A B L
B frerEn ., B, 5By SR, R R R A
J RTINS AR I RE A LA L, BE TR R — AR
SIS A PUAS M R AR A S AR SR A A
oL AT [P 5 AR Lo 5 9 S A R R S R P Y
SRBEATI L, FARGBUIAL BUR A S [ K
KeAHLRCKE A T 318 B B ALY P B 5 T
I, SO A S, 1 ST IS DR S 1 A
&, FHRAERLL R N A BRI SE A A

fem Hm
i3 33

&
e

=
I

¥

il e

6\
o
pecs

;
. ol
o e i
@g‘\‘lﬂﬂlib<::::> AL
motion (:::)ﬂm
o> e

K1 RS RGN

2 RHRGZEHHFEE
PRI O 1 3 B R GRS | 74 %

SR A ARV AR R B A L, S5 A RO Ak
¥ RG22 WIR S g 2 OB AR Gy 2, Sy 1%
KRG ZERE 5 3h 12 e AR LB . i 4 A [
INGEEPIV- S E NI ES i Feai DA Iy S

B2 WIS B )12 i A HLEE

2.1 ZTHMEER

TR RS RGE T, KO oy sipE AT
R SRS A —E R, Bk S g, &
fal SRR SR AR AE B /N, IR A Craig-Bampton
B LEA TR RS T8 R A R
Craig-Bampton BEARZRG J7 I —FiRe 51 A S0 18 4
SR E BRI, HAEARAUR . RIR@EIER K,
ISAHCERI R Z A, B TRSRITIE, M
I 22 LS AR I o] £ FIASEAS AL bR Y 2R PR 2 ok 3R
JN PR ARTE | 38 A SR A A Y R A R e A
s,

2 S R R S 0 S R A A R ik U A A BT
HIALFRFR A MSC.Patran H5% & 5 21 RN T st dE 4745 22
PSS 53 ARHE YR DL ARG E T, R e
BCGRPEAAEARYTB A SCA o 4236 B 38 45 A FR TR fi
#% MSC.Nastran FE AR, A sh4E: T B 20k
B PESCE . S5 7E MSC.ADAMS Hi i F 4%
FEIF Flex REZHUBZS b 3CF, ININTE A |
T AR AR AR o SRR Y B JE R IR 1,

x1 FHEER
SR VUl Hz FHJE
<1000 0.01
1000~2000 STEP &% Hh £k
>2000 1.0




Fl16fE £l

XUTTAE JULAR R 200 SR S T S A A S <41

%% 1 1 STEP pRAIT £ 215000
STEP(FXFREQ,1000,0.01,2000,1) (1)
K 1. FXFREQ 5y ADMAS H ZE PRI R 288

22 #EfhNEE

FEFAREDLB A | o5 e 5 Pz M ny s
Bl 20 o G Rl SR P A - A ok 249 SRR S B, 9
HLAE 55 5 555 T B 22 0] %) 24 ok 56 2 (1 1 44 - W1 A 422
fih 24 SRSk S LAY v S B 5 L 2 ) A [T
0.5 mm, Contact 4% fih J3 {1588 o118,

F=K&%+CéS )

Ko KRNI ; CoMIERLBLIE ; e hikfil
RIS 0 WM ZBIREE ; o NIEMEE B HIE
T 2 R S HOBE L3 2.,

K2 EMARSYINE

28 8
Al W 1.0x10® N/m
2 filBEJE 5.0x10* N-s/m

Pefph AR 2R pE 8 %L 1.5
Mo B R 1.0x10™* m

T2 M e B 4 R 0.3

2 f B VB 4 R B 0.1

23 S|ihE#E

A v 2 T IXURT K ST 3 R A 2SS B
SR ST R A R, ISR o =0, AT
AR T 27 B B S Bh  HEAT AR T A 2 SRR X
BN AR AL, A% KV I ) s 1 20 FRAE
TR 0 A I 2 BT S s N A i 4R TR B B ) AL
VER T AR Y 421 gl )y, HERRUh

F, = CN(V2 +V2)S/2 3)

Xf: CNHREREG SHNBSHWN; v,

R R 5 Vi R TS B

2.4 REH;HHENEE

AR e 7 18 B 59 A 32 B 8 A RS Y L) ) Ok
PR SIHLIE ST o MR 3 S S L4 P A (9 e Sh AL
Y, i AKIMA SRR (D7 150k SCBUX K
BRI M R4 A o AKIMA B 253 (5 14 s AR 5
22122,

AKISPL (time, 0, modell.spline_n, 0) 4)
A time A E A} ] ; modell.spline n A& 3l
BLAY TG4 ) B h £k .

2.5 MAREZEIZThER

AT ARV T b AL AE 3 AN A bR T i EELA 6
Mizgh, WIS E (Y. A% . =% ) M
WIS Z 8 (B . B . %) o IUERIEiE 3

TR R . G R ] LA S iR iE 8,
PR B 5 R G B ) A R R R R B L
DA R A e IR G IB 3l , X A A RS BE R
WA/ o PIEEA T 435 432 s i B i e, 0%
B TR . PRI 3 Mg, — B, NI
DU SR B O™ S 00, 3% 3 A T ANRIBN S
AGIERS

®3 ALRBRSYE

ZH BB HYE &)
e 16° 4° 3m
JE1 31 /s 8 5 4

R TE 6 YN T B EEHE . G35 FaEy —Flhiz
M EIEAS, NETERG KR RIER 3 g mM
PEARRE, HMARTEEIR TP ATES, Ha®) . A1)
F S (t) 43 501 22 70 A A Y YR A AR T i 7 A 1) R
AL YNER AR B0 ) R ) A o DA E VTR
AT EI AL, a(t) . BCY) FT S(t) 5 Bl B 0] 25 1k i)
PREL, WL t=0 BFZIM-FradZl, nifs 3 Fhizshiy
R ok 0y AR 52,

o . 2m
a(t)y=16"x sm(gt)
L) =4 x sin(z?nt) ©)

o(t)=3x sin(%Tnt)

26 EXHRERZZHEBMHFERE

MR i 4 W TR0 f8 B 1 B3 R G2 K80 19
PRARAR . DR ST . R . S SRR 0 O AE
AR BR Z B R LA BR FNERPL FVE N T LAk bR, B
q =[%.¥.z,w,0,0] , (i=1,23...nb) . RHE—%
Lagrange J5 2121, R A% W H o+, g7 RO fA
EPIVE I E N EZLNTIPIE YRk

{anm+qﬁmoﬂ=anM
@(q,t)=0

A g, gl ELGE A AR RN
LY 7 = N LY TS S e T 1 2
M(q,t) R [EO B RS RS 5T a5
@(q,t) M @, (a,t) A4 AL B K Bk R G ) 29 o ek K
TR AR RS WA 5 4 K 2R
KB H T Q(,q,t) AT AN, AT
K. KM%,

A4 IR 2 008 1A e S BLIE 9 R
H 1 & 51 2 48 8 1 2 AR R A L 8l Ja2Ema g, R
HHT-13 J7 3k B8k RO H 1% 0 RGN A Kk 5t
IV o

)



42 % 4 5

2019 4 8 H

1 .
1_ M (qn+1 1 +¢qT (An1 >tn+1)ﬂ'n+1 -

+A
Q015 G 7tn+l)_$' 5
|:qu (qn )]’n - Q(qns Qnatn):| =0

m(qn+l’tn+l)/a At2 =0

3 MEHERESH

WRAEO5E A/, Pr b i & s BR YA
SO 5T 119 2 fh A M 00 LA T S ok 7 v 980 3 RS T R 7R
HESREATY . HRETY, ST ENR
A2 G A A, W H S S T A Y
Pt s« DRA A | DA F AN DR A A R EE . 35 4 47
T BRE I 14 B TR0 AR

®£3 IRENX

S B S S G A A gy P TOUHE T LB
G, AR b A BB A 3 TR, L A TEA ! R L 8 e -90 I AL
1] 5 i) 1 0 0 2 25 o7 B B AR A O B S 5 Ly M AE 2 GME-O0WIMEAL 9 P 0 HIAHLL
T[] J7 [0) b 0 P20 7 B IR R R D IR RS L 3 YHE oW KL 10 % 90K A
SRR ) 7 T T 2 e A R S A A O P B 4 B 90°HIAH 7 11 PIE-HERE S
WFRAIET, Li=35m, L=8.5m, Ly=3m, x %A 5 BHE-00WIAME 12 YIE-THA S
SN,y St R L,z BARE AT T I 6 MEOmML 13 BT
(3% BLAY AR R LA AR bR 2R ) BLA0 B T AR 2 7 B 900w AR o7 14 WL -T2
SMUWLER 3, T WIS AR S

e e
U NP ~
? | ! ) jo
| [ o/l ;
) | varl /
- ' f Boo| g '
(" O &ty x p \. O X A
\\\ ” ) /// . - !! B /,,/
el B B
3 R
F4 FHER
TR s AR HEBENES ;
(mesT) LA BB RAUEEEEAC)s) OB () s )

1 0.427 24.51 0.00111 0.084 0.0010 0.57 e

2 0.443 25.35 4.25 0.014 8.85 0.15 >

3 0.439 26.92 1.13 0.002 6.81 0.12 w

4 0.414 23.58 4.42 0.08 6.91 0.74 =

5 0.427 24.18 0.20 17.48 1.68 23.03 =

6 0.422 23.58 0.003 3.09 0.01 13.61 e

7 0.422 23.85 0.025 17.29 1.36 22.90 >

8 0.455 26.37 0.003 0.020 0.01 0.12 &

9 0.425 28.55 0.013 0.030 0.11 0.24 w

10 0.394 22.95 0.003 0.023 0.04 0.11 =
11 - - - - - - b=
12 0.380 20.31 4.33 0.031 8.55 0.11 &
13 - - - - - - =
14 - - - - - - =
MNFE 4T IEH TR A 0.427 s, MK 24.51 m/s, SRR L T

1) MR R ST (OB 1), SiARo8 4 14 i

H BT A DA L ORFAVD A B HCAR I A R JEE AR /N



16 8

PUPIE R Vit DU LY R E A AL - 43 -

2) TR A RN, A SE 4 H 3T A
6] 76 0.380~0.455s =2 [a] , 3 & W 20 f9 3 BE 78
20.31~28.55 m/s Z ] o Fr BRI B2 XT H 14 B[] 1)
A, Ay (TAL 8. 10) X Hi &I E 4 B B
o, SR AR B RS T (T3, 8. 9)
R, 2z (TR 10, 12) JfEHfE
R RE W/ o

3) WEE (T 2. 3. 4) 2B 4 ik s
A 19 i AU £ A 0 1 R, 51 RS 1 e K AT £
4.42°, S KAWMUFHEE N 8.85 (°)/so

4) BERE (THL 5. 6. 7) 2xBE MR 4k g
A AR A0 £ B R AV e 3 32, 51 RS 1 e KA AR £ 0
17.48°, S KPR 23.03 (°)/so

5) 3% (TAL 8. 9. 10) XFaiAk i it R4
FARE AL /N

6) BARNETHT (T 2 3 10), Bk
ANeE5REEELETW,

7) BETHT, MAFEPIFN N — 90° [ fi 4742
s (T8 11, 13, 14) BF, S0 R 538 5 fa 4
AIReS R AT, KA Z0 AT e e B A ki E
WA B I R, Jrh, Y = AR A A
BF (0 14) TR ™ &

XF T8 11, 13 1 14, Jais)N i o e 6] ) i 2
Joi, BB BT, R Y i B BN B —
FREESS , A T i SRR PR S R R R A T b . BRI
A BRE A T B 1] %) S AT 4 e A e Ak

kg 43 B 8 A AT BL S B0 7R Al 3o EL 45 TG
Wi, SRS R SRS & A T A S, PSR BRE
AT IMER , AR R o i AR BB B0 i i
it T 14 T80 (RERE . PR MIESMAS ), #1740
TSN, HT T R s 3 5,

x5 HESHIA

T REFE/(0)  HFE/(°) T /m T
14-2 16 2 1.5 w
14-3 15 4 3 w

M5 ATLIE H, B EM AL, R
35 AL, DR TN 5 R (R F 25 PF R,
ferf, SRS RS AT . Y. EHGE
WIFIIRAE AL B AL SR L 160080/ 31 159,
H AT A P S SN S R S R A A T . AR T
IRl B NREBLAEGR AT Lk e A P
555 SR R S LE T, TR e R 5 B T 0 R S A A
AR RN

4 it

SiRus s ACINNE RSPV - BN BT e e AN
gy ALY, BFFE T 22 Al A A 422 000 [R]

DA RS AR, PRSI Bk .

1) AT, B . PR AE S R A
AR R, SRmTIA B, BT kA ; fEA
AL A TOUF , MAFEREEnT, kS 2 A4
RAETW, HUL =& FIRAELER R ™ B

2) LR TR B R) B RN A Y B S s Sk
W AR T e —RE R IR, A BRI 5 1 e ) B
FNE O K S 25 A T 42 g R B 2 Ak

3) W MU ERAR I A, A e 4 BT B
[B]7E 0.380~0.455 s Z[], HfEAF 2 EE 20.31~
26.92 m/s ZI[H] o YNBSS HE IR H T R SAA 1) D e
o AR, Bl R R IRAT AN 4.42°, K
PR AR B R 8.85 (°)/so M4 23 4l R SHLAAR H fAT B i A
(R ARE AV £ R A A oy B, 51 Y A KRE AT A
17.48°, S KA A1 3 B2 R 23.03 (°)/so

S -

[1] R, #35eas, 25, & M Stk R
HIRL AT, SRS M RaE AR, 2005(4): 57-62.

2]  BSYIR, DA%, skamet. Rk e R AT 53k
2 S R WFFE[]. LB 2R, 2000, 12(2): 60-64.

[3]1  Z=8, B/K, &AW, 45 MR aE gk
S WOL R BT[], ST S A KRB AR,
2014(5): 19-21.

[4] 2=, Setitdl, BRFE. ARSI K v indt sh &2
Wi (R 22 R R A0 M), dE st B TR 22 244k, 2011, 31(3):
253-257.

[5]1  #MEZR, T MURRET B3R K s i i sh
AR T]. AUARERLEERIR, 2007, 29(6): 83-85.

[6] 2=, Setttdl, PRFE. AR T ML K ST in it s
AT REUAISE[I]. MARRL2EHROR, 2011, 33(12): 89-92.

(71 A, ¥, ASEM MR T A SR
D5 H BR 4> BB W (7). JT T2 4R, 2015, 36(9):
1819-1824.

[8] 25, Setitfl, BRFE. ARERERERAEMLNS B AR L i A A
FE[I]. FAETSHI AR, 2011, 31(2): 222-224.

[9]  ffEM, 285, XFEF. &S E RIS 05 LT[0,
FET 5 H SR, 2004, 24(5): 425-428.

[10] M, M, kiRm, 55 SUMEERHRETEL
KBy @RS pr & 7). 1S T4, 2008, 29(9):
1083-1087.

[11]  f5fEM, 225 T NI AR & 55 85 3 )2
PEAHTI]. BRENIEFR, 2009, 21(6): 1789-1783.

[12] sk, XA, ok, FEFAALE G & ST RN 32
WA 1 I R S M K E B R, 2009(6):
51-54.

[13] @A, Betitfe, PR T Craig-Bampton k)
S SRR 22 R B 2 E AT 0], AR KB ER,
2011, 34(5):559-564.

[14] X5, ¥, BRZR, & BIRRLR 5 RS
IG5 RS EHFER, 2013, 25(7):



.« 44 -

2019 4 8 H

[16]

1683-1690.

LANKARANI H M, NIKRAVESH P E. A Contact Force
Model with Hysteresis Damping for Impact Analysis of
Multibody Systems[J]. Journal of Mechanical Design,
1990(112): 369-376.

BAIZ F, ZHAO Y. Dynamic Behavior Analysis of Planar
Mechanical Systems with Clearance in Revolute Joints
Using a New Hybrid Contact Force Model[J]. Interna-
tional Journal of Mechanical Sciences, 2012(54):
190-205.

LI Xiu-feng, WANG Ya-bin. Analysis of Mixed Model in
Gear Transmission Based on ADAMS[J]. Chinese Journal
of Mechanical Engineering, 2012, 25(5): 968-973.

ZHAO Yan-ling, XIA Cheng-tao, WANG Hong-bo.

Analysis and Numerical Simulation of Rolling Contact
between Sphere and Cone[J]. Chinese Journal of Me-
chanical Engineering, 2015, 28(3): 521-529.

PR, skIE. KSR A B M) dEst db
ST RE it 1998

T, A, TRPRMS, . T HEEENLE AR K S
T HR ST R E ). EI%?& 2007, 28(4): 491-494.
XU, VFASR, ?&r‘ﬁ & ZEKERI ARG ETIR
GBS0 R T]. THEIEE TR, 2018, 27(5):
20-27.

XUT™, T, YRR, AE. SRR O R G R S

fijJWJ?E *%Wﬁu 2019 2(1): 14-21.
FHA, ﬁ“ﬂﬂﬂﬂ(&@ M RIE: M RIE TR
hﬁﬁ., 2007.



