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Collision characteristics of ship rotating machinery coupled
with airbag-raft-limiter system subject to heaving motion

LI Zhen—hua, LI Ming
(Department of Mechanics, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: To investigate the collision dynamics of a marine rotating machinery integrated with an airbag-
raft-limiter system under the influence of heaving motions, a dynamic model of an asymmetric system
incorporating a limiter was developed. This model took into account the effect of the ship heaving motion and
the limiter gap on the coupled airbag-raft-limiter system. The equations of motion were given dimensionless
treatment to facilitate computational analysis. The study examined the influence of rotor speed, heaving
amplitude, and limiter gap on the system's dynamics utilizing nonlinear dynamics analysis techniques
including phase diagrams, spectral responses, and energy trajectory diagrams. The findings indicate that an
increase in heaving amplitude leads to collisions between the system and the limiter, causing a significant
amplitude decrease while triggering a transition of motion from quasi-periodic state to chaotic state.
Additionally, the collision alters the energy trajectory of the system, moving from a uniform distribution
towards the collision zone.
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Fig.1 Schematic diagram of shipboard rotating machinery coupling floating raft-airbag under heaving motion
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Fig.5 Steady-state response of the system with £ = 2.42 for different heave amplitudes
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Fig.6 Steady-state response of the system with £ = 3.14 for different heave amplitudes

2.2 AEEZEE T BRAEF EBEXT RS 3h 1 F R R R0

7 AN ) 25 D PR AR AR W B BR SL 4 18] B ) AR A O R o A AR GE - RS 4% A4 il £ o
B, RGN R BERR AL R B A4 R SR 2 MRS R . ZETCRIAR B B, R GEHR (ELA B Rk A REBEFR A2 45 8]
BRAYRAR AL ML . T 5 R (H e = 20000, FREZEFHIBR o3 K E 0.8 7, REEMIIREAEIR K, 4 1.46; 1E
e MR E e = 27000, FRAZAS I B o R E 1 )5, REMREIKBIECR, S 1.97; 7635 1R {He = 35000, FR



786 fi AR 127 5529 5 5 10

FLER BRI R E] 1.3 J5, REAIREAEIRK, H 2.54. RUPYRGICIRAL 430, T (SR, RGN
PRENMFEAR, HARGIRE S F IO . AP 5 H I PR R, IR MR e/, HLA%
HOR, RGN R N . o Y57 Q = 2,420 (A1 7 (c) ), TERETE BB A FRA 5% (8] B 1,
AR R A E LT o X R G 72 35 W (B A S IS R Geas sh RS RS2 /), e
G5 kTR Q = 2. 4208 RGNS TR V) A o

—.— £=2000 —-— &=2000
24+ - - e=2700 24+ - - e=2700
— e=3500 — e=3500

0.6 0.9 1.2 1.5

o
(b) Q=156
—-= £=2000 2T 2000
241 -~ £=2700 -~ &=2700
—— £=3500 241 — &=3500
2.1
18t .
15t e
.’{
,’
12 b7 /
0.6 0.9 12 1.5 0.6 0.9 12 L5
(23 o
(c) =242 (d) Q=3.14

P 7 N[ 5 WA BIRASE e [a] B P i G 3%

Fig.7 Relationship between limiter gap and vibration amplitude for different heaving amplitudes

2.3 NEEZEE R A EBRALAF 8] R T S 3 A I 3 1 3 RE N Bz 45 1%

Fill: A5 5 2 AR S AN (0 FRCRE B A URE, () Pt 2 S S3080 7 A RRe s B DR, 386 DR 1 A ) 22 4 XL,
MR TR o PR, 8 i X AR~ SRS BE ) 3 M vl LA 20k DN e e AL S AR B 2, ) %
GEARR S P BAT B S0 T T E AN [ 3 5 R AN [ BRASE 6 ) B R A~ e s A e
PERRN

Kl 8 W THEHQ = 1 FGINARQy = 0.01, FRELEFEIB o = 1IF, AR5 IR (E T -2 py Ak
ANEHVERRRPLE K . K 8 (a) BTG IR{H e = 20000, PSRN FRTEHRERYRE B . T35 IR
&= 20000, ZRGEAL TICREUIRAS, =22 (835 78— 19 SR S RE BB B2 Btk L, e Ll 7
oz VT FBERE 0 F 58 B, 3Ry TR AU T B R2 L5 T 7E xoz F- AT F8 £33 Wy — 2% 6 2k
P IR(Ee = 27000, REE5BRALER AR, an1&] 8 (b) Frzs . Sl % x5 a2/, (H7E R 58
(677 10 J17= FEBCR RS2 o AEJORIEARE DXk, PRI AT RE P AL, T 7 flfEE DI 7Y e
S ) PR, SR R (EAH 1L, ZRGERIEE X BAE 677 1) AU RE LY R T — . G IR(E
& = 35000, WnP 8 () 7R, RGBT BROAR ™ A B flf i, REBERPULE “ T 7, sEE Pl T
T PR RE R DX 3 P A N R RE B B A 07 1] SUHE AN T —> 4%, LR AR AE B B v R R
T ARRE R GERE, RWIXT TARXI PR R GE T BRA ARl f3 5 B2 R T L RO AR IR B . REFE B P /R



55 1 RN TS T R LA P A 787

$2 DI HL R 2% L, RV R GEAE RIS .

K9 Rl THeE Q = 1| TG Qy = 0.01, TG IR {He = 35000}, AR FRALAS A] B i 72 78—k
MEFVERREPIE IR . YIRALEREIBa = 0.6, 401 9 (a) FfioR, HI TEROZASEI AU, RGeS F R RAL
fe b KA TR T B AR PG, AR L R AR A A BE R B, R A AR Y BE S B O %R
i, HLAE S B TP AR DI AEREAE DI R SR RE PR L, RIS RG0SR MR
HIRALAREI B e = LR, Q& 9 (b) Fiz, Beit R G455 RO A 2 e EEfll 3, H L FREAFERHLE R T
I ERALAS, I ERALAR 8] B A3 KA R SRR Ty SO AU . Y IRALAR Rl B e = 1305, W& 9 () Bir
R, BRGEET BRAL A A A TR, B A Ai SRR, Al Do )N HLRE B B 7 B R A L, R
Y98/ T, R R R Sts SRS

-1.5 0 Q
. ol 3.0
5.0 2><10’7 . %106
(a) &=2000 (b) &=2700 (¢) &=3500
Kl 8 TR BERLL I (Q=1, Q,=001, a=1)
Fig.8 Elastic potential energy trajectory diagram of the raft-airbag (2 =1, Q4 =0.01, @ =1)
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