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Fig. 1 Mooring for the helicopter
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Fig. 3 Mooring scheme of the helicopter on the warship
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Tab.1 Coordinates for mooring dot of the helicopter,mooring nest of the deck
and undercarriage (unit: mm)
AR 7% 7 5 T V% 48 HLE 3R B
(VA S X Y Z (VAs X Y zZ o7 & X Y Z
A 4730 1950 1384 F 12230 1950 1384 Al 5403.5 1085 3527
A, 4730 —2350 1384 F, 12230 —2350 1384 Al 5403.5 —1085 3527
B 5480 2750 1384 Gi 15830 1950 1384 B 5870 760 1970
By 5480 —3250 1384 G 15830 —2350 1384 B 5870 —760 1970
G 6930 2750 1384 e AL 6867 —1355 1720 (o 11175.5 722 3489
C 6930 —3250 1384 AL 6867 1355 1720 ', 11175.5  —722 3489
Dy 10730 1950 1384 L5 11650 0 1615 D 11822.5 245 2013
D, 10730 —2350 1384 Zr b He 6867 —1355 1389 D', 11822.5  —245 2013
E 11260 3550 1384 A 4 6867 1355 1389 Ey 15830 220 2420
E: 11260 —2350 1384 JE R 4 4 11650 0 1389 E, 15830 —220 2420
x2 ERAEAZMET IR
Tab. 2 Three types of load cases on the center of gravity
=2 F./N Fy/N F./N M. /N« mm M,/N e+ mm M./N+mm
T 1 —9054 —6751 —2311 —5324774 3064553 —20823002
TH 2 3000 5000 —10000 —5000000 3000000 —40000000
TH 3 —10000 0 —20000 0 — 4000000 — 10000000
k3 IR ZAYRFUHEERCGEMLN)
Tab. 3 Case 1:Computational results for the mooring load (unit:N)
KA par 2l
1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 I &l =<1
A7 ¥ 0O 0 9387 543 0 5746 1563 0 0 7897 0 0 1256 0 4459 3217 2008
NASTRAN 0 0 8350 454 0 6780 1830 0 0 7400 0 0 1940 0 4240 2620 2970
ABAQUS 0 0 9374 694 0 5703 1503 O O 7936 0 0 1241 0 4404 3315 2012
kA4 ITR2.ZAERTUHEEREMLN)
Tab.4 Case 2:Computational results for the mooring load (unit:N)
A I
1 2 3 4 5 6 7 8 9 10 11 12 13 14 i e =21
A CT7 0 0 0 0 3069 0 1330 3844 4492 2645 0 0O O 0 6792 3367 5925
ABAQUS 0 0 0 0 3103 0 1312 3733 4514 2728 0O O O O 6825 3272 5936
NASTRAN P N
X5 ITRJFFHFTUHHEEREMN)
Tab.5 Case 3:Computational results for the mooring load (unit:N)
A b2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 i H )2
@RS 0 0 9026 0 0 4704 0 0 0 10472 0 0 2745 0 12261 10979 4452
NASTRAN 0 0 7990 0 0 5640 0 0 0 9860 0 0 3580 0 12700 8120 6060
ABAQUS ERE PN e
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High-performance method for mooring load computation

of helicopter based on parametric variational principle

ZHANG Yan-hui!, GAO Qiang**
(1. China Helicopter Research and Development Institute, Jingdezhen 333001, China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment, Department of Engineering Mechanics,
Dalian University of Technology,Dalian 116024 ,China)

Abstract: To ensure the security of the carrier helicopter on a warship,the helicopter must be moored on
the deck by using a mooring device. The mooring problem of the helicopter can be simplified to a truss
consisting of the helicopter body, the rope and undercarriage. The rope is subject only to tension not
compression, while the undercarriage is subject only to compression not tension. This indicates that the
mooring problem of the helicopter is strongly nonlinear and the effective numerical algorithms are
needed. Based on the parametric variational principle,a high-performance method is proposed to compute
the mooring load of the helicopter when the large deformation of the structure is considered. This method
can accurately determine the states of tension and compression for rope and undercarriage by using the
parametric variational principle, and the material nonlinearity analysis of the mooring system is
transformed into a complementary problem. The convergence of the results is greatly improved.
Compared with the results of NASTRAN and ABAQUS software packages, the accuracy, convergence

and efficiency of the proposed method are verified by numerical examples.
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