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Optimization method of carrying maintenance material support
project for warship formation based on CML model

JIN Jiashan'* | CAI Zhiming'*, CHEN Yangiao'”
(1. Military Key Laboratory for Naval Ship Power Engineering, Naval University of Engineering, Wuhan 430033, China;
2. College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract; At present, studies in spares allotment optimization area mainly focus on the conditions that there is only qualitative or quantitative
constraint. Nevertheless, the mix-conditions have not been reported to the best of our knowledge from the literatures. The researches usually
concern the single warship, but fewer show concern about the warship formation. In view of this problem, the mission preparation of warship
formation before sailing was taken as a research background; the warship formation support cost, warship storage space, warship carrying ability and
crew maintenance ability were adopted as the mixed-constraints conditions; the spare parts support probability was served as the objective function.
A normal reverse distribution cloud model, the marginal effect and the Lagrange multiplier methods ( CML model) were used to solve such warship
formation spare parts allotment problem. A method was proposed for the determination and dynamical updating of system resource constraint factors
meanwhile, the selecting methods and calculating process of the model was optimized. The reliability of the method which can provide a new trial
for the problem of warship formation spare parts allotment under the mixed constraints condition was proved by an actual case.
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Tab.1 Multi-attributes of spare parts
AR HRHECE MTBF/Y Ty/Y /Y
LRU, 1 0.0113  0.1548 0.088 1
LRU, 1 0.0473  0.1742 0.1003
LRU, 1 0.0379  0.1245 0.1369
LRU, 1 0.0452  0.176 1  0.060 5
LRU; 1 0.0478  0.1556 0.1277
LRU; 2 0.7876  0.1312 0.0619
LRU, 1 0.0434  0.1443 0.083 4
LRU; 1 0.0854 0.1166 0.096 8
LRU, 2 0.1795  0.3008 0.1115
LRU,, 1 0.0316 0.1124 0.0818
s C/H7T M,/kg V./m’ W./h
LRU, 1.21 25.13 0.63 4.77
LRU, 2.25 20.72 1.03 4.43
LRU, 1.73 22.72 0.91 3.8
LRU, 2.24 21.55 1.08 4.72
LRU; 0.67 2.36 0.19 2.66
LRU; 0.49 2.85 0.27 1.95
LRU, 0.92 2.08 0. 64 2.3
LRU; 0.36 2.36 0.33 0.86
LRU, 0.58 2.53 0.22 0.76
LRU, 0.39 3.52 0.19 1.13
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Tab.2 Maintenance per hour cost of spare parts

W &F LRU, LRU, LRU, LRU, LRU, LRU, LRU,  SRU,  SRU,  SRU,
1 4.71 4.38 3.81 4.64 2.64 1.92 2.33 0.91 0.76 1.14

2 4.83 4.51 3.69 4.72 2.65 2.01 2.28 0.79 0.75 0.98

3 4.82 4.44 3.80 4.73 2.70 2.04 2.24 0.85 0.69 1.22

4 4.76 4.46 3.78 4.80 2.59 1.88 2.25 0.86 0.81 1.13

5 4.68 4.29 3.86 4.68 2.71 1.94 2.33 0.91 0.80 1.07

6 4.74 4.37 3.89 4.71 2.63 1.93 2.37 0.84 0.75 1.14

7 4.81 4.42 3.79 4.73 2.64 2.02 2.28 0.87 0.74 1.15

8 4.73 4.46 3.82 4.67 2.71 1.92 2.31 0.93 0.68 1.20

9 4.75 4.50 3.76 4.80 2.66 1.93 2.30 0.85 0.77 1.14

10 4.82 4.45 3.80 4.72 2.64 1.87 2.29 0.78 0.82 1.16

R3 BHEBLBTRHE
Tab.3 Cloud model numerical character of spare parts

LRU, LRU, LRU, LRU, LRU, LRU, LRU, SRU,, SRU,, SRU,,

Ex 4.7650 4.4280 3.8000 4.7200 2.6570 1.9460 2.2980 0.8590 0.7570 1.1330
En 0.0656 0.0829 0.0679 0.0642 0.0487 0.0729 0.0490 0.0618 0.0585 0.0842
He 0.0395 0.0500 0.0409 0.0387 0.0294 0.0439 0.0295 0.0373 0.0353 0.0507

x4 FRARFHTHNEREGHETTR
Tab.4 Optimal project of carrying spare parts under

different constraints

SR O HRD OFR2 R3O HFE4 OHES
LRU, 5 5 5 5 5
LRU, 2 2 2 2

LRU, 2 3 2 3 2
LRU, 2 2 2 2 2
LRU, 2 2 2 2 2
LRU, 0 0 0 0 0
LRU, 2 2 2 2 2
LRU 1 1 1 1 1
LRU, 4 4 3 4 3
LRU,, 2 2 2 2 2

FULAE 20 A 205 7 1O PR B 22 9 B R (L 25.2 7
G, BCE g K {H N 307 ke, 0 4 fe K MR ]
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Tab.5 Results of warship formation spares scheme

under different conditions
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Fig.2 Optimal curve of support probability
under cost constraints
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Fig.3 Optimal curve of support probability

under mass constraints
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Fig.4 Optimal curve of support probability
under maintenance per hour constraints
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