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In view of the traditional maintainability allocation method for a certain shooter seat for maintainability allocation did not
consider the lifecycle expense problem, the improved NSGA-II algorithm (iNSGA-II, for short) is adopted to establish a
multiobjective comprehensive trade-oﬀ model for a certain shooter seat product lifecycle maintenance-related expenses and mean
time to repair (MTTR, for short) and construct multiobjective optimization problem. The experimental results show that the
Pareto optimal solution eﬀectively solves the limitation of the traditional maintainability allocation method and then provides a
basis for a certain shooter seat to obtain a reasonable maintainability allocation scheme. The superiority of the iNSGA-II algorithm
to optimize the maintainability allocation of a certain shooter seat was veriﬁed by comparing it with the traditional maintainability
allocation method.

1. Introduction
In the speciﬁed conditions and time, according to the
speciﬁed procedures and methods to repair the product, so
that it can return to the state of the state or maintain the
original ability, this process is called maintainability [1, 2].
According to the information provided, one-third of the
operating costs of large mechanical systems are used for
maintenance, and one-third of the employees are required
to perform maintenance services. If these are included, the
total maintenance costs are more than 10 times the
equipment costs. The information provided shows that it is
not easy to repair equipment, so new ones are bought
instead. However, the equipment maintenance cost is often
more than the lab’s aﬀord, so the investment to new
equipment is wasted. According to the results of the US
study, they invested US $1 in the development of the

machine to improve the maintainability and in the future
may get the beneﬁt of reducing the lifecycle cost of US $50
to US $100.
Maintainability engineering began in the 1990s with the
goal of reducing labor and maintenance costs to improve the
operational eﬀectiveness of military equipment [3–6].
Maintainability engineering not only aﬀects the performance of the product but also aﬀects the combat capability
and logistics support of the troops. It runs through all stages
of the lifecycle process of product demonstration, veriﬁcation, production, use, decommissioning, and so on [7].
However, the system of modern military equipment is becoming more and more complex, which poses many
problems for the maintenance design work. Maintenance
allocation is the core work of the system or product for
maintenance design. It runs through every stage of the
system design, and the reasonable maintenance allocation
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method can solve the above problems. The application in the
aircraft ﬁeld is mainly explained in two aspects [8]:
(1) Provide maintenance design requirements to the
designer of the product on the basis of ensuring that
the product meets the maintainability requirements
speciﬁed in the agreement
(2) Through the maintenance allocation, the maintenance indicators of each component are clariﬁed so
as to determine the maintainability requirements of
the supporting products, and it is convenient for the
contractor to implement the management products
In this paper, we introduce a new design approach for
the maintainability allocation method to solve the limitations of the traditional maintainability allocation method.
The novelty and the contributions are as follows:
(1) In the case of maintenance allocation, determine the
reasonable and eﬀective maintenance allocation plan
according to the maintainability requirements of the
product. Establishing a multiobjective comprehensive
trade-oﬀ model for a certain shooter seat product
lifecycle maintenance-related expenses and mean
time to repair, the maintainability allocation problem
is described as a multiobjective optimization problem.
(2) Considering that the limitations of the traditional
maintainability allocation method, this paper used an
improved NSGA-II algorithm (iNSGA-II, for short) to
solve the maintainability allocation problem of a certain
shooter seat and obtain the optimal Pareto solution.
(3) The superiority of the iNSGA-II algorithm to optimize the maintainability allocation of a certain
shooter seat was veriﬁed by comparing it with the
traditional maintainability allocation method.
The rest of this paper is organized as follows. Section 2
presents the design and multiobjective comprehensive tradeoﬀ model of a certain shooter seat. Section 3 introduces the
iNSGA-II algorithm. Section 4 presents the application of
the iNSGA-II in a certain shooter seat. The paper ends with
Section 5 where a conclusion is made.

2. Establishment of Comprehensive Trade-Off
Model for Maintainability Allocation
The National Military Standard lists ﬁve commonly used
methods in the Maintainability Allocation and Estimation
Manual [1]:
(1) Equivalence allocation method
(2) Failure rate allocation method
(3) Comprehensive weighting factor allocation method
according to failure rate and design characteristics
(4) Method of allocation based on data for repairing
similar products
(5) Weighted allocation method to ensure availability
and consideration of diﬀerences in the complexity of
each unit

The ﬁve commonly used maintainability allocation
methods only consider the maintainability time, without
considering the design and maintenance costs of the system.
According to the requirements of “full cost management”
and “pursuing the highest cost-performance ratio,” the
design ideas of these ﬁve methods do not conform to the
design concept of the new equipment. For example, in the
process of maintainability design, if the MTTR left for a
maintenance unit is not suﬃcient, this commonly used
method is diﬃcult to be completed, and other methods must
be used, which will increase the diﬃculty of the design and
also increase the manufacturing cost.
Maintainability allocation [9] can usually be regarded as
a multiobjective optimization problem with the objective
function of product lifecycle maintenance-related expenses
and MTTR. The description of the maintainability allocation
problem as a multiobjective optimization problem has the
following advantages:
(1) By considering the product’s lifecycle maintenancerelated expenses and MTTR as separate entities, no
preference needs to be introduced in the search process
(2) Considering the lifecycle maintenance-related expenses
and MTTR at the same time, rather than giving priority
to the MTTR in isolation, it will be more conducive to
give a reasonable maintainability allocation scheme

2.1. Comprehensive Weighting Factor Allocation Method
according to Failure Rate and Design Characteristics. In
engineering practice, the comprehensive weighting factor allocation method according to failure rate and design characteristics is the most commonly used traditional maintainability
allocation method. This method converts the factors (complexity, testability, reachability, replaceability, adjustability,
maintenance environment, etc.) considered in the allocation
into weighting factors, which are allocated according to the
weighting factors of design characteristics. The line replaceable
unit (LRU, for short) of MTTR is as follows:
MinJcct � βi × Mct ,

(1)

where Mct is system mean time to repair and βi is the
comprehensive weighting coeﬃcient of the repair time.
βi �

k�

ki λ
× ,
k λi
ni�1 ki 
,
n

(2)

(3)

where λ is the average failure rate of each unit of the system, λi
the failure rate of i-th unit, k is the average weighting factor of
each unit of the system, and ki is the maintainability weighting
factor of unit i-th, which is related to the product’s fault detection and isolation method, accessibility, replaceable, and
adjustability factors. The worse the maintainability, the larger ki:
m

ki �  kij ,
j�1

(4)
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where kij is the weighting factor of the i-th unit and j-th
factor, and j � 1, 2, . . ., m is the number of weighting factors.
Their values are shown in table 1.
2.2. Research on New Maintainability Allocation Method.
In order to make the allocation result accord with the engineering practice, the method of weakening the importance
of the failure rate is adopted in the comprehensive weighting
factor allocation method according to failure rate and design
characteristics.
Let a1i � λ/λi indicate the degree of inﬂuence of failure
rate on maintainability allocation and a2i � ki/k represents
the impact of product maintenance complexity on maintainability allocation. The comprehensive weighting coeﬃcient βi can be expressed as follows:
βi � α1i × α2i .

ki × λ
k × λi

(6)

k
λ
� logα i − logα i
k
λ

0 < α < 1.

In order to emphasize and maintain the impact of the
design characteristics of the product, let: βi � log a βi and
(ki/k) instead of log a (ki/k); then formula (6) becomes
βi �

ki
λ
− logα i
k
λ

n

0 < α < 1.

(7)

Formula (7) is a method to weaken the importance of the
failure rate based on the comprehensive weighting factor
allocation method according to failure rate and design
characteristics.
2.3. A Multiobjective Comprehensive Trade-Oﬀ Model.
Typically, the trade-oﬀ model for maintainability allocation
consists of a time model and expense model [3]. The main
purpose of the time model is to establish the functional

αi

1
MinJ1 � ki × 

×
Mi 
λ
i
i�1

(8)

+ λi × Ti × ui + si  × Mi ,
n

λi × Mi
,
n
λ
i�1 i�1 i

(5)

It can be seen from formula (5) that in the comprehensive
weighting coeﬃcient, the failure rate and the complexity of
maintenance are equally important, but when the failure rates
are quite diﬀerent, that is, a1i is very diﬀerent, in contrast and a2i
is not very large, which will inevitably cause βi to be greatly
aﬀected by the failure rate. In engineering practice, although the
LRU failure rates of the products are very diﬀerent, only the
replacement of the LRU is considered during the ﬁeld maintenance, so the actual maintenance time is not much diﬀerent.
Therefore, it is necessary to control the value of a1i. The
logarithmic function is used to determine the value of a1i by
looking up relevant data, mainly because (1) the logarithmic
function is a monotonic function in its domain, (2) taking
the logarithm can convert multiplication to addition, and (3)
after taking the logarithm, the property and correlation of
the data will not be changed, but the scale of the variables is
compressed to make the data more stable.
The logarithm of formula (2) is taken to get
logα βi � logα

relationship between the system MTTR and the constituent
units MTTR and to analyze the maintainability parameters and
Mi boundary conditions of the system and the constituent
units. The expense model considers Mi as the inﬂuencing factor
of the cost so as to decompose the total cost of the system. Then,
the cost of each maintenance unit can be described by Mi.
According to foreign statistics and reference to the maintenance optimization allocation method, a comprehensive tradeoﬀ model that considers the product’s lifecycle maintenancerelated expenses (J1) and MTTR (J2):

J2 � 
n

s.t.  ui + si  � S0 ,

(9)

i�1

Mli ≤ Mi ≤ Mui ,
where n is the number of product maintenance units; ki is the
constant of the i-th maintenance unit greater than zero,
depending on the maintenance inﬂuencing factors considered;
λi is the failure rate of the i-th maintenance unit; aI is the power
index of the i-th maintenance unit, mainly determined by the
structure of the maintenance unit and actual statistical data; Mi
is the boundary condition of the i-th maintenance unit; Ti is the
average service life of the i-th maintenance unit; ui is the unit
time cost of maintenance repair for the i-th maintenance unit; si
is the loss of production per unit time of the product of the i-th
maintenance unit; S0 is the limit value of the maintenancerelated expenses of a system throughout the lifecycle; Mil is the
minimum maintenance time at the base level of the i-th
maintenance unit; Miu is maximum maintenance time allowed
for base-level maintenance of the i-th maintenance unit; and
Mi is MTTR of the i-th maintenance unit.
The mathematical model of product maintainability
allocation is based on the minimization of equations (8) and
(9). The MTTR of each maintenance unit of the product and
the lifecycle maintenance-related expenses of the product
are the constraints. The optimal maintainability allocation
scheme can be obtained by selecting a reasonable algorithm
according to the model.
The solution to the multiobjective optimization problem
is usually a set of optimal solutions [10]. There is no
uniqueness of the solution. The elements in the set of optimal solutions are called Pareto optimal. Pareto optimality
is actually a set of equilibrium solutions, rather than a single
global optimal solution [11].

3. Improved NSGA-II Algorithm
There are many ways to improve the clustering algorithm
[12–15]. The most common algorithm for solving multiobjective optimization problems is nondominated sorting
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Table 1: The value of maintainability weighting factor.

Weighting factor

Fault detection and isolation
factor, ki1

Accessibility factor, ki2

Replaceable factor ki3

Adjustability factor, ki4

Automatic
Semiautomatic
Artiﬁcial

kij
value
1
3
5

Artiﬁcial

10

Good
Better

1
2

Diﬀerence

4

Very poor

8

Plug
Buckle
Screw
Welding
Not adjusted
Fine-tuning
Joint tuning

1
2
4
6
1
3
5

Type

Description
Use the computer inside the device to detect the fault
Fault location is performed by detecting circuit in manual control machine
Detect the detection hole set inside the machine with a portable instrument
There is no set detection hole in the machine, so it must be manually traced point
by point
No need to remove the cover when replacing the failed unit
Quickly remove covers
Remove the block; tightening on loosening bolt is required to remove barrier and
cover
In addition to the upper and lower screws, more than two people are required to
move the obstruction and cover
Replaceable unit is plug-in
Replaceable modular module, open the buckle when replacing
Replace the unit with upper and lower screws
The replacement shall be welded
No adjustment is required after replacing a failed unit
Adjust using in-machine adjustment elements
Must be joint tuning together with other circuits

genetic algorithm II (NSGA-II, for short) [16]. However, the
mutation operator used is relatively weak, which limits the
diversity of the population to some extent. In addition, the
convergence speed of the NSGA-II algorithm still needs to
be improved. Therefore, this paper uses the iNSGA-II algorithm to design an antiredundant mutation operator [17]
and a forward comparison operation based on the NSGA-II
algorithm. In the initialization phase, half of the individual
populations are randomly generated, and the other half are
generated based on the feature distribution information.
In reference [18], the superiority of the iNSGA-II algorithm has been veriﬁed, and the parameters of the switchedﬂux motors are optimized using this algorithm. In this paper,
the iNSGA-II algorithm is used to solve the maintainability
allocation problem of a certain shooter seat and obtain the
optimal Pareto solution, which eﬀectively solves the limitations of the traditional maintainability allocation method and
then provides a basis for a certain shooter seat to obtain a
reasonable maintainability allocation scheme.
3.1. Antiredundant Mutation Operator. The antiredundancy
mutation operator has the advantages of high global search
ability and population diversity. The following three steps
are used to realize the antiredundancy mutation operator:
(a) An individual xi � (xi1, xi2, . . ., xiM), where i � 1, 2,
. . ., N, is randomly selected, and three gene positions
are randomly selected from this individual, satisfying
a ≤ b and a ≠ c. The gene segment {xia, . . ., xib} is
stored in the temporary array Tab, and then the gene
position c is randomly selected from Tab.
(b) The maximum absolute value of all correlation coeﬃcients between crk and other selected features is
recorded as p (see formula (10)). If gene position
xr � 1, let xr � 0 with a probability of p; if xr � 0, let
xr � 1 with a probability of 1 – p.
(c) The {xc, . . ., xc + b-a} is replaced with the Tab.

p � maxcrk , k � 1, 2, . . . , M&xk � 1,

⎪
⎫
⎪
⎪
⎪
⎪
⎪
⎬
−
−
N
⎪
i�1 yir − anr  × yik − ank 
⎪
⎪
� �������������� , ⎪
crk � �������������
⎪
2
2 ⎪
−
−
N
N
i−1 yir − anr  × i−1 yik − ank  ⎭
(10)
where crk represents the correlation coeﬃcient between the r-th and k-th features, yir represents the
value of the i-th sample in the r-th feature, and anr
represents the average value of all samples in the r-th
feature. M is the number of feature dimensions.

3.2. Forward Comparison Operation. When sorting among
nondominated individuals, the forward comparison operation is designed to avoid redundant nondominated frontiers so that it has an acceleration eﬀect on all test problems
and greatly improves the running speed of multiobjective
optimization.
Maintainability is the maintenance of the equipment
according to the speciﬁed methods and procedures under
the speciﬁed time and conditions, making the equipment
easy to repair, improving the eﬃciency of the equipment
system, and reducing the lifecycle expense of use. Maintainability allocation is an important part of maintainability
engineering.
Before the running of the iNSGA-II algorithm to obtain
Pareto optimal solution in solving the multiobjective optimization problem, the data set is preprocessed for standardization. The binary league is used to select individuals in
the population. Supposing the crossover probability as 0.9
and the population size sample number as an even
number—z is the dimension of sample; when z is an odd, the
population size sample size is 3 ∗ z + 1; when z is even, the
sample size of the population is 3 ∗ z, and the maximum
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number of iterations is 500. The convergence and diversity of
the iNSGA-II algorithm have been veriﬁed in the literature
[18]. Its principle is shown in Figure 1.

4. The Application of the iNSGA-II in Certain
Shooter Seat
Taking a certain shooter seat as an example, the genetic
operator is designed by determining the model parameters,
and the model is calculated to verify the feasibility of the
maintainability allocation model.
4.1. Comprehensive Weighting Factor Allocation Results
according to Failure Rate and Design Characteristics.
According to the value requirements in Table 1, a maintainability allocation is made to a certain shooter seat, and
the results are shown in Table 2.
From the allocation results in Table 2, it can be seen that the
MTTR of the seat cover is 16.5 times that of the seat body.
Because the repair of a certain shooter seat in the ﬁeld is mainly
completed by replacing the LRU, the maintenance time difference between the LRUs should be small, so the allocation
results in Table 2 are obviously inconsistent with the engineering practice. From the calculation formula of the comprehensive weighting factor allocation method according to
failure rate and design characteristics, it can be seen that the
size of the failure rate has the greatest impact on the ﬁnal
allocation. The larger the diﬀerence between the two LRU
failure rates, the greater the diﬀerence between the two allocation results. This method is not suitable for situations where
the diﬀerence between the failure rates of the LRUs is large.
4.2. The Application of the New Maintainability Allocation
Method. According to engineering experience, numerical
simulation, and the change of f(x) � log α (x), 0 < α < 1 the
principle of value determination for α is made. (see Figure 2), as shown in Table 3. The ratio of the maximum value
to the minimum value of the failure rate is expressed by L.
A new maintainability allocation method was used to
reassign a certain shooter seat. From Table 2, the ratio
between the maximum and minimum LRU failure rates of a
certain shooter seat is: L � 28.965/1.2996 ≈ 22; then a
� 0.001. The maintainability allocation results of each LRU
of a certain shooter seat are shown in Table 4.
According to the allocation results in Table 4, the MTTR
of a certain shooter seat is calculated as follows:
n

λi × Mi
n
λ
i�1 i�1 i

J�

�

28.965 × 18.0 + 1.2996 × 7.5 + 15.552 × 15.0
28.965 + 1.2996 + 15.552

(11)

� 16.7 min .
Since the allocated result is greater than 15 min (the
agreement stipulates that the MTTR of a certain shooter seat
is 15 minutes), the allocated result needs to be adjusted
again.

4.3. A Multiobjective Comprehensive Trade-Oﬀ Model. A
certain shooter seat consists of a seat body, a seat cover cloth,
and a safety belt. The agreement stipulates that the MTTR of
a certain shooter seat is 15 minutes, the service life of the seat
body is 12,000 ﬂight hours, and the seat cloth is used. For 400
ﬂight hours, the seat belt is used for 2,000 ﬂight hours.
Assume that a certain shooter seat has a lifecycle maintenance expense of 10,000 yuan and a downtime loss of 1,000
yuan per hour. Based on the assumptions proposed in the
model establishment, referring to the actual data in the
maintenance of a certain shooter seat, the basic parameters
of the model are shown in Table 5.
The ki and αi in Table 5 are the relevant expense parameters of the maintenance design, which are mainly
obtained by considering the maintenance complexity parameters such as the structural complexity and accessibility
of the maintenance unit; λi is the failure rate of the i-th
maintenance unit, which is mainly obtained according to the
“Nonelectronic Component Reliability Manual” and the
data accumulated in the project; and Cui is the unit time cost
for the repair maintenance of the i-th repair unit. Mil and
Miu are the maximum and minimum repair time allowed for
the maintenance of the i-th maintenance unit at the base
level, and all of them are repaired by similar products in the
ﬁeld. Statistics are obtained.
4.4. Results Analysis of Maintenance Allocation Method by
iNSGA-II Algorithm. The algorithm development platform
of this experiment is Intel(R) Core(TM) i3-4170 CPU,
Windows 7, and MATLAB 13.0. The abscissa represents the
objective function value of the MTTR of the system. The unit
is minute (min), and the ordinate represents the lifecycle
maintenance-related expenses. The unit is thousands (K).
The distribution of the Pareto solution in the evolution
process is shown in Figure 3.
It can be seen from Figure 3 that the distribution of
Pareto solutions before the optimization is disordered. After
optimization, the Pareto solution converges to the optimal
feasible solution, and with the advancement of evolution, the
number of Pareto solutions is increasing. The iNSGA-II is
more accurate than the NSGA-II algorithm optimization. At
the same time, as the program progresses, the algorithm
converges. The Pareto solution has better diversity and
uniform distribution.
In addition, this article takes the basic parameters of a
certain shooter seat maintenance as an example and gives the
solution set that iNSGA-II performs best on these parameters as shown in Figure 4.
It can be seen from Figure 4 that both the optimal solution and the suboptimal solution are dominated by Paretodominated solutions, which further illustrates that the assumption that some excellent results proposed in this paper
are approximate solutions is valid, and the iNSGA-II algorithm can eﬀectively ﬁnd these potential solutions.
The obtained Pareto solution set is shown in Table 6, and
the ﬁrst layer of practical feasible solutions is selected from
these Pareto solutions to determine the maintainability allocation scheme.
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Import dataset X
Merge parent and child

Standardized dataset X
Setting parameters Gen = 1
Initialization V0, W0

Fast non-dominated sort,
Calculate the crowded
distance

Calculation objective
function

Elite
strategy
N

Fast non-dominated sort
Parent

Gen
=
Gen
+
1

Number of samples
in data X

Calculate the
crowded distance

Y
Obtain new population

Choice, crossover, variation

Local search operator
N

Child

MaxGen

Repair operator

Y
Calculating the child objective function
END

Figure 1: Improved NSGA-II ﬂow chart.
Table 2: The result of the maintainability allocation of a certain shooter seat.
LRU name
Seat body
Seat cover
Seat belt

ki1
10
10
10

ki2
4
1
2

ki3
4
2
4

λi (×10−6/h)
28.9650
1.2996
15.5520

ki4
1
1
1

λ (×10−6/h)
15.3
15.3
15.3

ki
19
14
17

k
16.7
16.7
16.7

βi
0.6000
9.8700
1.0000

Single LRU allocation result, Jcct
9.0000
148.1000
15.0000

0

f (x)

-0.2

-0.4

-0.6

-0.8

0

10

20

30

x
α=0.01
α=0.001

α=0.0001
α=0.00001

Figure 2: f(x) � log a (x), 0 < a < 1 change trend chart.
Table 3: The value principle of a
L
1 ≤ L < 10

α
0.01

L
10 ≤ L < 100

α
0.001

L
100 ≤ L < 1,000

α
0.0001

L
1,000 ≤ L < 10,000

α
0.00001
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Table 4: The maintainability allocation results of each LRU of a certain shooter seat.
LRU name
Seat body
Seat cover
Seat belt

λ (×10−6/h)
15.3
15.3
15.3

λi (×10–6/h)
28.9650
1.2996
15.5520

α
0.001
0.001
0.001

ki
19
14
17

βi
1.2000
0.5000
1.0000

k
16.7
16.7
16.7

Jcct
18.0000
7.5000
15.0000

Table 5: Basic parameters of a certain shooter seat maintenance.
Ti

ki

λi (10−6/h)

αi

Cui

Mli (min)

Mui (min)

Seat body
Seat cover
Seat belt

12,000
400
2,000

5
3
8

28.965
1.2996
15.552

1.3
0.8
2.0

600
300
1,000

15
3
12

16
4
13

1

1

0.8

0.8
f2 (x) (10 K)

f2 (x) (10 K)

LRU name

0.6
0.4

0.6
0.4
0.2

0.2
0
13.8

14

14.2
f1 (x) (min)

14.4

0
13.65

14.6

13.75

13.85

13.95

14.08

f1 (x) (min)

Pareto solution

Pareto solution
(a)

(b)

1

f2 (x) (10 K)

0.8
0.6
0.4
0.2
0
13.6

13.8

14
f1 (x) (min)

14.2

14.4

Pareto solution
(c)

Figure 3: (a)Before optimization, (b) NSGA-II optimization, and (c) iNSGA-II optimization.

By comprehensively weighing the relationship between
the lifecycle maintenance-related expenses and the MTTR,
the resulting maintainability allocation scheme can provide a
basis for the maintenance designer to develop or improve the

design scheme. At the beginning of product design, the
trade-oﬀ considers the relationship between time and expense, avoids the blindness of maintenance structure design,
and improves the maintenance design eﬃciency.
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1
1-1

f2 (x) (10K)

0.8

1-2

0.6

1-3

0.4
0.2
0
13.6

13.8

14
f1 (x) (min)

14.2

14.4

Pareto solution

Figure 4: Distribution of iNSGA-II’s “1–1,” “1–2,” and “1–3” solutions.

Table 6: Pareto solution set.
Number of iterations
1
2
3
4
5
...
498
499
500

Seat body
15.0015
15.0015
15.0015
15.0015
15.0506
...
15.6632
15.6632
15.6632

Mi
Seat cover
3.2359
3.3248
3.0973
3.0661
3.0679
...
3.7359
3.7340
3.7280

Seat belt
12.1923
12.0172
12.4160
12.4162
12.7139
...
12.9385
12.9385
12.9385

J1

J2

Nondominated sort

Crowded distance

0.7924
0.9900
0.5401
0.6136
0.0321
...
3.9170e − 6
4.6394e − 6
6.8677e − 6

13.7142
13.6573
13.7862
13.7854
13.9175
...
14.4000
14.4000
14.3998

1
1
1
1
1
...
6
6
6

0.0495
Inf
0.0885
0.1369
0.0413
...
1.8079e − 4
1.1452e − 4
9.3235e − 5

Table 7: Experiment record form.
Time-consuming operation
Pilot projects
Certain
shooter seat
Seat body
Seat cover
Seat belt

Disassembly

Installation

55 s

12 s

Adjustment

4 min 19 s (two people)

4.5. Results Veriﬁcation of Maintainability Allocation Method
for Multiobjective Comprehensive Trade-Oﬀ Model. In order
to verify the rationality of the maintainability allocation
results obtained by using the iNSGA-II algorithm for the
multiobjective comprehensive trade-oﬀ model, a maintenance demonstration experiment was carried out
according to the established maintenance demonstration
experiment task book for a certain shooter seat, and
relevant data were recorded (see Table 7 for experiment
data).

Required tools

A, B

3 min 18 s (two people) + 2 min 4 min 4 s (two people) + 3 min
3 s (one people)
9 s (one people)
2 min 3 s
3 min 9 s
3 min 30 s (two people)

Operator
Whether
Name
proﬁcient

15 s (one
people)

A, B
A

15 s (one
people)

Yes

Slotted, 10 mm
wrench

A, B

The time conversion coeﬃcient (K) is introduced for the
diﬀerent work eﬃciency of general operators and proﬁcient
operators. The time conversion coeﬃcient (K) is shown in
Table 8.
A certain shooter seat is operated by two general operators during ﬁeld maintenance. The test data in Table 6 are
converted according to the requirements in Table 7. The
conversion results are shown in Table 9.
The MTTR of a certain shooter seat is calculated
according to the test data in Table 9 as follows:
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Table 8: Time conversion coeﬃcient (K).

Operator mix and proﬁciency
One general operator
One proﬁcient operator
One general operator and one proﬁcient operator
Two general operators
Two proﬁcient operators

K
0.7
1.0
1.7
1.4
2.0

Table 9: Maintainability data sheet for a certain shooter seat.
Maintenance project
Seat body
Seat cover
Seat belt

One proﬁcient operator need repair time (min)
22.42
5.2
18.12

Two general operators need repair time (min)
16.01
3.71
12.94

Remark
∗
∗

Note. ∗indicates that the time for the test project includes the time for the disassembly and installation of a certain shooter seat in the helicopter.

n

J�
i�1

Conflicts of Interest

λi × Mi
ni�1 λi

The authors declare that they have no conﬂicts of interest.
−6

�

(28.965 × 16.01 + 1.2996 × 3.71 + 15.552 × 12.94) × 10
(28.965 + 1.2996 + 15.552) × 10−6

Authors’ Contributions

� 14.6190(min).

(12)
The MTTR of a certain shooter seat is calculated to be
14.6190 min, which satisﬁes the maintainability requirements speciﬁed in the agreement; then the data in Table 9 are
valid.

5. Conclusions
Aiming at the problem that the common maintainability
allocation method does not consider the lifecycle maintenance-related expenses, a mathematical model of multiobjective optimization is established, which eﬀectively
avoids the blindness of system design and achieves the
speciﬁed maintainability goal. At the same time, the
iNSGA-II algorithm was used to optimize the established
multiobjective comprehensive trade-oﬀ model, obtain the
optimal Pareto solution, and obtain a reasonable maintainability allocation scheme for a certain shooter seat. In
the experiment, the experimental results show that the
multiobjective comprehensive trade-oﬀ model of total
lifecycle expense and MTTR for a certain shooter seat is
better than the two maintenance allocation methods. The
iNSGA-II algorithm is more accurate and has a better
convergence eﬀect. The Pareto solution has better diversity
and a more uniform distribution. Through the obtained
Pareto solution set, the maintainability allocation scheme is
ﬁnally determined.
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