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Abstract

The inventory control of turnover parts is the key and difficult point for aircraft spare parts management, which is
directly related to the benefit level of airlines in aviation industry. On the basis of considering the depreciation cost,
repair cost, inventory cost and shortage cost, this paper analyzes the annual replacement times and turnover cycle,
and puts forward the optimization model of Economic Order Quantity (EOQ) of aircraft turnover parts. The
feasibility of the method is verified by an example. Through sensitivity analysis, it is concluded that the strong
sensitive factors affecting EOQ are annual replacement times and unit shortage cost, while the purchase price has
little influence on EOQ.
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l. Introduction

With the rapid development of the national economy and the increasingly close international exchanges, air transport
continues to develop rapidly. As more and more participants enter the civil aviation industry, the competition in the
air transportation market becomes more and more fierce, the economic benefits of airlines are generally low, and the
operating pressure increases. As for the cost of airlines, aviation oil cost and route cost account for a large proportion,
but they are uncontrollable costs, while other costs account for a small proportion, which has little impact on the
operation. Aircraft parts holding cost takes up a large proportion of working capital and the turnover is slow, which
has optimization space to be studied. It has gradually been concerned by airlines, making it an effective way to
reduce costs and improve efficiency. In the aircraft spare parts reserve, 80% of the inventory comes from the
turnover parts, especially the larger the fleet, the more the quantity of aircraft parts ordered, the higher the
procurement cost and maintenance management cost.

If the inventory of turnover parts is insufficient to meet the requirements of normal flight, it may cause the aircraft to
fail to operate normally. On the contrary, if the inventory of turnover parts is too much, the turnover speed is slow,
and a large amount of funds become idle, it causes airlines to suffer losses. At the same time, some turnover parts
have the requirements of service life and technical renewal, which not be handled for a long time, and also easily
cause economic losses. Therefore, a scientific and reasonable procurement plan for turnover parts and the targeted
application of economic order quantity model are conducive to keeping the inventory of turnover parts at a
reasonable level, so as to ensure the continuous airworthiness of aircraft and reduce costs. It not only meets the needs
of safe flight of aircraft, but also optimizes the profitability of aviation companies.

The importance of aircraft parts inventory management for airline production and operation has been recognized at
home and abroad for a long time. Researchers have been exploring how to meet the inventory demand, improve the
inventory guarantee rate and improve the inventory turnover rate to reduce the inventory cost. At present, the
research on aircraft spare parts is mostly based on certain assumptions of demand, or for a certain kind of demand.
Mabini and Christer proposed a model to determine the inventory level of repairable aircraft spare parts with low
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demand and high cost [1]. Fritzsche proposed a cost estimation and analysis model based on (S-1, S) inventory
strategy for many high value aircraft parts [2]. Sun and Zuo formed a multi objective and multi-level aircraft parts
inventory level determination model based on system method [3]. Sherbrooke proposed that for the high cost and low
demand aircraft parts, the appropriate strategy is (s-1, s), that is, not to use the batch reorder [4]. Basten, Heijden and
Schutten proposed a joint inventory optimization strategy based on maintenance analysis [5]. Wong, Houtum,
Cattrysse and Oudheusden studied a multi item, continuous repairable spare parts inventory system model [6].

Due to the large amount of aircraft parts warehouse and complex organization setting, the feasibility of its system
completely reconstruction is low. Many studies are aimed at a specific airline or maintenance base to put forward
optimization schemes and strategies. Rezaei, Baboli, Shahzad and Tonadre, taking the business aircraft company as
an example, studied a new method to optimize the target inventory level under the condition of unpredictable spare
parts demand [7]. Costantino, Gravio and Tronci proposed an innovative parts allocation model for the spare parts
reserve of the Italian air force, which aims to minimize the delayed orders and improve the support rate to 99% [8].
Yan optimized the inventory management of DH airline aircraft parts [9]. Lu studied the optimization of SC airline
aircraft spare parts supply management [10]. Liang studied the optimization of the inventory management of aircraft
parts of XX Airlines [11]. Song optimized the aircraft parts support of Air China maintenance base [12].

In the research of existing literature, we can see that the current research on the inventory of aircraft parts is mainly
from the perspective of inventory optimization methods or allocation. However, in the quantitative study of the
optimization of the aircraft parts, especially the turnover parts, the shortage cost of the turnover parts is not
considered. As we all know, the impact of shortage of different aircraft turnover parts on flight is different, and the
cost of shortage is different. In this context, the problem of shortage of spare parts is not considered, but it is very
important in the process of ordering and inventory control of aircraft parts. Based on this, based on the consideration
of the shortage cost of the turnover parts, this paper proposes the EOQ model of the aircraft turnover parts, and
optimizes the order and inventory strategy of the turnover parts.

I1. Analysis of Factors Affecting EOQ

The direct influence factor of Economic Order Quantity (EOQ) is the demand per unit time. The demand for aircraft
turnover parts is mainly affected by two factors: on the one hand, the consumption of aircraft spare parts is directly
triggered by maintenance and replacement, which is related to the times of disassembly and replacement in unit time;
on the other hand, because the parts can be used repeatedly after repair, it is related to the time of repair and turnover.

2.1 Annual replacement times

According to the aircraft failure mode, it is found that about 11% of the components have definite life limit, which
can be made accurate maintenance or replacement plan, while the remaining 89% of the components have to be used
until the failure occurs, which could not be made accurate replacement plans. Therefore, the annual replacement
times can be divided into two cases: deterministic demand and uncertain demand. In terms of expression, the

following formula can be used to calculate the annual replacement times, R.
NXmMXFL
R =T (1)
Where, n is the number of aircraft, m is the number of aircraft parts transferred by a single aircraft, and FL is the
annual flight hours of a single aircraft. For the turnover parts with deterministic demand, t is the maintenance

interval; For the turnover parts with uncertain demand, t is the mean time between unscheduled removals.
2.2 Turnover time

Turnover time refers to all the time that turnover parts are removed from the aircraft after failure, and then put
back into storage and become usable parts after repair, domestic and foreign transportation. Turnover time,
TAT, can be obtained according to the statistics of the average repair time.
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2.3 Consumption quantity of aircraft spare parts

The consumption quantity of aircraft parts refers to the quantity of aircraft parts required in a certain period
of time. On the basis of considering the annual replacement times and turnover time, the annual consumption
guantity of turnover parts, m, can be obtained.

m=RXﬁ (2)

111. Basic Hypothesis and Symbol Description

3.1 Basic hypothesis

The model and analysis are based on the following assumptions.

(1) The turnover parts can be used repeatedly, and their service life is consistent with the engine, propeller or
aircraft body they serve;

(2) The consumption law of turnover parts can be obtained by statistics;

(3) The demand probability of turnover parts is constant;

(4) In the two periods of non-overlapping time, the demand times of turnover parts are independent of each
other;

(5) In a period of time, the demand times of turnover parts have nothing to do with the starting point of the
time period, but only with the length of the time period;

(6) The average repair cycle of turnover parts can be obtained;

(7) Unit repair cost and unit shortage cost of turnover parts can be obtained.

3.2 Symbol description

The parameter symbols defined in the model are as follows.
TC: Annual total cost;

C1: Depreciation cost;

C2: Repair cost;

C3: Inventory cost;

C4: Shortage cost;

R: Annual average times of replacement

m: Annual average consumption amount;

Q: Order quantity;

n: Guarantee rate;

B: Depreciation rate;

F: Fixed repair cost;

A: Variable cost of single repair;

Y: Unit shortage cost;

K1: Inventory rate;

K2: Value added tax rate;

K3: Tariff rate;

U: Service life of turnover parts;

P (Q): the probability of consuming Q when the average consumption of turnover parts is m.

1VV. Modelling

4.1 Object function
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The total cost of aircraft turnover parts in order cycle consists of depreciation cost, repair cost, inventory cost and
shortage cost. The objective function is to minimize the total cost of turnover parts inventory. The object cost
function is as follows.

MinTC=C;+C, +C3+C, 3

4.1.1 Depreciation cost
The depreciation cost is the annual apportioned cost of the purchase cost over the service life.

C;=BxQ (4)

4.1.2 Repair cost

The repair cost refers to the total cost of the aircraft parts to be replaced, which is the sum of the fixed repair cost and
the variable repair cost. The variable repair cost is the product of annual repair times and single repair cost. The repair
of aircraft turnover parts mostly involves import and export, so the influence of value-added tax and tariff should be
considered.

CZ=F+§><A><(1+K2) (5)

4.1.3 Inventory cost

Inventory cost refers to the cost of keeping and managing inventory.
_ BxQx(1+Ky)

C3=—7— (6)

4.1.4 Shortage cost
Shortage cost refers to the loss caused by aircraft delay or even parking due to the delayed supply of turnover parts,
and also includes the cost of emergency goods transfer.

Ca=[1-n(@lxQxY (M

To sum up, the total annual cost of turnover parts is the sum of depreciation cost, repair cost, inventory cost and
shortage cost.

MinTC=BxD+F+g><A><(1+K2)+_BXQ><;1+K1)+[

1-n(@]xQxY (8)
4.2 Solution method

(1) The average demand of aircraft turnover parts, m, is calculated by obtaining the data of annual replacement times
and turnover time.

(2) Analyze the consumption rule of turnover parts. As most of the consumption of aircraft turnover parts obey
Poisson distribution, Poisson distribution is taken as an example to analyze. Through the formula, p(Q) =

Q
% e ™(Q=0,1,2..., n), we get the probability about the average consumption of turnover parts, Q, when the average

consumption is m, and then calculate the guarantee rate, n = §=0 p(Q), of different Q.
(3) The total inventory cost, TC, corresponding to different order quantity, Q, is calculated.

(4) By sorting and comparing the total cost of turnover parts, the minimum total inventory cost is selected, and the
corresponding order quantity is the Economic Order Quantity (EOQ).

V.Case Analysis
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5.1 Case calculation

The monthly consumption of a certain turnover part of an airline from January 2016 to December 2019 is
shown in Table 1.

Table 1 Monthly consumption of a certain turnover part from Jan. 2016 to Dec 2019.

Year | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug | Sep. | Oct. | Nov. | Dec.

2016 | 2 3 1 2 2 1 0 1 1 2 1 2

2017 | 1 1 2 2 2 1 1 2 3 1 2 1

2018 | 1 2 2 1 1 3 1 0 2 1 1 2

2019 | 3 1 1 1 2 1 2 2 2 1 0 2

The data comes from the historical consumption records of a turnover part of 737 aircraft of an airline.

(1) According to the historical consumption data of the airline in four years, the total number of replacement in 2016
is R1 =18, and the same data in 2017 is R2 = 19, in 2018 is R3 =17, in 2019 is R4 = 18.

Through the simple moving average method, the annual average number of replacement, R =18 + 19+ 17 + 18) / 4
= 18. As the average repair period of the turnover parts is 60 days, the average consumption amount in the period is,
m=18 x60/365=2.96~ 3.

(2) When m = 3, the guarantee rate, 1, with different consumption is calculated. The results are shown in the column
of guarantee rate in Table 2.

(3) According to the data of aircraft parts management, the planned unit price of the new turnover part is 613500 US
dollars. Considering the 10-year service life, that is, the annual depreciation cost of a single turnover part is 61350
US dollars, the single comprehensive repair cost is 15% of the annual depreciation cost, that is 9202.5 US dollars,
and the fixed cost of the repair cost is 200000 RMB yuan. Suppose that the inventory rate of the turnover parts is 10%
of the annual depreciation cost, the shortage cost is 50% of the annual depreciation cost, the exchange rate is 6.6, the
value-added tax rate is 16%, and the tariff rate is 10%. The calculation results of C1, C2, C3, C4 and C are shown in
Table 2 and figure 1.

Table 2 Aircraft parts inventory cost calculation
(Unit: RMB million yuan)

Order quantity | Guarantee rate c, c, c, C. TC
Q ()
0 0.050 0.00 0.20 0.00 3.463 3.66
1 0.199 0.40 1.59 0.02 2.918 4.94
2 0.423 0.81 0.90 0.04 2.102 3.85
3 0.647 1.21 0.66 0.07 1.286 3.23
4 0.815 1.62 0.55 0.09 0.673 2.93
5 0.916 2.02 0.48 0.11 0.306 2.92
6 0.966 243 0.43 0.13 0.122 3.12
7 0.988 2.83 0.40 0.16 0.044 3.43
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8 0.996 3.24 0.37 0.18 0.014 3.81
9 0.999 3.64 0.35 0.20 0.004 4.20
10 1.000 4.05 0.34 0.22 0.001 4.61
11 1.000 4.45 0.33 0.24 0.001 5.03
12 1.000 4.86 0.32 0.27 0.001 5.44
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Fig 1: Change of aircraft parts inventory cost

(4) By sorting and comparing the total cost of turnover parts, the minimum total cost of inventory is selected. The
corresponding order quantity is 5, which is the optimal economic order quantity. The corresponding guarantee rate is
91.6%, and the total cost is 2.921 million yuan.

5.2 Sensitivity analysis

In the total cost of turnover parts, the three factors that may have a great impact on EOQ are: the average annual
Times of replacement, purchase unit price and shortage cost. Therefore, the sensitivity of these three factors were
analyzed.

5.2.1 Annual average times of replacement

In Section 5.1, the average number of replacement is 18, and the average annual consumption is 3. Assuming that the
average annual replacement times are 6, 18, 30, 60 and 90 respectively, the average annual consumptionis 1, 3, 5, 10
and 15 respectively with other indexes unchanged. The optimal EOQ under different conditions is analyzed and
calculated, as shown in Table 3 below.

Table 3 Influence of annual average number of replacement on EOQ

Annual average times of replacement 6 18 30 60 90
Average annual consumption 1 3 5 10 15

Total cost ( RMB million yuan ) 0.97 2.92 4.32 7.51 9.98

EOQ Guarantee rate ( % ) 36.8 91.6 93.2 95.1 91.7
Quantity 0 5 8 15 20

It can be seen from the above table that when the annual average number of replacement is small, that is, the
consumption is small, EOQ can be 0, and the guarantee rate is in a low state; when the annual average number of
replacement is gradually increasing, EOQ will also increase, and the guarantee rate will also increase and be at a high

ISSN: 0010-8189
© CONVERTER 2020 259
www.converter-magazine.info




CONVERTER MAGAZINE
Volume 2021, No. 3

level; when the annual average number of replacement is further improved, the guarantee rate will fall to a certain
extent.

Through analysis, the annual average times of replacement is a strong sensitive factor affecting EOQ.

5.2.2 Unit price of aircraft parts procurement
The change of purchase price of unit price of aircraft parts is considered according to its proportion in the original

price, assuming that the change range of the proportion is from 0.1 to 10, as shown in Table 4. Under the condition
that other indicators remain unchanged, this paper analyzes the impact of changes in the purchase price of aircraft
parts on EOQ, as shown in Table 4 below.

Table 4 Effect of aircraft parts purchase price change on EOQ
Proportion of purchase unit price
to original price
Total cost( RMB million

01|02 | 05| 08 1 2 5 8 10

047 | 0.74 | 1.56 | 2.39 | 2.92 | 5.64 | 13.81 | 21.97 | 2741

uan
E00 yuan )

Guarantee rate ( % ) 916 | 916 | 916 | 916 | 916 | 916 | 916 91.6 91.6
Quantity 5 5 5 5 5 5 5 5 5

It can be seen from the above table that the change of aircraft parts purchase price has no significant impact on EOQ
and guarantee rate level, but only the total cost changes. Therefore, the purchase price of aircraft parts is not sensitive
to EOQ.

5.2.3 Unit shortage cost

Itis significant to analyze the influence of the change of shortage cost on EOQ. Through the analysis of the change of
the ratio of unit shortage cost to aircraft part price, the ratio of unit shortage cost to aircraft part price in Section 5.1 is
0.5, and the change range used here is from 0.1 to 10.

Table 5 Effect of shortage cost on Effect of shortage cost on EOQ
Ratio of unit shortage
cost to aircraft part price

0.1 0.2 0.3 0.4 0.5 0.8 1 2 5 10

Total cost( RMB million
E 089 | 159 | 2.28 | 280 | 2.92 | 3.11 | 3.23 | 3.49 | 4.08 | 4.08
yuan )
0
Q Guarantee rate ( % ) 5.0 5.0 50 | 815 | 916 | 91.6 | 916 | 96.6 | 99.6 | 99.6
Quantity 0 0 0 4 5 5 5 6 8 8

It can be seen from the above table that EOQ and guarantee rate increase with the increase of shortage cost. In the
case of low out of stock cost, EOQ can be zero, and the level of guarantee rate is low. At the same time, it can be seen
that the unit shortage cost is a strong sensitive factor affecting EOQ of air material turnover parts.

V1. Conclusion

The effective management and inventory control of aircraft parts has become an effective way for airlines to reduce
operating costs and improve economic benefits, but the management level is not satisfactory. It is expected that this
research can provide a new idea and method for the inventory control of aircraft turnover parts. This paper analyzes
the factors that affect the economic order quantity of the aircraft turnover parts, divides the total cost of the turnover
parts into depreciation cost, repair cost, inventory cost and shortage cost, and constructs the objective function of
minimizing the total cost, so as to optimize the economic order quantity of the air material turnover parts. The
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feasibility of the method is verified by case analysis, and some meaningful conclusions are drawn through sensitivity
analysis: annual replacement times and unit shortage cost are strong sensitive factors affecting economic order
quantity, while purchase price is not.
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