
1. Introduction
A delivery unmanned aerial vehicles (UAV), or also

called a drone, is one of the most promising

technologies in the era of the fourth industrial

revolution. Multiple delivery UAVs will be heavily used

for the last-mile deliveries resulting fast, accurate,

cheap, and safe delivery service [1,2,3,4].

The last-mile delivery service using a UAV swarm

seems to draw a rosy future, but there is a

technological barrier, that is, the sluggish development

of the Li-Po battery energy density and etc. [5,6,7,8,9].
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Abstract As the UAV industry is getting matured, various types of UAVs have appeared in many

application fields, including filming, reconnaissance, rescue, and etc. and it requires the quick hardware

designs, particularly a battery pack, of the UAV. We developed the automatic battery pack design tool for

the convenient battery pack configuration design of the hoverable type delivery UAV. With inputs, including

current profile, voltage profile, various kinds of cell specifications, desired battery pack voltage, and etc. the

automatic battery pack design tool calculates a pack having the minimum weight and the maximum capacity

by combining either homogeneous cells or heterogeneous cells. Also, the tool could predict the capacity

fading trend of the designed battery pack configuration.
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요 약 무인항공기 산업이 성숙해짐에 따라 촬영, 정찰, 구조 등 많은 분야에 무인항공기가 적용되고 있으며,

이로 인하여 신속한 무인항공기의 하드웨어의 설계, 특히 배터리팩의 설계가 필요하게 되었다. 수직이착륙 형태의

배송용 무인항공기의 편리한 배터리팩 구성 설계를 위한 자동 배터리팩 설계 툴을 개발하였다. 전류, 전압 패턴,

여러 셀 사양, 원하는배터리팩전압 등의 입력을하면, 자동 배터리팩설계툴이균질 셀또는이종셀들을 결합하

여 최소 중량과 최대 용량을 갖는 배터리팩을 계산한다. 또한 이 툴은 설계된 배터리팩 구성의 사용에 따른 용량

감소 경향을 예측할 수 있다.
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is flyable for only about 30 min while it carries a 2.3

kg weighing package. One time delivery cycle would

take 1.5 hr (including 30 min of flight time and 1 hr of

charging time), total eight deliveries are operable

during the 12 hrs of daytime, and it means about 240

charging cycles will be required per a month [10,11,12].

In general, most Li-Po batteries have 300 life cycles

and so a battery pack inserted into the Amazon

delivery UAV should be replaced every four months.

Since hundreds of thousands of delivery UAVs will be

used in the near future, battery pack replacements in

every four months would burden Amazon.com, Inc.

Therefore, we would need to consider not only the

battery pack capacity and weight but also the life span

so that the battery pack will last long.

Besides the above mentioned three factors, including

capacity, weight, and life span of the cell, we need to

additionally consider the C-rate, size, and etc. to design

a battery pack [13,14].

However, battery pack designers simply construct

battery packs by only considering either capacity or

weight due to too many factors taken into account.

Development of the automatic battery pack design

tool is the main focus of this paper to solve the

previously stated problem. With the battery pack

design tool, battery packs optimized to be used for

various applications could be easily designed.

The flow of this paper is as follows. Section 2

explains the overall battery pack design tool. Section 3

describes simulation setup and corresponding

simulation results. Section 4 finally proposes the

conclusion of this paper.

2. Battery Pack Design Tool
Automatic battery pack design tool is developed

using MATLAB/Simulink software.

Inputs inserted into the design tool are current

profile, desired pack capacity, desired pack voltage,

total number of delivery shipments per day, desired

flight time, and cell specification library. In particular,

cell specifications, including cell name, normal voltage,

[Fig. 1] Overall configuration of the automatic battery pack design tool
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capacity, weight, and C-rate are saved in the library.

Later, the battery pack design tool outputs several

candidate battery packs in the aspect of the minimum

weight design and the maximum capacity design.

These candidate battery packs are composed of either

homogeneous cells or heterogeneous cells.

Then, for the capacity degradation rate analysis,

capacity fading progress of each battery pack candidate

is compared and analyzed to select the most endurable

battery pack.

The overall configuration of the battery pack design

tool is shown in [Fig. 1]. The tool is composed of two

main parts, including hybrid battery pack and capacity

fading.

2.1 Part 1: Hybrid Battery Pack
In part 1, hybrid battery pack, of the battery pack

design tool, the tool analyzes the cell specification lists

in the library and design both the most light pack and

the most largest pack capacity.

Here, three types of cells (cylindrical, prismatic, and

polymer) are included in the library as shown in

<Table 1>. We classify the cylindrical and prismatic

cells as the high capacity (HC) cells and the polymer

cells as the high power (HP) cells based on the C-rate.

<Table 1> Cell specifications [15]
Type of Cells

Voltage

(V)

Capacity

(Ah)

Weight

(g)

C-rate

(C)

INR18650-13L 3.6 1.3 43 13.8

INR18650-13M 3.6 1.3 43 17.7

INR18650-15L 3.6 1.5 43 12

INR18650-15M 3.6 1.5 45 15.3

INR18650-20R 3.6 2.0 45 11

INR18650-20Q 3.6 2.0 45 7.5

INR18650-22F 3.6 2.2 44.5 2

INR18650-22P 3.6 2.15 44.5 4.65

INR18650-25R 3.6 2.5 45 8

INR18650-26F 3.7 2.6 47 2

INR18650-29E 3.65 2.85 48 0.96

INR18650-30A 3.7 3.0 48 2

INR18650-32A 3.75 3.2 50 2

INR18650-33G 3.7 3.3 48 1.97

103450 3.8 2.2 276 1
395158 3.8 1.5 188.4 1
405158 3.8 1.54 193.2 1
405362 3.8 1.7 213.6 1
415168 3.8 1.9 238.8 1
434354 3.7 1.23 25.8 1
443858 3.7 1.22 153.6 1
444355 3.7 1.33 166.8 1
446584 3.8 3.2 402 1
463446 3.7 0.92 115.2 1
463450 3.7 0.97 121.2 1
463651 3.7 1.03 129.6 1
464656 3.7 1.53 192 1
464665 3.7 1.67 210 1
465156 3.8 1.74 218.4 1
474350 3.7 1.23 154.8 1
515161 3.8 2.1 264 1
596080 3.8 3.78 474 1
666480 3.8 4.45 558 1
903864 3.8 3.03 380.4 1
HiCap2Ah 3.7 2.0 80 50
HiCapSSD 3.7 1.0 50 25

Algorithm 1 Automatic Battery Pack Design Tool (Non-Hybrid Design)

1. Call cell libraries
2. Define input parameters (target battery capacity, target battery
voltage, step time, simulation time, input current, total number of
shipments per day, and etc.)

3. for i=1:Number of Cell Candidates

   ⌈  ⌉
   ⌈⌉
   ⌈max ⌉
if    
    

else
    

end

% Calculate total pack weight
    

% Calculate total pack capacity
   

end

where   is the number of cell series connection,   is

the number of cell parallel connection,   is the pack

voltage (V),   is the cell voltage (V),  is the

average of the input current (A), max is the maximum

of the input current (A),  is the desired flight time (s),

  is the cell weight (kg),  is the pack weight

(kg),  is the cell capacity (Ah), and  is the pack

capacity (Ah).
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Algorithm 2 Automatic Battery Pack Design Tool (Hybrid

Design)

1. Call cell libraries

2. Define input parameters (target battery capacity, target

battery voltage, step time, simulation time, input current,

total number of shipment per day, and etc.)

3. for i=1:Number of Cell Candidates

%Calculate HC cell series number

  ⌈   ⌉
% Calculate HP cell series number

   ⌈   ⌉
% Calculate HC cell parallel number

   ⌈ ⌉
   ⌈ ⌉
if   
    

else

    

end

% Calculate HP cell parallel number

   ⌈max  ⌉
% Calculate total pack weight

    

    

  

% Calculate total pack capacity

    

% Find the pack having lightest weight

% Find the pack having largest capacity

end

2.2 Part 2: Capacity Fading
The capacity fading is the phenomenon that the cell

capacity is continuously decreasing while it is

(dis)charging, stored for a certain period of time, and

etc.

The capacity fading is generally expressed as the

state of health (SOH) which is represented as the

percent of remaining capacity compared to the initial

capacity of a cell.

We included the capacity fading effect in the battery

pack design tool to predict the remaining lifetime of the

designed battery pack. Among many factors affecting

the SOH, we consider only the temperature, storage

time, and cycle number.

For the detailed capacity fading algorithm logic,

please refer the [Fig. 2].

3. Simulation Result
All simulations are performed with a desktop,

having the following system properties; Intel(R)

Core(TM) i5-4590 CPU @ 3.30 GHz processor, 64-bit

operating system, and 8.00 GB RAM.

3.1 Part 1: Hybrid Battery Pack
It is assumed that the delivery UAV takes 1.5 hr to

complete 1 shipment and operates for 12 hrs per day

resulting total 8 shipments per day.

Also, flight patterns shown in [Fig. 3] is applied as

inputs.
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(a) Layer 1

(b) Layer 2

[Fig. 2] Overall configuration of the capacity fading calculation
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(a) Current profile

(b) Voltage profile

[Fig. 3] Current and voltage profiles of hoverable 
delivery UAV

Two different types of battery packs having the

minimum weight and maximum capacity are designed

as shown in [Fig. 4].

(a) Minimum weight

(b) Maximum capacity

[Fig. 4] Two types of b1attery packs resulted from the 
automatic battery pack design tool

[Fig. 5] Simulation result 
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According to the results, for the minimum weight

and the maximum capacity, the INR18650-25R

cylindrical cell needs to be assembled in 6S11P having

system properties as 3 kg weight and 27 Ah capacity

(<Table 2>). This is the optimum battery pack design

for the 30 min flight time.

<Table 2> Specifications of the battery pack
Configuration 6S11P

Voltage (V) 22.2

Capacity (Ah) 27

Cont. Max. C-rate (C) 8

Size (mm3) 198 × 91 × 66

Weight (kg) 3.0

3.2 Part 2: Capacity Fading
With the selected battery pack configuration in the

Part 1, the capacity fading simulation is performed with

the initial battery pack system properties and

simulation environment settings as shown in <Table

3> and <Table 4>.

<Table 3> Initial battery pack system properties
SOC (%) 100

Capacity (Ah) 27

Temperature (°C) 25

Initial SOC (%) 100

Storage Time (Month) 12

<Table 4> Simulation environment settings
Time (s) 1,600

Current (A) -54 (2 C)

Step Time (s) 0.25

Frequency (Hz) 10,000

With varying cycle numbers from 0 to 300, the

simulation outputs a result as shown in [Fig. 5]. This

figure shows the decreasing open circuit voltage (OCV)

of the battery pack. It also describes that as the battery

pack is getting aged, the amount of OCV falling at the

beginning of the discharging profile is getting deeper.

From the simulation result, we could predict the

trend of capacity fading of the battery pack

configuration designed in the Part 1.

4. Conclusion
We developed the automatic battery pack design tool

which could design an either homogeneous or

heterogeneous battery pack satisfying the minimum

weight and the maximum capacity given delivery UAV

operating conditions.

In the future, aging tests of the newly designed

battery pack using the optimal battery pack design tool

will be performed. Also, aging test results will be

compared with the simulation results shown in this

paper for the verification.
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