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Development of Testbed for Aerodynamic Performance of a Drone
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ARTICLE INFO ABSTRACT
Article history: In the present study, we build an experimental testbed to measure the
Received 5 March 2018 aerodynamic performance of a drone. The developed testbed is static, on which
Revised 2 Ap?l 2018 the drone is fixed. The testbed is used to measure thrust, battery amount, and
Accepted 5 April 2018 drone flight angle using a load cell, a current sensor, and an IMU sensor. To
demonstrate the procedure for evaluating the aerodynamic performance of the
Keywords: drone using the measured values, we performed preliminary experiments by
Drone directly installing the SYMA X8SW drone on the testbed. The measure values
Testbed . were used for understanding aerodynamic performance such as disc loading,
Aerodynamic performance figure of merit, and lift-to-drag ratio.
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Table 1 Example of flight time and battery charge time of a

drone
Flight time Battery charge time

(min) (min)

X5C 8.5 75
K200 9 90
Phantom 13.5 120
US18A 9 120
CX-20 13.5 120
Q500 4k 19 130
X8C 9 130

Table 2 Comparison of rotary wing- and fixed wing-types

drones
v | bt | B e
(min) (kg) (mAmh) amount
Rotary wing X-F1 25 13.3 | 32000 |0.0000587406
Rotary wing HDI-03A | 12 10.5 | 12000 | 0.0000952381
Fixed wing MILVUS-1| 80 6 10000 0.001333
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Table 3 Some examples of drone testbed in the literature

Measurement data Test type
Theys et al. [5] Thrust blade test
Mizui [6] Thrust blade test
Capello et al. [7] Thrust, attitude static test
Bellocchio et al. [8] Attitude static test
Thrust, attitude, .
Hoffman et al. [9] maximum flight velocity dynamic test
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Fig. 1 (a) Arduino nano, (b) Current sensor, (¢) IMU sensor,
(d) Arduino uno, (e¢) Xbee, (f) Load cell
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Fig. 2 (a) Picture of present testbed, (b) rotational part with load
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Fig. 3 (a) Picture of experiments using the present testbed, (b)
vertical flight motion, (c) forward flight motion

(b)

Fig. 4 (a) SYMA X8SW, (b) Propeller of SYMA X8SW
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Table 4 Gross weight, payload and ratio of payload and gross
weight of drones

Gross weight | Payload Payload/
(kg) (kg) Gross weight
DJI MATRICE 20 6 0.3
DIJI S900 8.16 49 0.6
Yunee Tornado H920 20.2 1.6 0.08
SYMA X8SW 0.59 0.3 0.51
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Fig. 8 Disc loading vs Gross weight/power: Circle; SYMA
X8SW, other data; Maisel et al.'”!
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