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Abstract

A new test bench for small multi-rotor type drones has been developed. Six degrees of freedom (DOF)
motion is possible due to a ball bushing, wheels, and rotating plates. An FPGA (field programmable gate
array) based controller, that supports realtime parallel processing, is used to measure attitude with an
accelerometer and a gyro to adjust motor speed. Several tests were performed to check the operational
properties of the test bench and the controller. The results show that this test bench is proper for verifying
controllers and the control methods of small multi-rotor drones.

O

rir offt Lo i
2
2
N

= =

= =

g st A AR e Ao FAANS gl AE4
2% B8 Al E AT A7 e HeEs SdEl 4

Key Words : Drone Test Bench(=& 3% ZX]), Ball Bushing Mechanism(% 4 7]7"), Six DOF
Motion(6 At %= %), FPGA Controller(FPGA #|©]7])

1A = SR ATYES TR AW AAG} NS Ags
0 oglid, b R Qe 1ARE 53 Aol 43
Az meol o Baol wolAwA, o] wep  [1TO1F W ATE, G AfEA M
}\1 Tjroo]:éj' %;_(jl_o‘i E% 7H%L0ﬂ Eﬂfﬂ- —)FE_E équr 9}1\—1:‘ ?l';d/\]}é};— 9}1\]:]'[6] 131‘/} Zl‘%ﬁ‘_} o]'j]\—t‘ %Baﬂ
2 Qe o2 sl ALd Aue] WasAw am  HHENS YR £FSA 2AL oA a6, o
Q. oled BAS el Amdosn Aame AT AT W a4 3~6 AfE GAel o
W e AR 49 PAE Agetl, ges g Ao KOl gEshw SlenlnI0] Elsiringelt
?l_;d;\é]q] E]-]t}l- /‘\?]_ﬁtl_%_ t‘é%ﬁf&ﬁ‘r U—I]' (bar)& O]'g‘s]'o:] T’E‘%g] an‘?‘]% Z‘ﬂ?l'é}'%:‘ 6Z]"ﬂ‘
= AA7H11,12] AREE 7= Jh
Received: Jan. 9, 2017 Revised: Feb. 2, 2017 Accepted: Feb. 13, 2017 = _ _ o
T Corresponding Author 2= AT E 6AFE A AX el gk Zed
Tel: +82-61-750-3827, E-mail: donworry@sunchon.ac.kr & mhotate], 6aHrE AXE A, A, AF RS

© The Society for Aerospace System Engineering



Administrator
밑줄

Administrator
밑줄


42 AAE - %3135

W, o7jelA 2 AaE 24P AR AL TS B4 BEe] ThelE F& FACE 3AEY] wE
dalM ZHE R4 Fxe vEe] ukFE A3 of, 12Hr=9] A&l A yuA 22 = 3
on, 3AHTE IAHLTS -‘?4‘3}04 2719l Tﬂ% s AeeS fsiA Fig. 29F 2ol 3789 H(plate)s A

op
o
32
ok
™
o)
—+
=
Q
jo]
2N
)
=
o
2

(plate)= HlojP oz H|X
O]E—O— upFlo]  ojate] Ak lof %14%‘ T QoA
gk Wk [11]e fiot

T2 wpEe okl dAetE vE S 4
ARk, E5d0] FHREY] Wit 62FE FES &

pS)

.

shed @ mgo] Hnh gHoRE, bye] YgiE
1

el
01 Hqe T

FAN A ZRA Al 7F EQEA g
Aol YERdTE, AAl v E o B
7heAdel =71 witel, o Fxl= AAl Hl ¥
Hel=dE &80 7M5slit.

AAAAAE Y= FPGA(Field Programmable
Gate Array) 7]€& &3t NI(National Instrument)
°] myRIOE ol&3te Alo|7]E& FAsTh o5 7]
Wrow HA Alxde digk b HAS Fast,
th 28 A= A g

Ale] Alz=dlo] dig dd,

I, il 5delA HAES

of\ tl
214‘
e 32

_p—lJ

N
>
rlr
offt

g

>

off

o
)

=
= PAE AdsnA A4 A9ag
2

Fig. 1 Rotary ball bushing
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Fig. 3 Assembled rotating module
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Fig. 4 Configuration of 6DOF test bench

Table 1 Mechanical properties of the test bench

Module Numbers Mass(g)
Rotating module 1 2000
Motor/prop./ESC 4 105 x 4 = 420
Support & battery 1 4600

Total 7020

Rotating module
Roll/ pitch/ yaw |Limit: 30 / £35 / £180 [degree]
L/ 1L/, 0.025 / 0.025 / 0.047 [kg-m’]
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Fig. 5 Control system of 6DOF test bench

Table 2 Control system specification

Module Model Specification
Control syst. NI myRIO clock: 1 Mhz
Barometer BMPO085 0.25~0.5m res.
Accelerometer + 2g, 16 bit res.

''''''''''''''''''''''''''''''''''' MPU-6050 :
Gyro + 250 °/s, 16 bit res.
Program LabVIEW control & monitoring
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Fig. 6 Main controller — myRIO
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Fig. 11 Roll angle and pitch angle control test
results
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Table 3 PID gain

Roll Pitch
Kp Ki Kd | Kp Ki | Kd
20 % | 0.07 | 0.003 | 0.04 | 0.05 | 0.004 | 0.010
50 % | 0.07 | 0.003 | 0.01 0.05 | 0.004 | 0.008
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Fig. 13 Roll/pitch angle for translational motion
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