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ABSTRACT

This paper aims to build a drone platform based on an optimum design of its single
arm. Its single arm is assumed as a cantilevered beam with a tip mass. Based on the
numerical optimization theory, validation and optimization of a new design is conducted
by comparing the results with the similar ones obtained by ANSYS. Finally, this design is
reflected in the control simulation, and the requirement of an optimum structural design
considering the resonance situation is satisfied.
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Nomenclature B iAo, = Mode shape coefficients
Whod = Mode frequency
C) Gy (5 C) = Coefficients of the beam ) = Length of the beam
deflection depending on B.C.’s K = Stiffness of the beam
W, o4 = Mode shape coefficients M, = Equivalent mass
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FE Young’s modulus Yy = Particular solution of the
My, ot Rotor mass governing equation
7 Polar moment of inertia C(a)er) = Amplitude of y,
Myeam Beam mass Fy = External force
B,.L Coefficient of the natural C = Damping coefficient
Frequencies Q = Quality factor
I Inertial force vector O gew = Delivery natural frequency
Mg Mass matrix Oy ot or = Rotor natural frequency
Gy Damping matrix R R, = Half power point
K Stiffness matrix X/ 644 = Amplitude ratio
c Structural damping L. = Mass moment of inertia
P Density 0", = Rotor arm angular acceleration
‘;{ FArea of t.he crosshsectlon F,Fy = Thrust of the rotor
rotor orce act'lng on the rotor a,, nt.bmm = Gain, pole of the motor
{“’t‘” Er.eqlllenmes of the ro.tor S = Angle by the rotor arm
" 1P aFement V(.ECtOI' m deflection at the tip
Cartesian coordinate
o . Fr = Follower force by the rotor
1, Unit vectors .
. . arm deflection
D Velocity vector
My, Payload or weapon mass
: .M B
0 4. Tilted angle from the drone
center of gravity
Lye Distance between the drone HA, FAEoE JdEolgd =Eo] HE
2w L b .
and delivery location TFgt Eofze &8 Ve RE s Ay %
Q. } o = S} A 0] sQ
K = ket ey UUE ATeR e s g 3 4
[¢] = ku =% =1 == =
P Potential energy RS 7]_0 %a]g} AR TE 5 9 Z ©
L = Lagrangian function ° 3t 53] 2 Amazonclr €n} =£2 %
fagran Grivityg T seld Mo Az ABe A3 Utk @A,
y . AL T U} L A& FRED
outer = Beam outer diameter NERAR BT glom 4 SE AR
dinner Beam inner diameter 70%S H9ET 9= FHo] TE AZRL F=n
T uss = Total mass of the rotor arm 3t 9 ZYHE Z4E 7)&/He 2 A
vy, Ug Upper and lower bounds =2 58 EA 52 AFYA Ho] E1 ¢t
r; Discrepancy between the curve [1]. 799 HAgodes 2ZE 0, }5%101% Xl
fit and the results by the CR wH o &2 AASY fHste 7S Bt
beam oy FdME By F< iiE%loi e
Yi Deflection predicted from the Zom, stEdolE AAZF o E HASI:E At E

CR beam

Curve fitting equation

Coefficient of the curve fitting

Natural frequencies of the CR-

beam
Excitation forcing frequencies
Phase delay

Amplitude of the response

AoH2].

wehA B AT Fel AAFR] =9 o
AAE # =8 BlgA FoA 55 =2E &
(rotor-arm)°ll W& HAAE T 27HAE FAHA
o7 Fi APsAth. AA= ZH & Edl
F2hE ZEjoA EAstE Tzl A=
Hj Eid’]’ T 28 T FAR TFe ‘?r
Fete= AU 71E ol AA HE F2 7
stgo] HAY A EAHE 7iKlelnt. o] 27}
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Table 1. Specifications of T-MOTOR [15,16] -
Deforme
frame
Prop Throtﬂe Th rUSt RPM Deformational motion .
sizelin] (Gl Corotated detormattonat and rgid
50% 3065 1890 frame
550/0 3685 2073 Rigid body motion /
T- 60% 4314 2247 e ermied
mOtOI’ gOF 1 05 650/0 5258 2469 Global frame
U-11 75% 6875 2820 L:I
85% 8567 3113
100% 10895 | 3503 Fig. 3. Co-rotational beam[9]
50% 3130 2000
T_ 650/0 4800 2500 Initial natural frequency
motor 29F9'5 75% 6020 2800
U-10 85% 7360 3070 A= :
100% | 9850 3350 fmuenty isied

0

gz

Fig. 2. Modeling of heavy mass
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Table 2. Specifications of the rotor arm

Numerical Values

Cross sectional area
of the arm

5.96¥10°(m?)

Length of the arm

0.45(m)

Polar moment of
inertia of the cross
section

2.701¥10" % (m*)

Youngs Modulus 68.4%¥10°( Pa)
Density 1500 (kg/m?)
Excitational loads 30*sin (27%10%¢) (V)
Tip mass 0.15(kg)

Table 3. Natural frequencies results

Natural Frequency(Hz)
0.02(Diameter)(m,)
Length(m) Refere | NAST | CR-Be
ncel8] | RAN am
Theory 31.063 | 31.0576 | 31.0576
0.45| Analysis 31.008 | 30.6 30.67
Experiment | 30731 | N/A N/A

Table 4. Design parameters

Numerical Values

Delivery weight 5~15(kg)
RPM range 1890~ 8300
Distance between the

delivery weight and the 50~100 (mm )

center of gravity of the
airframe

Length of the arm

800~1400(mm)

Total weight 0.8 below (kg)
Tip mass 0.53~1(kg)
douter ZTLTLGT Length 1~4 (mm )

Inner diameter

45(mm) below

Outer diameter

Desired natural
frequency

49(mm) below
0(Hz)

Table 5. Results of optimization

L(im)
0.8067

ttp(kg)
0.5615

d’inne’r (m)

0.00448

doutc r (m)

0.0461

Present

Table 304 NASTRANCS 2 T3+ Az 34 3t
I CR-E=2 T3 39 Ae|7F 0.002%°]a, Fal
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9} o] WA

dauter*dinner = 4(mm) (40)
pTr (dzuter - d?nner)L—'— Mot — 0.8 (kg> =0 (41)
OSdouM <49(mm), 1(mm) < d. < 45(mm)

mner

800(mm) < L < 1400, 053 <m,, <1  (42)

Table 4°] #< ol&stodA F3 33 2AE
Ykl Table 59 #*ES ==s8HATh ANSYS
Optimizatione &34 53 300702 A3}
At F 471E Table 69 8951tk Table 69
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HE 2o ywA 300702 A#AE3} Table 52
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Table 6. ANSYS optimization results 9 371 AR FE AAT & JA HUuh
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Do) | onnertoy | L0m) | My (Rg) | el 70 a7 e BoI4 Hulg 1g0545
Point 1 |0.0450 0.0434 0.9016 0.5594 94_ qua E‘—Iﬂ/\]?]‘:ﬂfq z Ta_ tﬂ-?—]%— ;gﬁ 7]}_}1
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o aAE AEs 34 Aog =Ed9
Point 3 | 0.4226 0.0401 0.8178 0.60644 o B ° = =
Point 4 |0.4112 0.0390 0.8156 0.55652 :
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Table 7. Discrepancies between the present MAS 00105molth stAR AA 1AM
) A 3] = X o RNElE =
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AN ES W MAE APFA A o
douter(m) dmner(m) L(m) Mq)(kg) ]ﬂ'%% ‘?/]8}]}"] i%ﬁ%"{[\‘% 24HZE- %7]'}‘]74/‘1
Present | 0.0461 0.00448 | 0.8067 | 0.5615
ANSYS | 0.04476 | 0.00434 | 0.00434 | 0.5573 Table 10. Automation results of arm
Discrea
6.7% 3.2% 1.2% 0.8% Numerical Values
pancy
Area of the arm 1.1815%10 *(m?)
Table 8. Optimization of the arm Length of the arm | 0.8024(m)
Cross sectional polar wn—8( 4
Numerical Values moment of inertia 3.0805%107"(m")
Area of the arm 9.1921%10% (m?) Young's M 68.4%10° (Pa)
I(_:ength of tthe e}rm | 0.8067(m) Density 1500 (kg/m”?)
ross sectional polar *10=8 (4 Excitational load
moment of inertia 2.3746*10 " (m") by the rotor 5sin (27*31%¢) (V)
Young's M 68.4%10"(Pa) Excitational load
Densit 3 100sin (27*3*¢) (V)
y 1500 (kg/m?*) by the payload
Excitational load Bsin (20%31%) (V) Tip mass 0.5379 (kg)
by the rotor
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by the payload 10051n(27r 3 t)(N) 0.03 ____Optimal design based on previous
" numerical values
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,E. numerical values
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Table 11. Discrepancies between the present
and the past optimization results
Half
¢ Clw) point
Optimal
design based
on the 1.11*¥107% 0.0105 0.004
previous
values
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design based
on the 1.43*%107% 0.00875 0.004
modified
values
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