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ABSTRACT

A structural weight estimation methodology for the multicopter design process 1is
presented. In general, a multicopter is composed of an airframe, motors, propellers, battery
and so on. Among these, the weight of motors, propellers and battery can be obtained from
the weight trends with respect to design parameters. However, the structural weight is
hard to be estimated due to the various configurations and design concepts of multicopters.
Moreover, the airframe weights of most commercial multicopter products are not provided.
Thus, an accurate airframe weight model is required for the reliable mutlcopter design
process. Firstly, the standard configuration of multicopters is defined. Then, we proposed
the structural weight estimation method using the number and diameter of propellers
determined from the initial step of sizing process. Finally, we validated our suggested
method using the commerical products.
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1.0. UAV
1.1. Air Vehicle

1
| ‘ 1.1.3. Flight Control System ‘

1.1.1. Airframe ‘ ‘ 1.1.2. Propulsion
T

TILT Center Body_| [LTZL Wofer [[I3LFight cortrol board |

L1111 Main structure ‘ 11211 Motor

11112 System installation structure 11212 Hectronic speed controller [,[,SJ,Aﬂguge sensor

11213 Engine cooling system 371 Accelerometer

[zAm ]

T1i21 Am 1122 Propelkr 11323 Magretometer

11122 Arm attachment T1221 Propeller (W &:CCW)

11123 Motor meunt 1.1.3.3. Postion sensor

(25 Baftey | [EEERS
1113, Skin 11231 satery s
11232 Power management system
[CT34 Tonding Gear |
[[I34 Communication |
1.2. Payload
L I 1
‘ 1.2.1. General Mission ‘ ‘ 1.2.2. Advanced Mssion | ‘ 1.2.3. Gimbal
T

L1211 Camera EO/IR| 1221 LDAR | [1231.Gimbal |

1212, Microphone |

(L2213 Speaker |

1222. R (NR, TR |
[L223. Hyperspectralsystem ]

1.3. Ground/Host
L3EEoundiconteal ‘ 1.3.2. Command and control system ‘

T34 Antenna ] 1321 Network devices ]

1312 Ground termiral | T32.2. Software for UAV command handling |

T313. GCS operation equipi| 1323 CAC ground Taclites ]

Product breakdown structure of
multicopter

Fig. 1.
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Fig. 2. Basic configuration of multicopter
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Mission Requirements
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Mission Profile
| + Define or Update Configuration

Weight Estimation

|
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Calculating Thrust/ Power
Calculating Induced Current
END

Calculating Flight Time

Fig. 3. Flow chart of sizing process [1]
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Fig. 7. Density of carbon fiber tubes [6]
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Fig. 9. Clamp geometry
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Table 2. Input parameters of validation models (small-size multicopters)
Parameter Description ARRIS ARRIS DevKopter

M680-4S M1050 850
Ny Number of arms 4 6 4
R Propeller radius (mm) 190.50 215.90 228.60
To Gap ratio btw props wrt prop radius 0.526 0.432 0.630
CP Shape | Center plate(CP) shape Circle Circle Polygon
t CP thickness (mm) 20 20 20
r, CP radius ratio wrt CP max. radius 0.62 0.36 0.94
T oo CP hole area ratio (upper / lower) 0.34/0.24 0.34/0.24 0.34/0.24
0. CP material density (g/mm?) 0.001482 0.001482 0.001482
R,. Arm tube radius (mm) 8.0 1.0 125
Arm tube thickness (mm) 1.0 1.0 1.0
Porom Arm material density (g/mm?®) 0.001542 0.001542 0.001542
Torm Arm attachment portion 0.25 0.175 0.25
Ny Number of landing gear 2 2 2
R LG tube radius (mm) 8.0 1.0 8.0
tra LG tube thickness (mm) 1.0 1.0 1.0
R4 LG skid tube radius (mm) 10.0 8.0 8.0
toria LG skid tube thickness (mm) 1.0 1.0 1.0
o LG length ratio wrt arm length 0.36 0.66 0.49
T rid LG skid length ratio wrt CP diameter 1.78 1.47 1.22
Pras Pskid LG and skid material density (g/mm®) 0.001542 0.001542 0.001542
Pratt_plate Battery plate(BP) material density (g/mmq) 0.001482 0.001482 0.001482
Thattery BP area ratio wrt CP area 0.30 0.30 0.30
T Hole batt BP hole area ratio 0.30 0.30 0.30
 camp Clamp thickness (mm) 5.0 5.0 5.0
Petamy Clamp material density (g/mm®) 0.002770 0.002770 0.002770
Ryfior Motor radius (mm) 22.65 28.85 30.35
_— Motor mount length ratio wrt motor 10 10 130
diameter

Thole mount | MoOtOr mount hole area ratio 0.30 0.30 0.30
Mpatt_spacer Number of battery spacer 4 4 28
. E(L;r)"nber of clamp pair (motor mount, arm, 30 36 o4
ong serew Number of long screw 40 56 40

Nhort serew | NUMber of short screw 36 20 14
P imbal rod Number of gimbal rod 2 2 -
imialrod | GiMbal rod pipe radius (mm) 5.0 8.0 -
tymirod | Gimbal rod pipe thickness (mm) 1.0 1.0 -
Lgimbal rod Gimbal rod pipe length (mm) 330.0 330.0 -

Ny attach ape | NUMbeEr of LG attachment pipe 1 - -

Ri¢ attach npe | LG attachment pipe radius (mm) 8.0 - -

trcartach xpe | LG attachment pipe thickness (mm) 1.0 - -

LG attach npe | LG attachment pipe length (mm) 120.0 - -
GTOW Gross take-off weight (g) — empty weight 2,310 5,000 5771
MTOW Maximum take—off weight (g) — assumed 5,334 8,000 8,000

n Load factor 2 2 2
Wy Battery weight (g) 805 1,500 2,130
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Table 3. Input parameters of validation models (mid-size multicopters)
Parameter Description .D“” 3S Tech Foxtech

Matrice 600 | Hexacopter D130 X8
Ny Number of arms 6 6 4
R Propeller radius (mm) 266.70 254.0 355.60
ro Gap ratio btw props wrt prop radius 0.1237 0.2640 0.3870
CP Shape | Center plate(CP) shape Polygon Circle Circle
t, CP thickness (mm) 1.0 20 3.0
r, CP radius ratio wrt CP max. radius 0.59 0.52 0.58
T ol CP hole area ratio (upper / lower) 0.0/0.11 0.34/0.24 0.34/0.24
0. CP material density (g/mm? 0.001482 0.001482 0.001482
Arm tube radius (mm) 14.0 125 15.0
Arm tube thickness (mm) 1.0 20 20
Porom Arm material density (g/mm?®) 0.001542 0.001542 0.001542
Turm Arm attachment portion 0.00 -0.13 0.00
g Number of landing gear 2 2 2
R, . LG tube radius (mm) 11.50 12.50 12.50
tra LG tube thickness (mm) 1.0 2.0 1.0
R4 LG skid tube radius (mm) 9.0 8.0 8.0
torid LG skid tube thickness (mm) 1.0 1.0 1.0
T LG length ratio wrt arm length 0.99 1.0 1.20
T opid LG skid length ratio wrt CP diameter 1.56 1.50 1.78
Pror Pawa | LG and skid material density (g/mm?®) 0.001542 0.001542 0.001542
Pratt_plate Battery plate(BP) material density (g/mmq) 0.001482 0.001482 0.001482
Thattery BP area ratio wrt CP area - 0.30 0.79
T Hole batt BP hole area ratio - 0.10 0.10
Clamp thickness (mm) 5.0 5.0 50
Petamp Clamp material density (g/mm?®) 0.002770 0.002770 0.002770
Rypior Motor radius (mm) 30.0 30.35 4340
—_— Motor mount length ratio wrt motor 10 10 10
diameter

Trote mount | MotOr mount hole area ratio 0.0 0.0 0.30
Mhatt spacer Number of battery spacer - 8 8

. Ecuar)"nber of clamp pair (motor mount, arm, m m 40
ong serew Number of long screw 64 64 72

Nnort serew | NUMber of short screw - - -
Nyimbal rod Number of gimbal rod - = -

R iairos | Gimbal rod pipe radius (mm) - - -
tymirod | Gimbal rod pipe thickness (mm) - - -
Lyimiaroa | Gimbal rod pipe length (mm) - - _

NG attach ape | NUMber of LG attachment pipe - - -

Ri¢ attach npe | LG attachment pipe radius (mm) - - -

treataen npe | LG aftachment pipe thickness (mm) - - -

LG attach npe | LG attachment pipe length (mm) - - -
GTOW Gross take-off weight (g) — empty weight 9,500 11,940 12,180
MTOW Maximum take—off weight (g) — assumed 15,500 11,940 24,000

n Load factor 2 2 2
Wy Battery weight (g) 3,570 4,126 4,980
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Table 4. Estimation results (small-size o7 FHS FAHE HorE AAEAH. A
multicopters, grams) k3l WhHlol Ao %27 AA dANA Yate=
ARRIS ARRIS | DevKopter des WAE 7L 5 0] Aeste #
MB80-4S | M1050 850 I ol EFH FA gflo] 7stEd A4S o
= = = ak == = =z =
Actual weight| 700 1400 | 123262 sted 27] €% Adbel sbseite Aoln. 71<
71755 | 140146 | 120053 HEIFH EEEd did 7A Fx2 FH dolH
This work (0.45%) (6.10%) (é.67%) b BA 7] wEo] AAlE 659 mdo] s
‘ 530.15 1.150.00 1.327.31 Zjl%él'@ E]’%}‘é% 7&%6}9}‘:} /}:_]Zﬂ Xﬂx—}% S
KM (@2.04%) | (@1.74%) | (7.13%) el W g 28 A7 2l Sl H
98.90 320.49 197.71 Q7 W &Ee %7 AA dANA AA A Zo] 7+
MaonussenlZl| ey 78%) | (3a682%) | (s2846%) | S BFel FASATE duit A e
‘ 1215.71 21397 51 A T ARE F/HHoR Rt Aot
Winslowl3] | o oy | T | ssen) | AT AEAS Eolm A§ WS gsh:
43795 | 95000 | 1,096.47 HAe] 2o AoR wln
Bershadskyl[4]
(59.84%) | (47.37%) | (12.42%)
Factor of 1 o463 | 2086 | 3829 =
Safety
Tip Deflection H ool gEsl e HEAH Tolol =
) 1.42 242 0.74 o ATE AT HBEAT FololwA m
GRS d dAF 3 Ay o

Table 5. Estimation results (mid-size
multicopters, grams)

DJ.' 3S Tech | Foxtech
Matrice Hexacopter| D130 X8
600 P
Actual weight| 1,922.00 | 2,412.00 2,600
This work 1,809.49 | 2,254.19 | 2,368.62
(6.22%) (7.00%) (9.77%)
Kim(1] 2,185.00 | 2,746.20 | 2,801.40
(12.04%) | (12.17%) | (7.19%)
Magnussen(2] 444.49 401.15 651.30
(332.40%) | (501.27%) | (299.20%)
' 6,222.04
Winslowl[3] (58.219%)
1,805.00 | 2,268.60 | 2,314.20
Bershadskyl4]l (g 4gor) | (6.30%) | (12.35%)
Factor of 1 o579 | 2623 | 2048
Safety
Tip Deflection 508 531 314
(mm)
v. 2 E
P ompAe $43 PEFH 27 Atold
BAHANA L& F e VA xR THF FA
7IME Aloratdnt. 7Ee AFEo] EE o
ol digk v &= ALt Ao vlE] 2 =
oA e 24y AR NFEFE 78
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