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High-efficiency propeller development for Multicopter type UAV

Seong-Yong Wie*, Hee Jung Kang**, Taejoo Kim**, Young-Jung Kee** and Jaerim Song**

Korea Aerospace Research Institute* **
ABSTRACT

In order to develop high efficiency propeller for multicopter type UAV, we designed,
analyzed and tested aerodynamic and structural dynamics. For the design of the high
efficiency propeller, the optimum design method was applied for the determination of the
airfoil and the three-dimensional planform is designed to reduce induced power of the
propeller. The flight suitability of the derived shape was determined through structural
design and analysis. The rotation test was performed to confirm the performance of the
analytically designed shape. In this paper, we propose a procedural propeller design
methodology using these design-analysis-test methods.
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Table 1. Design Requirement of the Propeller
Propeller Design Requirement
Diameter 22inch
Thrust 30N
Rotating speed 3,000RPM
No. of Blade 2
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Fig. 1. Number of Propeller for Drones[1]

DC-1800 Super, 30

QOT-2200 Super, 26 ¥Q-1408-SUper, 26
.

MG-1 Plus 51500, 23
L]

AFDX-14, 18
H0-1000FZX, 18 DAMO AR-X] .
° y=0.4387%+10.513

Prapeller Diameter, Inch

Blueye-1K, 9.5
-
EDSS0W, 5.4

10

15 20 25 30

Take-off Weight, Kg

35 40 45

Fig. 2. Propeller Diameter Trend Curvel[1]
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Fig. 3. Performance Database of propellers
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Table 2. Conditions for Airfoil optimization

L . Design Obijective
Airfoil | Constraint ) 9 ) )
Variable function
Upper: 5 N
Clark-Y t/c<0.11 pp . Minimize 7
Lower: 5
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Table 3. Dualsky 22x7 Specification

Number of Propeller 2
Radius 279mm
Operation RPM 3200 ~ 3600
Estimated Thrust Range ~ 2.6 kg
Material Beechwood
Weight 77 g

aAEHE Z2dY e 2d ) fAEE ©d
2 AFE o] ot 74 gleo] 242 °d

7'<] &4y 0] 7}53}t} Table 3 ‘Dualsky 22x7'9]

FAL YE T Al

‘Dualsky 22X7’9] g9 A A

gl 2P AN

EAAE
o9 EAXE AL
H# S 3D 275

‘Dualsky 22x7'9]

SH/A91 = A

= =
zzdz gd AAE A% 2As Hu ga
FSES
i=0uN

A fr(Carbon Fabric 0/90)<}

(Carbon UD)E AH&SFATH
SAstE dAgeo FH e

Table 4. Material Properties

Material Properties
E1i(N/mm?) 13E+04
Ezo(N/mm?) 7E+03
Carbon UD GIN/mmd 3E+03
Plkg/mm?) 2E-06
E4+(N/mm?) 5E+04
Carbon Fabric Exo(N/mm?) 5E+04
0/90 G(N/mm?) 4E+03
Plkg/mmd) 2E-06
E1i(N/mm?) 9E+01
Exo(N/mm?) 9E+01
Foam GIN/mm?) 2E+00
Plkg/mmd) 5E-08
Eq(N/mm?) 9E+01
Exs(N/mm?) 9E+01
Beechwood GIN/mmd) 2E+00
Plkg/mm?) 6E-07




586 A8 - 484 - 2

2l

= Hi B Gy

X

% - %A

n m

T - AL 7

[e] \=4 ?—
Table 5. Composite Material Lay-up Pattern Mass per Unit Length
Section T L Patt s
ection e ay-up Pattern
yP y=ib = T 2.00E-04 Dreen
A CFI[(0/90)4] = Type B
~ 5 1.50E-04
B CFI[(0/90)]CUI0ICFI[(0/90)] g~
@ £ 1.00E-04
z &
2 3 5.00E-05
EA
8.30E+06 0.00E+00
—e—Dual 22X7
6.30E+06 T:;:EV 0 50 100
= Type B Propeller Section Location(%)
E’4.30E+Oﬁ e
2.30E+06 ‘“—*"“\ Fig. 16. Comparison of Mass per Unit Length
3.00E+05
0 50 100 Table 6. Comparison of Estimated Weight
Propeller Section Location(%)
Section Type Estimated Weight
EIZ
4.01E+09 Type A 56.3g
—s=—Dualsky 22X7
& 3.01E+09 Type A Type B 39.2¢
T Type B
£ 2.01E+09
S oo i T2ES A2 9% BE & H8e 2
N e 5} BeechwoodE& AH&-5tth H3HAl 253
0 50 100 2 F 27MAE AASARY. Table 4= &4 4
Propeller Section Location(%) ;‘q% 14.5]_1,}1_‘17_ _9_1]:] Table 5= E.ZQ—;(H }ﬁl% _TI_H
Fig. 14. Section Analysis Results (EA, EIZ) & dEa Sl
13T =24y Ao dis] 2 HIuEe|
. e wEsiae sasgn 2dy Hu 4
7.00E+08 EHE Vo2 ~dyeko =z 10~90% X o
—s— Dualsky 22X7 _
5 sooeeoe Tvee A a 10% SR AHBEE Yol FASA.
E_ 4.00E+08 Type B =9 Fig. 14, 15+ 14d% Z=23dg oWy
Z so0ee s A7e} Dualsky 22x7 wHa|4 43
* 100F+08 . Z oA /HB /HERH A ZF 3l H| W 3
T B/FA/AED A4 Fel UF wa Az
0 50 100 E HoFa1 vk
Propeller Section Location(%) H H S| ng]-'—' %SH IS =Z=EH Eﬂ 9]
10~20%R Fge] =3 7} o] ‘Dualsky 22x7 o
Gl I
2.00E+07 ge ks VS AT 4 Q. o] FEA 4
—— Dualsky 22X7 5 2 B TEX AL EF L
oo Dok @ A WA e 554 H4E B9 3
E Type B Ay AR g Fx&N ARE Flsta 244
£ 1.00E+07 _ _
2 3712 s
@ 0008 Figure 162 &1 &34 25 sjdo] & 2
Q.00E+00 — '_' o g9 o] F FES YU Jdon
0 50 100 _
Propeller Section Location(%) Table 6 Flg 16 A35 7Moo 2 FFS A5
@ A7E et
Fig. 15. Section Analysis Results (ElY, GJ) =
225 Z2H? E%g IS L URS
o zvht HUF molsh e AF/FUWY  wEAy} 9Ed zzde wdd o &
B F2ES o ¢S Aog Fdsle 2L I8 A OH/“—LEJE.?_] MIDAS-NFX[6]& ©]-&3}
st gFtem, ol BI R FAES ded o Zadee vId 9 I afsTret 2
AR FEEOR WRE e TAIT UR = PYe PRSI Zaw gre) T4F
of Bl BadtE HAFdel 220¢ TARA o dF TR 54E ;s A8 2L
ot ©& B FAloA 23k 10% 9 X 7FA Y 22 & Q@ A (4-node, shell element), Foj2] 73



45 & 7 %%, 2017, 7.

HEFHE 7718 18g z=d A 587

F 3xd 1A 84(8node, solid element)E
&kl on, iAol AHgdE Fias sfHed
Fig. 1791 AAAT. z=dejo 3d=
0~5000RPM 742 F7HA1 718 A L{F55 9
RE ¥4l ®HsE HESHAN. Fig 18 uE
Wnel o] Tz HEHETE Sl w
2} AAHOE Type-A TEHA 9| IHIFF7}
Type-Be| ILfxlEol Hl8 w2 AFS Ue
We A 4 oty w3 =z 374
=7} 4,000RPMRI  Z7oA 3| A )
(n/rev)el st NsFEHd)et 24 R=e 1
FAESF(EA)7E olAdHo] o] F3e 7ol
H5s gelEAh

rzedelo &z uet ol &35k
AAEH F3 stF EXE HES] Y
CAMRADIIE o] &3t or, I HAE=T}
4,000RPMR] =74 Z2de] WA gFo 2o
AAE ZPEANE EXE Fig. 1991 JeRid
ot Zgdee] 3ALET} 4,000 RPMo A 24

\\

Mt o

Fig. 17. Propeller FE analysis model
500 .
450 X
X X )
400 |-
v
& 3
350 |-
T 300 A A
oy
S 250
o | —TypeA(1st) —TypeA(2nd) -~ .-
o 200 TymAGd —TypAdt)
| ' O TypeB(ist) A TypeB(2nd) -~
150 | o TypeB@r) x TypeBth) -
100 £
50 B m T T e
0 1000 2000 3000 4000 5000

Propeller speed (rpm)

Fig. 18. Natural frequencies versus
propeller speed

e dAER w¥ETS Ve E S3ESA
*(ultimate load factor) 1.5 &3t 3157
Azzlez Agsiglon, 2z FE 59
of #&ste dAdHH} FdsE BEVF 0E &
Aol mlsl & FES Yl glo] Z=de
of WAL T 10~30%< Tl A9 FztA
A(FS., factor of safety)E AE3IATH
Type-A°] 79 20%R TR A ] kA g
o] 2.20]%121, Type-BS| 7% 20%R, 30%R &
Aol A A Fhol 742 133 2602 A
F 275l 40 o)de W] SFME 7=

T.0E+02

6.0E+02 Kprop #1-1
—Type-A

0 Type-B

B.0E+02
4,0E+02 {0CC0 o o6

J.0E+02

Section force (N)

2.0E+02

1.0E+02

CF force ™
0.0E+00 —~
00 01 02 03 04 05 06 07 08 09 10

Rotor radius (rfR)

0.0E+00

5.0E01 Flap moment

-1.0E+00
-1.5E+00
-2.0E+00

-2.5E+00

Section moment (Nm)

S0EH00 [o°

-3.5E400

00 01 02 03 04 05 06 07 08 08 10
Rotor radius (r/R)

Fig. 19. CF force and flap moment
distributions

Ii- X max. disp : 1.63 mm

4

max. shear strain

max. principal strain

Fig. 20. Structural analysis results,
Type-A @ 20%R



588 HA8E - A3A - 4

2l Heto] BagS At
zZd o] FERIAAFE 7P AL gem &
AH 20%R THAA ] HPEE EEE Fig. 200
UERA AT

N
w
1
24
HL

N
fjo
do
rok
X
rE
oy

o
p-l
=Iol__l
i

>
ttlo

O X ofy
o 4
e 3L

o
e H oo 2 WO ot N

PR |
o'mi
(0 mo

ERUNP
o

= H
g mulEd] o3 WMPLL Foly
9 e FAANE B

o'o=2 o

2}
°o|E #3ll 0~10%Re FAE 50% S7HA

o do
[«
i
f

o
filo
4
0:0{211
2
o

b
2 |o

Performance Polar

1a00 | —Initial design
1600 = Design modification

0 20 40 60 80 100 120
THRUST, N

Fig. 21. Performance polar comparison

EA

p— =
4.50E+06 - = -QOriginal Type A

—e— Modity Type A

4.00E+06

g 3.50E+06
S 3.00E+06
2.50E+06 iy

2.00E+06
10 15 20
Propeller Section Location(%)

ElZ
2.90E+08

- = -Original Type A

2.70E+08
o 2.50E+08 \ —e=— Maodity Type A
£ 23008 \
= 2106408 T m~os
5 1.90E+08 ""“h—-‘___‘
1.70E+08 =,
1.50E+08
10 15 20

Propeller Section Location(%)

Fig. 22. Modified Section Analysis
- Type A (EA, EIZ)

HE - 719% - A9 B 7 T B
NE 2 SAE AFHoR FUMNA S WA
sttt FERES] FAwA o3 FY AF
W37l 94 43S Fig. 212] CAMRADI 23}
g F3t] & F Ao
231 RERS FxEZE s oM A/

FE & 4 WA zZ2de dis) F71H4
A G AA WAL FHsAE Btk E0 A
el FEFS AE  Iyy(moment of

Inertia)= 22+ & /o] =olo] AlAlgel H
o] T =Y

pul

7
Aoz wersqT) whet

ElY

2.22E+07
— = —Original Type A

5‘ 1.72E+07 —— Modity Type A
£

E 1.22E407

=

=

= 7.20E406

2.20E+06 -
10 15 20
Propeller Section Location(%)

Gl

4.50E+06 - = -QOriginal Type A

— 3.50E+06 ‘\ —s—Modity Type A

2 \
£ 2.50E+06
2
G L50E+06 S ~---ao_____
sooEt05 === =
10 15 20

Propeller Section Location(%)

Fig. 23. Modified Section Analysis
- Type A (ElY, GJ)

EA
4.08E+06

3.58E+06 \ ~ = ~Original Type B
—e—Modify Type B
= 3.08E+06 w_

& 2.58E+06 C—

2.08E+06 T

1.58E+06
10 15 20
Propeller Section Location(%)

EIZ

2.66E+08
o 2.46E+08
o 2.26E+08
£ 2066408 w __
= 1.86E+08
5 1.66E+08 -~
1.46E+08 T
1.26E+08
10 15 20
Propeller Section Location(%)

- = -Qriginal Type B
—e— Modify Type B

Fig. 24. Modified Section Analysis
- Type B (EA, ElI2)



HEFHE 578 1858 2y At 589

EIY

2.02E4+07 - = -Qriginal Type B

& 1.52E+07 —*—Modify Type B
£

E 1.02e+07

=

=

e

[ .
S20E406 | T TTTTes-eeel o
-
2.00E+05
10 15 20
Propeller Section Location(%)
Gl
3.04E+06 - = =Qriginal Type B
= 2.54E+06 '\ —e— Modify Type B
< 2.04E+06 \.
£ 154E+06
Z 104E+06 F T mmmeil_ L
S40E+0S o TTmmeall .
4.00E+04
10 15 20

Propeller Section Location(%)

Fig. 25. Modified Section Analysis
- Type B (ElY, GJ)

Table 7. Estimated Weight after Modifying

Estimated Weight
Section Type Before After
Modifying Modifying
Type A 53.69 59.4g
Type B 39.2g 42.19
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Fig. 31. Sensor Calibration
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Fig. 32. Result of Sensor Calibration

Table 9. Motor & ESC

Manufacturer Motor Model ESC
U8 Pro KV 135
T-Motor T-Motor Flame 80A
U8 Pro KV 170
KDE KDE 7215XF 135 KDEXF-UAS95HVC
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