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Prototyping and measurement of indoor plane propellers using a stereolithography
(MSLA) 3D printer

Yasushi ADACHI™

Abstract

A manufacturing contest for high school students is held every year at our university. The Department of
Information Network Engineering holds an indoor plane for the manufacturing contest, and there are many participating
schools every year. The indoor plane is a lightweight aircraft that flies indoors. According to the rules of the university's
indoor plane, there is a free flight division with only the aircraft, batteries, motors, and propellers, and a radio control
division that can be controlled by infrared rays. These basic parts are sent to participating schools for production, but
electrical and electronic parts such as motors and batteries are relatively easy to obtain, but for propellers, select
propellers of appropriate size and specifications. It was difficult to do, and even with the propellers available, I was not
sure if it was appropriate, so I had no choice but to empirically confirm whether it could be used by actually using it with
the staff of the university.

Moreover, since the propeller is a plastic part, there is no choice but to select an existing propeller, and it is difficult
to freely produce the propeller. In this department, I had experience with 3D printers such as the Material Extrusion
Modeling (FDM) method in the lectures at the Manufacturing Center and Manufacturing Exercise 1, but the prototypes
made with this were inaccurate and unusable. In this research, we make a prototype propeller using the

stereolithography method (MSLA) and measure how much performance it has.
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MSLA HIZ 2 4RI E R SW R TE TR TH VKD UV LV v 28N THEHO 5 TR TH 5. EIHEL —F—
RERHIT LY TTRED LKL H DA, AL THTT 5 elegoo Mars2 PRO TIERIMREEEOW LT A AT LA
ZRHHL T2 O TERELTE L FREZHHL TS, LT, ETFHIIIEMARE T, Pl moks
JEZWEE T 4 AT L A ORI T 5.

HEIHFERE T U elegoo #1 MSLA /53X Mars2 PRO & FDM /7R ® Neptune2 & X% &, Mars2 PRO D139
DRGEEDELL L& < 7o T\ b, % 72 Neptune2D BT 72 2L BIS 21X Mars2 PRO (232 VW HT £ TR TV % 2%, Neptune2
TIHEOENT T AF v 7 T 7 AN—% B P LTI LT 20 ZVOMSICBRERSH ) MY HBTcETLE). Fu
RTDOFWEOBHE I EZROTNE BOOSPICT 572012, HEEMOERR S TELZEONICTEL ZENEF LW
W, FEEOEW elegoo Mars2 PRO DIE ) SEWEE 2 72 (F1).

AWFZETIEZ D MSLA 77X elegoo Mars2 PRO (X 1) (M2) ZHWTEFELIT). SHORFTIEOES %
BEAEDQ. 05mm (50um) & LT L TWw5 Y,

#1 FDM SR & MSLA Fi k5 o

. Fi A5~ . ,
I =)= o by gy ZIVEE
Fl 77 2K JEDIE S TR R 1 J R)ViEFE
elegoo Neptune2 FDM 0.1~0. 4mm +(. Imm 0.2~0. 4mm
elegoo Mars2 PRO | MSLA 0.01~0. 2mm | 0. 05mm L
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£2 R FHIL7Z 7 aRT offk
I~V PRE | BE | ¥y F B
mm |inch |}

30mmx2_07.5 30| 2.6 7.5 2| B
30mmXx2_12.5 30| 2.6 12.5 2| B
30mmXx2_17.5 30| 2.6 17.5 2| i
30mm X 2_22.5 30| 2.6 22.5 2| i
30mm x2_27.5 30| 2.6 27.5 2| B
30mm x2_32.5 30| 2.6 32.5 2| B
20mm X 2_22.5 201 1.8 22.5 2| B
40mm X 2_22.5 40| 3.3 22.5 2| B
20mm x4_22.5 201 1.8 22.5 4| B
30mm x4_22.5 30| 2.6 22.5 4| B
40mm x4_22.5 40| 3.3 22.5 4| B
uncell 60mm 27| 2.3 16 2 | W
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mmIT7VAE—F =LA TuXRTIIIETHEEL-bDL, 4 F THEHL TR L T 72 uncell 60mm
R L7, £— % —O#EIZIE HANMATEK 7] 2 B it 2 e b &R HM305% i L 72, #7712 Hanchen 2N 73 #
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T : 1S (9
D : Ef (inch)
P:7ua~x5¥Y >y F (inch)
R: 70~ [m#H (rpm)
K 7uxI155
DEE, T=(D/10)°X (P/10) X (R/1000)°XK & 72 5.

TURTEHK TV A 7V ZAERTRIC L 5 BRI OEV R E2AET LR TH L. W OO LRIZH 725
ToAE R, BERIRATHA O 710 R T TIEARE K 1320~300#iF O & 9 TH - 72,

TROFES, £, F50FMEHENIIERS L RS, S TOXRTREEFEL, To7axXSREIrSEHRLZD
DTHAB. Lo TTuURTRESETIRT 2ELHEMEEZRINL TV A 7OFRHEIIER-E LF LICE > Tw
5.

CICHHATATURTEy FIZBROEEZ 2R TODOTH LD, A VDHEOEHED LI IF YR WIEEIZ—F L
LEIZEDLHWETICH D 2% inch TRL7Z2BDTH Y, Limo—HoOEHi %, TMBOMEE % 0 &3 % tand THNT 72
LOTHDH. HIREE PV RESIETE LT aRIFELFHETE L2, Mo 2T 2 FEN o720
TWr&LL., ZORDVICENS VDN ZFELL-L0EES, £4, R5IANTVES. ThUEE—% —DiE%k
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9, FNFNEE20mm, 30mm, 40mm O 70X T 2 ZNENEHIL TRz ZOFE, 20mm O b DA —F
Dotz COHEATIEZT ORI OREBELSEVIEEHENPEWETZSH S, E/Rons (K1), BEFSELL 2N
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DCE—% —oft L, FUEETHUIERCTHIZETIUIEREI/NSL 227-0BITNEL R 2D, HEIV
XV ORFIZELGIIA/N S EH AR TE L2 OT, 20mm B D HESIHE L BIIRD BORERIZER - 72 (K12).
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D DHEIZ > T D,

#3 2HEOEIDEWIZ LB FHIER
1

7N RE |EE ¥y 7:13/\"5 Mg |RHEHEDD | FEHEDD |JehEE | R |EE |E) |HED/w [fREK
mm inch B iEC}/I 7 rpm g g m/s A Y w mN/W

20mm x2_22.5 20 1.77 22.5 2.31| 15879 9.18 9.18 | 37.41| 0.480 3.7 1.78 | 50.68 | 28.41

30mm x2_22.5 30 2.56 22.5 3.33 8550 8.47 8.47 1 29.10 | 0.628 3.7 2,32 35.72| 20.76

40mm x 2_22.5 40 3.35 22.5 4.35 5196 6.63 6.63 | 23.13| 0.685 3.7 2.53 | 25.65| 15.05

TR 27 2.32 16 2.09 | 14113 6.12 6.12 | 43.60 | 0.507 3.7 1.88 | 31.98 | 11.72
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(rpm) (mN) (mN) (w)
20000.0 100.0 100.0 3.00
Seeeeao Bttt DT 2.50
150000 ~ 80.0 00— TTR Sl
,,,, o 2.00
60.0 60.0 e’
10000.0 1.50
40.0 40.0
1.00
5000.0 ,
20.0 20.0 050
0.0 0.0 0.0 0.00
HE 20 30 40 HE 20 30 40
(Mm)__ s (rpm) = e SEHES (mN) ) gefe ) (mN) eeeees &
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5.3 A4MEOFAIFER
EE20mm, 30mm, 40mm O 7 HUXRT % ZNENFHII L7z, ZOKE, S5EIE30mm O b O —FHETI 2 E 0 - 72
(FF4). 4BEF2BEBIHARTELGIIPKRELS L D720 2B LY FEEDSTHRLEMNICH Y, BEFELThH
DS T 72 OMINE LD W E ARG LA TR AMEIAIZH -7z (X13). 4 BB IFZERIMIOIKE R BT
DEEEFOET S8 L. 30mm 3o & ZSHEINEHHN L 7225%40mm # TR EEEROBETOIE ) AR E L, BEHHEER
R LUK L7 (M14).

F4 ANBEOEEOENC L B ERIRE

2% HE |BEf Yy F | 7axg|mfEf (G| ) ek | B |EE B |/ w R K
vy F
mm inch i3 inch rpm g g m/s A Vv W mN/W
20mm x4 _22.5 200 1.77| 22.5| 2.31| 12517| 6.33| 6.33| 29.49| 0.542| 3.7| 2.01| 30.92| 31.50
30mm x4 22.5 30| 2.56| 225| 3.33| 6625| 7.24| 7.24| 22.55| 0.654| 3.7| 2.42| 29.34| 29.58
40mm x4_22.5 40| 3.35| 22.5| 4.35| 3918| 6.12| 6.12| 17.44| 0.706| 3.7| 2.61| 22.97| 2444
i 3HE - ik v =54 . .
FWEE i B A L ) o2 AR D mReT s h e whosl FE
(rpm) (mN) (w) (mN)
15000.0 80.0 3.000 80.0
_‘——‘~§~~~ 2.500 ——__‘T:a.‘: .....
e 60.0 =TT et Se. 60.0
10000.0 2000  eee**®
40.0 1.500 40.0
5000.0 1.000
20.0 20.0
0.500
0.0 0.0 0.000 0.0
BE 20 30 40 WE 20 30 40
(MM 5 #8 (rpm) === EHES (mN) (mm) ... B === EHEH(mN)
Fig. 13 4 MEOEEIIH T 5 RlEEE L 0%k Fig. 14 4BGBOREISHT AHE)1 L EBIIOZAL
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COFHIETARIICE—F =DMl LT —% — %3¢ L. S 2Tl L T\w5 Newone 7x16mm 27 L AE— % —
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BHhwizn, HFTHHNZILEST 272005234, BEOMmMm2 MO 70T 27 55325 F TO



— 168 — FER SR, (MSLA) 3DFY U I2EAA4 Y F7 T L—rH7axsOEEFH

5% AT6BAERL, TNEhxalill L7z,

FOEDEHIKE R TH D, FEHINII25E0 L ZITRBBAY, TNL Y MELI/NS VT SETIIHETIAET L7z
F72, 2. 5FFTCEHETORTCLEL TWAA27. 5E 5 20EIKT L (M15). 12.5F0 & I d L1 E
MBI TH L. RATT HBRNEEORE G 2T AEIVNS K RDMEDPEL B 720, 70T %12 5|5k
ET D EMRITT 5L ZEMBDI2. 5EDEDHNIV/NEVHICHE->TLE ) LEZHNL. 22 5BICHELTBITIE
ZFHIEEHENOETIRELL v L, \WEHE 7OXFTEy FHLHE 8 m, HE8km EEFTEH T VLD
BRI S WVEIEETE D, EBRIZA ¥ 7 7L = REOMBHRIC & o CLREHEL 85 L CRA A D D,
FNSIEFOMHEBUZ) FLWNE > TEeEDRH L. 4 K7 7L — 2 THEMA &7z uncell 60mm @ 7 15 X164 T
HAhH. BINTAEIIH L TRESLICEAMENZo72, 2252 B2 CHEIVEBIIT2AL TN TR EITTWE0
T, WNHBTHELEIIHEINMEL o Tnb EEZ LML (K16) .

F5  AEOEWIT L SR

A2 W RS Yy F | 7uxg | msf (G| 93D | e | B EITE & D/ w | R K
vy
mm inch i3 inch rpm g g m/s A \Y% W mN/W
30mmx2_07.5 30| 256 7.5| 1.06| 13825| 5.20| 5.20| 47.05| 0.521 3.7 1.93| 26.46| 15.35
30mmx2_12.5 30| 2.56| 12.5| 1.78| 11937| 7.35| 7.35| 40.63| 0.556 3.7 2.06| 35.00]| 17.26
30mmx2_17.5 30| 2.56| 17.5| 2.53| 10039 | 7.14| 7.14| 34.17| 0.594 3.7 2.20| 31.85| 16.68
30mmx2_22.5 30| 2.56| 225| 3.33| 8651 7.14| 7.14| 29.44| 0.619 3.7 2.29| 30.56| 17.10
30mmx2_27.5 30| 2.56| 27.5| 4.19| 7505| 5.10| 5.10| 25.54| 0.641 3.7 2.37| 21.08] 12.92
30mmx2_32.5 30| 2.56| 325| 5.12| 6797 4.69| 4.69| 23.13| 0.647 3.7 2.39| 19.22] 11.84
SRR e it B R W o2 B W vy FicHT s N B0l B
(rpm) (mN) N) (W)
16000 80.0 (Om 3.000
14000 L1 T
P AN . 2.500
12000 60.0 60.0 S ieessec® Nttt
O eeeet N
10000 st e 2:000
-
8000 40.0 40.0 1.500
6000 L 000
4000 20.0 20.0
2000 0.500
0 0.0 0.0 0.000
75 125 17.5 225 275 325 75 125 175 225 275 325
pacpiis .
A ——— i) ——— ] eeeees £y  PE
Fig. 15 Y FIZxs % Wiz & 3 021t Fig.16 Y FIZRT 545 L BHDOZEAL
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