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In this study, an educational hybrid rocket using conventional materials
such as a carbonate plastic bottle, polyethylene, aluminum, steel, nichrome, and wire and oxygen gas
was improved and demonstrated in normal science classrooms of a school (Kazokita Public Junior High
School and Misato Technological High School) and outreach programs (Hirmaki Tokimeki Science
supported by JSPS, Saitama Municipal Youth Astronomical Museum, a fun science class held in
Matsuyama, a science program supported by JSAA). As a result, the utilization of the hybrid rocket
as an educational material was very effective to evoke the interest of science and engineering. In
addition, using a 3D printer, the rocket performance was also improved. Furthermore, data from the
flying rocket was cheaply obtained using 6 axis gyro sensor and accelerometer, and a parachute
system. Therefore, these results could expand the utilization for the hybrid rocket in science and
technology education.



¢ X C—19, F-19—1, Z—19, CK—19 (G|

1. BIREBRLUMOER

IS EE OB DB Tk, A2 RSERCA AL ER S, BHE~0BELEED S 2
EELURO LN, RN LEM N LML SND, —HERESE T, M T, =
X —LH EWERR, EHRETONBEOIEIENRFZE ST LI TND, H5 2 24 « 3 F4E
FRHREICIL, EEe sy P HIOH S EIFoBENB#H S, #HE oIS To RS
AtEZ A A=V I TWD, A THE 3 BRI T, 1EH - KIEHOSEFIE LT, vaby
MEEPFIH SN TS, BIfEOr v "EEER D E ATV v K vl vy hMI, REY
FHIRTTE Virgin Galactic #ho v 7> MET, BACHICHBRLESR, BEHIRY 74 U=
VERWIEANAT Uy R vl oy MERMEA SN TS, £ERNTIE, INUEE R E 0T
HEFEBELIEAA T Y v Reary OB JAXA CALE K77 v —7 Tl Hiu T
W5, MZT, NIRLSEE 2] CTHERM [Z1F 5 13, ~AAT 4 TITHA B S, -
ERAEEOFEHHMA~ORELbEL, vy MEMIE, EEICERRH ~0 BRSO e B i~
DOE AW 5 H R BB TH5. ary FEME LT, Kary hokdar b,
ZLCEfra 7y NELFET DN, AKery bTEMELZ DT, ke v b ClafBik
SOARE ORIEDE S, B e &> MIBLEEEDNRKE W, KA 7Y v K-a 7y M,
KEEM DT, PZTHOATARESMEZFALEZLOTHDLO, A#EMnr v FERES
DI ENTEL, PEROBREEF ICMAHEINBHEBEICRVICERTE 2 LB 2, Kk~
BN D EBEM LD 2B LTV S,

2. MREDEM
ANA TV Kevdry ME, BREEOBEHTTIE, £ E D ALRRIS ORI (REE) |
TEA & IEA, BRI, — IR T T, =3 —0& W, HRETE008 TR
MR BICRBSEDZENHFECTE2EM THY . ROFIER LT LSO A 7Y
v Realry NEMTH D, RIFFEOHINX, D0y N OMRREm EXED L &b,
HEDRERET 22 TH D,
1) vrry T, PR ERRAERRICE o T BIEREINOEIRZ 5 < S ThH Y . LK
EIRFEBHIEMIC L Y . FREEEICIN > R EEZ D REANCIEET D 2 LN TE 5,
Q) FHBITBWTHLABLFHANE > TITKBREICRS LWERANA 7Y vy Ko vl v b
T, MENTHIRICERERERTX DL IC LT ETHY . £ HOREES
DO EICH BT LN TE D,

3. IRDAE

KFEIL, BHICFICIADLLy bR MR T T ATF v 7REEBS K OBRE T A &2 AWz A7
Uy Renalry a8 bL7ebDTHY | BEIOZIN, HhEsket, 28k, P ERoERfR
FOEEROHIRNEE L 70D, £ 2T, WOHEBIZHEWIFTEAUR 28 H Uiz,

(D> MREEMERER E

@) v 7> b OHETPEREDORE R L OO

®HEMNAT Vv F-ualry VAT EA =y 7 2O L UOIRMT — % OB

(@B FRERL ORI EICBT 28 A7V v R - 0y NOFHM

4. HEHE
(1) B4y FRSEERER L
Bl 7T HE SO AR O 12 3 BRI G DR N e pr i M
THEDIL, BETHNNAT Yy R-ary b " Vpp=1.0 [L] B :dp: 812 1
DIRBEMEREIC - 2 Dk K1 D B Z faat LT, | d,,=6 [mm] ©:d:12-8
BRI, B e Bkt & L CHBBREEL 3D 15 o L2
T v —E T REHBIR S, E 3R : A
RNER AT — MEDRHEINC 525 B R ol ¢
gﬂ‘ L 7LC0 " 10-_ Q A
EP. 1 ICHRON T ORI T h D & g
TR — MEPRELE 3D 7 v ¥ —kEE L7 ~1 @
%% 72%?0 REHR L¢% 150mm & fE L. AEES [| L7150 [mm] (PLA)| Single-port(PE)
10mm HLFL TEREHE 23 150~800mm (ZAHYS 35N o g : anﬁlie-po:&AfLL;ﬁ] :r if;gg {mm}
K Ac2 BT 5~ L FR— MURETIE, & S Mg * 400 Fo
W LSRR C LARRERIERI K5 = & 70 & % B & ki pont 4 s00) | & /00 e | ]
DT LT, 0 10 15 20 25
WA, BB O T OB (K5 £ OHRBER A [X 1070
DIEHELZ K D=2, BREINETIRZK 2 (12 !
RTEDICNATR—FLD IHICEMEE LT M1 < FR— FRREHN T 5
WERE FS L OVE 29 & BRI L. JRBE SR & L PRBFN 2 A A & e 1100 B4R

Lic, ORISR, F—EHRB LU — R
HETHSDICHREN ZM ESED LN TE
% ATREME A B &M Lz,



I 5z, 312, Bk ) AN dep A — |k
PE don DSRRHES) 11252 BB 2 it LT %
AT, K3 DLHIT, R ANRBLOAR
— MEZ/NELT D Z LI X - TR 2388
TAHZEEHLNZ LT,

PLEORRFIZ LY, #hE LTORBITILT
FHE DAY m—3 g AR 2 L NTFREIC
DT ENHERTE T,

2 ayy rO#EAERDAES L URLHED
Bt

AWFZEE 51X, R L Hiza s v S OVERERE
7= O HEHES) B BRIGESRIE S Pe £ 7213 B —

CHEREHLEHI L, LU D, Pe 22D DHE
71 F OFHATTIIRAE V5,
F=CrA:Pc (1

Z 2T, CrlIfERECT, 7 AVoties R4
MR T TH Y . A lL ) A2 — MGG %
Fed, PERIT, BREESEITE )0 DHEN %2R 6D D BE.
C=1ERELTEN, v—FRELVEHNWD
IR0 EERED LD Cr KRNI
ETED, I T, v— K& -5k
B OEEZRABTE LIZ(K 4)BR), ZOfk
RO Cr 2K 4b)ITRT, X 40)0 5,
CrliZ 1B EH Y D EHERD L DT C=

1 & U CTREBERIENEEN O 2RO D 2 L
ITEFERELY L TWRWZ EZHLMNCT
X, Lo T, B CoOEREE e
JEJ7) ZEox U CERERNBRT & LTl 2B,
SN Cr=1 & LTH > THRWI & 23R
T,

Wiz, Kary N E L TTERTILH
Te o CTRERLEEMEICHOWTHREATT 57201,
HARBRELZ T, — AL 7Y v K-
0y NTCHRIEBZR A KB TE D008 5 7o,
IRBFO FRIHPEIZ OV T B ET LT, 512,
—flE LT PECGRY =F L o) &L LK
BEFEBRBIEL Ne (25T D RBEEE 1T Pe 2 7R
T 56, Fl—REH A H LR 2 HT
HIREEREICEALIZ LW b g, £,
Ne=3 & 725 THBREMAITNIZ X3 & X K I A3
HT25Z 8o t, Uik, PE 280K
ELizARelry MIFEEKATETHY, Ne=3
F CIIRBERE RS JOERRIZ B b3, Au
v b OZAEVER L OEA A R TE 2,

T T T
@ e ()]
Py =0.6 [MPa]
Ver=1.0 [L ®:4d, 10 ]
dope25 [Enr]n] 9:4/8°12
o ©:d,12-8
d,=6.0 [mm]
1 1 1
410 4812 d 128
(a) (b)

B4 (aym— R fv - EEeE
by — RN K - HE SR Cr

Oxygen nozzle side

L=150mm

Combustion chamber

A

(a)

R

X2 3DV & —IT X HIEER & E5em

(b)

Bt B3

(ISt

=

ok
i\

101

s]

L[N -

2
5

O

F T T T
[ Py =0.6 [MPa] ¥0=1.0 [L] L,=150 [mm]

;
%

E
i

[ d,=6.0 (mm]

d, =5.5 [mm]

(| @410

[ | dpp=2.0 [mm|

L] (0:d8-12
[ | Bd12-8

dppy=2.5 [mm|
@:4,10
®:d,8-12
©:4,12-8

dp,=2.0 [mm
A ;10

A d8-12
Adp12-8

dpy=2.5 [mn]]]
@ 4,10
P :d,8-12

©:d;12-8

dr10

d8-12

dy12-8

3 ﬁg\:% / X\\/I/?jx:dOZV?DZ H— }‘ /édsn (‘: %{ﬁ%
T & DR

kPa]

= 600-

P

N
S
(=]

——

Combustion chamber pressure
)
S
S
2

(=]
L

T —
Fuel : PE

Fuel configuration : Single—port
Pyy=0.6 [MPa]d,=2.5 [mm]
Voo=1.0 [L]  d,,=6.0 [mm]
L;=150 [mm] d;=10 [mm]

Time ¢ [s]

€5 PEZ MW -HERMOHR




®EMNATYY F-Oy FATEA =9I R
DBAZE

AR TIX, D & A3 A2 JET D721
6 #fit > —MPU6050 % H L7=, EMEE/LEIT
3.3v/5v, DGR R IX [ £2/ =4/ =8/ +16g].
F8 5 AR AP I [+250 / +£500 / 1000 / +
2000 ° /s, TR — VIE B AT 16bit K
(+32767~-32767) T %, 6 Mt Y —ZEfES
B<A 2% Arduino Nano AHL(Ii#&#I 500 H)%
ol KXXZ43X18mm THB, v 2D
WES SRAM 1, 2KB EFEN D722, oW
— MBI ST T — X ORIFICIEA & 125KB O
SEEAE Y SRAM231c1024 ZfEA L7z, AE Y 2
LY AT — X ERET D HEE L T.SD
— RICIRAET 5 H71E L | Bluetooth THEET % 715
L7z, SD I — RIFFEE, F /2130 T ol
DJRKTT —Z DRI SN NGERH -
7272, Bluetooth |ZFEHFij DT — & BUG DR )
TET— X ORIENZLE LTV = Bluetooth THE
ETDHHEEZRR LU, BT, &1 EE
CAD O kicad ClIFaRFHE L, BN THH T
X 6 OHMIERR Lz, K 71i2uyy MIERETHE
ATy N EEERT, vy RIZ
ITEWEL BRI, N7 v a— MG ENTE
V. MEIIZ ANy TV — &5 — X IERBIAAT LR #
NGB, BUEIC DD o T BRI 2500 HTH 5,
X 8%, MERHLIEZANA T Uy R-arvh
(CHSH ST ENE O A T CHRE S g i b
DRFBLENRE SN TND, TORE, vy
k2355 UAEFH T T O NNEREE DS 0.8g (2725 & /N
Va— MR ENAEEIC o TN D, By
MIEZETRT v a—baH L, BRICH AT
OFHEIRE A BN U 7, FHRIRERTIEAD 20 7 & 3% E
L7z, By NEINEBEBOR Y U RH I 68
VA NIT—H ERIET D,

KBNS TWWZED a7 N ARIKO-E & 350g,
KOE & 400g DKa 7y T, Xy MR MHOD
£ 3 REE UIRFIERR 21T o 72, T OREE., Nk
B, AREOT 22k LT, 0 6HhT—4% (3
BINEEEE | 3 Bl ) OAET — X &K 9 1T LT,
X9 DT —ZIECERRMAG T — & & O [T 2%
IEAH%IT- T, EBROFENES I < 1B
ELTE, BROORELEEZD, LinL, AT —
X ORAGFOREFIED R LR T o 2 — MO ZH
& L COHMI{LE A% bAGEIITRET L Tl
L7 5720,

B &N T Yy F - Oy FOFHE
FHRNOMEHE D7 7 ARMORFETIL, HERM
ZEHNNZEAE A (2017 45 10 H 11 H. 2018 4F
10 A 10 A) &, BiERN. =98 HR S Hiimie (2018
2 H 15 H) T, REZ LS A 50 4y 2 FFRiEGHZ
¥hE LT, £ BINE OEE T o T,
OHh&E - LxbExHhA= A 201747 H 8 A,

AEEy

pin: JN

(a) (b)

B7  (a)7 — ZUNEKEIEE & (b)) 7 > b BB

B8 /iy NEHT A T H D ORI
ax — v ar
----- gx R 1 —--eeg

30000

20000

10000

-10000 |
-20000 |

-30000

BF M ts]

B9 wry MEAT—#

2018 4F 7 A 8 H), SWEmEFEVEFHA A (201848 H 7 H)., £ LT, ZRERIL
ks LAEHBHE Q01741 H 7 H, 20184F 1 A 6 H@EIE KT, =g UL ISTS #HAH=
(2016 4F 12 H 19 H@FME TV EHR/NER) CEIBEQOBEEWM DT 7 U 7 DDEBRBE
Q01942 A3 H@A OO Z EHL D) 72 ETRIMIETORy AR ML - AT Y v -1
ey R WEEREE 2 E L, AL TORETFEZR 10-14 12, BRHETOT L B
OFEFH 15T, BIMEOT >V r— b ELEMBLIZ, ANA 7Y vy R-alry b3, Hf
FAITLEXVHESREEN O LI E L TCORWIMEEZ 25 2 LN TE T,

14



10 nzEderh et () 11 AR At ()

M2 ObdhEx.LlxbExH (xR (BE) M13 SWEETELOEFEHEREEE ()

K14 BH LABBEE (EE)

G)SHRORE

3IDT V=l kDn sy MABEROWR L HEARIEBIROBRRIC LY, vry MEAM
R EEHH N TE, EHIZ 6 it —ANEANAA 7Y >y K- mry MIEDRA
TOTF—ZOEFbAREL I oTo, L7chio> T AEMIT. BB TOET) & T, RIS
ORI BBE) . 1EM & RAEM, RACEE TERBRBAEFO DI, B L OHMHEToT
VR — DRI A, FEREANT B O RERY 2 ZH & L CTORIATRRIC e~ 7elod, Ay
v FOJSHFIHZIER S EL ZENTE T, £DD, ANA TV v F-nury ML, £0
BEME S &< . BERHBEL S E T AR T L TH AR BR LRV 155,

5. EHRERMIF
MRSz GGt 0 )

(=R GE 11 1)

() B ke, Al 8 R B, B 7 )y Faly FOERBREETOFRM, BARR
BEE R 57 RIEAREGI RS, THEE KT, 2018 4.

(2) WPl —, e, SREAF, PO, AR5, PLA Z8REHE LIcBB N AL 7Y
> N el NOBFICET 5 5T, 5 56 [FREES AR A, BUTRE R &
—, 2018 4.

(3) Akihide Kurita, Ryoichi Tokigawa, Masaya Nakahara, Fumiaki Abe, Kenichi Tokunaga and Atsushi
Ishihara, A Study on Developing an Eco-friendly Hybrid Rocket with PLA Fuel as an Educational
Material, The 7th Joint Conference on Renewable Energy and Nanotechnology(JCREN2018).




(4) Masaya NAKAHARA, Ryouichi TOKIGAWA, Keisuke WATADA, Kohki BANDEN, Fumiaki ABE,
Kenichi TOKUNAGA, Atsushi ISHIHARA, A Study on Development of a Small Hybrid Rocket as
an Educational Material, 31st ISTS([EBR*%%), Matsuyama, 2017 4.

(5) Atsushi Ishihara, TianWen Zhang, Brian Teoh Kai Shen, Masaya Nakahara, A Hybrid Rocket for
Usual Science Classes in a Public Junior High School, 31st ISTS([EBE %), Matsuyama, 2017 4.

(6) M =i, B B, Bl vE—, B OB, AR, PLA ZWREE L7IcBRHIANA 7
v Frdy MCBT 2 IEERIATSE, 5 55 BIREES R Y U A, B ILERRSEY, 2017 4.

(7) WEEE PR, A %, Ma B, PR B, sREEHEZFIE LIONER T e 7T I T
B, HAARBBAFFRE 56 MERCHH RS, THERY, 2017 4.

(8) Atsushi Ishihara, TianWen Zhang, Brian Teoh Kai Shen, Wataru Muraishi, Masaya Nakahara,
Atsushi Ohashi, Akiyo Kobayashi, Utilization of a Robot as an Education Material for A Public
Junior High School, 11th annual International Technology, Education and Development Conference

9) & R, E S, A % HUR B, KEE JES, R B, ANEHER -
RECBT28M Ry ORI, BAEBEEFSEARCHI RS, BERY, 2016 4.

(10) MeH Sti, TR B, #E =G, B SO, AR, BN T Yy Remry b

\ZBE3 2 IEHEIFSE, 5S4 EIABES v AR Y T A, (IR EBEE S 2 —, 2016 4.

(1) TAES, AFEK, & K X N20/ KV 2FLong 7y Fary NOWsE, 5 54

[ERBES AT L, IBEEE > #—, 2016 4.

(XF) Gt 0 )

(PESERA PEHE]
OigRst Gt o )

Ofusikdt Gt 2 )

(1) &% : ZE5 A7y Rury hary b
I A B B B4R
MERIZ - A B i B4l
FEXE « HFEF
HH  FFRFER 6500171 5
BASFHH - Rk 3143 H 29 H
EWNADR] . BN

Q) &4 /Mery NERE
I A B B B4l
MERIZ - AR B i B4l
FEAE « HFEF
FH  RFRFER 5927459 5
BUSFHH - Rk 2545 H 13 H
EWNADR] . BN

(Z Dfth)
R B s

6. WFIEE

(HAFFE S
R E (NAKAHARA, Masaya)
FIERF: « KPP TR - B
FgeE 5 - 20315112

KEBMFEIC X AHFEIE. BB O AR E BRSO CE_T 2O T, D7), PO FER-CHIER RO NEEIT
OV, EOEGEEICE S bOTIHARL . TOMERRICET 5 ACETE, FEHFEACRBESET,



