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FORWARD 1 —%x7—LE QEIE R
1m Digtance betwean Fotor and GGEIm) ~
/I\ O—X6&E%Z%8H 9 bHexa-Copter& L
) || AATROO—2EHIE XEER T3 i
| |
T T T T T CA[Center of Gravityl T T —
I_
O==
N
BEAAARD 2,3,4,5% <
2 IoY U+ FEERD 13 HREELY MO ORETEHILIRDOF v I EEZS D
3 Ny Tl 2.7 LiP0:18000mAhx14x
4 B RE R R 10 #1350
5 R4 @—F 30 SR At
BEFERHSER 85.7
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. AN TES A 2 SE183cc 4-X F O — 2 2L T0HY 25V S EBIAH Y ULV IV
(E# : http://www2.wbs.ne.jp/~mec/Crankcase Supercharged 4-Stroke Engine.pdf)

@7 W TFRFAE XN BERANEELEMA2020it A DEEH X384V A2 2 7432 ¢ #BFELI VI vid4-R hOo—2

TP —CBEHEFHELTOD2-A A= UEDNRT—/7 24 bEEMRT D7cHICERERI YV ET 5,

AR TXZ b B — 27 =54mmx40mm 1) BER @225k HALMWABOT Y V> DA
- EfEEE10:1 - v EEMERE 1.57:1 THC+Nox<10g/kWh @6MODE TEST
-EE (BHERR) 8kg, MHEHR+E57 7 EKEIR 2kg
O T UHERE - MEERTY S (Y Tal—vaviikd) |
i < Gontour of BSFG> Unit: e/Kiwh
FWNERI T KNS File Name=C:¥UAV¥CCSCdstroke_183ce pfm
TE A& [BIERET 6000rpm )
EAHN 16.9kW/9000rpm :
=AMLY 20.6Nm/6000rpm :

MRER/TEREEEREL  274g/kWh/6000rpm 10

2000 4000 6000 8000
Engine Speed(rpm)



A—48RENHE—2ELUHE

REEY O EUTERE, - |UTSIAZ —RLELET.
Copyright© 2019 MECWARE Matsuo Engineering Office

A—XEBHE—X

®iise (E— XM - REHAE E)
BRAEST 2.3kW
=AMLY 12Nm
= [EERE 6000rpm
RAREBEE 33V

 SES T
< Motor Efficiency =

{M-m) File Mamr=C:#U &% Hybrid_Hexa-Copter vcl
b - - ;

G0LE

YIriy

1000 2000 aono 4000 5000 Gono
[ElEzE{rpm)

Q®EeE (E—xE - REHEAE D)
BRAH T 13kW
BARILYZ 50Nm
e EER2 8000rpm
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\ SIESSE v
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+ A7 A M E#HCt=0.09619

+ L7 E#Cq=0.00445

Y AN AR A =

<Induced Drag> <Profile Drag>
Ta=Tr m—
Ta Da>Dr Ta: Thrust on the advancing blade o .
s = %, Doa; Profile drag on edvancing blede

Y

7
Tr: Thrust on the retreating blade )’ Dpa

Da: Drag on the advancing blade

Dr: Drag on the retreating blade

f ks Vi Wehicle velocity g ¥h
i e T Di: Induced Drag

<4 Vh Di=Da-Or — : Time average Vavance
TV T: Thrust of the whole rotar
D= — Ki: Experimental Constant
Ra R: Rotor radius

Induced Drag D:

w i Angular velociby of rotor shaft

Dpr: profile drag on ratresting blade

Dpr) Angular velaoty of the rator shaft
A
/" Wedvance: vahicle velocity

3 Profile Drag of Blade Db
—"yh: velacity campanent of air parafiel ta the roter Db= 1. cq- proc-Rev?

Kp: Coefficent of Dp c; Chord length of tha blade
R: Lengh of the blade(Ratar radius)
Profile Drag of Rotor Dp b A dansity
DP:D—pa_D_PI' =Kp-p-c-Riw-Vh v air velncity

Cid: Coeffcient of dreg

<Translational Drag>

Coefficients Ki, Kp, and G are experimental conztants,

Free Stream Wa: Relative velocity of the free stream to the rotor plane

Vid: Velooty of air passing through the rotor plane
Rotar Plane

At Rotatonsd area of the rotor
= Air density 1
D Transiational Drag Dy=2pAU Ih\l'(l

Translational Drag Dy

u'z'. Velocity companent of induced air parpendicular to the roter plane

u :1: Velocity compaonent of induced &ir paraliel 1o the rotor plane

whereas their theoretical values are shown below.

- ~Vh Wz: Valocity companent of the free stream perpendicular to the rotor plane Ki [qd0e Tt relates to drae ta lift ratio (D/L) of the blade,
(A :/\fa ]\i‘z Vi Valssity campanant of the free stream paralial to b rotor plane :
T

and itz theoretical value is 2+(D/L).

Tt relates to the cosfficient of drag 'Cd' of the blade,
ko iD.DDﬁ and ite theoretical value iz Cd.

LIi
G :Gﬁ (008
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Mo, Mame Power Source Rated Walue
| 1 wcu Battery - |01 W
| 2 [MACHIMARY Battery - |02 W
| 3 |GOOLING_F AN Engine - |05 MH-m
E Engine - M-1m
| 5 Engine - MH-m
| 8 Engine - M-1m
|7 Engine - M-m
|8 Eneite - MH-m
|9 Engine v M-m
|10 Engine =l H=m
~Unit of Eneine Accs. Rated Walue —
Cloze
& M-m K ‘ —l

Oy T IUDNSBENHEGEE T 5 A
- VCU(Vehicle Control Unit)  E#&0.1kW

- MACHINARY (5518 P& 51) ER0.2kW

O DU THRE) I N B
* COOLONG_FANG&#A#0 7 7>)  EHE0.5Nm (BN IEEELIC & U Z(b)
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Controller :

@ FEEHH
cEBEARICE IV VU EEBEMORBEEAHH L TCENIRLFONYy 77 LTONRy T Y DSOCHE —EITFRETIEE—X P
HEDVEE T 2BENICHES T 2ENNMMEEEINT VS VKRR X 2 £ CRITA i T X %,
SEBHT IO REE Y b EEEERRE O GETES (323kgTH ) 1ARKL 721 18000mAh/2.7kgDLiPo/Ny 7
DRIBIEARDPICHET 5, LA > TNy T UVEEZHRERICIIZ 2720, BEHT 2Ny T VIFIARE T 5,

- ROEHEAHEA EIL/Ny T USOCCARE) A L SOCH BIRMESOC,, oo TERIZIHE T Z DRE IS U THEERS)
FHPex#IEIT 2 [F/BEAIFIE] TH 5,
Pg=K*(SOCyy4e-SOC)  K:ELBIEH 18 L SOC,, 10 >SOCDIHE D A

BELSEIEZ VP VA fﬂ’P’fMiﬁE@b@ﬁﬂfé%)ﬁ L’C?J’/\ Uy JRiETy Y vElEmEeH N (= RERESEN) %
BERITHLY TS é: c‘:‘é“Zvo CDGEABERE-—ZPEBEDHEET 2BAICH LANET 2D TIENSZ
Ny T Ui d 5, RISHENY T %%ﬂx@@ﬂﬂﬁ -7 nSOCICIE LT teplf iz T LWSOCERIES € 5,

C RN 2 TR DFEBEBEEN PG peringE TN Y TR T ETIC/N Y T USOCHHFAMEUTICASH WL S
@if‘%jIETL anE—a_é Jé\%h\% %) ﬁ‘ﬂﬁﬁpk&*ﬂ?ﬁ‘/ﬁ% END EWREDEDEED D D TPE o ering THARIEE

PghOVeriﬂg:Pg0+C*Mfuel Pg, M CLHAIEH
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Lot Amblent < Gontour of BSFG> Unitze/Kh
SN RS File Name=C#UAGEEC dstrake_183ccpfm

TR

L T T T 5 oot Tt
annn 4000 G000 g0no
Engine Speedirpm)

L Za Tkt
- VCU(Vehicle Control Unit)  E4#&0.1kW
B REE)

- MACHINARY (=i A#EM)  E480.2kW
RNY > T (meth) OAMEE) BEIRITHIZELE
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< Commands >

Command

Cionditional Equation

[Tareet/Proccessing

Eneine Status

1

2

Acceszaries

1

2

S0 Control

1

EIEFEAEEILE

Default
If (30< [MBzoc])

Default
If ([wh]=Mand(Mv=1=10)

Default
If (JECH]=1)
If (12< [SGp])
If ([Wh]=Mand([Wz]=10)
If ([IECH]=0}

[EOM=1,
[EOM=D;

Mael 1)= 1:Mael 2)=0;Maz(3)=(;
Mae(2)=1:Mael3)=1;

Typ=0;
SGp=t90-[MBzoc])Ne=[PNMAP];
SGp=12;

SEp=a+[Rfm]+0.02

SGEp=0;Ne=0;
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RIT/NRZ —

ViR
QEREE FERE - IRE

¢ - BEPERATE D L FEEVmax £ T EIMREATINER L £ DE—TERRE-ATLEFREO
i’C}J"ZiEET%
] : t F1360m7 O THIEURRE % £ 10s & 3% & Vmax=6m/s A=0.6m/s?
. T#’C@J:%Hb AIREN TN RIRETT %,
-%—&éﬁﬂjﬁ’é@t%’@f R (V-t,A- t)7b\5iﬂu*v&ﬂﬁéiﬂbuu*m?-%%%v 6m/s
1o = IZBWVTA=0.6m/S’HAJRENHER T 2 LR ETIEH BN 7 VT TEBZ e Dbh D
Maximum Vertical Speed and Acceleration Acceletration Diagram

— VehicleSpeed [km/h)

——— Acceleration (m1/s2) 2 i
E \ss'be Acceleration
15 R

5
o
o
3
£15

1
1

:5 \
05

Vimax F\

1 2 3 4 5 6

(m/s2)

Vehicle Speed(m/s)

Time(s)

ki

:E_Q/E\Hjjjf@i%'l‘iﬁlé FREEEI KO T-RE - SAXELFINRE
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O KFERITRE - IRE
Vh
/ s RN U TR T RIKEREVhE T—EIMEREATHNE L Vh T30sEKFERIT L 72— ERERE
A SATTEREOE THEUET S
- IEOEREE 1£R10s & LVh=15m/s A=1.5m/s?
- CDEBTORITHRIELTHEIRETT 5,
A - FPRRELEFERE - IRE & RKR. RITREVH AJENRERK 2 EV=15m/siCHB T
. 10s 30s 10s A=1.5m/S2HRIBEN BN HER T D ERRBZH > T I UTTEBR T Ehhh 5,

Acceleration Diagram

Possible Acceleration

Acceleration{m/s2)

Vh
10 15
Vehicle Speed(m/s)
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UEDBIREHER AT TCTIA PRI P2 — LA UTOLIICETET S
(D0s-20s FEE B fEHAH
+ 0s~10s : FE&EEOmM/s~6m/sE THHE
- 10s~20s: [@6m/s~0m/s £ TJFE
(220s-70s KFEFRITHERE
- 20s5-30s : IRATEREO~15m/s F THIR
- 30s~60s:—FERE15m/s THRAT
+ 60s~70s: RITEE15Mm/s~0m/s F TRIE
(370s~190s 7=/ > &

Q. @%ty b= LTOAEEYRL, BEICO, O (EE%#BETIC

Flight Schedule

——V-h{m/s)

V-z) (m/s)
----- S Travel-h {m)

..... Attitude (m)

]
B0 90 100 110 120 130 140 150 160 170 180 150 200 210 220 250 240 250 260 270 280 290 300 310 320 350 340 350 360 370 380

ZE)%&1[EIIT>TRT

KFFRATEERESOkm

e
2 HRITERI10,970s(3hrs. 2mins. 50s.)
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® Il —avyIbuxT DroneV 1.0

QAT IL ® (AN E—FRT774L

7% Vehicle Specifications 3 Flight Mission
- Mass - | [ Drive Train Specs Mo [Timeis) |\.fh(m/s) ‘\-’z(m/s) 3
Vehicle Ass'y Mass without Battery [¢3 ke & :Pitch Angle — Rator Gonfigurations — 4 18 ; ! _IU J 0 |
! 2 |0 ] fi
Bl Payload  Initial Fuel Mass cutfnele of Attack(pop) VNt Velasity Vestar ; ! e
See Rotor Gontig i 3|20 ] i
- @=@in Level Flight 10 i L 15 0
Capacity Gt Vesee o R:Rotor Arm Leneth £ -
I i g m ; 5|60 15 0
I K HOVERING Fi/. Flight B i kLl ] 1]
CAW Fstio it N T | Distance betwesn Rotor and G (m) - Fog ! F a0 1 i
L £ T L 15 0
~ Body Frame Drag Factor "Cd” exept Rators - 5 E — 9 |23 15 0
3 g E 10 (240 ] I
Gellex) Table 2000 (11 [360 I 0
T ' 12 |27 15 0
ret: Reference Projection Area =1 Lo TEm
| Fd : Drag Fource : a2 {400 i L
m ctifinele of Attack : 1 (410 I 0
I ST s 2| @:Density of Ar H 16 [630 1] 1]
Fd=g-Cdla)-Aref PV ™| 3 lacity of Wind gy lasaana b s R e : 5 T6e0 15 0
| Timelz) =
—Power Source- 17 [570 15 0
Motar: Electric Motor o 3580 f I
Sl ?ACHINARY V: Velocity Ve [Ete thenine Bl : ?
FIE e Ernal Lombustion tnEne 3 F: o fan 1
® £ ¥ SlqciyVecior & Velocity ¢ Pozition 20 (710 15 1] -
" HybridtMotar and Eneine —— Mechanical Power ” Vi x-axis component of ¥ !
1 —— Electric Power 5 xf: Level Plane - Data Separation -
Mumber of Generators | Vig-y-axis component of ¥ 2 Vitical direction <Dy —
—— Contral Line i Lof V Tab -
Speed Ratio Generator/Engins ! Closs V:'”“g SEmpona: A il
e ATy x : Wector length projected on x-y plane ooz Clase

- 754 FE—RIZL=AWERRE (RITERI0s) A o B kE(FRTIR10,970s) £ TR & 1.0s TEHE

C 272 LFR /N Y T U SOC<10% F 72 [ MARIE B <10%12 7 - 72 5 AT % FR 1k
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vIalb—2aviHERER-77414 FoEBELER—F

CBEEED ©10,970sEAD T T4 P RT T a2 =T LTeh - TRITLEFAELO% A L DAKI10.9% 2 7% L TERETE 7.,

IMPUT DATA

[Wehicle Specs] File Mame=C¥UAVEHybrid_Hexa—Copter vl
[Contral Program] File Name=C#UAY¥Hovering Wark tmp

[Flight Mode] File Mame=C¥ __$¥UAWTnspect power_line_py lan mod /Ny 1) SOC 80% 76.84%
SIMULATION RESULT:
. . AR/ =
[Flight Tine] RRIE 2 10kg(100%)  1.09kg(10.9%)
Flight Time 10970 =
[Energy Gonsumptlon] . . . Grozs Energy Consumed(K.J)
Flight DistancelHarizantal) 3 km 13008018 13008067 )
Gross Enegy Consumption 13993018 KJ (Supplied to Vehicle 13998067 K1) { % Supplied to Vehicle 30000
Energy Conzumption Rate 358924 KJ/m C3Flight Distance(km) 0000
<Factors of Energy Consumption(K.J1> 29
Engine Mechanical Loss 2060813 O)Enerey Cansumptian Rate(K.J/km) oot
Povwer to Lift 7362551 358024 50000
Drag Loss hh2hay {Enerey Consumption Factors(K.J) 2 40000
focezzories 17263 Ergine Mechanical Loss 20602.13 s0000
Internal Reziztance of Battery 2256 Power to Lift 7362551
Battery VWoltage Caonversion 1] Drae 5525.17 20000 7
Mator Pelated Loss EERFRE: Ascessaries 817263 10000 II
S5 Related Loss 1398507 Internal Resziztance of Battery 2256 p—— j_j l
DC/DC Voltage Converzion 0 ’ @ + w w = = o & w
Fotor Loss 1277099 Mot Rttt L —_ 2 T I O - T g | f
. otor Related Loss . = 2 o a E & = = N
Battery Charge in #h -05774 (Ah) <6 Related Lose 1926509 % : E : 8 03 Z 2 :
, , Rotor Loss 1377099 £ 1 & = 3 -
[Engine Fuel Oﬂngumpt'ﬂ_”] _ . Battery Chare in Ah ~05774 (Ah) < 3 f g €
Flightl Distance{Horizontall 39 km £ 2 =S =
Fuel Gonsumption (Wolume) 12040 co Fuel Consumption{Masz) & E =

BSFC Enging Unit 269 &/ ki

BSFC Wehicle Unit 245 e/kiih

Flight Distances 1Litter Fuel 324 kAL
EMD PRIMNT:

IRV FHEHEBEDTORR 7 74 bRICHEEI NS T R Oh T, ##EsadZE

[mERERE

I2EH LT T < - DPower to Lift

NEHLTEZWIZ ED DD D, INZROTICERITEOEAD /O REEZROINEI v a vz TIBHET
D774 FNEEAERT 5 -ORERMOBERERE #54km/hE VBEICEITAHREDHENEZ NS,

22




N _— S S °F) 0o v) 0o it 13 RN i REEYOEMERE - BUSIRZ—URELELET.
/X3 l/ ~ 3 7 n-l-%ﬁ%'/\ I7 / zwﬁiﬁ;‘k{ b I~ 7 H 4 I~ Copyright© 2019 MECWARE Matsuo Engineering Office

IO URBEERMELS (REBEEN D) | E- 4oV EE (BHEEN GV ZFEATE TV,

CBBBRELZLDONAT )y FRA—Yv 0Ty P o RBEICIIERA (B, TEXBERL) 2-XtA—71 Y0
MAINTEY ., EREEBIIAVERRM TCER L EHAZICEL TI ML 22 EE 50 RBEFICEWTREALL
4-Z+FA=7ZvPVEFIFE-E LI TERLENZENMICEL TREGEREZELSE 220 EXE CEG2,
INIEHEDRESweet-Spot(®mRER) 74V DHEEICLZ2DLDTH %,

[Ereine Operation] <G'1|ﬁ_sllon Ellgh_t;H — [Matar Operation]  <Mission Flight> & Rotor # 1
ehicle=Hybrid_Hexa-Copter vo . Wehicle=Hybrid_Hexa-Copter vel
(Mem) Ergine=COSCAstroke, | 83bném = Contour of BSFG> Unitz g/Kith Engine:ogsoaétmke_wa?mém = Motor Efficiency = S Rotor # ¢
File Mame=C¥UAWVECOSCstroke_ 1830 pim (M-m) File Namr=C:¥UAVEHybrid_Hexa-Copter vel
S0OLE
a1
20 =
a3
a4
T a3
a a3
r ar
E a8
e a9
adg
.
10 82
a3
a4
a3
as
ar
a3
ag
= - = ' ' o0
= o a0 1000 2000 3000 4000 5000 5000
2000 L] BOTT J000 [Cl#EzE rpm)

Ereine Speedirpm)

23



s, = s, = P REMFY O RUTEE - U5 e —IRIELET
vxab—v3ayv ,-I-%.‘ﬁﬁ%-ﬂ%rrd)ﬂvf'a'ilﬁlﬁ Copyright© 2019 MECWARE Matsuo Engineering Office

- E—XOEDOEEHEADIFEBREEDICERL TV, ZORRIIEBEZREE &EHICHRENBEINEED /7 OXEEN
BT BI-DTHB, £7=/3y T USOCIEFRNY I HET L, BERITHICEETZEWINZ—V%BYIRLEAS
SOCOFATIREZ TEZ Z & <RITLTWS,

WMITEE - TV /F—4EH RNy FUsoc - MRS 0REERFE
BD - 16

P R
- il ——Bat.SOC (%)
g il
g g L —veos
I_IS 50 - 10 % ——Eng. Power (kw)
5 H

Y (Y Y Y Y (Y | | X
z 1T IINNNNN\““““‘\YHH| .
E_P:i- . ——Mot.Power (kw)
W o0 T A
ol P
B 20 r4 H
%,
401 |
w fl | [ ] ' lIIlIIIII ‘ ‘ I | \ ‘ ‘ ' :
.} |1l
¢ B000 10000

24



N~ N REEY OEMERE, - MUTS|IHZ—U2ELET.
vialb—v3 /n-l-%%% %nﬂﬂ Copyright© 2019 MECWARE Matsuo Engineering Office

1. SR 30kgE R4 O— K& T 2HEET76kgDIEAR(IZ13. 5L(1Okg)0)ﬁ9)<7l‘47c?5f§$§[/’(%ﬁ@\ 3R A AT Ce00mEfE T
W SOEBIRIKIEOAR D SR /EE%E . Z ORRIEHIkMERITL CREEBET I T VP Vv REBEIEFONATY v K
FO—YORITY I 2L —>ara TR BEK11% %% L’CJml_E“% ENTET=,

2. "M T7 YUy Rro—roExE#HT

<BRAREARFEIT>

MR % A4 7 : Hexa-Copter O —%6& XAEE

n—x ER09m A—%7—L+&K09m

BEbEESE  C BR4A3kg+/Ny T U 2.7kg+ AR 0kg+ = A B — F30kg=HEE85.7kg
<N —ZF>

tT—X c R A 12.3kW x 6E

Ty UREBHE . KEE =AI3KW
IO VBAHA 16.9KW BA L S20.6Nm (4-X bA—2 05 IV EBBRTY V)
3. HEIORA > b
D AEBRBEELIR B 7-OEH /N v T U IZLiPo 22V 18000mAh X 1EAD & & L HKBE&IH LNy T U SOCHEANI
F/B#IfEIZ 1T o7 7272 LN I WNWTIET o vBEEpIE, IREVMEBO/-OHEKBEEX R L 2 AHMAT
ST EEYV BRI SH T & & LT,

@QFNY v TRTETICNY T Y SOC%)“?F%FTE%T:T@ LIEWE I RNY TR ORBEZFIET 25, BERIEENED
THEE—XBEEBANRYLEREEDLRDTLT-OMKIEAEIC/S L TREEZZE R H20PENFIEZ AW,

@ OBLVDICL 2 HBETEZEITT 2 & TRITH/Ny 7 U SOCIFIBRIZ#E Y R L 7 hY o & Bely D SOCH BERERS
ICHEN-31% E LS TR TRITZR T2 2 A TET,

25



