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Development of the Basic | nteractive Automated Drive Systems
of the Partner Mobility with the Artificial Intelligence

OOREHT, BT, REHERY, STt VFy— K U —*
Daisuke Azuma, Motohiro Tanaka, Hironori Kanekoyipoki Hattori, Lee Richard

1. Al TR, 2. EBER
Key Words: Atrtificial Intelligence, Automated Drive, WheelclhaWelfare Service, Personal Mobility

Abstract: Elderly or disabled people who have difficulty megiabout tend to stay indoors. However, this is hreslthy. So,
Auto-drive personal vehicles (Partner Mobility) weteveloped for these immobilized people. Using Waihicle, they can easily
go outdoors. These vehicles are called “Partnerilidgtbecause they can be controlled by voice Ccemiais, and contain a system
that enables the vehicle to discuss appropriaténd¢iens with the users based on the health ciamditof the users. This report
introduces the Partner Mobility vehicle, and suggi@asnew welfare service model for people who Hdffeeulty moving about.
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Improvement of Driving Performance Diagram of Automobile by addition of
Diagram that shows Limit of Tire Frictional Force

A Fngh
Kazunori Mori
1. 2@ TR

Key Words: Automobile, Power Performance, Driving Performance Diagram, Tire Frictional Force

Abstract: Of the automobile manufacturers who produce high performance cars, only a few provide driving performance diagrams.
In this report, the researchers propose the addition of a diagram that considers the maximum frictional force between tire and road
to the existing driving performance diagrams. This diagram clarifies the acceleration and hill-climbing performance, as well as the
remaining driving force for the high performance car. Finally, the researcher describes a simple method for producing the new limit

of tire frictional force diagram using Microsoft Excel.
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Maneuver ability and Stability of Automobile through Yaw Moment Generation
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Abstract: In this report, the researchers outline a method for controlling an aerodynamic vertical rudder that
actively generates yaw moments to improve the maneuverability and stability of automobiles traveling at high
speeds. Simple calculations were used to determine vehicle velocity parameters, and to compare magnitudes of
tire cornering force and aerodynamic rudder side force. The researchers clarify that high-speed automobile
dynamics can improve so that the availability of tire force decreases and the margin of tire force increases through
cooperative active control of the aerodynamic rudder and four-wheel steering.

ERHREHETHRA SN TWS. ZAbidnFh b
MEOMEEE D7 ODOFIHAFIETHD. £z, v—L
I CTHETT 2%6, HEIHEIIZES I L HRE e i LA A dm i OB BR A #EIEIC T 27201, Y
BT D, BRE D OZR[ROWEIVTERIZZER ) E LTE Yo U EEAICHEILT, FERFRHC T =LA
920, BitkI7 M OHNIZERH & T 5 1T TEADBEONA Z B2 (ZHIET 5 05k, Whwb x>

1. FAAE

ELTHRBEDEND IR D, E7z, L TFHROZEL) TA U IPRBC Ly S —TRASRIZZ &
W) LR 0 HRE RS IS0 2 A Y Kim A Lo N5,
JoH) (HEMIE) 2D EICERT L. B HHLIL, LBHTAL ADHIEE S LICRIBESET, @8

A YBRAET DN %W E 2 HAIAERT 572012, HEE PRI & TCE 3D T TR N HIH I C Bl O B ZE M D 1)
DB TEMI BB E RITT. £ 2T, BRI EERDDIT, BioicEN T H— (FER) & HRICHR
NaWY SEDTDITHEKTR - 7Y A 7 EiThkax 22 T DA T O Z REEhHAE L C 3 —F— A > b 2 RiRAY

RMEED SN TND D, 234 SH D TFIEORFIEED T 5.

PR EMICER T2 L, BT TRERTTI6 5y AHTIE, ZDZEHT X —DMMARIEIC LY I —F— X
HOFTIIFHFREE—AL N (I—F—A2F) bKRE VDB IR S D O BRI AN AT B LT %
I RFT. T ARV HRE, ARV — W45, £, FEATICRV CHEEESMEERE AR
BLOAR—T 4 ¥ A TOFRHETIE, BRINZLDTH PITT 5L & BITZEHF NS A L BT E o a2 7

O (For 74 —R) BIESETHEEIZEH D 77 4 ZHIEREEL f2ols, ERIIEHRGL U B
\Z LD XA YO EORD #M2 5, Eloid3dgnst EETETAERINTD. RIS, 22hHT7 X —RNREAET DR
DIEDICARA TR 4TI EDZENT NA ANL S HORESELZATYDa—F Y L T 74— R L ¥ E
N5 23, Fi=, FEEET— A2 FOMEIE L ERK 5 7= H BIZE kT 5. ZoRERKICLT, BHEREFEIR
WRICBET 20F5EB5 iThh T g 9. Z 9 Lk WTCLEN T H— L gt e O X A Y a—F U o 7k

X Z2HT S, ARERIRZEE LIIREETHWTEY AHIET 5 EITHEE & OBRAGIE AT L, XA YR
ZEHIE Ny T EMESZENTES. AR TE TH A Y INIRADE L D 7260 |2 Bl ES)
—7J7, BUECSCHLRIRRERIIG U CREMAICZE /15 /31 A PERE[A] LD RREMEN B B T & B

7 AR\ A L BN e oD M) b 2 (X 2 REEN A (72
T4 THIE) HERDD. @ ETRHCEERTT AN — b
I L7z m e b 2ARAS T2 HBIS D715, Bk ZERINT LY HEIE < I —F— A2 b EHL AR
A LIZARA T E 723V 4 o 72 MBS D 51ER Bex RIFIECEERE 2 oS, B1IEZ0—fFlzrRd.

2. ZBRHTXBI—F—RA Y FRRAEBEIZONT

19



ZERINC LD 3 —F— A > NS A U7 B B E 0 5 3R 1236 1) 2 M 22 E

VY« U g 7 OIFEGIRE R L2205 4 — 5T
BHD. BEHERETIET £ —I3EAT M A T, B hEE R
WIRE S THM 2T 5 Z LI W haRAESET
BhEBD., ZOhNcLya—e—A bRELBZ L
W27 %.

) ) Horizontal rear wing
Vertical rear wing

(rudder)

Fig.1 Automobile with aerodynamic rudder

i b, BRI ITRERICHMEE LR C LD RBED
FH— (77 v7) &RTD Y, EEFIEBICEZNENE
ERDZEN) T X =% T 5, KRFEREZET TEoH 05y
IRV ZG OB ENEZ DD, £A 2372
TR BRLTDHILER, HIBONZTTA - D470
R EDRH5.

. HEETL

B2, ERLRIHEEEHOFAET LV THD. HIK
@ 3 a1 v OEEER) & 3 5 M O ES) 2 EE LR
ETNNTHY, ENENOEEFRENTHEES LT
N AANEHT B ER N EHNT 5 6D,

HEOHEET NV ERDOITIEBHERL, RONKEH]
FRIZ LT b 2 X o 7o, HARRE E R » OME T
— AV MIETELT S, a—b oy XIS
O R EE D, WIS L CRER TV B ET S L0
EL, HRICEEENTWD D ETD
LR E R 2 W CHEOEE) FREAEAE &, Wi
EHIRO LS IcKRbIND.

4
(m+am)a, => F +FL+Fy - -(

j=1

4
_ b w o o
ma, = Z F,+F. +Fy ©

i=1

4
ma, =Y F,+F, +Fy )

j=1
7L, AR T2 bhB.
a,=%-yr+z4
a,=y+xr—2z¢ - e @

a,=2=¥A+y¢p

n—/L, EvF, S—fifEy OF—A L hDDY H R,
FNEIRD L S IFEbENS.

(1, +mh2)p-ma,h, -mghe

6
:fo +Mxr +M§x+M;vx
l yA" + mhcgoax = _a(Flz + F3Z) ( )
-6
+b(F22+F4z)+M:y+M:)I/
It =alF, +F,, )-blF,, +F,) o

+M_+M>2+MY
REDOM , EM 13, PRV 3 ATRRAZET A
S X0 AU DR L O%RO v — / URPTE— A > hERT
feps, R OADOM 13, HIBBI O/ KR4k
THEHEI—F—A L MERDOLTEY

Mzc :tf(le - FBX)/2+tr(F2x - F4x)/2 RN

L.

3

L

Fig.2 Analysis model of vehicle dynamics
considered aerodynamic force

#e, AD~@BLORO~Dicpn, Fo, Fr, Fy
BEOMP, MP, M2 i ) ogsiic & b iy
{ZERNDX, Y, 2 o s a#bT. F &M i
FNENZER T EZELSINT RV IEST HE— AV Mk, L
HEFOD 3%, FREFOX, Y, Z 305 L
T3,



ZERINC LD 3 —F— A > NS A U7 B B E 0 5 3R 1236 1) 2 M 22 E

F> =1/2[CPp SV’ (9D
F. =12[C)pSV’ - (99)
F2 =1/2[C°pSV’ - (93
M2 =Y2[C> pSIv? - (101)
M2 =Y2[C> pSIv? - (102)
M2 =12[CP pSIv? - (10-3)

72720,

Cp. Co. CP i< X, Y, 2 Hanzsichiis

VeI
Cro: Coys Coy : SBIRZHIS X, Y, 20 %) —

A2 MY 2 22— A MRk
LT, Fy, Foy, Fa BXOME, M, M,
VX0 4 77 EDZEIT A AL W IRET DRI IS &
EZPER

Fr=12[CYpAV? - -1
Fa =Y 2[C) p AV? - (11-2)
FY=12[C"pAV? - (11-3)
MY =1/2[C" p Al v* - (12-1)
My =1/2[Cy p Al V> - (12:2)
MY =1/2[T" pl AV? - (12-3)

=72,
Cl. CJ, CJ: Zh7 g Al X, Y, Z FHOZER
TNZBET 2 25k
Coi: Coy» Cov o ZEh7 /A RITBL X, Y, Z HE10 0
ZENT— AL MIBT D 22— A MR
HAREBGIC LTI ORBLE X< T572DIC, RO
ARG T CHEE R~ 2 k92 9.
Q#EMEILI—1LA M EHFERRY o7 L ORE
EEL, n—L g, EvFABLIORY T T E
IR D,
QHERIT—IE, & DVIIAMEIHEEITIEF TN S WHEE
wikiE, @, =0L5.
OFMHTOLO@%E L, ML EMEMTICH TS 28
HEEFALELTEZD. EAMOZA YA v 7
BROYA Y EFMEITFE LV EBL
@DEAYDa—F VT T—RFLATAY v 71,
Z A ¥ LT ER L ORIBIEE ) OB L 55, 22
L, &HQOHEEERO 2 HREET L ELTEZD

21

BRIZZ A Y RY v FHOHOEET D, 7ok, 44
Y B E IS J OVHIEhEREN /) & B L C b AEITIL AT RE
Thd.

® HhERETD ZNT A AEKLVIRT LS 72
YERIZH D FHi 728 19 4 — (BEARE) OB LT 5.
Tz, BRI H—IRET D ERFILERCMOZET)
TR ADEEBIIZ T 2. £z, #HEOm—LEIC
£ %74 -8 LOZEK N HMOE NS O & F
7% 9,100,

@FEI@H < HI11E, FEBRCAIM L7271 2B X
QY - U7 OKFEHRFE) IX0H S TER
INZ XK D24 ¥ EFREOZE( T,

@BEREILENE LT, HRIT0H 2 22500 O AE B
IZEHRICAE L,

B 3 (LfHRE AL U 7= HEiEEN T 7 L 2. Bl o EE)

BRFRRO L I IckbT IR TES.
mAB+r)=F, +F, +F, e (13)

|, =aF, —bF, —dF, -+ (14)

72720, d FEEEL & 220 5 F — oz i A
£bT.
BAXDa—F Y o TR E T DL, KA 2 i
Da—FY 77— AOFIARE L O% 2 i

F. =C
{ f B <+ - (15)
F.=Cp
ELTEbLEND., 22T, ZATYORY v 7 AIFKAT
5Ez6h5.
a
B: =9 _ﬁ_vr
b « - (16
ﬁr :d'_ﬁ-'-_r
\Y}

—J5, N7 H—nBET L) F QD of 2 x
Ang &

LAV

- - (1

-+ -(18

£, BNTH— (REBR) OHEEAE Oy LT 5
&, s By i,

,Ba:Ja—,B+Er -+ (19
\



ZERINC LD 3 —F— A > NS A U7 B B E 0 5 3R 1236 1) 2 M 22 E

LLTEDLEND.
1
a b d |
x oy v, M b\
&y By\ y &y N
! v F,
F E

Fig.3 Simplified analysis model of 2-wheels type
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AKXOPTHEHT L ERL S E =T,
A : wing area of aerodynamic rear rudder

C

- aerodynamic side force per 1-degree angle of
attack
Ci ,C K front/rear cornering power, cornering power of
each tire
Fa : side force on rear aerodynamic rudder
FJ'X ’ ij !
each wheel positions

Fo,F,FD

ay?' ' az

F iz tire force in X, Y, Z axis direction at

: aerodynamidorce in X, Y, Z axis

direction acts on vehicle body

W Ew o Ew
Fax ) Fay ) Faz : aerodynamic force in X, Y,Z axis

direction acts on aerodynamic device

H : height of vehicle’s center of gravity
I

xilyil, : roll, pitch, yaw moment of inertia

around axis passing c.g.

b b
M2, MP
X, Y, Z axis acts on vehicle body

MY MY MY

ay?! 'Vaz -

b .
M az+ aerodynamic moment around

aerodynamic moment around
X, Y, Z axis acts on aerodynamic device

M s, - direct yaw moment generated by torque

24

distribution of four wheels
M

N : steering overall gear ratio

«i  resisting moment to roll
S : frontal projected area of vehicle
W]- : vertical direction load of tire
a,b : distance from front/rear axle to center of
gravity (c.g.) of vehicle
d : distance from center of gravity of vehicle to
aerodynamic center of rear rudder
g : acceleration due to gravity
hy : hy = H —hg
hRC ,hS : height of roll center at position of c.g., arm
length of rolling moment
h, = (H - hg. )cosfy,
={H - (bh, +ah, )1 }coss,
h : height of roll center at front/rear axle

| : wheelbase | c

: chord length

M, M, : vehicle mass, sprung mass

AM : equivalent mass in rotation parts

I : yaw rate

ti : front/rear wheel tread

V : vehicle velocity

a..a v a, :longitudinal, lateral, vertical acceleration
at c.g. of vehicle

ﬂ : body sideslip angle at c.g. of vehicle

,Ba : attack of angle on rear aero rudder

,Bi , ,B i :front /rear tire slip angle, tire slip angle ofeach
wheel

5a : directional steer angle on rear aerodynamic rudder

5f : front wheel steer angle on maneuvering steering

3, =6/N

: rear active steer angle

wheel
0

G steering wheel operating angle

rc

HR : inclination angle of rolling axis
tand, = (h, —h, )/

: pitch angle

: roll angle

: air density
: tire availability
: coefficient of friction between tire and road

A
¢
Yo,
n
U

O — XYZ : coordinates fixed to the vehicle body
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Subscripts
f -front wheels, T -rear wheels
j : 1-right front wheel, 2-right rear wheel,

3-left front wheel, 4-left rear wheel

O : initial state variable
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ErEHISEMIHLER—ILDEETRAF
Design and development of a safety poleto prevent
automobile accidents while parking

I HE A AR
Hidenobu |gawa and Motohiro Tanaka

1. A2 bR T

Abstract: In this study, we developed a safety pole to prevent automobile accidents by mistaken stepping on the accelerator pedal while parking.
For the design, we made the model using athree-dimensional CAD. For the stress analysis, we used the finite element method. We also analysed the
strength of the safety pole and inspected it by an experiment. Our recommendations for the design method of the safety pole are based on the results
of these experiments.

Key Words: Safety pole, Automobile accident, CAD, Stress Analysis, Finite element method, Experimental inspection
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Fig. 2 Dimensons of cross-section for safety pole (Unit [mm])
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Fig. 8 Results of sressandysisby FEM (Von Mises stresses)
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Ferrari and Lamborghini
— The Definition of ‘Supercar” and its Raison d’étre-

Part 1

e

Matsunaka Kanji™

Abgtract: The modern sports car is a direct result of therinily and experience of the builders and desigvtezserved as the driving force in the Grand fading
world. In 1946, Ferrari developed the Tipo 125 olvhias powered by a V-shaped twelve cylinder engloeut 20 years later, at the Torino Motor Shodd65,
Lamborghini showed the bare chassis of the carch@¢00, which eventually became the LamborghinrdiFrom that time on, Ferrari and Lamborghialigh
rivals and the two top sports car manufacturetseinvorld have competed to out-design the otherdating vehicles with enormous amounts of powecige handling,
and unthinkable top-speeds. Over time these vslgjalaed the titles, “Supercar”, “Wonder car” aBadtic car’. Despite being easy to recognize ostileet, the
definition of their name is more elusive. Neverthg] these cars continue to have a great impact.

In this paper, | focus on clarifying the definitiofi'Supercar” and its structure through the hystifithese two companies as well as their techigdag terms of
engine-developments and body-design.
Keywords: Ferrari, Lamborghini, Supercar, mid ship, Horizbbtexer type twelve cylinder engine, V-shaped texeylinder engine
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FEIA—IAZHEHAOIT7AT/NA ALERE
Aero Device Performance I nvestigation into Student Formula Vehicle

IF K™« JRE] BLZ™ - F ™ - ey TEI? - BT K™
Yamashita Ryota- Akashi NobuyuK? - Gonohara Yuya Kaneko hironoric Azuma Daisuk@&

THEES AT ATEHE -« 2 T U P bEE YT BT

Abgtract: AR—Y I —RL—REFHDZETVA VRAETRE T 74— AOBENEERBREFETHD. TEORET +—I27F
TEZT e T AL ADEAREATHY, FHET =27 BWUOTFAS T A a2 Thh. T TEFEZI Y AR, T LT 272 —WF
DIGIRDENT & 2 BB R OME LT FOFET +— 2 FHEMOT A VEIAFEZIT, BRI CTHET7 +— I 2 FHEB T
DT TN, ADHMMEERA LT 5.

Keywords: Aerodynamics Car Design ProcessAero Device Formula Design Design Trend

i 5 o5 W
CD: ¥tk LM  fifge ERE &
CL: ¥Rk afr A ANEEE
CLr: VY &HHhiRK h ELE
a A WB RA —/L— R
L/D: ikt Vsc R IE 2L
m/s 3B (FD ) sp AR IREH]
mm R F(RLMrl N\ far R B &
o ABIEE Fr(Rr)Ratio By
Vr B FRT hLyv R
rooBEERERR sl ERESTR AT E
a (A N WL Hifaf B
CFrr i, 10077 WL Ratio  faf 3R
M HERE R

Bk A (Lir)

1. B=

HEY BRI IS T, 22RO S L IERERE M) Lo
EOEETHDH. HHFEIH EELZERINE LT, ER
B EBNER X774 —2R) D2o08b5.

BRSO CRERBEICHT2BLIEmE, ERE
AR SE D 2 & TREUWEIC L DHERRE~DOF S,
mEmEEOM Ll P REREEL 52 5. 0, B

B R (Drag)

Fig. 1 M0 285 &850

DHBEZENFYA VEBEOPLTH DN, AR—YI— HFRDB R (& 7> 7 4 — A)TATREIC 05 7
RV —REMTHE R T A ASOLRR D A2 s & 0y hNEY T = A BERHINI D Y AT T —
WEX T T g — AR B CEERERHEE THS. AT NG, AR=Y =Rl RER—AD L — X
T RAN—EETAIT—a v N TIEROERAETY H—TE7er b 4 T ERBETERNDOTT7ay Y

200[km/hF2 B DB AEAT 24T 2 IR H v, H1KE U7 = AR RE R G ERa b, L, U
WU 7272 BV IC B RS R SN D Z L b B YHU T =AY Y ARA T ORRHA TR I
L 7pu, FRASE T & MEER FF AN i35 BR 0D J5 i 3ol EE % — 0 TN TXD7D, THA VBT ey MU T 4 —
X[ C 120[km/h}Z5 & BiF 5D 2 & 2RE Loz, milid A% BRI RO IR SH, ZOEENT AT LY YT
TS NEBNEREZ T OIMETH L. 4%ITT WD LTV XARA TRT 4 7 a—PF TV XY FT 7
A —Tho THLH A EZ RS BEE 225205 G+ —AmEPRE L, EHtZEEE SO TND

5. (Fig. 1) HEWOBWAR—Y I —C L —AHWTIE, ARA T
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LT 2T a—F ol T uT S AT —RT
AN, BHAARFET 4 —I2aTFKETE, TFEZT T
N ZBEFEBEBNEMLTE D, FRELT, 47
F—Ia2TFKREOA—A LA T MNTCIE, REHER
100[KM/FEFE LD L—A BT 2V & TR FE ek
Thd. ZOD, FAT7Fr—I2THEBTE, =77
NAZ 7oy b UV ARAT) ORRITRER & E
ZTNWAF—LANLhoTz.

Z ZTCAIZETIE, BMW3 2 U —X (E90H) A HfE L
7=k rE5 0 (Fig. 2) &=, VY AKRAL T LT
4 7 a—FORIROENC L Z2BIER (F 77 4+ —R)
HREFAE LT,

Fz, WEOEHAREAT +—3 2 7 KEHIGET,
W2 L7 - MBS TF— 2D T u TR, ARBEROE S (MBS0
RETHE OEBNRTT BT A AEEELTNWD) &
BEZ, HEOTFA L LY RERZOZAET +— 2
THE AR L7 1/107 L 15V (Fig. 3) AW, 7
gy YU O, RERS XU T A — AR
DOEREFRA L.

_

Fig. 3 %/E7 +—3 =5 E71 (KIT F116)
2. RARAZEEHLUCD SRTLA

JEFERERIZ 1 A AR B 8B EAFSEAT(JARND b AR K TR
IR LT BBV EBAR A S > T2 5 A VR R 2
(Fig. &)z AV, RBREEITE ¥ EF V% 27. 6[mis], 5
74— 2 THEIIA—T VR A =L DX A YR
DBLE S 15, 5[m/s]é Li-.

T LVIAEICIE CAD & — X 2 HE#E Roland$d 3D 7'
v % MDX-40A |2 CTHIEL 7= (Fig.5). CADT—# £ L C,
¥ & T ML BMW3 v U — X(EQ0Y) &~ — 2|2 1/10
AREL, KU 4 > 7 ITREE 190 [mmlZ TER L7z, 7 o —
T4 7B A F(GT-wing) IZOWTITAMA 15 L L=, %
74— a2 TETVITAREKLERY F4ET7+— 2
ZH F1160D = @K HA Y FA NI T LT LA ZTH
EL, VYU g v J¥EEET VLT ab—rva s
b CEE 120[mm3kE (FEieik) 231tz =7 a7
NA AL TIE, 7r e MY g 7 & 30E 140 [mm] 3
W& 55 [mm), U ¥ ¢ 7 %EIE 90 [mm], #5%E[60 mm]
ICCTRYEL T
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Fig. 5 Roland® 3D 7' = »» # MDX-40A
3. UNYRRASETa71a—HOHUE

ARA T(U 4 ¥ D)NFELKDOVEIUTEKE LR, Emé T
HOENZZ L VBRI Y v 7 4 —R) e H 5 FNRT
50, FRHCZESEPIL T 5. 0z, L0
WESHEHR CREWS T2 7 4 — A% B 512010, MiZes
OEAE FFHIIC LT GT Uy TR ELHFEL, VY
ARA FITIZKBILTH v 75— % A F(Fig. 6 (a) (b)),
Tua—7 47 XA 7(GT-wing, Fig. 6(c) ®2fEENH
5. L, ENHIUYXYRARA T LT 4 7 2a—FOHED
BfRICOWTIERE L S BfIE STV RV, 2 2°C, BURR
BRCIZ ) Y ARA FOBRIC L > TF 4 7 2 —F(Fig. 6
(YDFT 7 —2AEmDOEETRAE L7z BRI 1T BMW3
U —X(EQOAY) & N — ATHERR LTz V10Y A Rk & v
EFEFAEHANT, 74 7 2 —VIIHE 90[mm] Db D E
HL7.

©@GT 47
Fig. 6 VYAKRKA T LT a7 a—%F

(d) Fa T a—W

Fig. 7137 27 a—VHAEOE, V7 LATO%
AL LD, U4 v T VA, GTU VT, v T—
EAT(R), oI T—=NEATUNDADDr—RZEBT
DT 47 a—FOEINMEE (XU 7 4+—2) R (ACL)



BT, U4V TV ADEE, T4 72— ME 10T
BIER(F v 7+ —2R) L, TN EOAETIIE N
WINE 7 —AREA) 75, —J, GTu 7k
B P T —NVAKRAT (K) #EE LI —ATET 47
2 —PHAE0EE THIRB(Z VY 7+ —R)T 5. 8
AT T —ARFETHIYO o v T REEET D L,
HljDO 7 oA 7O AENEL 72D, TV RERT 47
2 —PAETHLRNUAHEET 2 Z &<, T4 72—V
- Tk EiFons tE2ons. RNilros, Uy
ARATOWR (XU 74— AE) TREWRT 47 22—
PHENRERD Z EBNRENT.

0

-0.05

0.1
oS
0.25
—_—a gL
03 —erav
035 —_— 7T =l \/
Huo7—IL K

0.4

0E SE 10E 155 20F 5%

Diffuser Angle [° ]
Fig. 7T #VYAKRA T LT 27 2 —VFOHIEHR
4, PETA—=2a7F (Student Formula) &I[&

FHET =270, 198LFEICT AT D [HD3< Y

\Z & D EEBHRFAEBE S v S5 A] L LTS,

F77, 19984EI2 1 ¥ U A, 20004E(24—A b T U 7 TRk
RI—C L VBESNTWS. HARTIIEE O HEERE
E~OBBRERL, REOEBEHS T, SERSEZED
ﬁ%&&ﬁ%@ﬁm%am 20034 & v BB H TS
FRIZT TREAREETF—I 27 KE) BBfEEIND &
omaot.%Em7jwi1§x$4w®mWV*v/
T A — N T — A O - 3R - BELEE b0 EFD
FHO, HEOEITHRES T TR, Eilja w7 b - #F

3XF TR T—va VERERELITY, b3 D

AhEHEIKEERoT5D. (Fig. 9)

Total Score

= JHEAHA

Fig. 9 A7+ —=3
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5. FEIF—SaASHEEOENTHAURE

T o — X o T LK) 40[km/hJRR BE & 3
BNHOD, LFal—3i g TRMARAS T OHENR
»HNTWSH(Fig. 10) Formula 1T EE A
350km/hE B2 579, VYT 4 v 7 CRETDIHE T T
F—ABBHDTRELS, a—F VTR —RBELIRD
TEXBEMNDHD. e, VYo7 3vaA 7 B RE
QEFT D, BHEmO 7Oy NI 4L T OX T T 4 —
ANFEAHERLHD. £ZTC, FIADA—TU7—T A F
VI e O—=F T s =1L, 20094EIC Y 4 v SR A Z
UE TO 1000[mmp» & 750[mm e TRREME b 5
B SEALL X2 L —va V0 BREAERKL, L—Xtho
F =T —FA TR LTS, bR 4T 2 S
B LD EFOFESTZRNTIRONY 1 > 7 TH
RERF T T3 —R2EH/ENDEICTIHVEHS.

(Fig. 11)
Student Formula Rules
E[_
Vsl ™
Sy O =R

'''' “T9.21 702 MAY25T0mm]ET,

- Ca 1922 70742/ #E250(mm] T,

*T9.3.1 Zu N7 42 7 ZAYAMET
VY427 V¥ 2 A% p5250imm]
HEIRAA P ARIET

1932 Y7942/ #&1.2AmlE T,

ES

Fig. 11 Formula1 V¥ '7 g7 @?&(Fnﬁiﬁ

EHRPET +— 2 T KESFVIBENS 15F %2 2,
EF—LOHEMANEE Y, BEEIEICBEDRL Tz LR
A BIBEMEREZ BINA ) L-ULICBIT L CE 27, |k
N D Y ¢ v VTHEFEM NS 2 TE 72, Fig. 12138 HARF
74— 2T RKRED 20044FEREZE 2017THERKEE TO
SBINEED T 2 TIFERERT . 20124FKE K 0 4 1Y
IMERTH D, 20174E KA TIEH 40%E THERI ML
TWa. 1272, M B ZmT 5 & R4 Y D 2016FF K& T
X, 2RO 80%WN Y 4 v 7 EMEERL TR HEffL~Lo
BENELLND.
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EHARZAET 4 — 2 7 REHGHEBT VA1 > O L
LT, kfr-ygghs—onb- FLF—L0 2 DICKHITE
. WP F—AOEBT VA TR EEEEBE L E
M2 T A v (Fig. 13 @<, =7 a5 /31 A4HE
HEOT VA U HEBRORT A PR —NTHD. £
BEMHEZER L TWEED, =750 ADHkERZ *
TEREE TN T—ARNEL AT 55, RIC BN
WL T-— L OEM L, EHMREE BB L-thimz 2 H L
TYHAUBEW (Fig. 13 (b)) XLIZHTATH AL b T
A TTHFAL L BN LD, =7 rT 3 2D
FEREGE. T BT A REERT M F— A8
<720, 2017 KRETIE AL 202 13578, A2 104%
T 8ENTTuT A AEHEFL TN,

FEF—2EEFY A o O—EME, EEERENEL,
TA—aTF =56 LWHEEZ 25T S. L
THLF— AT, 220 - THA UEEE CREHE LR
WF— AR BN, %)) - TYA CEBRTTIEE I RE
WThb, =7 a7 o R AT OMEIMCERE DM -
NEFENTNS.

AT F— 2T, HEIGFLTREO T 1 v 70T
27 a2—% (Fig. 13(b)) e bvarZofbvich
FT—=FEAOTWDEF =LY, RN T7+—27
H—bESTT A URE AT oS, Zhudo
L—2AHFIVICHS, LX¥alb— g OBEBENREWN
ZENG, REOAIELRMNETOEEEILLRLTV. F
T2, T =2 T —FA A=V L, 44—
VIRA —IVINDIZT BT NA AT 4 7)) B RS LT
RGBT EEPND. 74— 2T h—0FIKRELT,
F—=TF R =N F =T as ey b, YT —
HTHHZ ENETONDN, £ DHIE, 7ar b Uy
V4T EREE LTS B BGT S ARETIEKR
WOy 4 T METEH NG, EROHRZIES
FABTYA LT A EE-oTHERE TIEARV.

E——21 —— =
’

(b) &HAKE LALF— L HifH
Fig. 13 42 H AR 2 H 35w B

6. BRSERER

FET A= a2 TFETVICHEE LY YV 4 27150~30
B, BEEEYFICTERETEXSL9ICL, RmEBRIE
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By A NV CHE B MERE & 72 5 E1938AL & L 7=,
Fig. 141%& & 70[mm}~100[mm]CD 7 1 > 7 L A Hiflj &
® ACL & ACD %/~9. ACL I3 & 70[mm]»> 5 90[mm]E
T (B 74—2R) L, & & 90[mm]T ACL=-0. 93
27255, @S 90[mm] TN Y F 2L —hL, &
100[mm}»> ACL=-0. 95T 90[mm]D 7 — & & K7/ - 7.
VA I NVABIZE > TACLIENE LRV EIRET D &,
ACL=-0. 95D/ — A2\ CHEI THIE 100[km/h[TD &
LT p— AT 244 9IN]THD.
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0.20 '—'//.\.
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——Acl

\.—And

h=80

-0.40
-0.60

-0.80

-1.20
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Rear Wing Height [mm]
Fig. 14 VY v ¢ v 7281 22 J1PEREAY L

72, ACDli%Z W5 &, & & 70, 80[mm] ACD (K7
72<, EmE 90[mmITRE HEML, &S 100[mm] TR
DI BH. IO LD, Bk ACL/IACD 145 & 80[mm]
2t R < ACLIACD=-3. 45 Th - 7-.

w7 bY g v 7 BEEE UTREBE FE L 72, Fig.
150FZ7my by 7 &I o=15F TRRE Lo HGICH
05, VYU g o TRER S & 70[mml~100[mm] Tk S
WO —AH W & D ACL (/14554 1k) & ACD (%=
RIEFUREEA) 2T

ACL 1% 0=20 EE THA (¥ Uo7 +—R 3 L,
& 100[mm], 4 0=20F T ACL=-2. 21i272 573, i@
4 a=30 F CHEMEAITH Y, &S 100[mm> ACL=-1. 95
LD LA I NTEIT L o T ACLIENZEAL LW EARE
T 5 &, ACL=-2. 21 D/ — A2 I\ T FEH TR 100[km/h]
TOX 74— AT 533 1N] &, — KRG HE &R
BO UABRODE T 7+ —ARFKELTEY, BEHETEH
R ZENEREL, BELEa—)—RBAZIRELT5.
T, B CAWERA T v =25 E193% B T
AW, H—=—TF TR EOEHNIT A4 A AT
RWZLEEZDE, BERICEETLIZT T AL ZADH
T T g AREAABRIVEL 2D ERTRHIENS.

1

e o ——— |
0 —_— «@=ACL h=70mm
<8 ACL h=80mm
.05 ACL h=90mm
s ACL h=100mm
a v
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= -
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= «¢=ACD h=90mm
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-
2 e T —— 2
-2.5
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Fig. 15 Frontdiffy 15 FE\Z331F 5 22 J)PEREAM L



Fig. 1613 _X—2AFFT /LB THAA 10EDY ¥ 7 1 v
VBB S & 7T0~100[mmZ 2k S 728D ACLr (U ¥4
FHREZEAY) & ER(ACLIL), N—ZAEF A/ 15E D
Tay by 4 T EREE LT A FETLICEWTEIA 10
EDOY YT v 73RE RS & 70~100[mmJc 2k S 7k
D ACLr Z fiff (ACLr2) L LTW5b. Znr/57k0, Y
YU ORI E S 2L EIETH ACLrL, ACLr2
TORERERII Do,

0

-0.5

ACLr

h=70mm h=80mm h=90mm h=100mm

Rear Wing B{i®@s
-=-Rear Wing ACLr1 -==F @=15° +R ACLr2

Fig. 16A1A2Z8F 5 VU YR 5%k

Il

ZOBEREFRD720, WALGOMERE L CREHSAH
Ex Lz Fig 17 3/ MEEFTZRLTBY, £U ¥ U~g
BT R E OB KE OBV T, BEE LD
ZOmmlE LU YD 4 7 AR D 1222 5mm), ¥ A ¥
AN 45[mm], & A ¥ SMAl 67[mm]i TRll&E 2 L7-.

Fig. 17 JEd 5310 o A I E & T

Fig. 1817 vy b 4 v 7 OFETORESA 2/~
Wi 27T 712V CE & 80, 90[mmiZI TR L W KV E
WrHo7., ZHERTANETICED Y =4 7 OENT
VY 4 DD WALDOEENZ(L L TNWD Z &R bh
L. FEUY T 4 o T AN R OFERETIETRTO Y 4
VB A AEICBON T RIEEROBEE L o> T D
IET7 e NN DOEEEHIRIZE DD THD.

AEOREFETIE, 7ur b4 v T OFETOERE
DIDORERBEVIRY L0702, Zhud7er by
4 IR L TWARER E19313 3 v N — 3002
720, VYT 4 T~DT v 7T F vy 2 DB NS N
ENREZLND. FORED, BAEFHL WA EA LY
LIENF Y O N—DLDEHNTY, U Y U T ~D
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BT DI HRENED B %, CRDRATIC T 1994 & R 72
DO ET HHENRDD.

18.0
16.0
14.0
12.0
_ —h=70
El0,0 —h=80
‘g 8.0 h=90
h=100
&0 —h=110
4.0
20
0.0
=0 1=22.5 1=45 L=67
(a) Front Wing7z L
18.0
16.0
14.0
12.0
_ —h=70
EI0.0 —h=80
% 8.0 h=90
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1=0 =67
(b) Front Wing® v

Fig. 18 U Y7 ¢ > 7BV 17 & ST B 1) 5 Bk s Ah
1. ETT—2&YIT7ETNARREH

L=22.5 =45

EURREBRICC, A7+ —I2aT7DLXal— g
HERCHL ORI T T — AREETE D Z L0V
L7z. LiL, REDa—AL AT 7 hTlEa—F—1%
<, EHEMIZIEFICHOTNTH D, £/, FEEEN 40
~50km/FEE TH D70, X7 7+ — A EEBVHELD
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TA—ELIOOURVFIORTLOEE (B 1)
Set-Up of the Diesel Engine Bench System in Trars Mechanical Engineering
(First Report)

(e st fRll P - il FT - R bR - SR BT - Pk 27
Takuya YamaguHi Kouichi Kajiyam&' Shigeru Ikeda Mitsuaki Matsumura Naoyuki Watanatieand Takayuki Fuchigarfiand
Takuya Yamaguchi

LB TR - P AATRS D R

Diesel engine bench and its measurement hardwaredgpartment of transport mechanical engineering wer antiquated, therefore students couldn't study
well regarding a modern diesel engine system in thexperiment and research activities. From above bkground, new diesel engine bench system at departnie
of transport mechanical engineering has been planmij and manufacturing. In this report, the overviewof new diesel engine bench set-up is described

Keywords: compression ignition engine, intake and exhaysérsbarging, cooling, measurement/diagnosis/ei@tuat
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Fig. 1 Old diesel engine bench at transport mechbemgineering
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Fig. 2 Concept of new diesel engine bench systérareport mechanical engineering
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LT —BAT e DN TR T 27— B Do O LOTFERE t 2 M 3B LUK 1ITR
T TV UATRENSIES) 160MPaftRo) = L L— LRI A A L 7B 1.36L OB 4 ST 1 —
Yz Yy (haxHEHR : IND-TV) Thh. EGRVAT AT, Ty ¥ —/L—TEGRVAT LA THS

Table 1 Engine specifications

ltem Specifications
Engine type Dlinline 4
Displacement cm?® 1362
Bore X Stroke mm 73.0 x 81.4
Compression ratio 185
Maximum torque Nm 170(@ 2000-2800rpm) : e
Maximum power kW 53 Ty * L
S U, |

Fig. 3 Appearance of diesel engine
(IND-TV TOYOTA)

3.2 BEFRENEFTOTEHT

LT ¢ —B L DR FITRT B IEHAN RS JFE OB LEEEINAFZ0ET, PH-CURY) AfEH3 2.
F 2 LWEEE FHOTERE T TH D, T VR F VAT AOREICHTZY, B IEOMERELZ IR L, fHFEIC
KT DINE BV DORIENEOFIREZAT T, B JFHOMTERIE OIRDL & ERER R 2 X 4 B XU 513 & b
IV DRRFEEDTRIEZAT S ToAER, AFEICH USE RV 7 3EIN « m INOREEEIZ T 5 2 LR TE T

TA BN D EBIEO N T L TEEA YR T TR TWAS. K6 EETERE DS
v PV IR E IR, By 7Y RO LY T 2 U1k 3DCAD TRREHET TV, b 3L 0 v Z— T TN
TACEVEWE LT, F72, = DU EEINHON v T T mARET D00 v T ) T A= B BIE LT

Table 2 Specifications of eddy current engine dyragter

Tvpe Amano Institute of Technology
w PH-C11

Maximum absorbed power  |110 kW

Maximum absorbed torque  |400 Nm

Permitted maximum

engine speed 8000 rpm .
S -
Fig. 4 Appearance of eddy current engine dynamaemete
450 T ' ¢
200
350 T ST
= 300 |-
b i
o 250
> l/
S 200 —
S 150 =
F 100 —t
50
0 L'/ B Axial of
0 10 20 30 40 50 . | dynamometer
Weight kg A
Fig. 5 Result of load calibration Fig. 6 Appearance of axial coupling
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RO E 2T D AT A E LTS,

Coolant tank

Circulating pump

Fig. 7 Schematic of cooling system for Fig. 8 Cooling system for eddy current dynamometer
eddy current dynamometer
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BOIEH LT 4 — By Do R UFICBT HIEMIGIEE O AT AR TH 5. £z, X 10138 L7-eHiks
TEEZ T BB 7 INOBREHIIREL 7 4 V2 —Z @i L 7 4 — RN T P ~EREND., 74— R
HOPREME IR IRITE R Z25E L, JBE SR ERRER T ERt 2l L= Vo~ iG Sns. = P ORI
(TR EFZRTTHY, SR T DU DB v FEND. T D OBRERER S 2T 2 b0 ) Z—
PREHNT T Y & — %t LRI ST RITIREN 2 o 7~ D . BREFD U 2 — U ARRIKI b IREMILHA RIS & AR IR &
FHaERE LU ¥ — RE O EE FHIT 5. =0 UG ST BRERAT R IR MRS M O R TS L OYRELD U
H— AR OB OFHIFE R L 0 AN TH LS. R EIT = U A U 2UREH T EF T (KEYENCE#Y, FD-SS02A
BELUFD-SS2A THHAIZATH.

Fuel consumption [kg/s] = Fuel mass flow for fugaly [kg/s] — fuel mass flow for return [kg/s] (@)}

Fuel tank

Radiator

Fuel mass flow
meter for return

Return from
feeder pump

Pressure
reducing
valve

4cylinder diesel engine Fuel mass flow Feeder pump

meter for supply

Fig. 9 Schematic of fuel supply system Fig. 10 Appearance of fuel supply system
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Fig. 12 Intercooler and its frame body Fig. 13 Laminar roW meter Fig. 14 Laminar flow computer
(Sokken LFE-400LM) (Sokken LFC-200)

Fig. 10 Appearance of air intake system in the diegel engine bench
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Fig. 13 Schematic of engine cooling system
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Fig. 15 Appearance of EGR cooling system
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Fig. 18 Pressure sensor (Kistler: Type6056A) and Fig. 19 Charge amplifier (Kistler: Type5018A)
glow plug adapter

Fig. 20 Crank angle position detector Fig. 21Combustion analysis device
(Ono sokki: CP-5900 and CA-6000A) (Ono sokki: DS3000)

TV DAIRTMREY R 2 L—a VEITOEA, TV e EORAT =2 1INz v ) v H =~y RO &
RN T —2 L U CRE L 72D, oDV ) U=~y ROWESRES LOWAAR T —/L a5 hikE L
TV =~y ROEFTABRNH Y, ZORFIRPEFELINREZ AN D HEE A L VA RA =R L D H5E
Thsd. RETIPINREZ D FEOE T RIS E 2 B E L 72T, ZoMEERET 5.

4.1 TFERSBREEDOHE

(X 22 | FFHI ZA T > T2 E F VAL E O > AT AR 23, F 7z, X 23 1 3E T e RS E 92 L 2T
Y ES 2 i E BRI E I MR T I B RS 7 £ COFEBRITHIGARE L 5720, # I —2 ) o —ZffAT
HY—H DT TN 3D Y o E—TH I LT AT A — RO S R EER L. X241%3D 7Y
UH—THI LT X7 =B I OIMREZ /RS, T X2 —3ERE1TH VU X —RI6 UC 3DCAD TREaH 1T
W, 3D T =TT, ZOFROBERAICEY ) AP LTH 3D TV o EX—EFIAT AT L
XTI UIKHET D Z ENATRRIC A 7o, F£70, FERIHERT2INREO S 7 ¥ 72— L FERRIC S U 24— T T
3DCAD Ci&it#41\ 3D 7' v 2 —CHA UEHT 2 b0 L4 5.

64



EFTARRTIE, WRABIOHERAD U 7 MEEZZLEE T =N~ A SN 5 28588 L OIR B [ElE:
Badtld 5. 2oz, v oA —~y RIOERIFBLOYERFD Y 7 N EEZZ(L ST D720DIRENANE L 72 5.
253N E S EHERFDY 7 FREBLSELT-ODIREE V) U H o~y RIZEY M 7R Z R~ R B LD
PESAD Y 7 M EIEEITED FHF 7RV R ERED D Z T, ST 72 EN LTSNV T AT 7R Z Lok
DELSES.

Cylinder head

Paddle wheel | Data logging I/
T~ ot e )

—
Surge tank Tbata logging

®__. system

apP

U-tube type
manometer

P=250mmAq

Orifice

Fig. 22 Schematic of steady state flow test rig

Dummy Cylinder
Cylinder head

Adanptor of
dummy cylinder

Adapter of dummy
cylinder

Jig of cylinder
head

Fig. 23 Parts of steady state Fig. 24 Adapter of dummy cylinder
flow test rig and paddle wheel

4.2 TERFREE CHEAT HEES

EFHARR T Y v F =~y ROWAART —)LZ RO DD, # 2 — U o F—NOPREO R A G5
VRS S, TR OIURFEO[EMAEE I e iR HER CNEFIERR . FS-54006 LOVFG-1200 ZfEH3 5.
Fiz, PUREOEEZEFIRITT RN A MFa2—2— (NI : FT-1500 A5 5. X 26 13 3EpalnlisiR
HERB L OT RV R M F a X —F—FRmd. BRI — % 7 NEAEDIRRBIC LT Y 2 —NA~ZEK
EWANTD. ZOBRO—F 7 NOAIEILT DXV~ ) A—2— (EHRYERT : POP201 % VW CRHIIM 2. %77,
VY B =y RITAT D2 EITA Y 7 ¢ AfiEat 25 U CEHIEAT O . X 2813588k L 72 & F ek BRiEE 4 7R
T HICEYE L BRI EE XA 7 A — L 2 T HTHEH LA T Y U vy (LT450) DY 4 —

65



~y ROFEARED LOWMAR T — L OZHE TE LTS, A%, 74 —P ATy D _yFERA L TNET 4 —
Birr Y (IND-TV) DY &=~y FOWELREER LOWAR T — L ORHIEIT 25 & 9 #2417 -> Tl

Fig. 26 Non-contact type rotation detector and Fig. 27 Digital manometer (Okano works : POP 201)
advanced tachometer
(Ono sokki : FS-540, FG-1200and FT-1500)

o |
4

o — T

[

| -

%
L —
————
]Iﬂl
N

—
"hw

Fig. 28 Appearance of steady state flow test rig

5  F&H

AFEEZBL T, LT f —BLm L D _UFIZBO TR L 72 5 3o fl/ER L OGS HARSSE O Wi 252 T
THILEMTEZ, SRIIZ VU R_RUTF VAT AT D EHIEREORE L b OFT — X IE L fRIT S AT LD
MRS, X OITBRBEfRATEERE DO v 7 ¢ U ZIZEID #Te. F7-, ANEENZIW TR S 7o EmiaidEdE 2 Hyy, 74
T4 =227 AL TWAT ) v Db Do _F TR L TWAT 4 —B L oDy =y
ROFERE AL, ThENOT P D 1IRTEY S 2 b—a VETVEREL, =0 YU MREm_ Rz miT 7258
EBLOT 4 =B Lo DRI AEEENE A L <.

EE
AEEN AT HIZHTZY, BEIHS AT A TFHER 2FEO =41 & BOWINIMZ, €73 V2 —D8
O B Sk, HA Fa SeBITEN T3 L 03D 7 o 2 —DfEH TR a2 W =720 - = LIRS L E T
T, UL T AT AEREE ARSI ¢ — A — L TR RN e D ZICR LETEE
FLET.

SEH
(1) Pischiger, F. : ATZ, 65-1 (1963), 11



67



. WFSE

2015.04

2015.05

2015.06

2015.08

2015.11

2016.01

2016.03
2016.03

2016.04
2016.04
2016.04
2016.05

2016.06

2016.07
2017.03

. A

2015.04
2015.05

2015.08

2015.01

AvFIY v b - ELY T 4T ISR

WD 7' v — 7 OFRANIEE BIEZE gt Gz R=ek T v 4 v Bd)
DRI (k) SnE L7z,

(L BB o W 98 & X 23 SAE International Journal of material and
manufacturing & ICHGHE S L E L 7=,

WEI S 70— T ORI E PR IR REE (HEHE a7y
A VB BRITENE L7z,

HHHEZ & o 7' v — 773 2015 TIEEE Fifth International Conference on Big
Data and Cloud Computing THfFEHE TV L 7=,

Hp Bz & O 7' v — 7 ORI A Modern Mechanical Engineering #&1C
fgdiEnE L7,

FEREMIENT DD Ol X ADBHP LI DNV X7 Y —HiRF O TR
i g L7z,

I\ D T/ CILERMERB RSS2 R L £ L 7,

FRNE ORI ELE 2 — ) — OFATE D J7 BT O WHER I HEffrH 7% <k pr &
nE L,

H R 2R D3 Rtk fiEx 2> o LAt O 2 2 1T £ L 72,

FTROEHFL (BF) FUKF v =2 20 S LFEFFEOMKIEEZ Z T £ L 72,
INEOHEBER DY (BR) T4 v — A4 =2 O XM ROKEEZZ T X L 7=,
EZOTERFEN RUTERE JUN R SENTIE & v 2 — I CHRIBTIEIC
T EERE E R L E L7,

ENZOTERAFEN R TN RRR ST IE & v 2 — I T2 (XN %
Rl L7,

HABEBTRER —H— BT A VI 2ESz2{TVwE L,
TA—ENT Y YV R F OEMEDTER,

L 1 EZz 25 SAE World Congress 2015 TFEHF 2T W L 7=,
FFToHAR . HEHR . IO HEBER O WS 25 H B N B T2 lsE S TR
INFE L7,

Hp Bz & O 7' v — 7 DI XA Modern Mechanical Engineering #& 1
fgdiEnE L7,

B EE D H BN AN 2T RS DR EE S T EAN L & v & 3 v CTHRZH

68



2015.12

2015.12

2015.12

2016.02

2016.08

2016.01

2016.01
2016.11

. A

2015.11
2015.11
2016.03

2016.07

2016.08

2016.08

. AR

2015.11 &

2016.05

2016.05
2016.07

OF L7,

I FEER 2 BB T 56 26 NIRRT > v R v LA CIFERER 2 TV
¥ L7,

FIREORBIRVBAE Kk —2 ) —2 7 7 CHEIET 4 VT ICEE T % i#iH
ZiITWE L7,

e —X%—v a—CHROHEBBEP AR =Y A—LHEET+—12T7D7T
PAVICHT 2 ZITVE L,

TR O WBER R E A\ L TERK CHBIHE T ¥ 4 VIcB T 2 FiliER%
fTuE L7z,

T D WE R v H B B E AT 2 Hh il S EE S CHBI 7 Y A v B3 2 G
ZiITWE L 72,

TR DRENR 35 < B WEEHUI B By Hi e IR 7 o — T L TR 2TV &
L7z,

FTROWEE N L —F —H v 7 7L v R 2016 TiEZ{TWE L7,

Pt R O REIZ AR K - BHIREEE 7 7 7 RS TilE 2TV E L,

AVvFY Y=z -2 T AMEFRHITRZHVITE L7,

KR T KRN 50 FFERRaRMA TN E L7,

MHBhEL FRILBhZ. =PaBhE. AN BB S AR B AT iR 2 AT VW E L
72

F—TvEr 2% LE L,

TRIHBEZEN T A va vy 7 A b (B EEE, BERSIUN) 2FE L
T L7,

F—TvEFr v 2%BEELE L,

FHE v Y — v T LAKT RO FEGRRE IO dEBdZ 2 7 ) —
VT4 —ENICBET R ITE LT,
TR O WA 53\ TR & i Rh R bk ONUATZERE) o 7% 4 viltst %
BlR L £ L7,
Y =S OFFREERBEMRRPBE D £ L,
PR O HBEZ L RILBNE A ER A A T HEE RS 2Ry (R - BRE) <
FialR 2TV E L,

69



2016.07

2016.11

R

2016.01
2016.03
2016.04
2016.05
2016.06
2016.07
2016.07
2016.07

<

2015.11

2015.11
2015.12
2015.12
2016.01
2016.02

2016.04
2016.08

2015.12
2015.12
2016.06

2016.08

FRIEFEB L CFELF v VAR THEOREIZAHHE T 4 VEIFED
2T T L7,
ALY STy TNV TR=YFALEL Y T4 OREREBEEZITE L 72,

HIEREROE S Aok E nE L,
HIGEAEHEE R R D S AR I NE L 72,
ANERY) Y —F =7 DEIADPKTEINE LT,
TV XA TIRRFEDEFEI DRI NE L 72,
RERFEDFRBADE I AR INE L7,
NRREGRDOE I AR NE LT,
FEAEROE S LRI nE L,

KGR HAEROE X AR EnE L,

Pa H AT, meocHriEl. H P TS0 E, S et o2 iIng L
7z

CEHEERTLERKTEINT L 72,

AN 12 A5 i iise b 23l s vk L 7z,

JERETLEakiiang L,

PEHAFHE O HE O h TN INE L 7,

PO H AT I\ T2 B CHEM L 72 REUX D RGOk 238 Sk
L7z,

a2 HEENRA S O TBERZIEL T d E L,

V5 H AT I RBAZ D /\ K LGB & D2 T 5 A v DFE D HLY 4 234
NINFE L,

FHEZ7+—1a JHBZEME -2 —va—IRRLE L,
FHEZ7+—1a JHliE JRABKRa va—2coR L £ L7,

JIINAI =+ 7 = A4 TEET +— 2 TN D 2016 FEFE 1 BFES
BITbhE L7,

HSR JUNTHA 7 4+ — 1 2 7 NSERD 2016 5 2 FIERB TN

70



L7,
2016.11 A b 2 73 FVCHEET7+— I 2 JOHEBEERZITWVWE L 7=,

71



il

HHERZ

\

~

L. K BB SIS B % 8
2.1 s HEEEEA S AR &

72



HEBFFE R

31

- EO-DFEMIc X L CiIEHTE I EA,

73



AT 4 T ek

FHH

2015.11.25 V8 H A ]
2015.11.25 PeTCHTIH]
2015.11.25 H 1 T 387 el

74




5;RM%I¥X%

KURUME INSTITUTE OF TECHNOLOGY




