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Cornering Characteristics of a Two-Wheel Drive Motorcycle

Shintaroh Murakami

Hidekazu Nishimura

In this paper, assuming two-wheel drive of a motorcycle, its cornering characteristics are analyzed by carrying out

simulations with multi-body dynamics model. It is shown that attitude of the motorcycle during acceleration in a corner is

varied by two-wheel driving torque ratio, and is indicated that there is a certain front-rear wheel driving torque ratio which

makes the roll rate stay flat during acceleration in a corner.

KEY WORDS: vehicle dynamics, motorcycle/heavy duty vehicle/special vehicle/aircraft, modeling @
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(b) Rear View

Fig. 1 Dynamical model of the rider-motorcycle system

Table 1 Specification of rider-motorcycle system

Mass Ma My My mc mp
[kal 164.4 15.5 48.9 19.2 30.9
||0Axx I‘OU><>< ||OW><>< I IOC><>< I IOD><><
26.0 1.74 1.73 0.41 0.40
Inertia I'ony I'ouyy I'owyy I'ocy I'opyy
[kgm2 ] 24.7 0.30 1.67 1.68 0.70
I|OAzz I|OUzz I‘OV\lzz I IOsz I IODzz
26.3 0.40 0.38 0.41 0.40
a1 a as ay hy,
0.545 0.523 0.417 0.50 0.300
Length b, b, Cy fy €
[m] 0.707 0.307 0.050 0.130 0.049
R = - - -
0.312 0.299 - - -

Table 2 Specification of spring stiffness and damping coefficients

Spring stiffness K Ky Kes
[Nm/rad] 350 1050 40000
C
Damping coefficient [Nms/rad] Cu Cuy ~
20 60 1000
Spring stiffness Kz Kis
[(N/m] 1722 | 25000
Damping coefficient Cuw Cos
[Ns/m] 26.4 2000
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Fig. 2 Closed-loop control system
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Fig. 3 Simulation results in steady-state circular turning
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Fig. 5 Simulation results during acceleration
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Motion Analysis of a Motorcycle in Braking with Consideration of the Suspension Mechanism
(Comparison with Riding Test Results for Rear Wheel Lifting)

Shintaroh MURAKAMI, Hidekazu NISHIMURA, Shunsaku ONO and Sunao HANO

Keio Univ. Graduate School of System Design and Management
Hiyoshi 4-1-1, Kohoku-ku, Yokohama, 223-8526 Japan

In braking situations for a motorcycle, excessive braking torque input can cause large pitching motions of the
motorcycle, and it may result in rear wheel lifting problems. In this paper, running experiments for the motorcycle are
conducted on rapid deceleration conditions, and the motion of the motorcycle is analyzed based on the experimental
results. The rear suspension mechanism of the test vehicle is modeled and included in a thirteen-degrees-of-freedom
rider-motorcycle model, and parameters of the rider-motorcycle model are identified. By carrying out simulations, and
using the measured brake oil pressure data to braking torque inputs, it is demonstrated that the simulation results are
consistent with the experimental results, even if the rear wheel lifting is caused by excessive braking torque inputs.

Key Words : Motorcycle, Vehicle Dynamics, Multibody Dynamics, Modeling, Braking

1. #% i

TUREBEEE, HERRORERE SNBSS, ROy F U INREL R, HBinOPEH NS D Z &
B5. ZOXIITHEImOEFEE L0 A UTORETIIRTERO A OHE & 720, HIBEEES 8T 57213 Tle <,
BURSEIRINREE & 72 THEEICE Y K& RHESUTRN D RN H 5. = 9 L= LT, Sharp®=° Corno
S5O, BEDOY v TF L a2 OORE AR LT 5. Cossalter 513, %Iz 130 25 X iHilE)
FEBE A B/IMET 2720 D7 L—F B LU AR v 5 0”5 2 —2 OFGEO %772, F7=, @) T,
AIZ~OBEN 2 7 L —F N 2 Ret L WD, —F, FEDIL, VA v a k38R0 yF o7
OHBEIINAT, 74X — ROy F U 7 AHEZBM LT 13 BHED T A X — _igHBF RO I1FET L
ZARE L, HIE T ORI TS & U CRIAL 21T o 72, Z 0 L CEATEMRAT, JEW BB 24T > T\ 5600

SCER(L)-(B) TU, TS D WNIET R = b— U 3 URER & SRR & OFESPED R LTS, SCHR(T) Tl
DB IC B B L 2 E BN Y ORIEAIREINICHR D KT ARy B ZBIGICEI LT, EHHEEEEE R & o
BEMERR BN TWA. £ 2T, BEROZFEZFHMCET /ML L, TIROBE#TY 7 b =7 2 Hue
VIal—valry TRy BV TEHBEFH LTS, LR, BFEROFEIHCOWTEERSN TS L0
D, BEEROE » FALE v T L— FNp EHERROEENZ OV IR Lo TR, £z, FEETMCTA
F =D RTETANRBEINTCNRNTED, TA X —DEBNZL DRy B THGA~OREE T RSN T
U2V,

T CARRSCCIE, i EhEO R BB RIS &, Sl oESENT 21T, koY vy F oS
o THRENEE BN ZHET 2787 VENMET 5. ETHRBRAEHED Y 7H A~ v a 220 T
BEIBARIT 21T\, ZOMEZ 5B L7 BHHED T A ¥ — - “iHEIHERD IFEET VEHET 5. & LR
S Z NPET NO/NRT A—=HREEZITV, EETHE ST L—FlENSHEH L7-6lE) v o AT
EHFERTMCEZDZ EICL 0B R 2 b—2 3 &1 . BKARHENC L > THERO E v F o 7R E L



AL, BT E ERNVREEICEAZ LA I 2L —a KV EEL, HERBER LESMEOH S Z L
Rt Fin, TA X —RHEEEN XD HEREE A~ DRI ONWTELRT D,

2. HEBERSLUSMY— - - _HREBEROFRLIHFEETIL

2-1 HEREMm

AFHSCCRBR LT A BRI X, PEXE 1000 cc @O g HBNE T, X 1IZZFDOEBEE/RT. X, Y, 2 B HmHE,
BLOX y, zi#iEFbYOI—L—F, v—LlLb— |, EvFlb—  ERHT5720, dBREHOFER ETICH D
PREHET O OFHICIE, 3EEE Y & 3fAREE L ARRE L T\, Ee, Al - RimESEE, Al -
Hlim~ L— X E, Aifmiits, SimEim s 2N EIURET 27200 U R TWD . Rk, XA YA
B9 52 L ABET D & il R & U CIIRREN G ENDD, 4 B CIEAET - BimElisEEICZnEh,
Fr i REE C Rl FS L OMRIRO R % e U CRO -/ - Hfmba 88 (LUF, /i - BlmsE) 2 A5,

ABREE O 7 0y N AN v g U, RRT LAy I Y AR g T, va v I T T =3
AR 2AROTO Y N7 4— 7 THER SN TWA., 70y N 74— DA ha—2 3 =7 & o CEEE
LTEY, KaHxXTlE, 2o h%E, 7or v~ v g DR ha—7 LIRS,

—J7, BBREEHED Y TH A g TV I RE® ) Vg v IR ANy g T, AL T T =BG
VIOMERA L, TOLENSLIERDY g v 7T T —"—F S L CEEO PRI ICER S Tns. U v
IHENR D DT, ZDOYa v I T T —R"—DA ha—271%, %7 L— L & G ORI L & 1E 2
L7, BBRHEE T, AA V7T —LFMORNL e, =N FHIIHB Ny Ty —HRXT v 7HY (1T
NEEDORNICY =7 BV oz EE L, ZO' YDA Fo—7 ZHIE L TW5. FElllE 3 = TRRS .,
AL TIEZORHHNEY T AR v a vt PDOA M —7 LY, V7 v a vyl T 7T —"—DA K
o—7 EXBILTNA.

2:2 45— - _HBANEROFREIHEETIL

X 1R LB 2 b IR L2 T A 4 — - “HRHABERO NFEET O 2 1R, X2 O)%E
FINZIE, 3 BTHRARLY U EMERZ B L L= TH AR g VOFEFAZHNTWS, ClREE L, %
g7 L—25 (FAX—OFIK, BRELZ 7, =D v &L, il L—25 N KL, 7y hATT, 78
v N7 — U EETe), %, BiRO 4HATHERSNEO, T hBIRNY TH ARV g L EAEELTND
GO X2 Tk, EIEEEROFAZ O &L, %7 L—ADELA OME~OEERE LSS, 55Dk
DELEZZLZ, W: TA X —0 EROFED, A: %7 L—2L0OFD, U: Bili~7 L—ADELD, C: &iROELD,
D : AfmOELE LT, SHIROEIERZ ZNENORMEIERIZE 5. KHEOE&EITENZ, my: 744

Triaxial acceleration and triaxial

Steering angle sensor -
angular velocity sensor module

Rear suspension stroke sensor

Rear brake oil pressure sensor

Front suspension stroke sensor
, Rear wheel speed sensor

Rear wheel axis height sensor

Front brake oil pressure sensor
Front wheel speed sensor

Fig. 1 Test vehicle and measurement equipments



Yy 0 y
(a) Side view (b) Rear view

Fig. 2 Dynamical model of rider-motorcycle system
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Table 1 Specifications of the rider-motorcycle system

Ma My My Mc Mp
Mass [kg]
196 14.3 53.1 147 7.0
I'OAXX I'OUXX I'OWXX IIOCXX IIOD)()(
11.8 1.74 1.80 041 0.26
Inertia I'ony Fouyy Fowyy Focyy I'opy
[kgm’] 24.0 0.30 171 1.68 0.47
I 'OAZZ I 'OUZZ I 'OWZZ IIOCZZ IIODZZ
154 0.40 0.45 041 0.26
(20 A as A as
0.501 0.737 0.365 0.166 0.368
dg b1 bz b4 b5
Length 0.580 0.522 0.230 0.130 0.273
[m] hp R Rf C1 e
0.300 0.310 0.290 0.026 0.021
f1 trail wheel base - -
0.099 0.107 1.435 - -
Angle A Buyo Vo - -
[deg] 25 30 -9.93 - -

Table 2 Specifications of spring constants and damping coefficients

. . Kux Kuy - -
Rotational spring constant [Nm/rad]
350 10000 - -
. . - Cux Cuy - -
Rotational damping coefficient [Nms/rad]
20 600 - -
- sz Kdz Kcz Kuwx
Spring constant [N/m]
172.2 150000 150000 1000
. . . sz Cdz Ccz Cuwx
Damping coefficient [Ns/m]
264 1000 1000 200
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@ 25 \ 0.235 2
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< 20 \ 0.230
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Link rod 2 Swing arm oAy wl
(a) Rear suspension link mechanism (b) Rear suspension linkage length

Fig. 3 Rear suspension link mechanism
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(a) Simplified rear suspension model (b) Tire vertical force measurement

Fig. 4 Rear suspension model and tire vertical force measurement
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Table 3 Specifications of spring constants and damping coefficients of suspensions

Spring constant Kas Kes
[N/m] 32600 98800
Cos Cis
Damping coefficient 23000 2600
[Ns/m] o Cas
10000 2100
4.5E+5 1.0E+6 -
_4.0E+5 — ]
E 3.5E+45 3 : E ]
Z.3.0E+5 + - 2 1.0E+5 - i
£ 2.5E+5 . . oy 1 AI
£ 2.0E45 - . k5 ) —
€ 15E+5 * : ) S 1.0E+4 ™%
8 10E+5 R S 5 I ]
2 5.0E+4 = 8 - R p——
5 0 0E+0 2 1.0E+3 | | }
-0.15 -0.10 -0.05 0.00 0.05 g— -0.15 -0.10 -0.05 0.00 0.05
Shock absorver stroke [m] 8 Shock absorver stroke [m]
K K = Cg = Cg
= ds- cs . C;S — C:s
(a) Spring constants (b) Damping coefficients

Fig. 5 Spring constants and damping coefficients of front and rear suspensions
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Fig. 6 Comparison of simulation and experimental results before braking
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Fig. 8 Comparison of simulation and experimental results in rear braking only

BlODYIal—arTiE, 45— LEOFHEADYIINE Ow, & L TE 1 OFL#EE 30° 2y, X 10 121X
ThVE22°, 30°, 38 ICRE LT E DR ERT. ok, K7~ 10 TlE, HENEIZR>THDH 2 misic
ETHETOYI 2 b—ya UEREZRLTND.

712, B OBREE MLy 25278 EDY I 2 L—a v LERORREZRT. X7 @)IZATHREE L
7, (D) ATHmEREE, (I mRE, d)IFEm7 L —2DEyFL—h, @7y MFAXU T3 DR hr—
7, XV THAR a2 ORA Ra—7 Thd, HFPOFRUTIT I = b— 3 URER, — IS
TOHERREZRT. X7 @OEERKETIE, AR 7 L— i EREMEI e FHRE Ky =60 23 U7-fE%2 7~ L
TW5. 1s L 0HlEhZBILA L, 1.2s CridmblE) hL2 23-800 Nm (229 5. X7 (b), (C)DHT - HlmsEEx,
BEAG LD 21sFHEECTOM, v ab—Ta U EEROREREN L —BE L TnD. 21s PREIZOWTIE, # A
YOERAZLDBENECTND EBZZBNS. 12, K7 Wd)-(HELY, @IIRT7ry MR a DR
he—2 128, ERT01mAATL DRI L WD IV I ab—va bR R 800, BEvFL—

15



&, @7 e Ly FBEXQRY TH AR v a v DOR ba—7 OBKIZOWTIE, FHRlE I 2 b—v
a TR —HLTWAZ ERbb.

WIZ, X8I DOAHE) My & 5272 L 2 OfEREZRT. X 8 (@)X FEmdE) hL s, )ix7ry X
NyvarOAra—7, QXY THAR a2 POR he—7 ThD, MFOERIIab—ra
FER, — RS FEECORER R AR~ T. X 8 @DMERRITIE, %D~ L — MERE M iRk, =8
ERUTMEAZTR LTS, Jif - BEEORERITEIET 52, K7 LR vIalb—ra r EFEO/RRN K
—HTHZELEMRLTWAS. K8(), kY, 7RV MARVYa DR a—F gk U TH AT
YDA RO =T |[ZONWT, VI al—3 g UREREERREEN LS —ELTWA Z ERbnd

B9IZ, RMmOADOHIEN Ko THIRDOZE LRV ARRENE UG5 O R 477, Al 7 L —3 MERE
BRI DHIE) B L2 OBURE Ky 18, K7 DY 2 b— 3 UFER LR 60 ICRE LTV 5. X9 (@)l XAl
& h v, @i&%ﬁ%®ﬁﬁ IXTAHES, OFtRHmEE, (diFkinT L—ADOEyFL—h, @IE7rr
AR a DA a—7, XV TR varv DA M —r THD, KPOERIV I 21—
va UEER, SERIIEECORERERERT. X9 @ T, 1s THE 16.7 m/s (60 km/h) o D illE A BHAA L,
HIEh b L2 A8 1.3's 1T TRORAE-1000 Nm (22 L7274, 175705 2.1s ORIHIEN Z 1EdTWA. Kb kv, i
BEHAAHE, 1.2 sfHT & 0 %mosvEE B30 hhD, 1.8 s T CHRAMER 0.47 mI(ZEE L 7=, #Hil#h b o 2 U7
L TCHMAENET S5 Z 005, 9 (&Y, HOEE BN T D I mEEE ORI S,
1.9 s AT TEEM U723, S8BT 2 &Enbnsd. Kod-N& Y, 1.9s THEmIEER L7=1%, 2sfhrT
VTHAR a2 POA M —7 | HR/IME 043 m (272> TV D Z Evbnd. flEIBRMGE S U 73 A
va g YDA a—7 L HWE/NI7 D ETOM, HIENZ Lo THRImMAEE BNV IREICEDBIGN U I 2
L—3a VTHBITE, AU Y a U0y F U T OEFPER LHEE L TND.

X 10 12, T A X —ORHEADOYINE Qo ZZEZTHADY I 2 L— a2 UEERE, FIFERE & bIORT. Bl
D7 L— R E RT3 D 08 by 7 ORBRE ks 18, BT DY 2 b— = UFER & TRIER 60 IZ3E L
TW5. X 10 @)IEAiEmHE NL2, ()X RO T DM S, OEEREREE, )37 L —aor
vFL—h, @EF7ver bR varOA =7, TV THARC v a B OR e —2 THD.

500 0.55 20
0 5 '--.»
= O " 15 o
g \ A 7045 ﬁ o =
& i \ = it g i
% -500 i‘ i l‘ ?D 0.4 I—- si -?g 10 %‘-.p.;’.'”
S Caad | My T 035 § & “%
Qﬂ ‘
| |
-1500 0.25 : |
0 1 2 3 0 1 2 3 00 1 2 3
Time [s] Time [s] Time [s]
(a) Front brake torque (b) Rear wheel height (c) Rear wheel speed
50 ‘ 0 0.48
|
| ™
z p! i . -0.02 i 0.47 55. 7
g i F-0.04 '9 " 046 i ii"!
8 - lfﬁ\ 2 0.45™ 4
5 %; §0% i | E )
5 -50 ! @ -0.08 \ - % 0.44 iﬁ
-9 H ] | ) H
] -0.1 — ) 0.43 i
- -0. 0.42
1000 1 2 3 0 120 1 2 3 0 1 2 3
Time [s] Time [s] Time [s]
(d) Pitch rate (e) Front suspension stroke (f) Rear suspension sensor stroke
—— :Simulation = . —:experiment

Fig. 9 Comparison of simulation and experimental results in condition of rear wheel lifting
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Fig. 10 Comparison of experimental result and simulation results with various rider’s posture

KF o, s LOMRITE T, T4 X — EIROFiEAN 227, 30°, 38 ODHAEDY I 2 L— 3 Uil
BAFT, —EERIIEETORER AT, K10 (8)-(c)TiL0.8s THIEIZBHMAL, 1.0s72H 13sET, B
L2055 255 £ TOM, Himainm< 72V, BEHEE TP D000 LTnD Z & bnd. Lsfhil
THRIGIFEE LRV RO D H A 2 ZET A X — ERORHEAIC L DK E RENTA BN, Bl
DKL T A 2 —OFHEAOHEKRITIE U TEL 720, HBEgOFE A0 BRICHOBEICE#T 5 2 1 I 71k
EL 25, 10d)-NLD, VIR v arbrOR Fa—7 L HBRKE 0.47 m I3 L TR EZE B
STWDHIREETIE, T4 X — ERORHEANKEIWVIEE Yy F L — b RELRoTND. kLK, T4 44—
RO LES, BEROTEE EARVNEUREETO IBEEHEO Ly F oV FHORE X1, 2L KIEL TV
HZ NG,

5. #& B

AFHSCCIE, i E B SEHHIENEREREE R LD < SRR OEBNTIC LV, BROY v F U EEL E
Wiy I 2 b—3 g o LHIERRERGE B L O T o2, FTY TH RS g COBRERRIT 21T, U T A
RovarOyay T T )= N"—ET DI EhmT L— 257 - vy OB AER L. o
BEZBE L C B HBEDT A ¥ — - ZimHE RO FE T VAR L, MBS X IPET VDT
A—HEEEIToT-. BEETHESNZT L—FMELVEH LB b7 AWy I 2b—va vk
1TV, ZOFERED B HIBEIRFO “ig A BHBEOFENFH CE 5 Z L 2/n Uiz, \ARHIENC X - THImzE B
DIRFBIZEA Z LRI 2 Lb—a Y THIEITE, ZOBROY AR T3 R0y T 7 OFEETONT, il
ARG IR & DA R CE Tz, £, TA X — HEORHEEEAZE 25 Z LITLY, T4 X —ORBI %
DFFE ENY OREICHELZKIFTZ %, VI alb—ra URERNGRLT.

A5 SCTIEHIEN R D T A 2 — ERIIZ B THOBBRO D NS W ERE L2, AH%IET A X —DREBRY
REWEIC K DB OV TIRFT TV W EB X T D,

17



# 2

KGR DO—EIISCHRRIFE 7 a— UL COE 'u 2y T A BB « BT A7 AT VA L ofeEis ) Bk
OMEVEN KA (F—FL—2R) OMNICE 260 THhDZ %L, HELHRT.

X 3

(1) Sharp, R. S., "Limit braking of a high-performance motorcycle", Vehicle System Dynamics, Vol. 47, No. 5 (2009), pp. 613-625.

(2) Corno, M., Savaresi, S. M., Tanelli, M., Fabbri, L., "On optimal motorcycle braking", Control Engineering Practice, Vol. 16
(2008), pp. 644-657.

(3) Cossalter, V., Doria, A., Lot, R., "Optimum Suspension Design for Motorcycle Braking", \ehicle System Dynamics, Vol. 34,
(2000), pp. 175-198.

(4) Cossalter, V., Lot, R., Maggio, F., "On the Braking Behavior of Motorcycles", Society of Automotive Engineers of Japan, SAE
paper (2004), 2004-32-0018/20044305.

(5) AF KRR, AARME, VOASFSAN, « i EHBEEOHERNI IS D Yy F o7 2B LIZHRERET > A MEET, B
B PR AR, No.44-11 (2011), pp. 17-22.

(6) AF KRR, AKAME, VUASFAN, “HIEIRF 51T D im0 B OB, A AR S, 5 12 [\ DES) & REo
HE > ART T A FEEGRSUE (2011), pp.371-374.

(7) VEATIEGR, (LR AL, ERERE, "TEREOR Y B RT AU a b—va UET VO, BRI RIS
AR, No. 9-12 (2012), pp.1-4.

(8) AfEMB, VEAIHN, AR, HEE, “SATFRT 4 XA T 7 AR KD i H B E OB, B AR
“FANTR U, C f, Vol. 73, No. 728 (2007), pp.1067-1074.

(9) Zhu, S., Nishimura, H., lwamatsu, S. and Tajima, H., “Dynamical Analysis of Motorcycle by Multibody Dynamics Approach”,
Journal of System Design and Dynamics, Special Issue on Nonlinear Dynamics in Mechanical Systems, Vol.2, No. 3 (2008),
pp.703-714.

(10) ZRFFIS, VERFERN, “T A X2 X D72 Bt L fERIEEO 720 DT > A NI, B AM T4, Dynamics and
Design Conference 2009 (2009), 642.pdf.

(A1) FU—RR, MBI, “«ZEREO N RVRICE T 2 AMOESE”, B AR 25w Sk C i, Vol. 50, No. 458 (1984),
pp.2037-2045.

(12) Pacejka, H.B., Tyre and Vehicle Dynamics (2002), Butterworth Heinemann, Oxford.

(13) HmHOIEENRAE R B, e OEENRE & 2 A MY £ BREE, BifrmiE T U — 225 (1997), HEhEEL

(14) BT B, S, MOFEE, “BANT 2 Y — S OSRE O EMAREOHEE ™, /A A A T = X 2 11 (1992), pp.23-33.

(15) Sharp, R.S., Evangelou, S. and Limebeer, D.J.N., “Advances in the Modeling of Motorcycle Dynamics”, Multibody System
Dynamics, Vol. 12 (2004), pp. 251-283.

(16) HETE, ~VTFRT 4 XA F I 7 ADFERE-3 YouEE) 2RO T (2006), HAFEM AR FHRUR.

18



NAD I aAL—2FBREBIZDOINT

M 1LICRTHEROEBY, “WmEBEHAH NI A 7o I —X 28 LT,

TAH

—WNA 72— ETY 7 hU =7 PreScan IZX W EHEE L THII SN EITRE
WIS LT BB A ET D &, T4 X —OEEE # 5 DSP (Digital Signal Processor)
%41 L C Ethernet (2T PreScan 71 v 7 |[ZHVIAE 5.
DEAF IV ANERINTZ LT, ETRE T COEITREEZIEVIZL, ZOHEHRMNT A

F—IZHEg L LTEREND.

COBBICHESE, “imABE

PC forvehicle motion calculation

pm——

; N
! S :dteering angle - )
Sz : Throttle signal & E
Sy : Front brake signal R :
E S : Rear brake signal ~ E
. “| Vehicle 1 .
UDPAP | P, :Force sensor signal 1 | Visual
1 block - > Mo;cel | | information
Front-steering torque (PreScan) | o, !
|
1 1
- Front-steering | g, :
H assist controller {
: (He controller) -
1 1
| Roll angle s
\ ’
‘\\~ ’/’
- - - \
Servomotor P Servopack |
(SGMAV-0434HZ01) |7 (SGV-2R8F01) |~
I
’—‘ ---------------------------- ‘---‘s\
f Rider’s maneuver 3 T T
] \ | [D7A !
4 v
—’I Steering wheel | 8 > E—ib
S S
o Clne Ethemet,
5; 5
g = Front brake lever V_U’EA €
! ~ Sar Say
! faN Rearbrakelever | b——pl E—b
oL - P; Ps
\
b _// DSP(DS1006)

19




BFE1ICE 3EET 4 A7 L— RIS ZETOREREX 2R L, 74 X —0NZ O
BICES S WY R EIT OTF 2R L TCWD. ZOBKIZT A X —2MT D 3t OIRRE % 8]
WFHZeesd. FBR2IFHTPORE LY I 2 L—FEREEDORRT, 1R
L7t A EBLT 2 Z LN TE . 4%, I HICT7A4 X —OEHEREIZOWTEZmEMIC &
bz, SESERBETHRINEITD TETHD. KR, TAX—T A MlEHINT A 4 —
DOFHEL ED X D B ZF S0, TV A MillElZ L7122 LIk 280852107
L2 L= CTHMEICHEET 2 2 EMHEE LB Z TV D.

BHE Q2 NA VT3 o b—FEBRIEROLK

20





