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Introduction of SUBARU LEVORG

SUBARU LEVORG %702 =27 hF— A
SUBARU LEVORG Project Team

>

Lt — ZUE 1989 R IR L Ty 4 28 A LT
55 A RE/- 26O H & 7 AR, ENEH OB
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K= 7I—] ThHhbs

LAY 4B 7a— Ve BT ICELST 52—, B
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R L FEEDOL T 1=y 7 T HBkE LT,
FIIISHROENIGEE X2 5 EHFEE LT, ANV
DFHFHAM 2 2 THRA LTS L7 #i g <d %,

AR=YH—=—DENVOTWLI LY =) ¥ T =Dk
BT —T 4 ) T4 RS, [TE T 55U
A B D ANV L — Z R DITICHE
9 %,

Abstract

SUBARU LEVORG is introduced as an “innovative
sports tourer” only for the Japanese market in the
memorable 25th year after Legacy was first launched
in 1989 followed by the release of five generations.

While Legacy has evolved to be a global model,
LEVORG is designed perfectly to fit into the Japanese
market. As a successor to Legacy touring wagon as
well as a future key model to support domestic sales,
all advanced technologies of SUBARU were employed
in LEVORG.

This paper introduces the “new generation”
SUBARU LEVORG, which provides “pleasure to
possess’, achieved with driving enjoyment of a sport
car and comfort and utility of a touring car.
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L COffifEi 2 #kA& L 2255 [Hi o AR—7 1 71— |
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FIZSICRRA 72,
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[ LEGACY ]

AR—YH—
THE SPORTS CAR

Y=y H—
THE TOURING CAR

Fig. 1 Sports tourer
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mm & L 7= (Fig. 3),

Fo, BEHRAOBRSICORAKRIZbLD, AY
T —DWITRIRY B YO C Y T —DIEA K UM
ROPTHEORMUIZE > TRFS LR . Bl
B ODNARG Py — ) v T x L b LI
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W 7 AR A

HARMSG T I H7 39 2%/ 3 5%, BRNEY
TP TR L TETNDE, L7+ — 73
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(Table 1),

Fig. 2 Exterior & interior
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Fig. 3 Dimensions
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Table 1 Main equipment list
TERET AL i e EOL

ZA YA ~ver.3 TVOSyyaJ—F, BRIV, BRREHLEEE O O O O
~w RSVT LED oP oP O O O
UvaIVESIS LED O O O O O
IR—IIVI—ZAYTVIFIL 2HIEFD/\ U — FEEERSE O O O O O
W—ITTFITF =0 TAIEAT O O O O O
BhISy T ERHsRE D/ \— O O O O O
X HS5—k& O O @ O O

YIALBHE WOV RRFPX—Y3Y) O O @ O O
ND—1 YRy 2EA— T v TRII UM O O @ O O
I7aY BRI 7 LA — b O O O O O
EAERA BEFESMIU—T V951 O @ O O
DIV FLU—IF IV v— O O O O O
A—ROA— F—hr54 b E—FTvRIS5— O O O O O
F—LUR7IERTYY1RY—h O @ O O O
BEN—FVTTL—F O O O O
BMEEATTUIIRI TN T O O
F—LOTH—\w T (DA N—FFA(H—, U¥T5I5V 7. UV Ay bHSZ. BKRFZHSR) oP oP oP oP oP
DIWHLSAT VY (BB, RIY 3 VS UTEM) oP oP oP oP oP

O 1B OP: X—hATvay

BTV«

B#7ZE< LT, RO Zi#R

Fig. 4 Rear rail (section)

EZIR LT, Bz E

Fig. 5 C pillar (section)

- 06 - 06

Fig. 6 Blind spot improvement
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Table 2 Specifications

EZRET ZJ\)L DBA — VM4 2)\)L DBA — VMG
1.66T 1.6GT 1.6GT - S 2.0GT 20GT - S
EyeSight EyeSight EyeSight EyeSight
=7 1.6L DOHC EIE&—h DIT 2.0L DOHC EE%—R DIT
UzrbhO0=Zvy AR—YUZ7 hOZwv Y
AWD
OTE - BE - FB
2k (mm) 4690
218 (mm) 1780
28 (mm) 1485 | 1490
ZERR (mm) 2005
EAE (mm) 1490
EWE (mm) 1205
A —JLR—Z (mm) 2650
~Lw R [EI (mm) 1530
cUw R [#] (mm) 1540
RIEi_EF (mm) 130 135
EMEE (ke) 1520 | 1530 1550 | 1560 | 1560
REEE (R) 5
EMRER (ke) 1795 | 1805 | 1825 [ 1835 [ 1835
QERE
B/\EEFE (M) 5.4 55
JCO8 £— RiA#E 17.4 16.0 13.2
PARUVIR by TEE -
FTERED LR BAEERHESEE Z/N\IVI YAV T  BEIND—RFTTPUVT
BEERZTRE Oy o7 v TEM NV IV IN—5
SRFT7UIY - AR Y3V - TU—F
AF7 VUV IRERR Sy EZFVR
IND—=RFF7UVY 2t
AFTUVY Fvh 145
RIBRD ANV Y 3> A RS w bR SE
‘WY A3y I 4 v a3 R— I REE
FIU—FER 2 RHER (BB
BIL—F RYFU—Fv RF4RY
®IL—=* F4RY RYFU—Fv RF4RY
HEJL—FEX = 2 ImElE BRI 2 WHlE | B 2 WHlE
*TIY
FB16 FA20
st . KT 4 T
e 1.6L DOHC 16 /UL F27)L AVCS 2.0L DOHC 16 /VULTJ Fa27)L AVCS
BME5—mRDIT BEEY—RDIT
AR X175 (mm) 78.8 x 82 86 X 86
PR (co) 1599 1998
[EfELE 11.0 10.6

&Et1 Ry k] [kW(ps)/rpm]

125 kW(170 PS)/4800 — 5600 rpm

221 kW(300PS)/5600 rpm

RANMULZ [®v R [N-m(kg — m)/rpm]

250 Nm(25.5 kgf-m)/1800 — 4800 rpm

400 Nm(40.8 kgf-m)/
2000 — 4800 rpm

T8 EiLF15—HYUY BTV LAVIY

RSV OER (L) 60
QSUAZvI3Y
— _ _ . AR—=YUZ7 hOZwvo
RS T e ) (R=27IE—Rf)
= = BRERE BB 1R
DLVY 3.581 ~0.570 3.105~0.482
TR (51 &) 3.560 3.105 (S#:3.105)
IR (B 23K) 2.255 1.983 (S#:2.334)
IR (55 33R) 1.655 1.454 (S#:1.815)
R (B 43R) 1.201 1.057 (S#:1.499)
iR, (55 3&) 0.887 0.779 (S#:1.221)
Rt (86 38) 0616 0.542 (S#:1.000)
IR (557 3R) - = (S#:0.831)
R (£ 81R) - - (S#:0.707)
Rk (BR) 3.667 2.077
TREREE 3.900 4111
SEERER
O JCO8 E—R" CO, #iHE (g/km) 133 145 176
YRR Ry 27 FEEEER LAV 120% 121% 100%
N BEHR H17 E5R4
HrtAZ B AERELNIL 75% A
{JCO8H+JCO8C E— R&&7tiE) |CO (g/km) 1.15

< t YINMHC (g/km) 0.013

{ t > [INOX (g/km) 0.013
- EERE TR 10 ERERE
IERSRHIE (dBA) 76

. AIEOESE HFC — 134 a

712 AEERR () 475+ 05¢
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I/, DIV RT—OFER B )Y — ML
BLXUCY I —0HESICBWTIE, WELEEZEO R
W& D BTE % R/NBRICHIZ A5 b BTRIE - 357
DREIVEIL IR & L m) k&7 (Fig. 8),

Uy —MEOEECES—Z®(EL. ROREIEZ
BTUAY 1l 40% L E EXiEm L (HIFEIES 10%6@ 1)

*
! o+ [FIEBEElE WRX ERAL. Z0EE

L ] V v
s -
Sugguanr”

HEEDORE ZETRO AN,

Fig. 7 Front structure

[ 270~ 440 MPa : 58%
I 590 MPa : 38%

W 980 MPa 1 4%

Fig. 9 Material usage for body structure

@7ary b UXYTIL—24, A K, ¥F—%,
FEG I IILREII M Z v, HZRL VR
A ke kA sz L7z (Fig. 9)o

@b ommEL - SmEELEZIT) 720l EE
AT, — I CHEEO AL - MEOLES -
Totze TORE, RF—0HEEIZ, BITLT T 1
HCH 20 kgBERmAL L 72,

W R - AR b
O= &Sl -

K7 &RV Z 5 R T =783V ORI £
T 72tk kA Z BIR L 72E D & L7 (Fig. 10),

21— FOBKRDTE l

Fig. 8 Rear structure

k. RiEL

HE (RUN)

Fig. 10 Shape designed for outer panel
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@ 1T 1

FN—=FR=F - 7a7 X0 OHRET v TR, 1~
val =& bl IREPLEEOREE M7z,
7oy ¥ —OWHEWERICA v 2 Lb—F 28 L. %
FOBEANNORAZE CZ E CEHEE M EsE2
(Fig. 11),

Fig. 11 Insulators

52 7—R
m FEit

TV AL R OB G CHATL T 1 TR
8 kg DEE AL A FEB L H.Lm FUF - E'AELHICK
ELHFG Lo E/, SATHREMERICOIE L 2
(Fig. 12),

Fig. 12 Hood

WA L RO ST

= FRHARRONOKE 1320 L DITZ Y V24
BorahbokLiz, —). 16 LDITT Y Y viZxf
LCRIBAEPBKE 2 D20, 727 b NERIER
R AR IEAL & & L COEKIILOMK
WO % M- 72 (Fig. 13),

5.8 #&HO

Ko R DA 7 2 SR C— Rl 9 5 2 LT B
om xR 7z, BIRLIZE Y 7Ty TDT75 0%
R/MITE, FEIBRE 2RI LIk 72, &b,
7T TORy TTy THEELAELTEY.,. L) HK
AL XT3 (Fig. 14),

= N
SN TR
B AR
R L
S |

| mmE (6L03)

Fig. 13 Air intake for turbo

Fig. 14 Fuel flap & saucer

54 Uv¥s—-»H
W VR B

BT —Ficb vy {0 oM
MoOT&E2) 75— M2 EBSE5720  UToTk:
L E A AT,

OV 77— rAkOERY BATL Y 1 )L TH23
kg®BELL, TARAT—ORDEHRLEFETAHI L
T, FMEIEN 24 15 kgl S 272,

QBB e 2 2= DG OB ICEE T S 2
T, ANMEORESFE 11572 (Fig. 15),

Fig. 15 Open and close operation

@HAAT—=DL ATy Maw#EbT 52 LT, H
PERIERE ORTE A E D DX (L) % 25° i/ L. #

TFHEZ 0 &7z, E72, PARFERTOW A £ AU

oA L9 IRE L7z (Fig. 16),

m)Yr—r =y

VY= A =T F AL v F ROV Z LA R
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Ay FERNELBERAT—=y a2 AL
720 WA TIIBUIEREE 2 TEIR % o7 &8 K7 — [l
MORX Y FE—NVEHTIET, —KEE D - 72 E I
DENTHA Y2 FEHL T2 (Fig. 17),

Fig. 16 Operation turning area

| XvFE-—WT1V |

[ #—TF2A4vF | [UOTIRbF—TFRAvF|

Fig. 17 Rear gate garnish

| BRI

HATLH Y 4 13551 mMPHEOARTHEDLL mT
HHDOIZRL, LT+ —271305m&EL06 mdDK
TREGE OB 2 FBL L 72 (Fig. 18),

;I Iiﬁﬁl/ﬁ‘)»f |
1.1m :

Fig. 18 Visible pole distance

B )Y — b OFMEE

)Y — N omEFFEER L0, mETu T &
VYN REDEEXBITL A Y 4 1 T15 mmiffizh
T5ZLT, MEOMMNABI L L. 7Ty MO
WHhWirE & L7z (Fig. 19),
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U‘\"jDT’I‘y*‘J"/\}\ ey
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) [Eﬂﬁfaﬁlj\ VAV« 149 mm
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Fig. 19 Flat cargo floor
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1
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6.1 BZEDIAL

FHAR=Y YT T =L LTAR=Y I — OB
FHEOY Ty =) ITHENENT Ty T Y
Yo 7O ) KA FEB T 5720, FRRiY Al
AT o72,

S MLy FAMEZ SO (LAY 1 1830%), N> R >

VA Gk Il
SO — VR ED (LAY 1 120%). 75 v b7

DD HLE R SR,

BEEEEREm B Ic s $ A 720, a—F) v 7R E
B ) PR 2 T S 728 A Y 2B, 2
LARPURIC BB A, =7 a0k A =)V ¥ ¥ v TOR
FExiTo72

F/o. GERM L) R CREL T v ) KRR
IN—=F 7TV —F %R L7,

6.2 ARV I3V

B2 B0 F FICH) ST A0 L S & R ER
LT THENEE L 2 WEnE 25 0 Lo % H
/L, ARV Y 3 YRR EITo 72,
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7y M ARV a v
[ ]

HEA T LY, T LAY —LEEOT Y
T7=I VAT bR ARY Y a vERHLE
(Fig. 20),

BEAEICRT L CHEM A2 BN CBIESE L2012, '
TT—A70Y N7y 2 QEMBE O RERE
B, bl oy FREEE I ESE72,

T, Ty a7 a sy RO AR Y NDE
AL E R —~ 70 s boBEinck )., Bk S O
T EBRANE 2 =60 . BTG EED A B L 72,

IR TO L L CGEEZ TE 5 L9 12, KO
O— V&I AHNTAY ¥4 FORE, a1V
AT 2 T OIERERT v T ERATE — )Vl E [
37,

T/, AR= Ny —=VH|ZIE, WRXIZDERM
ENTWwAERT7 VIO 7y —LALtEO—FKR— LTy
VaEBERHATAHET, ITRTEEORRE . HACSE
P BERIEED 5 4~ b L — AERER) B %2 R LT b,
[ 21+ V]

077 — A0 X3 A T, B o
)= RAFA TRAENSET, ¥F— Y4 Y TORMEG
B - mEEME S,

¢$ﬁ% JOYRZ RS Y R

J0Y roORXVIN

Fig. 20 Front suspension

QU XHFARYY g ¥

[ 2 2]

AL T Ly, T LAY =R ST
gy aR— YR ANY Y 3 R (Fig. 21),
R A VRN A VIR EE: 573 oY -l [ it W

O, PERL D bFCITREBDO S DERMA LA, 7

TT Y aOEE - HARORNMER EE b TERE L
o7z, REEVERE S L4 2 EDSTE 72,
BRI ) Yo S LA ER R CBET A LD

FTHZZDI, EREL T 7T THERAL TV
BT TV BAMELGD Ty L aw B, PR— b
hTITVL—L)XE, LT = THRALTW 5,
51T, fERmIIH L CHMINE CTIER L THAR L B
Z & T, 7a 7RIV OB RS = B L 72,

XAy g roua— VAR EO7-H, AY
YA FOREN. IANVATY) v ZOIFRhERT v
THEATo 720
[T+ x 1]

BRERED ) Y ARy Y g VAR D, BRI
Whosa—F—) o775 —2A%3ETHL912, A
=YXV h—A Y EDITT,

F 7. BEEEOHEmZEEN Lo, Vs 7n
> N OHEE NI sALE R GER L) TP a—
WATFTHRAEL, N T h—A vEZBEL,

Urooarvhk

Fig. 21 Rear suspension

(3) &%

TJaYMNAMTy ME MLy FMEZ SO, BAES
BRI L5720 EEEZER2 B L7,

VXY NI AR 3 VOMNE A MO —2 T
bR L MER) ST ENE - D O AR RS
L0, ) 7)Y E QTN AT ALE % F s
BEHL., fEkL L N-ardEEL .

GT-SZ7 L — FiZix, 78 ¥ MBI O Bilstein
WALy PERALTBY., AMTy NolFmEIME
IIEREARR L LT, S B E LT d, T
IZ2WTd, GT-S7L—FHEHATT 2 —= v 7 %47
W, BRERE L SR D L MERE A SIRIT T AL L T\ b,

6.3 EF/INTD—AFFUVT
EHE|ZEFNT AT T VT ER #2% DRk
win b, ROEROMApE—FHIEIZITH) LT, H
IR ERET 1« —1) v 7R FEHL 72 (Fig. 22),
T2 AT )y TIANVREIEN, E—F &
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T 2 B ERIS L7 ET7 v A N R A i L
L. FIANRDECEY IZIDET L. BLEDODH D A
R—=T 1 %EN ZEILL 72,

SHWEATTI)V Y ITIXFY Ry 7 ADI T N T v
T aNAEREKIET v 7 BTV AT 1 1230%) L.
BT IIMEZ B 720 SIS X0 BUMEIS & % 17 L
S, AV "N eEeT7 4 —) v 7 REHR L,

TATA MEERIZIE, L— =7 - R
IEAERERTCHIBEI T Oy 7 ZBhn L, 2otk & Ptz
R Tz LRIE 2 i b 1M B2 X 72,

Fig. 22 Electric power steering system

6.4 YAY&ikA—IL

1s14¥

RS IRPT, D OHAEELS DL LR, ED
OHRER KIRIZT v 7 &84 4 Va2 i % LR
L7z (Table 3),

Table 3 Tire size

(a) (b)
T4 215/50R17 225/45R18
1.6GT @)
1.6GT EyeSight O
1.6GT-S EyeSight O
2.0GT EyeSight O
2.0GT-S EyeSight O

(2) FA =

E£HPCD. % 1143 mmAfb L CTHIE % [ b & 272,
EHIIIRE R L d 5 2 & THIMEZ KIEICEO 2 h
SEEEAL L. BRI ENE - D LHboTh) b ER L 72
(Table 4),

T 7 AYFTIVIRA =NV T NF Y v Tk
MAGDOEDL Z EIZL ) =R E LIRE O -
WZHFEGTAHL LB, IO T L, B
et % L Cw 5 (Figs. 23, 24),

Table 4 Wheel size

(a) (b) (c) (d)

17x7J |18x71/2J[18x71/2d[18%x 7 1/2J

wr—n | FE me |, Be HE
J3Svo JIIN— | F—=0TL41 | TSvo
YIHIYEER YIEIYEER YIEISEER YIEIEER

1.6GT 0

1.6GT

EveSight o

1.6GT-S

EveSight O

2.0GT

EyeSight O

2.0GT-S o

EyeSight

(@ 17x7J
75w OUIEIHE

FpyItE

Fig. 23 17 inch aluminum wheel

(b) 18 X7 1/2J #Hi&
DIVIN— EIHISCHE

(C) 18x 7 1/2d #HE
=004 tIHIAHE

(d) 18 x 7 1/2J #H&E
ISy HIEE

Fig. 24 18 inch aluminum wheel

@) 7rzrudyy s, ks —Fx v 7S
o7 vIyaxryy TRy Y —F v v T
#BRHA L., BEIRomE%X -7z (Table 5. Fig. 25),
ZVITOFE xS, ZRIPURRI A B R TR
L7

T, By —F vy SOV TR &
gl LTS BOMBHENDMEKERL TWwE,
SUBARUZ S ¥ F& LTOHK—E*xXNbLFETH S
(Fig. 26)
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Table 5 Wheel cap

(@ (b)
FrvT IIFrvT 7IL=H

1.6GT O

1.6GT

EveSight O
1.6GT-S
EyeSight
2.0GT o
EyeSight
2.0GT-S o
EyeSight

(c)
U7 E5A4T

(@ 17 inTFEvy T
H—55 —+ U LIN—

Fig. 25 Full aero cap

(b) tVy—FvrvT
FPILERYAT

(c) Bvy—FvvT
IUFIALT

Fig. 26 Center cap

65 JL—F
(DAY )V FKT—AY
W ELEET—Ay

EINEME NV THESE OB L) . 18R 5 ERT
D& B N NVEERARIIS U7z =7 2 F R & 1§D
La2ss, AEEEZmE, I IsEEEEO T, &o
SOTLV—FEERETHHWT L —F e FwE L.,
Ll kdHDHT L —FEERLT,

N NVEEBIARREEN T — A7 ~NKEAZ WG 5
BRI 2 B (AT L A 1 1020%) 956 2 & T, )
OV BOABEEDINEE 2 KBS ) - S & 72 (Fig. 27
YRS ERETERNL) o
W7 — Ay

HBEE XY I 757 1I28b8, 7— A7 %
Fa— UL, BOTFICENL Y b — L
ERIPEE. BhERE BN L RV TNT VY ASHE, 75
ALy FLRVOT L —FWREEERL 2.

10

40Oy R
W
BINEE/N\IL TtEE

- KBRS
- EUETUER

w

Fig. 27 Master cylinder & booster
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FIZPTFEQ—7 4 Y 7% BINTAHZ T, 7L—F
FIEIEY 2B &2 (LAY 1 110%) o
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72 (LY 1 15%) o 7278y K2 1) v FIZPTFE 2 —
TA VYT RBML. 7L —F5 &) 2R s 72 (L
4 110%) o

B xY7L—*

154 Fv )y K7L —FFBTAEICT L, ¥
ANy =VEERSRKL, 7L —F51 &) 2R S
H7z, (LAY 1 H10%)

174 v F 7L —%IEPB (B8 —F 7 7L —
F)IWNE 7L —F 3 A7 5% 8RH L7z, EPBEE %
Fr Y NIHE L. E=FREICL D T L —F%y F
Ta—F%EEL, N—F 77 L — SR R
T5, ¥/ EPBZ ¥ ¥ JSIZNET A2 & T, &
WML IS A M E s/ (Fig. 28), /S—F 2 7 A
Ay FEEIZED, E—FEREI L. /S—F 2 7 1REED
I, RS 5,

EPB O F 2 HRIZ LT 0 b 6
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B 7 7 b )VE B AR

B 7 A NOFEMEREZ HIWT L. EPB % H &)1y 12 i
Frd %,
W b LA — )b FnE

YRR, B AR EL L 72 BRIC. HEIRICEPB 2 1F
B X5 2 LT, BRERED T L — IR & K
EIEAEREFOT ) T ZFhIET %,
B 7 A YA MBHEY VT VRO IR

BIEZ VT Y REOEPB 2 FH) - kRS ¥ 5 2 & T,
RO 7 L — R & il o IR IREE L . A
P ET 5,

EPB Afig++ U/

Fig. 28 Electric parking brake system

6.6 VDC

HU O Faa=y b) IZki 5 2858 L/ EI L
FEH L 7o faba iR O BRI RE & 1) S X,
TITNL—=rFzrIR18mEyFATU—-LDR
A - B A A S,

VDCIZ & H AR S v, BTzt K
&K EIFLTWA (Fig. 29),

BB %2 FEF v 7 LABS(7 51 v 7§l
) TCS (= > ¥ v #ilffl, 7L — F LSD#I#) . VDC (%
WO olcn YT L —F%%26#) 2 7L
X TWICHE. AT A IV ZORBELIZL ) E
LM ERERT HHIEE L7,

OFFE— FAFIH$ 5% Z & TVDC - TCSHlf#n -
MR A 1 R S GV G e B Bt/ N1
o B DARFEOPMLRY —F v NETREICH
N CThb, /2. TITATINNIXRT ) 2T %P
HEEA L. Bl R ERERR 2175 72,

11

HRBEHEOETS A
(FUI=2F7) - ¥ 4. BEVISERIC T U—FENIT,
I—RT77Y M EBHEST

3. BROETIRRICE
D32 K SHilfH

1. BREETER
2. ERICREB TEE

Yo e
',(,-’ 4
- HEEEO
HEDEFS A ETIT1Y
HEROETSAY = —257)

VDC FEfTA X—

Fig. 29 VDC operation
7. S

7.1 Ny RSUT

(1) LED~v K5 ¥ 7O$HH
PEROHIDICEZ T, ABNTL Y BEMIZEVH

BN EELZENTELLEDAY KTy 7FEFEML
7= (Fig. 30)

W G HEREm I
Ty ENRTEKRT) T LT Y OHMAEDEI
L BB ONFERIZE > T, HIDIEOWH S L 2R L
(Fig. 31). = HHREME & BIE AR % WAL L 7238 —

TLIDRVEEER L7 (Fig. 32),

LED RYYav3SvT
LED O—E—L (hE+5E5)
Fig. 30 LED head lamp

N E—L

LED O—E—/4A (BB

N E—L

LEDO—F—L (85

Fig. 31 LED head lamp optics unit
A .o [ LY#—2 (LED)
\\ . /=

100 ~F - = = I8fT WRX (HID)
E
E
it
R
B
L 10 0 10 R
4R [m)

Fig. 32 Road surface illuminated image
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W AR

LED~y FS v 7bnasr v K UHID D EET
% LN I27Rr4 (Table 6), HID 9 40%. /N1
> I 60% O BB A FEH L 72,

Table 6 Power consumption

LED nosv HID

o—t—4 216Wx2 | B5Wx2 35W x 2
216Wx2 | B5Wx2 35W x 2

NE—L + + +
BOW X 2 BOW X 2 BOW X 2

Q) anFEyIrAFx—KRIarsr7s

ANy RSV TFOEBEEF— T THDLIDFERI V3
YT ERHA L. BICLEDAY K9 Y FIERY
TarvIryTORBIZOLED ZRRHTA I EICE -
T MlE2 DY — 7255 FEH L T\ 5 (Fig. 33),
B, CT-SZVL—RNiZz2xhvyar (7o
7) e L CEMMEE > T2,

LEDAw RSV nosrvsv7
Fig. 33 Positioning lamp

72 JOYVERIAVRD

WL X Eom
BREOBOMEN S H T AT ToORTIFIHEZ ik
K5I LT, LS KA E 72 (Fig. 34),

Fig. 34 Distance to front window shield

B BV o) E
FTAF =Y =%t TI v INAF—THE)Z
&ET. Hir7e7%e < L. MBI A 1) - & 47 (Fig. 35) .

W R o b
70y b AGEEPEEZRHA L, WE - HE
EAETH v E Y OfRtEzIn LS 72,

Fig. 35 Wiper deicer

7.3 ZOv MKV, ZOY NG UL

TUY MNYNE ) — R a—UREERRH L. 7
UVERILTAFYTIVEF—7%@mMAL., I,
WEAEH L7z, 70y Ny a—FERiciE 2%
REZ M LS R(Z 70 a—FIK) 20 AA
725

F/. 7ur b7 NVIE AFTTCETF—TO
Ay FHE KA L, 7oA AOFH LKA 5 L
7-(Fig. 36), e B. 702 N 7Y NIEGTH (¥ — 2
AF W), GT-SH(TIv27) 02MEEHEL 720

ANFHIVEF—T

Fig. 36 Bumper and grille

72, WEBBATE IO W T, EHEAIS R O
AR Ny 7OV ESTE SEE L72(101(3)
KO8, Fig. 70Z2:[),

74 JOVKOA4N&IAvI v
B st
INITANRE=YOWRMAIZED, BTV a4 |
¥25% Ot wEAib A FEH L7z o8k~ Y T4
O ERMEALIZED, Fx EErofltrml s
72 (Fig. 37) .
B SV Ko

THA T — FERH L AMHERE N RS,
Bt —hrJAN

T ARMATE L7KEEZRE LT, 74 2%%H
B fEBY <&, FMEME % M S 872 (Fig. 38),
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EEFL L 72 (Fig. 41),

cF7. F7REEOR T =My = —Z M) v T
xRt 3 52T K7 LEDFOICEE F,
I VEEOBWEICR A L1272 (Fig. 42),

-
FHAUIU—ERA | *

IR TR
o°° A
L] L] -
. ves®

\

| nwe—s—=gm

Fig. 37 Front wiper

#it: 167 mm (a) =151 mm (a')
#:231Tmm (b) =241 mm ()

Fig. 39 Door mirror

Fig. 38 Auto wiper sensor

By KT 7%y v v Piem b
AT ) Ve RAT 52 & T LT ORI
515 (Table 7).
- EOGIEE RO T,
L B7ZD) Ty PRI L). Ty
¥ O & & A

Fig. 40 Welcome lamp

Table 7 Headlamp washer

JZW | £ 3t 8 4
TEST POINT 50V 50 R 50V 50 R
BoEEER (%) 704 73.8 74.7 77.8
IE5E 66 cm®/s 39 cm®/s
/6 Fr=5- IUE DYy~ NERIFHEE RS OEEL
R7 37—, BERSPOAR-T 1 REFIZE
T, MM ERE L, &) AE—F 1 T HEOD Fig. 41 Door damping sheet

LoMELE L7 (Fig. 39),
HbHET, FTIT=THICT VI LTV TEE B YA N7 ERkm Lk

WLFERRFOB S T LKL EM L7 (Fig. 40), BRI, NS BN RO LSS

LB ARNEOMEE LT, FTH I ARBORER
76 UARR7Z&IIAVRD O =AM v TESIZBT BB OB 2 &5
B FR7HEYEMLE D AHMEE T AHHFICLY . FERIICH LR E %

FERERFO FTHE D E A2 TR T A T A2 X ) HEIFEK WA &7 (Fig. 43),
E¥RoE LT, PEEEELL 2.

CXAVIRE R FIFCREEILL 2D, ¥ ¥y Ty —

FOUEY (LiE 2 REAL T A ET, FTHI Y E%
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R 77 FOERRT « Al
R7D -2 U v JOMEREL

Fig. 42 Weather-strip

Fig. 43 Noise reduction point

R O S ey ) ¥ = [l

YA RFRT7TOZEAPLSOEKA EE LT, BEHIC
Iy FERBEMLCTOAEETEZ R 2 WE ) IRE LT,
itk LTI =D HICADRT W, 7Oy b7
B, U F7EIZIC Sy F 25800 L 7> (Fig. 44)

JO0YVER7

afAl

%A

HI—E BTHERS

Uv k7

Al

%A

(o g S

"1y FE ) Cy FEmn'

Fig. 44 Appearance improvement of inside-door

7.7 BARIIVARAS

B A — V7 —FHMze —~KEEGmTo2R L
T, BRTHERKDH D1E L LT\ 5 (Fig. 45),
F72. T aAMINCER D 3 H T, A7 —~Df -
kR ZFEEoD, EOY ) IZHRE LRl % R

14

LBTmHOEYHLBRIEY y—7hERETLHI L
T, AR—7 1 h R % FEB L 72 (Fig. 46),

Fig. 45 Side sill spoiler side view

i 77 Bl

AN—RHER
3RO URZAR

T\\/ REFOHL S5F3FE
,VL%///
N
.\ \ \
. \ i
\
N\

Fig. 46 Side sill spoiler section view

YA RIIVARAS

78 UVYIVESVTRIA4ZvI¥y
(Hyxvyarerso7

FUTHEE A EINENZLEDA by 7 & T —
VT TERRHL, BT E MRS LI, A
BN L) ERBEM EICFS 3872, B0 HidAy
KT T eI, a0OFY 732 F X 2l —5kTH
H1LCTw5 (Fig. 47),

Fig. 47 Rear combination lamp

QDIVY 742wy vToT

N 2SN TH T TENE L)Y
TA=Zv oI TaeRAL, VYaresrre
SORNVEIADFEY I AF X wBmALZLA T N
RHALOD, H—=v a2l RROTLERT L
ET, R HEEEO TV 5,
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79 I—TJRARAS

v — 7 %3 & ME R + EIm OB IR & L Cdfl 2 R L
720 FINART Y NANY T T T HWEL 2055
AV FIT—=oORTHEHFZHRL, AR—T 1%
HFIE & WA S e 5720, BET Y - 4>
FOZEMERRA Lz FICHUT ST TRT 5
LT, BEBTHS AR S 572 ARS T L LT
% (Fig. 48),

W=D ARAS

ARAS INRDV ANV TSVT

AVF—ZS—R/RIU7

Uy s —hHSR
Fig. 48 Rear spoiler

7.10 J—RZUIL
128 7 —FEHAMEERRKET S0, 7— F 1
W) Vv ERRE L7 (Fig. 49), H# Iz Tm24T
H5bo
- 7= FZ7)VvE 7 — FREOENDIZOARY A T2
TH5IET, 7—Fe—REKOHHERE LT,
C BERMAEM oz, Y NVEHOVEE 7 — K
BITICRRE. 2OoMOB S 2Kz 5 2 & THER
HEHERLOD, AREX IV bE— )L L7
By ) IVIZTHEBARATE IRAENERRIC b ELRE L 7oHE
e L TWwWh,

T—RIUI

T—RIXRIV

Fig. 49 Hood grille

711 PUTF
K= 7 > 71 Lo Bl b, 225480 - aY)

DERB A, Yy —2 710 084 T RHLE
(Fig. 50) RAF—fxfiic L ), Hilj& O— K&k %
WHLTWwa,

Fig. 50 Shark fin antenna

8. WX

8.1 RERME_EDEDHH
[ANNVOHNEZL T+ =T hoEbolz] LBE
FRIIE D T2 28R HIBEL, " TRV A
YT T ERX—7— N2, BSSICHUY HLATZ, AR
HIEIA L7012 7o 720 RO &L, Y 7
NEMEAT Y FORBIKR . A= T7A4 71~
TOEH” 1ZOWTLITIZER 5,

W ffitiZH O AL

CEANZ AT A EWRTS INET 1X. HROHAE)
A7) T CEEREREZETH L, LT+ —7T
I, A X220, A %K F—F AV}
(16GT Eyesight. 20GT Eyesight). ¥ 7 F LN—JF
B, By TRV 2T )75y 7L ERAT
7ty N CR— L7z (Fig. 51),
STL—=FDOA 30 F—F A2 I, KEEEIZ
BTN —=F =R UFE Xy FfAEbE, &
DL R2ODM - R EHEL THAGDEL T
Ch—2a YRR 1K) WHEGRE 5272, &
B, IR UREE DAY S LB 2. THIC
WOB% % 17> 72 (Fig. 52) 6

F7EYIE. £ F =Y FVoiEh», F7 FY A
E—IVRINT =7 4 Y KT AL v T TNy T
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Fig. 51 Piano-black taste panel and metal taste accent

15 —



SUBARU Technical Review

No.41 (2014)

Fig. 53 Access key

Fig. 52 Instrument panel
ornament
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Fig. 54 Blue stitch
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Fig. 55 Combination meter
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Fig. 56 Welcome effect
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Fig. 57 Welcome lighting function

8.2 OVIRSATZHMETEDMEEDILK

FIANDORL STHFR, BFEOBEMKLENE
I BTELLELDOTA T 253 - WAL,
BECO (za)F v L v M

RNVFT 7o arFA AT LA OFERE L
T L =70 TH L IRE" %5 ERK
W22 HI TR L7z, BRAESiE L 72 "A - HiZ
PREAEIZ 3D S ki T RERIBE™ & "B @ BEEOFEF



AN LT+ —T DFENT

i

IR FD il
BWWA % LAl - 7235
3 % (Fig. 58),

&

T REREEE 2 N— 275 7 THER L,
G, T FruT g’ BEIR

g

500  1000km

""]G 5 10 20 30km!

Fig. 58 Multi-funcution display (Eco challenge)
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Fig. 59 USB power outlet
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Fig. 80 Front seat (standard shape)
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Fig. 61 Rear seat (S-grade)
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Fig. 62 Air conditioning control panel
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Fig. 83 Select unlock function
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Fig. 64 Steering wheel
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Fig. 85 Steering column
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Fig. 66 Select lever
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Fig. 88 Side collision
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Fig. 89 Pedestrian protection (head)
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Fig. 70 Pedestrian protection (leg)
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Fig. 71 SRS knee air bag
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Fig. 72 Active torque vectoring
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Fig. 73 FA20DIT Engine
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Fig. 74 Engine torgue curve
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Fig. 76 Battery monitor sensor

Table 8 Engine specifications
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Fig. 79 Auto step control
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Abstract

SUBARU LEVORG accommodates both functionality
and styling by adding utility of a wagon to
performance of a sport car under the theme of
“Innovative sports tourer .

The power of turbo engine which symbolizes
Subaru’ s driving performance, safety of AWD
and agile handling are dynamically expressed in
the exterior. In regard to the interior, “quality”
and “character” were pursued in every aspect for
customers to see, feel and hear the values in the well-
balanced interior space in perfect colors.
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Fig. T LEVORG exterior and cockpit
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Fig. 15 GT-S grade head lamp
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Luggage Room Development of SUBARU LEVORG

Mo oe
Seiji OKADOME

¥ 8] Abstract
AN L — 7 DOmMEIE, AR—T A B AT A The luggage room of SUBARU LEVORG was
VT THY) NSRRIy —1) v 7h—b L TORK designed to carry out its mission of providing sufficient
Ve, ERMEAEZ L L 2 ler s LTRSS, cargo capacity and utility suitable for the real touring

ZOOUERO MR T S Z MK L . et AT its sporty design.

This article explains the characteristics and structure
> HAR=Y T T — 2|2 & .
T TERAR =TT =] OREIZOWT, K of the luggage room developed for the “innovative

DA ED T %179 sports tourer’, LEVORG, while inheriting the Subaru’s
traditional utility and further evolving its functionality.
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Development of 1.6L Horizontally-Opposed Direct Injection Turbo Gasoline Engine
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Abstract

A new 1.6L horizontally-opposed direct injection
turbo gasoline engine (FB16DIT) was developed
exclusively for SUBARU LEVORG.

This new engine has integrated FA20DIT and
FB16 to achieve higher power and better fuel
economy compared to 25L engine (FB25). All the
parts of the current FB16 engine were redesigned
except the crankshaft.
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FB16DIT engine
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Table 1 Engine specifications
WIovyv [ LEVORG 1.6GT | LEGACY 2.5i
FB16 FB25
- KFEHE 4 5fE turbo KFHE 4 S
1.6L DOHC 2.5L DOHC
16 )X)LTF 21 7)LU AVCS 16 J\JLJ AVCS
AIE X 1712 (mm) 78.8 X 82.0 94.0 X 90.0
HEERE (co) 1599 2498
FEfELE 11.0 10.0
REHA Ry M 125(170)/
(KW(PS)/rom) 4800 ~ 5600 127(173)/5600
BRANLY Ry ] 250(25.5)/
(N-mikgf-m)/om)| 1800 ~ 4800 235(24.0)/4100
PR o JRs T TILFIRA >V b
AR RE BB E PSS EVIaN
IREHERE \|nL¥a> \|iLF¥aS
BEHAR R 17 FEEE 75% R | FRL 17 FE% 75% (KR
#RELHE %R [JCO8] 17.4 14.4
(km/2) (16.0 (1540 kg 1E)) | (12.4 (1540 kg LIE))
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ML AT L 7e B B IR EERRIA b 2 IR SR —
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FH, TNETURICRAERDOE—MrH LT 55
D o7z, Thae, WTGV EMER, F72. LD IAW
IR EB CRE R L2 D 7o, WEEILS 50
= e L7z (Fig. 3),
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38
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Fig. 3 Air flow process
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Fig. 4 Comparison of CFD analysis
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Table 2 List of low friction items

1 | TV I F A JVEME(LIC K DIBEHRTUR

2 |EX Y- 20y REELICKDIBEMESRE

3 |9F—5IvTy hAR—Y(WJS) CKBER VYUY
O BENRGUR

4 | BEEREL L IFI(C K DEFRBENETUR

4.4.1 ITIVFAIVEHMELIC K DBENETUR
T A VKB & RIS CFA20DIT & D &€ 5
2 LT, HEERIUB L OBENR O BEEHRIURE E X -
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Fig. 15 Viscosity properties of engine oil
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Introduction of New SUBARU WRX

FHIWRX S 70y 22 hF—24
New SUBARU WRX Project Team
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MRRSEEBLZ LML SERME LD, Ftok
D LR EMAZHFET, LVELDOBEKIZ, A
INVIREIEDED 2 > THLATIHEITAHELY HIFL
THAZE L 720

Abstract

WRX has established a high evaluation for its
outstanding sports performance and has been loved
by customers all over the world. The 4th generation
New SUBARU WRX provides absolute driving
speed and pleasure which can only be achieved by a
real sports sedan. This is what WRX has constantly
pursued for generations. In the development, the New
SUBARU WRX also aimed to engage more customers
by employing advanced technologies to meet the
demand of the times.
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FOETIWICEE ONDLGETTH b, TORAELEK,
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F—AR=Y T = IZBWVWT, HWIZhy LNV Dk
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Power Control

Requisite for producing Behavesas Driver Intends

absolute speed

Fusion of both for a genuine sports sedan

\, — y,

Fig. 1 Pure Power in Your Control
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Fig. 5 Dimensions
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3. EEFETT - HEE

Table 1 Specifications

B - B 2/\L CBA — VAB 2/V)L DBA — VAG
STI STI-S S4 EyeSight |  S4-—SEyeSight
=7 2.0L DOHC Y+ 2o 0O—)L5—ik 2.0L DOHC &M% —ihk DIT
BMT 2R—YUZ7 NOZw 2
AWD
% - B8 - E8
2K (mm) 4595
218 (mm) 1795
25 (mm) 1475
ERR (mm) 2005
EAME (mm) 1490
ZERE (mm) 1205
A —)LR—Z (mm) 2650
~Uw R [ET] (mm) 1530
~Uw R[] (mm) 1540
R LS (mm) 140 135
THEE (ke) 1480 | 1490 1540 | 1540
RETE (R) 5
EEHHEE (kg) 1755 [ 1765 | 1815 [ 1815
OIERE
B/\EEEEE (m) 5.6 5.5
BREDHER (km/1) JCO8 £— RiA® 9.4 13.2
_ ENEEREIESTEE B8/ — T 7Y
TEREE BEREREE Oy o7 v T MLy IV —8
CEIN R
Q277G - YARI Y3 - TU—F
257 U5 EERR Sy &EZFUR
KO—RF7UVY SHIE [ B8
RFTFUVY Fvh 13 145
BT AN Y3 2 hSw RIS
BWY ANy ST 4 v 2 R— U RIRTEER
FIL—FFR 2 ZHCHETR (EHEER)
FiJL—F RYFL—Fy RF1RY
®IL—+ RUFL—F vy RF1RY
BIE T L—FH ML 2 BEE ERTE 2 WnlE)
L 2P
EJ20 FA20
us - KERE 4 55
Bl -1 2.0L DOHC 16 /ULT 27U AVCS 2.0L DOHC 16 /XL Fa1 7L AVCS
WA URZO—ILY—k &S —7K DIT
PIE X171 (mm) 92.0 X 75.0 86 x 86
BHERE (co) 1994 1998
FEffLE 8 106

FEtH [®y K kW(ps)/rpm]

227 (308)/6400

221 (300)/5600

BARMLY [%v k] [N-m(kg-m)/rpm]

422 (43.0)/4400

400(40.8)/2000-4800

= R 3
PR - BNERREIESRE
IREIERE BN TV LAV
BEY >V OBRE (L) 60
L PSS PEVS
e BMT ZR—YUZ7 FO=wo (R=217)LE— Bfd
BRI WEeE HEE e B T8 )
DLy - 3.105 ~ 0.482
TRt (51 %) 3.636 3.105 (S#:3.105)
Tt (F2 %) 2.375 1.983 (S# : 2.334)
iRt (55 3) 1.761 1.454 (S#:1.815)
ERE (F43=H) 1.346 1.057 (S#:1.499)
Tt (55 %) 1.062 0.779 (S#:1.221)
TRt (56 %) 0.842 0.542 (S#: 1.000)
TR (57 5&) - - (S#:0.831)
R (£ 83&) - —  (S#:0.707)
Tkl (#R) 3.545 2.077
AR 3.900 4111
SRIGIER
R JCO8 E— K CO, HihiE (g/km) 247 176
pRpRE TR 27 FERESEHLANIL - 100%
BEHAR BEERE H17 S48
B AHRERELANIL 50% KR 75% 1K

(JCO8H+JCO8C E— Rty | CO (g/km) 1.15 1.15

< t >|NMHC (g/km) 0.025 0.013

< t >NOX (g/km) 0.025 0.013
P BERHI ErE 10 FESRE

INREESAFE (dBA) 76
. AEOEE HFC-134 a

i AIRERE () 475+ 25¢
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Fig. 7 Nose cone design

Fig. 8 Fuel flap
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Fig. 9 Reinforced body structure
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Fig. 13 Hood panel
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Table 3 Wheel specifications
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Fig. 35 WRX for Japan & Europe
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Fig. 40 Side sill spoiler (outer view)
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Fig. 41 Side sill spoiler (section view)
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Fig. 43 Door mirror

Fig. 44 Welcome lamp door mirror
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Fig. 46 Lip type rear spoiler

77 T—RJU
A0 =0 =T —wHREELRRET L0, 7—
FLECT7— 7Y VEREL(Fig. 47),

7—RIUI

T— RV

T—RYT K

Fig. 47 Hood duct

- 7= FZ7 Y N% T — FROENDIZDOIAR S A T2
T5IET, 7—FEe—~REoH2ERE LT,
CBERAEN Eoo, S IVEHOMEY 7 — F
BIFICREE. OSSNz 5 2 & TR
EHERRL DD, IAEZ I PU— )L LT\,
SHEBAATE RAEERBIC D ELRE L 72 & LT 5,

78 UvsSUT

Hyxaresr7r

MITEE, BEIENLEDZ A Ny & T —
VT v TN L 7zo I NERRE & o s L
12 &0 BT WRX STISH A LT 30 mm #RIAL L.
TAR&U—=% T4 v EBEFULL Twb, B FH
Ay K9 U 7PEREERIC, 0Ty 72 F v —%—
HHTHERIHL TV (Fig. 48),
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Fig. 50 Auto wiper sensor

Table 6 Window washer
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Fig. 51

Shark fin antenna
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Fig. 54 Multi-funcution display (boost meter)
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Fig. 55 Utility
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Fig. 61
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Fig. 83 Pedestrian protection (leg)
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Fig. 66 FA20DIT engine

Fig. 87 Chain guide and cover of separator
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Fig. 68 Engine power characteristics
(domestic model)
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Table 6 Engine specifications

it IoIY # WRX IR1T WRX
Bat7 kw (PS) 221 (300) 221 (300)
=N sS4/ rom 5600 6200
2.0GT | A KMLZ N (kgfm) 400 (40.8) 350 (35.7)
rom 2000 ~ 4800 2800 ~ 6000
EaHA kw (PS) 268 (271) 265 (269)
w rom 5600 6000
ALK | WRX e Lo N (kefm) | 258 (35.7) 244 (33.7)
rom 2000 ~ 5200 4000
E=H7 kW (PS) 197 (268) 195 (265)
- rom 5600 6000
e WARX BANLI N (kgfm) 350 (35.7) 343 (35.0)
om 2400 ~ 5200 4000
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Fig. 69 Battery monitor sensor
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Fig. 70 New engine cover
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Fig. 71 Acceleration improvement
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Fig. 72 Sport lineartronic transmission
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Fig. 75 Manual transmission for WRX
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Fig. 76 Manual transmission for STI
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Design of New SUBARU WRX

N IR BT
Masahiko KOBAYASHI

N N
Daisuke MIYASHITA
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Yuki KUMONO Minoru SAITO

>

FHWRXZ, ANVOEYD TSIy Ty TeL
T, MBS EEREZRA SE/EBO FF 48y 78
TA =RV AN—=E LTCTHA v ENT, ERDA
TL O E N= 2 & LTIIEYT 5 FEEr 5 #Eb
L. BEHFYA CORF=ICEVHEIZT 7Ly T 9
OWHRENT=AFT A FPEHRINT WS,

WL [0 emL &) 23R, RS 29
LRI BBAIALY) e, BoFTFlIZaryba—
VT 570D RELY RO, [FoRICEEL
sy NERBL, RPONA T 53— AN =&
LTS LE" oRJUH > TTHA v Sz,

Abstract

New WRX is a flagship product designed to express
its ultimate driving performance with strength and
integrity combined. The previous design approach
of widening the Impreza's outer shape was evolved
into a new design technique, which created a more
aggressive yet refined body style.

The interior provides both attractive style and
easy-to-operate functionality for everyone. Especially
the cockpit was designed with the intention of
“making you feel like driving” this real high
performance vehicle.

1. EADE

SO WRX ) — ADBA%E T —< &, [Pure Power
in Your Control |,

ZFLTCIRMET 240D A T 4 v MiE, Brand (7
5 » K ). Performance (1 it ). Package & Design
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Ay BWTHA VEER SV oy =D SR
ML ZOMiE%E ED 7O TH 5. FRIZE ML 4
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L THEE UK 2 7Zb ) . 7L VBB E T
720 FIFWRX ADMMEB L a7 ¥y % Fig 112
AT (WRX S4 (3 EINEH OREFER)

Fig. 1 New WRX S4 exterior and cockpit
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Fig. 4 Front fender
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Fig. 8 Front quarter
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Fig. 7 Front end

Fig. 8 Rear quarter
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Fig. 9 Large size rear spoiler

<Front grille>

<Side garnish>

Fig. 10 STI letter marks on body exterior
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Fig. 11 Cockpit design

Fig. 12 D shape steering wheel
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Development of New Shift Control for Sport Lineartronic
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Abstract

A new shift control system was developed for
the Sport Lineartronic to be mounted in WRX and
LEVORG 20L DIT.

To meet both environmental requirements and
driving performance target, CVT shift control, the
base to determine the entire vehicle performance,
was reviewed. In addition, step shift control was
employed and the adaptive control was optimized to
provide driveability suited for Subaru’s new models.

This paper introduces the development of shift
controls which would affect the driving performances
characterized by CVT.
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Fig. 2 Behavior difference between CTV shift and
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Development of Sporty Seat
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Sporty seats were developed to be compatible
with the highly dynamic performance of WRX and
LEVORG, with key focuses placed on their ride
comfort and collision safety. The development details
are reported in this paper.
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Abstract

Subaru has developed the “EyeSight (ver.3)”
with a totally new stereo camera equipped. This
new EyeSight is mounted in SUBARU LEVORG.
This stereo camera system has improved the
object recognition performance by expanding the
view angle and recognition distance by about 40%.
This system was also revised to recognize brake
lamps and red traffic signals by using color images.
The completed “EyeSight (ver.3) " has improved
pre-crash braking and adaptive cruise control
performances. The “EyeSight (ver.3) " has some new
additional functions and they are described in detail
in this paper.
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Fig. 2 Appearance of stereo camera
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Fig. 7 Example of recognition results of brake lamp
and red traffic signal
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Fig. 9 Example of deceleration speed of pre-crash
brake when brake lamp is recognized
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Abstract

SUBARU developed active lane keeping and
backward throttle management system as new
functions of the EyeSight (ver.3) for SUBARU
LEVORG.

Active lane keep-ing, by utilizing the lane mark
recognition of stereo cameras, provides two functions:
lane center keeping (to help the vehicle stay in the
center of driving lane) and lane departure prevention
(to help the vehicle stay in the same lane). Drivers
can choose which function to use.

Backward throttle management reduces damage
when the driver intends to go backward but
mistakenly presses accelerator pedal. Without
additional switch installation, backward throttle
management provides two functions: throttle
management (to suppress sudden backward
acceleration) and speed limiter (to limit the car speed
to the speed preset by the driver.)
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Abstract

We have been working on the development of
advanced safety system which uses object recognition
technology with stereo cameras in order to prevent
car accidents. This time we have developed
“communication-based advanced safety vehicles”, which
are expected to improve safety on the road via vehicle-
to-vehicle communication through radio. These vehicles
assist the drivers to avoid collision with a vehicle
approaching from dead angle and activate adaptive
cruise control in cooperative with other vehicles.

This paper describes the outline of the demonstration
carried out in the 20th ITS World Congress held in
Tokyo in October, 2013.
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Fig. 8 Navigation unit screen



SUBARU Technical Review No.41 (2014)

Head-Up Display

Fig. 7 Head-up display

Table 1 Head-up display specifications

Image distance 1.8 m
Horizontal 3.5 deg
Image size
Vertical 1.5 deg
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Abstract

The purpose of this paper is to share Subaru’s
experience of requesting “Test-Out” on OBD monitors
related to the engine stop start system for a SUBARU
hybrid electric vehicle.

In this paper, the worst case driving cycle for the
“Test-Out” is shown and research and analysis to
determine the worst case driving cycle are described.

Using the identified worst case driving cycle,
Subaru demonstrated that the emission was not
adversely affected by possible component malfunction
in the engine stop start system.

1. BR

1.1 AR

XV Crosstreck Hybrid > >~ - XA by 7+ A
=K AT A(LLTF, ESSY 25 4) 12 b % OBD
HERIE, JEREER S A3 CCR Chapter 1 S1968.2 12
HESIN TV,

ESSY AT 213, EEHRTELV AT LATH LT
O, FERSGLEIIER N OFLEA & <. 2014 4F O I
»oCiE. (e)(15) 3 @ [Comprehensive Component
Monitoring | JHTHFI SN L LD EHEM SIS,

COFLEEOFLTHA(151.1) Tld, MBEZH O
Rz, VAT AHMEPIZ, VT VT =V FTE
HWch D5 5ETE LA, IR T ARENHE
M3 % 3 ®(any electronic powertrain component/
system -+ H B% ---that--- H B% ---can affect emissions
during any reasonable in-use driving condition) ] &

* HEV W75

LTWw2, 20, HRET DT AT LAHOBDAS
MHE D, EHW T B 720121, FTP (Federal Test
Procedure) D€ — FEITTIE % L [HRY AT 4
DOWEEREZ, )7V — )V K TH ) 155 582 EST
Ty PER A A O BIES i & 7 5 BT 5 M (LT,
T—=ANr—A) | &, Bl X =AM TREEL LT,
e A kB £l L. OBDX RG22 OH K% 3
LAED D D

FROTT—AMr—ADEFHL. OBD X L6
mOEE O 5] 12onwT, HEIEBETH S
California Air Resour-ces Board (LLF. CARB) & ®
TER DAY U COEBAE S &7 SN a L.
A EIERC ) =)V, S8k EOEKRLNRF VT 4B
MESNLGEND LH720, FMICH TR EEL
WHIWTE 72 B0

1.2 RSB
40l XV Crosstreck Hybrid Tld. ESS ¥ A 7 A A%
AN E L THIO TR Sz,

104 —



JEK OBD #RHlIC BT D2 HFRANER DS 70X

ESSY A7 A EKEHc Y v 2 fEk L, E—
Y TEFTLIET, Ty OEIEEM %25 L.
WEZNLEERIIETIEVATLATH D,

CDOESS Y AT AFEE. BT A & ERT SR
Thrrryy o Fkxar ba—L35, L
7oho Ty ESSY AT ANME L., =Y v HENE
L o7zt "HIEIZIE . R T ARED
W2 52PN FREEINT,

—H\ PER T ADEF A = ALZERT L L, 1A
BRI I EORBIC L D . =0 Y v OIREF
W Z AN 7 IS VIR O AD R S LA E A3 S
o 2F N, HIEMICIX . =Yy OEEIEEE
5L, WRERIRY . =¥ Y v % dfiEdx$ 5139 25,
R ADREDS L { b 2 DS FHRENT,

LR 2O T AP E . LIHIZIRRZZFERO
PERE Z iy ANVHIDNA 7))y KB A HAE#ED |
EFEIZTE FIFA 720, KRFETIL. ESSY AT 478
Tl L 72355 OHFR N A B % B R 5 7 — A
Fr—ZA, BIXOHERIZOWT, CARBEAET LD
EERHENE L7,

2. BRARICEDDT—RA M —ADEE

2.1 FUIFIT—R NT—ZADAHEMN

PR AR 3 20512, L 2 50, PR
AFRAEERERIC b i Db, FTP, SFTP (Supplemental
Federal Test Procedure) D #EATHRETH LA, 2
NS DFETHERMEZ. BEETOLEIE 2O, KH
A CEIEST AESS Y AT 2020 LT 3 L b,
BB [ 7NV =) R THh )L EHMNZET] 12
BT [ESS ¥ A 7 AR CHER A A OB HNE A
YR BEMEMN] R TETCWDLEREA2WE
I L 725

—J] T 7F—APT—=FDORIATANL—D LI,
WHE, EVEITT 5 &9 IR TIE. AT A IEH
DPRT ARSI E T LR ) YATAMEICL ) =
YV DD ) BT % o 72 A OHER T A B D
WENRKRELS D, LA LD, BFEHEIZHIBRO
HLHEVETO A%, JLROKEHEDO T —FH, K
SOBEMAHRTTLTWS EIFEZMND, 20
L BETNNIY =2 [VT VTV RTHNGDE
R EST] LIEE ARV SR 72,

L7555 T, ESSY AT LADSHBE L7236 OHER T
A B ST A 720121, K€ — FRBAOEST
RS R, U T VT— IV RTH N4, FH
KRB LW [FY T FILDT =R br— ZADEFRH
DVEL, L ORI E - 72,

— 105

22 FUIFIIT—R NN —ADBRESR

J—ANr =A% ERT LG, TLEENIC
PERH A 2 BAL S B %HE ], [2. IRHK A RERTH
EDVELLHEEE— NI [320M, R AT LD
BEZHIRT 2EE | O3ODEREYEZZHLLETH
b EEZT,

EMRICHERA R %=
BB D8R
EHE EZBRCEEN
HELDHEE—F
ZOM. /WRYATFT LD
BFZHIRT 8%

D—ARr—2X

Fig. 1 Definition of worst case

221 TEMHNICHEIHRAZELETEIER
[EMWEMICHER T A 2B S 2 HEHE] L. 5
VAT AOMBEOFEIARD LT, B X =X L
L BAELTLEYHSR T ADEAEHZOFHZIRT,
SEOFITVY &, ESSYATFATIE, ToyY 0%
BT Cway i Twniwvy, #iiFtuwans i
CHBVDOIEHENT TV DD, £ W) 2D0D/8F X —
T B, TD2ODINTA—FpLiEINL, [E
PERNCHER T A 2 BAL S 2 EFE ] 13, O v
UREYT B AL VT E, AL Z R EER T AN
BT L, ZERD. @ TV RHENT W BB
WCHBIL T, HER AT ADEIREZ 5, 2L THh b,

2.2.2 IEEE EBRCHEINELDHEE—R

[EFR BERCHIPRLZHEE— F] &1,
VAT AR L, MELEE L TERDOS
LEEE— F2WHS 2T 5FH 18T,

Thbb, WRETHIVATLOBEE— V&, &
THOPIZLZET, 20OV AT ADOMERZ, &0
E— FIZEEBHN L 02 HFEIZ L. ZOZALPEL
HE—FHEH, T—AMr—ADETFINY — ¥ ORI
RELIMNT %,

% 2 13X, XV Crosstreck Hybrid Tlx, ESS ¥ A 7
LDSIEH A, Fig. 2087 M1 ~ M7 D 72 Ol
WE— FEED,

Vehicle _ . )
speed @' Engine auto atart

@: Engine auto atop

Time

! Ess) [ESS

>

M1 | M2 M3 M4, M5 mé M7

Fig. 2 Seven driving patterns when ESS is properly
operated



SUBARU Technical Review

No.41 (2014)

Ml : EERE»SIZE—F THET L, bbb,
IV ERIREE 2o Tn D,

M2 : FEIEAONEIZIE, =YV EEHT S, 2
DEE, E—FINOIRIIOMILVI ELTWVD

M3 : Wkl COBEMMERIE, T DA TEDRR I,
Iy IR LTS,

M4 : BHEIEAOIMBEIZIZE—F DIV Ty DY
DRMVTEBRT 5,

M5 : EHEI COREMERF Ty Dy EFET S,
COEE, E—FEFIZ UV ONRT—F o T
FEEEIT) o

M6 : DB T > Y v E R L, B o) S
FAEFEEZAT) o

M7 HfAMEIRET 5, oYy, By ER
T5,

ZZT, ESSTY AT ANMEL, =0T yERD
BT o 72 R RETICHN AR EZ D &
M1, M3, M6, M7D4>oDF— KT, KLy~
PIEIETARERET, =0V U p#rfTsZ L
W27 be 2F 0, ESSY AT AIEHKIZH LT, ESS
VAT AER QR AR E Z A A, THED
FENFEET A, M1, M3, M6, MTD4E— K%, T
DT L MY AATZEIT/NY — 2T IUE &
WZ s b,

2.2.3 Zhfth. WRIY AT LDEMEZFHIRT 2ER

[ Z DM Ry AT L OENWEZ HIRS % 23K &1,
MRELRDVATADVIEE TH-TH, IERELFE L
BfEE— NIl TLEIBINGHEEZHLNIZT S
ExRFET

AR OESS Y AT A TIE, WHRERRICIE, BEREEM:
WPOTY Y KRR EITFAZEELEEN, Y
PHP TR B, DF N, ESSY AT AZIEHFIZ
Lahb o, Hilje LCid, ESSHkER & [kEDZs
Bl b, L7z-> T, ESSY AT A IEF I & B
DHR T ARBEDEREEZEZ DGEE. [T U0
BE > TWDIREETHOESS ¥ R 7 4 14 | 2 38 (2
TR & DEREEZ LLEND 5

F /2. FRRICEBIE Ny 7 1) O FE & (State Of
Charge, L FSOC) 28—ELLF I % 5 &, SOCH
Hozd, 2130, ESSYATFANIEETHZ Y Y
P FTIZ% B Lizh> T, ESSY AT AHIE
WA A, MEROPER T AENE*E 2 %
W2 7z-o Tk, EFREOEITT, [BENSNY TUD
SOC%., TV VIRENZEDL WX ) % LV TR
DI L] WEETRERS  MEh Db,

2.3 FUIFIT—R NT—ADIER

Vo B % #IZ, ESSY AT 4 O ERZ,
IEHEICHT L T OHER T AR BB K &L
b &) BRERFGEEZ D, E2TTE LTI, HER
HAZELT, [YATFLAEERICH LT, Y AT 4
MR R D AR & 2 D | A2 RET A.H DI,
HORFTELT, [VATFAIEEEIITTL, VAT
LR OBM SR DR D] )12, &%
BIET Do

L RIDESS ¥ AT A OE T — FOZERENS,
MI. M3, M6, M7 %% < &t & 9 R BEAT/85 — VA5,
221 HDOEMMEFZODTH A [TV IR
Bl BDEFFHL I EICRBEDT, [ESSY 27
LIEFERZH LTy ESS ¥ A 7 A& A R b A F) &
b k7% (Fig. 3)o

Vehicle
speed

Time

>

M1 M3 M6 M7
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Abstract

In recent years, hot stamped parts have been
widely adopted to solve two contradictory challenges
of vehicle crash safety and weight reduction.

This time, a patchwork technology was developed
as a hot stamping method. This paper introduces the
objective and effect of the developed technology and
fundamental study for its practical application.
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Abstract

In recent years, vehicle weight reduction to
address environmental challenges and vehicle body
reinforcement to ensure collision safety, are both
demanded. Against this background we conducted
a study on energy absorbing members which have
high energy absorption property and yet weigh less.
We tested a cylindrical crush box prototype and
analyzed the test result via CAE.

This paper reports the test and monitoring results
of the average load repeatability.
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Fig. 3 Load-displacement curve of CFRP crush box ©

Fig. 4 CFRP tube after dynamic crush test of 35 km/h ©
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Fig. 5 Braided composite ©
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Fig. 13 Crush mode
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Abstract

In this paper, we describe our project to develop
a collaborative safety mechanism which is based
on mutual sharing of driver’s information (such as
attention level and performance while driving). Most
conventional safety driving approaches have aimed at
assisting individual drivers by providing various types
of safety information to them in vehicles. However,
the effect of such systems highly depend on driver's
response (performance). In our approach, we intend
to share information on driver's current performance
level with other drivers and pedestrians on the road.
Using this information sharing mechanism, people in
the traffic environment will be able to better predict
driver's behaviors and take proactive actions to
prevent accidents.
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Fig. 5 System configuration diagram
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Fig. 6 Vehicle-mounted display system

Fig. 7 Example of driver's attention displays

Fig. 8 Display methods through wireless communication
(left: on-board display, right: mobile device)
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Abstract

Certification system for “Human Engineering
for Quality of Life” started in April, 2014. Research
Institute of Human Engineering for Quality of
Life assesses whether a product has undergone
scientifically appropriate development processes or
the functions are properly described.

SUBARU has promoted various “All Around
Safety” features and systems. To support the validity,
we had SUBARU Forester and SUBARU XV
certified for its safety features. This paper reports the
certification outline.
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Abstract

Chassis parts are covered with electro deposition
coating in order to ensure corrosion resistance.
However, rust occurs on welded portions at early
stages and corrosion resistance is reduced. Welded
portions are vital in chassis parts to ensure fatigue
strength durability. Fatigue strength decrease
is caused by corrosion or stress concentration of
welded bead portions. Damage to chassis parts is
concerned along with the reduction in rust preventive
performance. Hence, thicker steel sheet is required
on chassis parts while weight reduction remains as
another challenge.

To improve corrosion resistance and fatigue
characteristics of chassis parts, plasma-arc hybrid
and laser-arc hybrid welding method were examined
to reduce rust defect around welded joints and ease
stress concentration.

This paper reports the examination results.
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Fig. 1 Examples of initial corrosion and corrosion
progress of chassis parts in deicing salt
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Fig. 2 Schematic illustration of plasma-arc
hybrid welding
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Fig. 3 Schematic illustration of laser-arc
hybrid welding
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Fig. 5 Surface appearance of specimens before and
after electro deposition coating

L—y.-7=0
N1 TV RiEkE

TS5AX - 7=
N TV RaiE

MAG /LR A

A A e

Fig. 8 Appearance of welded joints of specimens
after accelerated corrosion test
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Fig. 7a Appearance of welded joint specimens in
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deposition coat and accelerated corrosion
test
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Fig. 7b Slag length and corrosion length of
specimens in each welding method
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Fig. 8 Mode of maximum corrosion depth of
specimens in each welding method
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Fig. 9 Appearance of welded joints in chassis parts
after phosphating
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Fig. 10a Phosphate crystal morphology on welded
joints in chassis parts of SP
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Fig. 10b Phosphate crystal morphology on welded
joints in chassis parts of GA

AL G L TWw b (Fig. 10a (T Obk
REEATIER ., X TRETHLILERT)) OITH L,
GAM’C“Li\ Fig. 10b (27" 38.IC. 0.1 mm BN 7= iE
TARZELDOAFEREDTRD 5L, 2 mm OALE TIEH
s REEBIE S Tz,

ZOZENL, GAMIALR R AL RSB — K
LD EWEE TAHEBR L, ERNIZ, SPH & L
LEWESEY BT H2BEBEEEIER INL, 202
EA SPHE R LEWIREE T RT —EHKNTH S
LEZ6N5,

SHICHEREE — FOMITEE F CGAMITLROR ks
EAVER T AT RET 5720, BTBSR 1Tk -
72 (Fig. 11),



v VRO R &I FH R EREFADF R

|.|

€t LRSS > EERER

E—R
1000 um fla

#1 mm HE
HoERE

#2 mm fHEhn 5
HoEHEEF

3mm 2 mm 1 mm

Fig. 11 Cross section of chassis showing distribution
of GA layer after welding
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Fig. 12 Macrostructures in transverse section of weld
joints for MAG welding, plasma-arc hybrid
welding and laser-arc hybrid welding at
flank angle of each welding method
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Fig. 13 Results of fatigue test for weld joints
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Table 2 Results of test piece examination
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Fig. 15 Condition of weld execution of plasma-arc
hybrid welding and surface condition
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Fig. 16 Condition of fatigue strength examination
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Fig. 17 Results of fatigue test of rear subframe
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Fundamental Investigation of Hypoid Gear Noise and Vibration using
Gearbox Test Facility
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Abstract

Hypoid gear’s running performance (vibration,
noise, efficiency, etc.)is evaluated on a gearbox test
facility. This gearbox test facility operates under the
same torque and speed as for automotive drivelines.
Various hypoid gears are available with different
dimensions.

Using the gearbox test facility hypoid gear
meshing noise can be measured not only in 1st order
but also in 2nd and 3rd orders. And, the relation
between hypoid gear meshing noise and transmission
error, hypoid gear pinion offset and transfer torque
has been studied. This paper reports some results of
Investigation.
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Fig. 1 Tested hypoid gears

Fig. 2 Hypoid gear motoring test apparatus
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Development of Prediction Technology of Sloshing Noise in Fuel Tank using CAE
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Abstract

We have developed a simulation technology to
predict fluid flow velocity, pressure behavior and
sloshing phenomenon of fuel surface in fuel tank using
CAE.

The accuracy of CAE was improved by visualizing
the movement of fuel surface using a transparent
tank and obtaining quantitative data on fuel surface
movement using a level sensor. As a result, the
phenomenon in which fuel strongly hits the inner
wall of a tank or fuel flow disturbance occurs can
be predicted by CAE, and the sloshing nose can be
predicted.
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Fig. 1 Shape of mass-produced tank
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Fig. 2 Analytical model (Appearance)

Fig. 3 Analytical model (Tank inside)
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Fig. 7 Pressure distribution only on areas where fuel
is in contact with tank
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Fig. 9 Movement of tank fuel surface at analysis
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Fig. 10 Comparison of fuel surface height by experiment
and analysis
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Fig. 11 Pressure distribution on areas where fuel is in
contact with tank

Fig. 12 Status where fuel is in contact with tank
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Fig. 15 Difference in pressure distribution before and
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Development of Tubular Shaped 6-Component Force Load Cell
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Traditionally, cross-shaped 6-component single
focused load cells that are built in vehicles, mostly
as tire force sensors, have been a general method for
measuring component forces in order to study vehicle
dynamics. However, the application has been limited by
its complicated structure and disk shape. Therefore,
due to the symmetrical response pattern of a tube, the
development of a tubular-shaped 6-component single
focused load cell is currently in progress.

This paper presents the principle of the cylindrical
load cell and introduces build-in sensor, suspension
bush and hub unit structure for force measurement.
Furthermore, measurement case studies will be
presented.
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Fig. T Von Meses stress plot on tube

Fig. 2 Matrix image of strain field on the surface
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Fig. 3 Polor image and gauge circuits under load Fx
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Fig. 4 Structure of built-in load cell in hub unit
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Fig. 8 Lower arm bushing load cells
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Fig. 8 Comparison of load cell & strain gauge outputs
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Fig. 9 Sub frame load cell without bushing

3.2 \J1Zv MEHMAHFO—REIL

HEESHIEICB T, ZORMBERPP LY HE
BREO =20, ¥4 YO uHEZEDONWEETH %,
75y bV N ERBETO & 1 YR (R RTR .
YNV TTIAZ T MV T) EEREDORESITIL L

MHNTWD, MENFETIILDIEETH ), ek
DERA—=NV6H Ny TiE, 2L FHHEELEOER
Hd o TR T20 msFEDRERLENAELE L TV o
CHIEHIEHE & L TRREGNTH S, HIEHE
LCH, ZOEELRIZEIDOEHO KA — VIR E
AN v TN v 7EOQBYVGEGRY A, FHIlOBIZHER T
ELWVWKEGRBRAEERE L THER-o T,

Fig. 1012, AMES 10— RV az N7 =v b
IZHHAAA BB OGEE LIRS, BENT L= b &

LAPHRETH H720, HNZEZOT T, FRFIZHER
LBk o KR A — V3 v oL Wiy 25
WT& %o Fig 1TIZAMDRIFTORA =31+~
& DT % R TR L 22 B 2R o

o
o
L

B1#77 [kN]
1
o
o

w WA
o o o
1

o
n
T

[Nm]
n
S

FrU)AFAN fHE kN]

1115 112.0 1125
Time [s]

= AR EYY R\ Ty

L L L
1105 111.0

Fig. 11 Comparison of general wheel force sensor &
hub unit sensor outputs

DR, BEEEEMOFFITH L7 ZE L TIZH
BN L 723800 (O A — VI AGAA) % Fig. 12
IR Ihd ., PERAUI AR — 7 N AR T
WLy ) ANCHE 2 MAALHRT, ERz R —
Wl FIZ—RHSEDLEDPTRTH D HIIEHRA —
VEERERTH S, R v 7)) v 7 BEaEE
STV A= THISRALRLEDND o

— 155 —



SUBARU Technical Review

No.41 (2014)

Core

Fig. 12 Example of wheel force sensor using tubular
load cell
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Tool Wear Prediction of Spheroidizing Annealed Alloy Steel for Hypoid Gear Cutting
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Abstract

Spheroidizing annealing which spheroidizes the
crystal structure of work piece is applied to improve
the productivity in hypoid gear machining. However,
we have to review the cutting processes to reduce
the production cost.

In our study, an analytical model was applied to
predict cutting processes of work plece material in
hypoid gear cutting. To stop using the spheroidizing
annealing, cutting tool wear characteristics were
simulated for comparison and the analysis results
were verified by actual machining test.
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Table 1 Cutting conditions

Workpiece Cutting parameters

Material |25CrMo4 Cutting speed | 180 m/min

Annealing |Forged isothermal |Feed rate 0.18 mm/min

Spheroidizing Lubrication |dry
Tool
Material |Carbide K10 Coating AICrN
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Fig. 6 Flank wear progress
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Fig. 7 Three dimensional cutting model
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Fig. 9 Chip formation
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Fig. 13 Temperature distribution on rake face
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Global Movement for Unmanned Aerial Vehicles to Fly in National Airspace
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Abstract

The technologies of UAV (Unmanned Aerial
Vehicle) are rapidly in progress and the area of the
operation is expanding. Conventionally the main
usage of UAV was for military purposes in US, hence
the flight area was limited to the battle fields or
uninhabited areas. However, there has been a global
movement for UAV to be used for civil purposes such
as communication, observation and transportation.

On the other hand, the existing laws have not
sufficiently addressed the application of UAV. Hence,
ICAO (International Civil Aviation Organization)
has started discussion on rulemaking procedures
to operate UAV in the same way as for manned
aircrafts. If this discussion proceeds smoothly, UAV
would be allowed to fly in Japanese national airspace
in 2020.
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Fig. 4 Stratospheric Platform Unmanned Airship
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Fig. 8 Long endurance UAV research program
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Abstract

The authors achieved unmanned drilling operation
to build aircraft structures with the enhanced
process monitoring system mounted in the right-
sized mobile automated drilling equipment.

Drilling status monitoring by the system operator
was eliminated by adding functions to monitor
drilling status and control drilling process. As a
result, reliability of the automated drilling equipment
was improved with minor changes made to the
original system configuration.

This paper introduces the development example of
automated drilling equipment for aircraft structures
to ensure its reliability in the process and achieve
unmanned aircraft operation.
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Abstract

The history and recent trend of studies on metallic
materials for airframes are presented.

Aluminum-lithium alloys show strength comparable
to 7000 series aluminum alloys with lower density.
Titanium alloys, which have specific strength among
structural metals, have been increasingly used in
airframes. Some efforts have been made to reduce the
cost. Magnesium alloys, which are the lightest among
structural metals, are expected to be introduced in
aircraft structures because the ignitability has been
proofed in recent years. The efforts to use these new
materials are introduced in this paper.
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— 174 —



PRZEREIC BT D RIFEFHEIR

F ¥ UAEEE BRI TR R EE (K900
MPa) # 5 S LEIZF D 60%FEFE L iRE T,
OIREIL, FRELLEEP TR TH L, &5

WZIEFIZE W ENEZ R T2 L M TH L, TS
%ﬁ@&%ﬁ%#ﬁ%?@%#tx&tmf\éﬁ%
BT CIEETE SN mmild 20125y 5K
BEAEMETIENLIB3ETHLY,

NS OEEEEEOZ LS. TV VEEIIN
e AR E LTI R ECh %o AR IX4F
|2 Boeing #1 o 787 FIHESE O MRS 1 I A RIS <
b= LT, HEEME L EML T RIMELE &
MHEE L ZWF & U EEOBITREARIEIZBEM L 72,

RO FEEIISHOERIHME L EFHRENTES
DO ZRUES TF ¥ v AEOBE L AR & AR
EEND,

— /T, 7 YEEIEMETE W LK E 2 ME
Thbo PlzIX20144E3H ORI THEL b 247D
@mmm%i ARUTESE A v FHHAHK 15 HHY TH

DI L, F¥ VEEIZFEEMLTARDA > T
bfﬁ%mmﬁmﬁ<ué¢5mo:@t@\%ay
BEEMOLZEE IO 210 TE L Dk a A M
O AN SNT X7, EEDK T R MELIZED
LEERDREE. EMOBIEEM O, L7 ok
ARAZEIZOWTHES T 5,

4.1 52RO
Tmm1’ﬁZZFW%£BthTL$%W§h
ToF 5 UV EEDORERT . NF YT AEOEAN: A
m%%@%t&w\$%1®miﬁ%ﬁiéﬁfﬁﬂ
@@WWI%%ﬁLé%%%@WU%&ﬁ&éﬂfw
o BEEALATER SN D MERIT/N S VR ERH TR
Jén%tb fit ZE R A EH SRR B O =
WT—=ZIROLNTEY, TD/DHDT—F X— A
REENEROREE L 2> T b,

Table 1 List of low cost titanium alloys

Alloys Characteristics
Timetal 54M Improved machinability
Timetal LCB Low cost alloying element

ATI 425 Cold formable
KS Ti-9 Cold formable
KS EL-F Improved forgeability

Super-TIX523AFM |[Low cost alloying element
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Development of Electrostatic Analysis Method for CFRP Aircraft Fuel Tank
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Abstract

We have developed a method to analyze the
behavior of static electricity of CFRP aircraft fuel
tank. For the purpose of weight reduction, aircrafts
in recent years have shown the trends of adopting
CFRP to most structures including fuel tanks. Since
CFRP is composed of insulated material, explosion
could be caused by static electricity. This issue
should be solved, but anti-static performance and
effective charging characteristics could not be
evaluated during design phase due to its complexity.
Aircraft manufacturers have spent a great deal of
cost to ensure the safety against static electricity.

This paper introduces developed test method and
simulation method under development.
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Fig. 4 Electrical potential at center of fuel surface
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Fig. 5 Electrical potential distribution at fuel surface
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Fig. 8 Simplified fuel tank model

— Numerical simulation
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Abstract

Recently, with the increase in CFRP (Carbon
Fiber Reinforced Plastics) application rate for
aircraft, automation of laying prepreg (sheet material
impregnated with thermosetting resin to carbon fiber)
and accuracy inspection is pushed forward rapidly.

Automatic laying is regulated by design
specifications to keep constant distance between
adjacent prepregs and prevent overlap. It is necessary
to establish an automatic measurement technology
which allows for measurement and determination
at the same time for improving work efficiency and
machine utilization rate.

As a result of comparison and verification of
multiple methods by adopting a measuring system
using line laser and optical camera and combining
height displacement sensor, output adjustment
and interlocking positioning line laser, continuously
changing laying surface is followed and high speed
and high accuracy measurement and judgment are
made possible. The results obtained through this
study was implemented in automatic laying machines.
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Fig. 1 Automatic prepreg laying
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Table 1T Comparison of measurement methods
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Introduction of T-5 Operational Flight Trainer
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Abstract

Subaru Aerospace Company has supplied flight
simulators to train students to be pilots for the Japan
Self Defense Forces.

T-5 operational flight simulator was supplied to
the Japan Maritime Self Defense Forces Ozuki air
base in 1994. The simulator was later renewed to
incorporate instrument panel improved in a real
aircraft and modernized computer capacity and to
meet customer demands.

This paper describes an overview of the renewed
T-5 operational flight simulator, its technical
components and cost-reduction technique implemented
in the renewal project.
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Fig. 11 Appearance of outside-of-the-window
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Abstract

As issues of product development, ‘improvement
of design quality”, “development cost reduction”
and “development speedup” can be considered. In
order to solve these challenges, we are developing
products by taking advantages of various tools. One
of the tools is CAE (Computer Aided Engineering).
CAE has been technically evolved in automotive
industry, aircraft industry, electronics industry, and
so on. In recent years, CAE has also contributed to
the development of industrial engines.

In this paper, CAE application to industrial engine
development is introduced.
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Fig. 19 Schematic of generator (Portable type)

Fig. 20 Flow pattern of cooling air in housing
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Abstract

Sashimi and boiled fish have good points each
other. In accordance with the principles, by doing
things in simple honesty, we want to improve the
quality of SUBARU cars.

Balance between the transient and the immutable
i1s also important in the development of SUBARU
cars.

Engineers at SUBARU worked hard and they
lifted the level of SUBARU to the stage where
people value it.

From now on, while maintaining the level,
SUBARU engineers should have time to learn good
old traditions of Japan and the culture of the stones
of Europe. Let's raise new SUBARU cars to much
higher place.
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Fig. 1 Sashimi of carp ®
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Fig. 2 Carp stewed in thick sweet sauce ©
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Fig. 4 General curvature of sound board ©
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Fig. 68 FFT analysis of BlUthner
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Fig. 7 Ordinary bicycle

COBRREERED ZRT 0I5 THEE A
otz MHEIIMGHET [ RENEZ ] BNV F
JLOalgEEEE] v 12 [#fEE— 2 >~ b 2 %4 L (Fig. 8).
NS RVEEGNEE D ET5720, Ny FLVEiRED
FIICORDEEB BT A5 THE, ZD/ZOR
RELE L, [BE)TL] EWIERARTH [R¥VES
CH % TancHESJI ] 121009% 23 k3 IExh = ¢
H5bo

HEZH ORI Z DB T « — > 2 fii o 72 R ERE L
WZ& D R OBRED & Al OFERFEDSTIEERKIC R D . B
HRHL L L CORERIEE RAFI2% 5,

SEIEAND A B WIERE TV E L COMMEIZ A X
WS, EHEEHNCE > TW AR WE IR TV,

THE
S4v

NI IZEILh

N RIL |E!;] :’

o=

I
I\ RIVZEZ S
ETRIE—AVE

Fig. 8 Mechanism of Ordinary

6. E(If) NTLLTIEWLWE/

FEERANZGE > TEREARZIED /- D, HHLNZ L%
FEHLTWDLE/IIENLT., #HEEDO—ADES D v

BlT TWBEE ) ORMP S ZHafIlEE L7,

6.1 BENEWLE

— A HIZRed wingtt® 875 GBHRT AU v 2ty
¥ =) Thb, HEHD— NI OH % 1998 4F 12 FT ik
THEA L. 154ER il T 2% (Fig. 9).

875X 19524 ICHHIE SN2 8 A v F LNV T 4 &~
T T= 8T V—IZ LT, MEOZEE % L7z
AMELEED HETHADED I HNTBY ., LRT
MOLRRNIZEL T y/N—=&, o2 RE LMo
ZL—FV—=WIZE e LToRER, [H4T% M)
THIE] L [REFHIE] CHEHLTWEY,

COMIZ, N TF 4 TV BEER T 4 — VT
Z ORHHDTED S NIAER ML Lo E ST,
FI60ERE - 725 THEDL S bz M L T 5,

Fig. 9 Irish Setter

6.2 BENKELFT—

B X Gibsontt? Les Paul Model T&» %,
HEHO— NTII724EF D Z DO F ¥ — % 1997 4E 12
WAL, 1I64EMBVET TWw5 (Fig. 10), 2OET
WAL 1952 EWFERAIAE T, S b M k2 IEH 2 b
DOFRLETIEY T shTws Y,

COFY — % LT CICHEZRDER. [sustain
FOFR) | ARERICLEZ EMEb o TL b
FOHEBIZEBYT Ty PTLEDREL, ¥y s
7w T (EORE Z EOESE T IIERT 5, R
TFALET2EAHL2ERDOLD) DFERPL F—2 7
DOFEE, BT TRy T4y 7IZEY, AU b
J)—=XJazzD &) L HWEH2LALT v 7 DN — F|Z
FALZEOT TIRILCEHDGT 22 LUk,
COEFIVIFEIRE L TOIEAR [# ) 7 sustain
E[HBEa M- VTEL] ZEEED, F60
FRSTE UL DBZEI 22—V vy VIZEHENRT
W5,

/20 ZOETIVIE [REWERT 1 AHE B2 IR,
EAGKRMITIZEEI] LV HTLRVWBFATH

— 205 —



SUBARU Technical Review

No.41 (2014)

%o

SENSHR LIS 7 ) 2~ b 12 b LB

BdH D H?

Fig. 10 Gibson Les Paul Model

6.3 BENKULPC &Esink

SEEIRFEROPC LA T B,

INHZHA L TWAHEFDO— NI, FHERARIZ
W72 TZ DO PC & & - TH S 204EM VLT T
L, BHIZ =0 [Hnedn] 25Thb,
OFFE S — NO RN 2 BT ZH LA S -5
IS L, UTICHoRSHNEEZSIHT 5,

CZERPLEERY R &R,

R DNA T 7 % HEO NS T35

HEHNIZLT, FBOADNE X, FHOADNER

FEICT %0

A=W —DF)FE XL DIEFIKFLES, —F—

G EARKEGHTRE D2IEHZ TN,

CE NSRS, EEELR N S

FASEEE 2 s 721

ZFOREBI VLT S] L) BEOERE 50D,
PRI R 72 F TIZEREDE < FIA S AT
ETFIVE T, [FUEMEECH ) Hrmks (Fig. 11).

6.4 BENTULIDIEWVE ./ DML

BENM TV RVE 2, 1ED) FORVDITE- T
T MFEL TV AR A REZAONALAE/ THH), £
DGR, BEDVEINLHEEDNLVHICEZ 5,
PEHED— AP201EIA T T LT TV AR
fTL726. 74 7 v F500(1957 ~ 1977 #iE) >+
0T > 2CV (1949 ~ 1990 83 ) ZE D B S TR
g - Tz,

Fig. 11 PC and maobile terminal

ANV B K BEN TV L HMENEL B 5 D5,
ZFIUIFHERD M) FOENDHEIZfE > TV E DD
7ZEES . AN30FHGTLANTE B
ANV ORER 2l 5 THRIZFEF, ANV OifA L
[BRALDBZDFN G IUEARA LG L72H D 720»
RKEREHTEL] ZETHY., ZNDHER/NEID O
LHBETHLFRLEEZ T D, ZAGL ANV,
HERIZH A LA X =V FE L CIEIT A LNVIZE
TLHEBHRLES D 0?

ANV O BIF T REFAMEITEOARE, JEHERZ
W THEAREZIEO TN ETHLEEZ D,

7. FED

ANV OFEAME L, HEFKIZHEE 5N WERIZKRD
BIRANEHF LAY 2 HlZERRICHRAE L 210 E, 38T
bNTLE) EEIHNOERDD S,

ZHF—HETIRIERTE S A5, B EES AL

Er2iRFAREINDES HECIFaeE 3 B -8 - 30)
BEWEA D ET D, RATTHE R CTIREE AR )5
DRl B, P EAEATAN L= NT 5, %9
T5EENBREICARY, MERDEKBICLTLE ),

ZITIEHRLT, BHFOERES, BHELIEES
LWioOMR %2 & —o b P+ 25, 375 & HEHEDS
T EWOHIZA->TRTTFELDORFELONLE
WrBo ZNHBRUOWEDOEDOWF7ZEE ]
ARG SIUIETL B2, ATEHS S
JaHr 727 &3 (EEEH] — principle — % 515 2 UL
FRE A FE L RS, TAT R A S 2 AUEHE L RS
M) o

ANIVOBZERFH O~ R — & > b & LTI, #ifT
DT ~DEHFE AT TR RGO x LT
b, AROBEE DRV LED > -l EE T L%
b b—EB N2 T TV L HEN, 2055

— 206 —



ANLERFERRE

TOVZATA4FEY) T 4 ODRFED 72D IJTETH 5 H (8) Red Wing HP. http : //www.redwingshoe.co.jp/

DA legends/ (20144 F'%)
(9)THE GIBSON, Vv h—=3 2=V v 7 - Lv 7,
SE K 552375 (1994)
(10) ZFRix: 2574 —7 - Y a7 A4%S. PHP
(1) WIEHE, KHBEZ : ANV EREFY — L7 VY ARE(2011)
) a— b=t Z2VUHER,. Nod0 (2013). p.213-
218

(2) EERILIE IR 1] 252U HP http ¢ //www.mukaitaki.
com/cuisine/spring/ (20144 %)
(3) WWEFHAZ © Fr N RIS L E . A
Hif. No.34 (2007). p.185-189
WH¥7 /7)==y raax<HP. A% v 7 Hi. [ &)
http : //www.piano-clinicjp/ (20144 &)
G)¥r 7)==y raayY<HP, 7)) z2—FF—,
http : //bluthner.jp/about2_Lhtml (2014.4 FI%)
)7 /27y =y r7aav~<HP, BEOHFHEID
W, http © //www.piano-clinicjp/ (20144 ['&)
(7)EEAMFIE» HTHBL T s 0FEY [Z2—
AN R 7= 2 R ] OFSE. ZANOVEER i
No.30 (2003). p.81-87 Wiy BHE KNH Hez

ELETEAAR M

AINVEENEREOILT & HFER—IRKEAD /LKA
FILYA—RVX (1985F~ 1991 £)

2R/2ME/25(mm) 4510/1,690/1,335
Iy KER@BKHEOHC 2,672 cc
={=Tu P 150 PS/5,200 rpm

BABMLZ  21.5kg-m/4,000 rpm

TP FA—=RERINVDAA—=IY—=F—H—&E LT, FFHIvVILOERY—UYITH—ELT, 19856FICTEIL— T
HZE. BREREBKUICEHIER Y AUV I, 1.8LKFEMEOHC - EGI ¥ —RIV IV ZESH UIc4AWD & FRZRER. $(CZE
SUEHIEHEFRTH by TUNILD CAfE=0.29 (FFET V) Z&Rl. 1987 F(ClF. 2 7Lk FE6EIY IV (FLAT 6) ZfE
UL VXZHT. COETIVICIERESARS 5 v F2EFHIET D & TR DERBIAC) Z BEFEH T 5 ACT-4 hRAE NI,

— 207 —



ANIVDOEEEEDIRTEERE

Past, Current, and Future Mass Management in SUBARU
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Abstract

First of all, in relation to the Subaru DNA, I
briefly introduce Mass Reduction Design Manual of
Nakajima Aircraft and the weight control efforts for
Subaru 360 and the first Impreza.

Subaru’s project team members have done their
best to work together on mass management to have
the right center of gravity and power-to-weight ratio
for LEVORG and WRX, and they are proud of them.

Mass management in Subaru aims for much higher
place.
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Fig. 10 Center of gravity position management image
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