ERERENERD Y AT LORE

ERRENED Y AT LDRFE

Development of Active Torque Transfer System

AN S O A L |
Yasuji SHIBAHATA  Nobuharu KURIKI ~ Katsuhiro KITAMURA

A % o R fom - W M R e

Kenji HONDA Kazuhiro WADA Hajime KAJIWARA
x R R — ki A SR A i
Atsusi MORI Kazuyoshi KUWAHARA Shinji OKUMA
C:3 =] ABSTRACT
FREICHUT B Lot ~\SKE) /) 2 iadlC Bl sy U feEl We have developed Active Torque Transfer

2 - o= . System (hereafter referred to ATTS) for FF car to
= =] PANN
REZ AR 9 2 e iBR B 1ficor > A7 L (Active improve the turning performance by distributing

Torque Transfer System ; IR ATTS &MER) ZRAFE L7z, optimum driving force to right-hand and left-hand
) _ y ; - front wheels. This paper describes about the theory
VAN 2A
FEAHRAN ORI IRINE & D ST 2 S S i, of controlling vehicle behavior by distributing
B & AR T Ty T2 F V2 BR8N TR O JFEL, JhE optimum driving force to right-hand and left-hand
N oy g front wheels, the principle of driving force
i) YA N =1
DT T3 2V FVICL L AR, fotiBimh IR 2 distribution using overdrive device and multiple disc
KERICHREE B2 X TN Y a AV FRY ARV T g v, clutch, the overdrive mechanism with Honda original
S S e e s = e o sl — planetary gear, the double joint type suspension
PR S > 2 7 LR £ 5154 & OReREREI which makes the most of driving force distributing
DNTHEFT %, function, the electronic hydraulic control system
o= ” g 1oy sk mechanism and the control method, and the
ARYAT DI L LTI L) 2 — FICHRL performance of ATTS onboard car.
TERDERE 772U 7T LW B 2 2B U 7z, This system was introduced in the new Prelude
unveiled in the last autumn, and showed new driving
sense which is not inherent in the conventional
driving systems.

1. BL&IC DREEIEHEE KIEIC I L 2 BB 2T L TH %,

i OB PERE D BB FIE AWS D HBILUK, HEko F 7o, ERUY T O HAEB O HIEMR L LT B -
R & DL O S, HIEERZ ISR L Method ##& %5 Uiz, 1~
FEDONBHICHE L TE Tz, LA L, 4WSIZ XK Z50R

DK E 7RIS & HIGEIERANE T © ¥ B fid & B 2. YATLDRS5L

A X DFPHREDEIY & 752 B B IR S ., Hl o3

B IR 2 - RTINS B AL L E A D

HBARENTVT,

SEBHFE LIz ATTSIE RERDEDEATRICIAFIC Uy
BR 5 - BB 2 FEmRREIC IS U T Aol & Al
g BRI BEANTH D . MIEH B IERIY

E TR, RUCHER L IBEOM B D E iR TH

FEIREC RN EE DRI D < IS DNHHDIAEZE

IC75% T IERRNICE K KHIBN TS Fig.1IcF F

BEHORNEE & el R DT X MERZRY, FFHEHT

. FERIBHCINET % C LI K DERD T VR —AT T

DEGVITRED ., BoHT 5 LICK D ZDESVIET

£5%, DX O, - Eokic X B OZEFEZ{EHKE

. TNDHEBARLEDFEFERTH S L WA D, HE>

BT T\ CORBTE KA N~ HEDT 2 2 VR

https://doi.org/10.69239/hondatechnicalreview.1997 9 9 — 70 —



HONDA R & D Technical Review

Vol.9 (1997)

HIC L > TRARERHNELERN 720 | Rz BT Hif
OLEMRE LT B20ICE. RIADT 7 VR
xS 2 R E O L2 IR 2 T L NEETH D &
WA %o

ATTS Tid, T ORFEEFOhE « JoHic K % 2EHZ{ b
ZERL. —2—bIIVATT « 70— )VOEB K
DRLNVELTWVS, TNEERTZTLICED FTA
NEFTnETLLRICHBEENY RV, 77 )V ED ]
e R0 HmICIE RS A4 /3DRGEIC X 0 RN
KHENS,

3. EABRENE D DOFIHER

3. 1. 74— F7+7—FHlf#

ATTS TIEAERIFH OhIERHC . SXEIJ)7Z hem Y inic 2
B LT Y E—=AT 7 ORBZER > T3, 9 5bb,
INY FIVEBEIC X B el 2B 9 % A i il 7z EH &
BT3B, ThZzEHGO#EHHETHWsNE T+ —F
Ny I EEKICUIZAETHBLES T2, BY
TAT T4 — BNy JEENKE LR, Hili2ADR
E L THIEGEDIREENDMERLTLE S, Fig2ic,
T DINEENORETZRT,

- — - — Fully accelerat ing with: 2nd gear
—_ —— Constant velogity with:2nd gear
g8 e
& P Decelerating with 2nd gear
5 Remove driver's foot from
'2 VEI\A (an accelerator suddenly)
16 Re
2 ()
- oo ;
S 14 Ro=15m Fixed Control - /
2 /
£
£
=1
2 1.2

PP -
. S P
0 2 4 6 8 10

Lateral acceleration (m/s 2)

Fig.1 Turning propery of a front drive vehicle
(experimental result)

— =

to to

Steerin
angle ’ + Vehicle motion
Vehicle
+
Ati+Ae Delay At
to Control
system
Delay At

Fig.2 Response delay of positive feedback

ATT7V Y TREMAICHTT ZHEmOLEENS (At) &
HilE s 27 LoENS (At) KD HDTHEMZE D
AU, HiliHlHZ1T725 DTH B, TDIDIIADH R
K> 7eT 4 — R 73U — Rz vz,

3. 2. f3-Method

T 4 — R 74 U — Rifilfc & b EAROEKEY /) %
HIfEd B I id, SR OERE /) & B D% DY
FRZ RS 208N %, F T, HOMHREM:Z Hifk
TAROf B LRI ETLE— A FOBFRTERIT
% f3 -Method ZHi7zICBHFE L7z, D~ 9

COTFERFig3IRT &SI, EHLEO I —H#HEh e
ROED) 24K U 72l O BRI XD i g 2B L L
F—E— AV FMICKD, JEHHE - BEZ GT )
O H I OHETRHEE LTS 28D TH 5,

Fig.4( a) l¥hERE, Fig.4(o) IZIOEIFDE D% 7RT, h
HRAC I ETTE— A > P MIZBEK U, 0ERRIC I3
5o d, COMBODBEENZAZT v I—
VISHIELTED ., HEBND THNEHETGH T > X — A
T B FBO THNEIA—NAT TR ZR D ©E
FRFGHEEELL | TIREMDRLEICES T EZRL TS,

Fig.3 Vehicle analysis model



ERERENERD Y AT LORE

i
/AT/ i

5'=—4
— -3 -
.E ﬁ\ E /\_3
< 4 = 2 4 —
S g0 s /’—\
g 2[;//—\\ % -1° \
5 /\>§ £ ° P I B M
£ (5 —— £ //_\
s o 2o —
> [0 2 (4 6 8 10 = 6 8 10
(o] ()]
£ c
£ X
5 2
[75) 7]

) 5 Vihicle side slip angle f (°) hicle side slip angle p (°)
- * -2 +2
+3°, i3°
_4 +4 _4 +4°
(a) Acceleration characteristics (Xe=+1.96m/s?) (a) Acceleration characteristics (Xe=+1.96m/s?)
6///,.\\\yﬂo 6 —
3 5 3 —
é 4 \E, 4 | —=2°|
s =2 s ////
_‘g , /_710\ % 2 B /—\\
IS e o L7
5 70‘50\ 5 /4 I
I g / /—\\
g o E— g o —
> 0 +0.5° 0'2_\4 6 8 10 > Q-+05 12 H4 6 8 10
R . g =
i ) 20 ihicle side slip angle p (°) 5 » e Vihicle side slip angle f (°)
g +3° / g -
n Lo
+4 / @ 3+4°
-4 -4
(b) Deceleration characteristics (Xe=—1.96m/s?) (b) Deceleration characteristics (Xa=—1.96m/s?)
Fig.4 B Yaw-moment diagrams Fig.5 B Yaw moment diagrams
Fig.5 (@) 3 & T (b) I i « BoHHC BT, I—F— X, ,= %f W (1+Kw- Yve) . XTG ceee (1)
A Ml Ule 672 R Bl OFARMN R ED s h
BN BT ORI E— 2 > b ORI X Ky = B * g e @
W EDDD B, X,,, - 7EA7 R /] (traction and braking forces of the left and
[ - R , . right front wheels)
—F— ]
CDRMTTFEICEK D, I—F—A Y MlfOEAFE Df : WilROELEIHIFIRS) (traction or bracking force
LWV A B E ORBNERE & mifZ s Fg U CilEs distribution ratio of front wheels)
pr— o o R , W : Bi# (vehicle weight)
3 I —F— Tl <
BIFRICY T IV —E—A Y MRS T E, Y.t MM Gateral acceleration)
KOBLTE@ICRT, . - HitghEE (longitudinal acceleration)

g . #m#EE (gravity acceleration)
hg : HELEE (height of the vehicle center of gravity)
tf o Ri#E Ly R (front treads)

ZOATTS Tid. RO OmiZIEEZLZY YYD b

VISR U, BIEE Z B EE T h ST
5T lIiCKD, T4 —FT74+T— RlRZREK LTz,



HONDA R & D Technical Review

3. 3. EAEREAERSTOME

(1) F—F—RX MMl

FEARRANERI ] 2 YN i 9 % S LI X D HLRE
PODI—F—AV MeREL, midDLBO ., hnE -
ToHIC & % B DL 2 Ik T E 5 C EhVbo T,
THUE. EABBHE IS LS I—E— XV IR EN
A %o

FEAREN RN, T—F— X > Ml X 35058
ICIMARDNEND %
(2) BREIREDZ A Y YA R 74— AR

Fig.6 (a)5 &k U (b)ICHERIRFDWIFRID T R 7 +— X
DENERT, HEROEREIY X7 LTk, fERIRHCHE
DRZEVHMUANEHFEO/NES VARG [ U AE T DER
BIHMMER LT ez, FRCNERHITlE 2 A v DR
BB b, YA R T A —ADRETE R
2o (Fig.6 (a)) THUTK L. fEESMUIDERT) )72 K E <
Wil /NE < A ¥ DEEAIC RE - BB AR %2175
TEILKD, AAYOEHENZAMMTT I EIT T &MT
&%, (Fig.6 (b)) COMRALEwZ A LIca—FY v
J7 F— A FEAATRANRE 532175 T LIc kD
WRT BT LEAED, Batticxd 287z Fig.7 IIR
ER

Driving force

Side force (SF)

Fig.6 (a) Front side force for conventional
vehicle

Fig.6 (b) Front side force for ATTS

Vol.9 (1997)
51 Total (C+D)
/_\\
4 +
T Outside wheel
_ T D
P4 3+ =~ —
=
[0}
)
(e}
° Inside wheel
© -
22 (CE
-
- 7
1 Ve
/
1 ]
50:50 0:100

Torque distribution ratio

Fig.7 Effect of side force increase at driving

(3) MEFENC BRI Y A 7 4 — X DKk
HANIT—E—AV b 2HEZ B2 kickD. Emfo
RIEERODY A BT +—ZADNS VY ADZHE L. [Fl—Feém
Z1T D T DICRBIRHTHROY A R 7 4 — ZHMEIK L, T
D% Fig.8 ITHRINICRT,

PLEo 3FEEORHRIE, FFE T ARl )% 352
5T RICKD . IERHCIZ R TT ¥V B — AT 7 %Ki
T 2AIAEHT %,

. SFi(Fony=0F_M

‘' Total front side force

M

Fig.8 Effect of a required side force
on front tyre at turn



ERERENERD Y AT LORE

120

100 T

80 »

60 N with ATTS

Mean life ratio (%)

40 > :
without
20 ATTS

0
60 70 80 90 100
Mean vehicle velocity at winding test course (km/h)

Fig.9 Caluculated result of tyre wearing

(4) 21 Y RO

ATTSIC K D BRE) I3 THER LN TR 3 %,
Ko, TUE—ATT OB K D AT TV TREfAD
WAHL. ZAYDRAY Yy THEBEDT S, TORE. 4
i CO XA VERIE TN 28 DONEHTD XAV
BEREIRD UL RGN X 1 Y RS %, il
WD 2 A Y EEFERIE, PRME, PRI AL, 2o
YORY) v SIS T Z T L KDk, ZORER
% Fig.9lTmnd o FEBEFET A MTHBW T E ARSI
MELENTN 5,

4. EERENESY AT L

4. 1. 25EH

Fig.101c. Y AT LOKKRZRT, TVY VDY Y Y
RT 0y JIG RS ENERE ) 2 e\ S % E—
Avbkearvia—)b-a2=v bk (LLFMCU MR,
Thzfiliid 2 EFHlEL=y & (ECU). ETTMERE & fiE
EMEREE RS B R HEE I K DR E N TV S,

Moment control unit for 2WD
Engine

Diffrential

ATTS ECU Engine ECU

Steering

Lateral G sensor angle sensor

Wheel speed sensor

|— Yaw rate sensor

Fig.10 ATTS configuration

4. 2. MCU DR
(1) A TR & RS E

Fig.111cid. LEAEREN 12809 % 72D MCU D
HMZRY s MCUDHERKIE, 77 7 LT v LbFY (L4
TF 7 LS 5 OBRE 2RSS 3T TR Z Y
FY7 TV, EBXUCHERFEXZR Y Ty F5
K CTHEREE D 5D > TWb, T 7 X0 EAICE
gENFEEEE, FoM i ER7z 2 EOHT MCU I
BOTW2, FLOMONMINGHEGO R T, 77
=AML TENSENBENTWS, BillET7 X0
A A L7 MCEMERNEIN TN S, TT3 2D FY
OF ¥ U THNIGRERH Y 5y FICDEN>THD, 3
B =4 Y OREGRFYIGERERIA 2 5y FIC DM > T
W5, ¥lo, TOTSXAZVFY TRV TVRY VTF
YEALTWERY, TO3HE_F V2K Lic ST %
2 FYHEEOFRBUC K O KA DRER Y T F 7% jdk
T3 LT, A =7 ICBREINE 217D A=
AL T25EK Uiz,

PR, MCU OfEEEHEIC DOV THIEY %,

Fig. 1 21 FBIFRBROBES 278 BRE )L 7 2 Niah 5
SRICIZET B 710, gL 75 v F 2RI T
%, BN, NEROEELZIMROEFLK D & [EEL
L L7 5y FIRNAMGREE DR T MV BI5ET %,

NEzD T2 2% 7 5y FTORWVIEGE, M
Z AR OB NI SRV MED .1 20D HED
HBHOT, BEEEE LICEARY S v F ORI L,
AR HIED . RIS IEBRBI RS 5 T LIickk D
WO NEL T 5> TLE S, AV AT LORLWVE
WEWOEREN AL &> T LE S, T2 T, BHEHRSIC
X0, Mo EEEE KL O & NiFOEIEENEL L, &
Sy FHDE ST & THIRICERIT. PRI BB % 7
EEEB,

Oil pump  Clutch (L)

Clutch (R)
Triple planetary

Diffrential gear

Fig.11 Sectional drawing of MCU



HONDA R & D Technical Review

Vol.9 (1997)

Braking force
Turning center

Fig.12 Working principle of torque transfer

Fig.131C. JEfERIREDERE) ) DRz Z2 R T o Lol
5 FNE~EEIND & T 7 TR LT ERD
EXEN S DV SR Y Y — 3 Y A Y AR
VFEY ST T — A4 L AN 4RO ERE) 1 h
Hnd %,

Fig.141C. AlEEIME OS] DIRER RS, AhEkE
T FNRE~EEEIND & T 7 TR LTGRO
ERENSIMNT 7 r—A—>HwAY v F v 3 4 U F
YRS Y F v L RN, RO 5K
wnd s,

Clutch (L) Clutch (R)

JlE

Front wheel (L) Front

Diffrential Wheel
gear

Fig.13 Torque transfer at left turn

Clutch (L) Clutch (R)

Front
wheel
(R)

Front wheel (L)

Diffrential
gear

Fig.14 Torque transfer at right turn

Clutch (R)

Clutch (L)

Front wheel
“) Diffrential ‘(N%eel
gear
Fig.15 Torque transfer at strait
Fig.15 1, BEHERFOEREN ) DIREZ RS, EHERHCIE

BRI 7 2y FIEERE T, BREIIE Fig151Rd &
S, TV T URAI YT a y=T T EARAN
LN, FEAHEFICHREINMED %,
(2) Lt & BREh B b

TOATTSIE, A 15%DOHRE L LTWV5B, T
NE T FOMR B E O TREIE DR, gt
LR 5%EE NS EWNH T & TH B, LIz > T,
TERIFRDFEATERD 2 A ¥ DDA 115 LR (ML
F 1.5m &ARE 3 AU NERGERIEEE 10m DL RIS 9 %)
OFIPAC A7 BRE) 1B il N T BEIC 22 B » Fig.16 B &

U Table 11c, I %2V FYOMK, R E MLy
AERY,
F 7z, BRI DB L& 7 5y FOLEEINTIE U TR

T80:20 (Wi : NiliR) F THHBERRE L EH> TV 5,
FT7 7 LYy )UT50:50 I E NIERENH & 75
2V FYOfIEIC X O Wligh SIMRIC0BImEL TV 5

>\\
Clutch (L) Clutch (R)
Triple planetary
I af_l&‘i \ =
e =0 9
l *ii =)
i&_ =
o Front
Front wheel (L) Diffrential Wheel
Moment control unit gear

Fig.16 Planetary gear skeleton



ERERENERD Y AT LORE

Table 1 Planetary gear properties
(Revolution ratio and torque ratio at right and left turn)

R C L
Central Central Central Carrier
gear gear gear
. Revolution| 4 o 11538 | 2.142 0
nght ratio
turn Torque | _75xTc | 6.5XTe 0 Te
ratio
Revolution| 4 4555 1.0 0 2.166
Left ratio
turn Torque | g4xTc | —7.4XTc | Te 0
ratio
i1= Number of teeth for R pinion gear (16)

~ Number of teeth for R central gear (30)
io= Number of teeth for C pinion gear (16)

Number of teeth for C central gear (26)
i3= Number of teeth for L pinion gear (32)
Number of teeth for L central gear (28)

Tc: Clutch torque
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