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In a world first, Honda has developed the SH-AWD
(Super Handling-All Wheel Drive) system, enabling
complete control of torque distribution to any wheel,
front or rear, left or right.

A direct electromagnetic clutch in which solenoid
attraction acts directly on the clutch was newly
developed to enable the system to be realized. In
addition, a 2-speed shift unit was developed to adjust
differential revolutions in the clutch in order to enable
the system to exert control under all conditions.

The use of this system in a vehicle provided
incredibly neutral steering and high vehicle stability by
direct control of turning yaw moment through differential
distribution of torque to the right and left wheels. And
the vehicle has enhanced cornering limit performance by
equalization of the load ratio between the wheels through
differential distribution of torque to all four wheels.
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Fig. 1 Change of cornering force

213.0000000000000

VERDBRE S A7 LT, FeAmc BRE) ) 250509 %.
Z OREH, FHCNERRIITIE 2 A Y OB D EICERE) 1
fibh, NERa—FV T TH—AUMFEETERL.

FEmEAVERIC N & © R E3BKE) ) 2Rl d 52 &lic kb,
Wb KERa—F ) VT T+ —RAEFETES.

FEmREFDBREN 1) & a—F1) > 577 F — KIZ BB & F
TRARKTRT ELLROREIC /%, Fig. 2(a)ld il O Hif,
(b) & SH-AWD fi Z Hiifj T 5.

Fig. 3 ICNMmDEREI IR EiC g 5 a—F VU > 5
T F—A%RT . HR (50:500 0 UERE 15 72 SR
29312 E, EAHF—2VDa—F) VT T4 —AN
KELTRS.

Driving force Cornering force (CF)

.................

Inside wheel
Friction circle

Qutside wheel

Fig. 2 (a) Tire force for conventional vehicle

Inside tire

Outside tire

Fig. 2 (b) Tire force for SH-AWD

Lateral acceleration 4.91 (m/sec?)
Longitudinal acceleration 2.94 (m/sec?)

—
%

———————_ Outside wheel

Cornering force (kN)

/
/ Inside wheel
1 /

50:50 0:100
Torque distribution ratio (inside:outside)

Fig. 3 Effect of torque distribution



gboobooooooobOommsSH-AWDM 00

22.000000000000

ZA Y OEMATENFEET 201, MR hER ORI
FOZET B, 2AVOaRE, FEUGLRAREN &5
ELTWBDlE LTR(5ICEDEHT 5.

1/sz+ Fy?

n=-— (5)
w-w

n ALY EMER

F 2 AYER#)]

F, i ZAXYYA KT =2

- BRTHEEERAREL

W @ &2 A viEihfeE

Fig. 4 ICHERIBINERLICH S B X A VA fRODZE L2 R
9. RO ARRZIET B T & THRAE T E BRI
WS RARRICT L, Rz ETE5.

Front wheel drive

120 Front
— _— ron
2 1o |Lngtudnat e’
[} 2y S .
£ 80 196 (misec?) A~ .
- |
8 e o e
e | T
= 40 | =
0
0 196 393 589 785 9.8
Lateral acceleration (m/sec.?)
Rear wheel drive
120
= Longitudinal ~ Fear
& 100 |acceleration  inside o
o 1.96 (m/sec.2) Yy 7.7
s 8| A A
- - Front
I}
e 60 both
©
LA T Rear
40 outside
20

0 196 393 589 785 981

Lateral acceleration (m/sec.?)

Constant rate of rear drive force

120 (front:rear=5:5)
Front
< 100 inside
£ go | Longitudinal ﬁg%re '.‘.::;‘,Z: ::::
= acceleratlonz) \ ‘‘‘‘‘
o 1.96 (m/sec. Zn\
g 60 Front
4 outside
£ 40 Rear
20 7 outside
0 196 393 589 785 9581
Lateral acceleration (m/sec.?)
SH-AWD
120
= Front inside &
& 100 Rear both A
‘g 80 | Longitudinal "\ _A7
o acceleraton &~
8 60 [1.96(m/sect) &
o |
= 4| 00000 = Front
R outside
20

0 196 393 589 785 981

Lateral acceleration (m/sec.?)

Fig. 4 Load rate of each wheel

UOSH-AWD DO 0OdQd
DR, AV AT LOFH EFIEFIECOWTHRNS.

31.000000

Fig. 5 ICHE > AT LOMKERT. KA AT LTIEH
fEt YWD, fid ECU 25 CAN EEZFHELTH
F® ECU (SH-AWD ECWIC A& N 5. FHHECU X FZ
ANDEEREETRAZRILL, V7RI T7 2=y bR
KA &, SO REE P ETT5. VT
RIATazy ME7TaxXIy+ 7 MEHICRES N, &
il ECU OfRRIcEDEHIHENS.

Fig.6 IV 7 R4 7=y b OWHXNZRT.

FERIRHC 7 aXT > v 7 M 5D A NG B 5 HE
BEAG,  SEDERENE 2 S D A [ElR 2 fe A B OO [RIHRIC 22 #8095
INARA RFY, BR8N 2K B < Bl HlEd 5 Aot —xt
DEAVLT VBT Ty FNHHERENS.

TR LR O ER s MANC RS bV 7 22 { G- Z 5 T &ic
XY, HREIDI—FE—AY MNeREIRT VE—ATT 2
MzZ%. V7 RSATa=y M, Bl EIci 742
DDT Ty FOMNMUNT Ty F L0 EET ST LT,
BR8N ) 22w MAINZ < By U Rl 22T 5.

SH-AWD
Steering angle ECU

sensor
Engine & AT :
ECU 5%
N~

“{‘Eiiif\\\

VSAECU Yaw rate sensor
Lateral G sensor

Rotation sensor
Rear drive unit

Fig. 5 System layout of SH-AWD system

; it — 2speed shift

I unit
= I/

Direct electro-
magnetic clutch

Planetary — |

Oil pump

Planetary Cutch

Solenoid
Hypoid gear

Planetary Clutch  solenoid

Fig. 6 Cross-section of rear drive unit



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

Input

Planetary gear
* Ring gear (input)

* Sun gear (torque control)
* Planetary carrier (output) /_E

Piston

Yoke

Armature

Slider

Output

Main coil
Search coll

Joint connector

Fig. 7 Direct electromagnetic clutch section

32.00000000000

B T v Fl& SH-AWD OB 2 RELTED, &
X7V ANDY 277k MVIRED RO B NS, FD
Te WL | ) DRk 2 Bk U, h DR EMZ 7z
Sl b & 91, BV L/ A RTRETZWSE1IH Y
FYFIKEA LT MHERT &L L.

3.2.1.00

TR T FOREER Fig. 7 1ORY. HIRIE 7 —<F 2
TEeIA— TR EN, KY AT ARG R 2 E
Liz. 7—RFaTIEATNIEZRATA R, =210
Y=V TEEERET S, ERMEEESRVES
SRR Uz, 3— 27 ONNCFEE X N-ER a1V
$HET S THAZREESES. I—TRY A R —
AICHEHET B &ic kD, RSN < W1 1DKR 17252
O, 7—xFaTICHETBIRGITIDNERA NN LTS
Ty FICEHBEEHT 5.

TaRS Ty T I LIEEESND LTI, NAKRAR
FYERBHLTY VIFIYANELEESND. 7Ty Fid
T—=FaT7HEEX 2N LTHLDITSN, T—X
EY UV EDOMICEB N ZRESE D, TDHY VT
FYICANEINZ IV IR TSR R2VFVYTENEIN, 7
FYFOLEENVIIHBEILIZ VI, TSR E)Fy
V72N URIATIx T "AHTIENG. TOETIFHE
ZHWT, BTy FR/NMYELTz.

Y—F A VO ERE T A VKIS % > — b
MzERL, BIEE—V FRERICNTa IVOEEYE >
ZHIZRNTHIEERm 2K L, Mmook AZMiilkd
BIIRE LTz, Thuck-TC, V7 RIA 7=y FHAODM
BE7R BB N C O RESRICAFE C Z 2 SN2 R LTz,

322.0000000

RA VLT NEBWY Ty FIXERET Ty FICWkE [ )17% R
THEMGEE LTz, 799 FOERICKI->TI—T &
T=FaTEOLT Fv v ITHELL, BRICHTS
WIS B R 5.2 %, Fig. 8ICHIESIEIR(F—/8—8B &
G775y REWTD, 7 Fv v s 2 MV I FEED
KEFERART. WRIERE T —/ S—ERERHAT S C &
T, T7F ¥ TOE(RICH ULE Lz MV 7 RENES
Niz. FrEHFY Y THETIXOENRE 121852 &
MA[REE TR o Tz,

Fig. 9 IR & MV OBfRZ/RS. WEICHBEN D %
728, WHRMS MV I EHEETE .

T THERZIET 5FiLEL LT, Y—FazHun
TR L. BAAMIEDOERZ ALV
ISR UEBRIS, —F a A IR T B EED SR Z R
Hd %51 TH%. Fig. 10ICEHREMHEBI T MVZ DR

Air gap operating range

x
g Taperty;& Flat type

Q\ / Demand torque
(0]
>
O]
] [ ———
l—
M \
=

Air ga|
Min < gep P Max

Fig. 8 Air gap-taper/flat torque characteristic



gboobooooooobOommsSH-AWDM 00

BEHLDLIIY TERT

B UTeRICH D &, misdo~y 7h5HEE ML 7
W HERzROEBERMET S LiIckD, BiEdLT
Frw M ICBOTHENMNV EE VT OHBEERSC L
MWTE7z. Fig. 11 IZEFMIERL, Fig. 12 IZEFRMIED
D DT A MERERT

323.0000

MV RERE BIECHIET 5728, 75 v FIEEICA
Uy THIEEB R >TWS, AV TRIHEIHOZ M

x

©

= //
(]

3
o vl

»
£
= //
Min <€ Magnetic flux B Max

Fig. 9 Magnetic flux-torque characteristic

—————————

Current

Magnetic flux

Fig. 10 Current-torque magnetic flux map

x

©

=

Min air gap
g /¢7¢7%fj;§7
O
5 / //
g 2
|_
Max air gap
£ ‘
= ) Target torque
Min Max

Fig. 11 Torque characteristic without magnetic flux

correction

x

©

=
()
>
g
2
()
2
-

=

= Target torque

Min 4#’ Max
Fig. 12 Torque characteristic with magnetic flux
correction

TRICK O TIRER T &D, BERAXA VDR v I IREE
WSR2 T B, TOBREICEEBRENZE L TWENnE
ARIIREN D FEET 5.

El Ty FEBRINI =TT —F a2 TEOF vy
TINS5 L, WEDEE YT 0G| IOFENTE S
{75%. TNZEET 27O TRELT —F v v S 2R
95&, Fig. 8 hHbh B X5 MVIEENMETT 5.
Wo TY Ty FITIELRE U Tz BRI & BEREIC R B
HHRDENS.

LUz MV IR RR S 7202, HEAMROFEEA
FHTHB. % TR DOIEHEEZ A NT Y7 v F O
Ui EE&2 R L, Fig. 13 1283 & 512 AT % CVT I
L UK e O 2 e & Uz,

Fig. 14 1IN T 3 )VF— & 7 5w FERBEOMGRE R
T. IV FOBEEMIICZNT &5, PR CHAT
FiZzehn LI R 2 iR U 7z.

AT ‘

/
cvT
////// SH-AWD

=

Surface pressure

Difference revolution speed

Fig. 13 Surface pressure image

Durability abrasion

uantity abrasion
N

)3\

After
Before

Initial abrasion

17

J& Initial familiarity process

Absorbed energy

Fig. 14 Quantity of clutch durability abrasion

33.00000

FEmBE OISR OB E Fig. 15 1R, BiasMUO#ph
TR OB K O SMIZEE . mifmOYINAICHT B,
i -5 & BimyMAl O [es#E EL DO BIfR & Fig. 161C/R9. fiE
[0 LT <icuiim & 0 %ilnsiahiE < Bz d 5. 2o
RRET O Ty FRITET % LT HHE NS, DX
DEEEICN LTI 5%, CNEERT 5728, XTTy
7 b O HE U CTRIRICRET S ENEC S, FD
7z SH-AWD Tl st ie L.



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

Ak

Trace line of
front wheel ‘ D

Yaw moment of turning

Rear drive unit

Rrr

Trace line of
rear wheel

Fig. 15 Movement of vehicle in turning

1.06
1.05
1.04
1.03
1.02
1.01
1.00

Velocity ratio of Rrr/Rfr

0 3 6 9 12 15 18
Angle of front wheel (degree)

Fig. 16 Velocity ratio of rear to front wheel

34.0000

BRI 2 > 7 D RIS RRGE LT Te, i bmze
MERTE 2 K S/NREREE SN, TNZ2HEBT 57
W, WE7 7FaL—2 AT 2D Z v FYIOEZZ
AlgeE Lic. e, 792 2VFVEeI 00240598
KUBEEH 7 Z v F 2R LT,

3.4.1.00

Fig. 17 CHE BRSO Wi X 2759 Bk 52 f&%]\jﬁlﬁ
oy rFy et boYyFy, THUCELEE S

One-way clutch Twin pinion

Planetary carrier QOil pump

Flange companion

Low spring
Low piston
Low clutch

2!

High clutch
High piston

Fig. 17 Cross-section of 2speed shift unit

ZFUFEYEAKIC LY A Y ESL Y, ThEHEETS
T3 ZVFY )T, TOFYUT EANMERKETEY
VI ATIyFRCA—=TTvF, mireFrIUTET—
AZIEETBNAT T FTHERINS.

EER, O—27 Sy FEn—EAUEALTE—ARY
UM SRS 5. ZTORE, TIx2)Fr
U7 & AT Clalfis LERIKE 25, EoF v F
YEHEHEETF Y U7 HITNiET 5.

fERIRE, Zr— RICHIERE Nz NA EX S VT K-
TREZREL, 7Ty FERUSIHEEGIES &0
2, B—EXbrENLTO—RAT) VTR, a—7>
FwFRIEEGETE. N ITVFEETRE, TIX%
2V Fr ) THT—RACEEEN, EZA4VFVOREN
B5E %, TPV =4 rFVid A Fds KO H
OV UFEY EWMAVRIEEZIEDD. D2 TFHOF VL
A ENERIRREZ FEET B.

T ATy FE, TIXRZVFY U THASD
B 72 F RSB OB E W S AT 72, Fhic &
D, AENRRICF v ) 7 & ASilZ — kR E 5D T,
EROKBEZ AT 5 LI, WEFHCF Y U T DEE SN
0T ROEEE Uz, aiEhnER O ERS#EEZ T >~
T2 AT Ty FHRIFEEODT, BREBIUHEHTZ VY
TL—FHOER T Ty FH/NEETE .

34.2.00000

Fig. 18 I EEIEKR Z7R T

High
Shift solenoid

Accumulator brake
B e
%jj M:ﬂ Shift valve m;ﬂﬂ [ 4£ﬁ@§j?§%§1

L — Regulator
P valve
| | Lubrication
I One-way ball
Low range
. . High
Shift solenoid Accumulator brake

Regulator
valve

Strainer

One-way valve
High range

Fig. 18 Diagram of hydraulic circuit



gboobooooooobOommsSH-AWDM 00

TaRTG Yy T M EBICEET B A AR T, T4
VIERRHET AL L—2NVT, Yoy FYI0EZH
T MNVT, YT MNVTERIET BV L/ AR, WET
Fa—Ll—&, BXUTYYzAFTHREINS.

LF o L—2 V7 CTHRIET 2 BRI 7Z i i
L., £—E0MBFEICET S EF AR TOWA
AN Z R 9 2 & T, RISOLRE L a0 Tk
KO AR TEEGORIRZR - 72

VL ./ A RIEEH ECU hoDfsRIicHEOIZv 7 ML
TEENL, SAVEDT Ty FENOBEBLEIUT Y T
FEOFIMFEH Z HlfEd 5.

T AR, BERHCA VRS TR AT E T
ZHET 5T LT, A AR Y TR O RIEE AN D
ITHEAIIC K B IEREANDY D F A RFDILEEN®F v ¥
T—a URERIET B LI, WRICK B AN L—F
MoV ZIFMZIET 5.

gooooooogo

41.000000
Fig. 19 I SH-AWD O#lfl 7 o —F v — b Zmd. R
TLOIEEEEHRLT, 74— F7x7— Rz Ak
ULl 74— FR7xT—RiilEITE, TOEDHERHE
WD EHIEHENIE SN D T2, iR EOZ b0
LOBRRZIC X D HEREEME NI 2 RN D S, £
DIz T 4 — R\ JHIEITHIEST 20y 7 & Lz

SH-AWD ECU

PCM (FI/AT) \
Femmmm—m e m e ———m
I
Intake press 7| Motor torque Feetd florward |
Motor speed ! contro |
— |
Transmission :V Tot:)lrdﬂgmg Right 1 Right
gear ratio ! q 9 T clutch
l torque !
l
1 Longitudinal 1
1 torque | ! clutch
Wheel 1 1
velocity Vehicle velocity e X
I L I
H -
Latera! : Lateral | ngh(low
acceleration | acceleration | T shift
i r - __ ! solenoid
Nowro— | —
Steering Rl control 1
angle " Vehicle b 5]
l

k,,?‘i“f', ,,,,,,,,, /

Fig. 19 Chart of control flow for SH-AWD system

42.000000000000
74— 7+ T— FHEORIE T 0 —Z2LL FIZihX 5.
c LYV, WREEEND, FORELZ LY
<Y TICHEE LTIV Y VORE N ERHETET 5.

s FOIVRIvvarFEVIkE MV OaYN=ZD VY
e 5, EHil - OFRERE) b L 7 ICHE T 5.

o ETEE, FSUAIvyaryFYH, TH BESOE

THIREBICIS U THRER D bV 7 il b2 RGES %.
- KRENEN BV ERTERERD RV T B e DR BV D 7
B9 5.
© TRERO T & B K 2 HEEREE &, BEhms
By, I—LA berhblERazERT 3.
+ FEEIRICHD E il /oA OFERE) bV 7 2RIT 5.
« Rl/oA ORERE) bV D 2 EW T T v FNOERGE &
LTHINT 5.

43. 000000000
PUNIET 4 — FoXy ZHIEORIE T 0—7%ih\%.

© HUAETIUCED EHIAROAIC KT 2 A v Tz it
ET .

« FEERICIE U A Y w THLEWEEHEERY v THO
g s, AV THBRENEHIW LIRS, 70—
74T — RS & o TR &/ bV o D%
i B fiERZ 19 5.

© AV TR OWEMERD R S RO, RO
PV B s S I HiiERZ )9 %,

44.0000

BOERIEAE R ORI T 2S5, FEmoPkncix, 71—
R 7 %9 — FHIENC X o TRD I HEERIHEE OHEHE %
V5. HEERSHIEEZ V2 /51, FEREifER RS A3
DANNETRTE ST, BIEEL S HhERVS
e K0 IBEEDE.

AT AT LOBEFIRIEIC BV T, Al g & %o i
HOEAE U < 2 E1TIKEEZ, iE & HEmREE O %
& LT Fig. 20 127”9, Fig. 20 & b BE#AS A8 & 75 2 fglm]
BSIMEE DM EEIF EREL RS, o T, Ml TlEHm
B2 )19 B hElRIRihns gz K E < RE LTz,

[ Possible to drive rear outside wheel at low range

Turning radius
120(m)
200(m).
280(m)

Lateral acceleration

0 45 90 135 180
Velocity (km/h)

Fig. 20 Wheel speed relation at low range

goodgo

SHAWD {JZHMWIC X 5 ETT A MERITOW TN
%. RV AT LOMBZEANRTEFIE LT, hndifen &
hE A S a— L&EHE LTz,



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

51.0000000

PO I S AT N SRy Dy Z—T 1 T 7 LY
v VAT B A=)V R PR SR E) O B 2 VL .
Fig. 21 I hIsRF O FEmIREMEZ /RS, M{EGHIC THERA &g
8 & U BMEMhEm CER) RN 5, 77 )22
I LG EORERPERDILA D 2, FHEMOPERICHT S
2t & FVELT U7z, SH-AWDA T 2 iijld, FRlgeic bt
L CEEOEMMN DI 7V B—= AT 7 HKIBICHHIE
fe. & SICHEM AT REZR R ILEE MR E < M) kL.

(&p_Ro = 15m Fixed control

R/
Wide open throttle

2.0

S

i

x SH-AWD

o Mechanical full time AW D

2 5

[}

3

2

g

[= S R A —
...... |

g RSt

£1.0 —

2

Lateral acceleration ———» large

Fig. 21 Turning radius ratio against lateral acceleration

52.0000000

SNBEPDZ T T — LERERRC B 5, s 33—
LA N OBHEM AR L. RifRERENEH O R % Fig. 22,
SH-AWD { X HlijD#ERA Fig. 23 1SR9. BifREKEIEED
Sy, EHRAEIC X 5 3 —L— b oEietE L, 7o VDI
THARBNS. —J7, SH-AWD i} Z HiijBH DM Fic
MAETA MU & B I—L— OB IMA 5N, B
CLENEWNLT BT ENTER. (KPR

Steering angle Vehicle velocity

200 l 120
> Right

Left

200 40

Right

Steering
angle
(deg.)

Vehicle

velocity

(km/h)

‘Yawing rate
(deg./sec.)

\_.
Left \ \ \
0 1 2 3
Time (sec.)
Fig. 22 Result of front wheel drive vehicle
Steering angle Vehicle velocity
By e LI
588 I
8°° w==F
60
P Right
83 s
28
5 g N —
Left N

Time (sec.)

Fig. 23 Result of SH-AWD vehicle

googd

AR REREN 1A 77 46 & Ol /e Ay OBREN ) 7% B RIS il
BT LIiCkD, AT7Y VBB GEERIERE,

fRICHd 2 mnI —L— MBI ZRBITE /2. T O/E,
RIANOEEICEFZENRE G R a— I VAT
T e T4 —)V) ZHEE L.

FlRZA LY NEWI Ty F Y —FaL )z fni-E
THIERIEOERICK D, SRS REZTREE L
fo. EOITNUE U T ESEBREOIRHIC K D, BIMADHEIK
MR L, BERFIEOMEEZILF S LA TE .

a0 SH-AWD FHFICHB T, HL DEIRNEZEICD
WTHE L OFRBREN R I NI, AL TR AT L2k
DN ZBTHE-T2h, 5%, SHEMBERICODVTEHEZ
RN L TOELZVEEZTVS.

BRIRICARY AT LORFRICH =D, LR ZRZTHN
T2 HRICOE DNz UET.

gooo

(1) Hrpfe=, BN, mHAG, kisse, MmEE .
FEARODERE,HIEh 117572 O TS gel & 2 7 LD
BA¥E, —ZHBIHET 7 =)V L ¥ a— No.9, p.40-51
(1995)

(2) Shibahata,Y., Shimada,K., Tomari,T.: The Improve of
Vehicle Maneuverability by Direct Yaw Control,
Proceedings of the Interenational Symposium on
Advanced Vehicle Control, p.452-457(1992)

(3) Zhue—, SERS, JERTash, AZER], FH—E,
MelEE, s, R4, KRER] D AAERE IR Y
¥ A7 LOBFE, HONDA R&D Technical Review,
Vol.9, p.70-79

(4) BERE, 2 3—8— A Y M X % HHljHs)
W TIEO R, H B HRR R, No.25,p.122-
127(1994)

e 000Om

e

B )t e B A B 3 5

o

doh
i






