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Development of a Variable Valve Timing System Controlled by an Electric Motor
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A system with “Variable Valve Timing —intelligent by Electric motor (VVT-iE)” has been newly developed to
realize requirements for lower fuel consumption and lower exhaust gas emission, as well as higher performance.
The system has initially been adopted for the intake valve train of Toyota’s new 4.6 and 5.0 litter V8 SI engine.
The VVT-iE is composed of a cam phasing mechanism connected to the intake camshaft and a brushless motor
integrated with an intelligent driver unit. The developed motor-actuated system is completely free from operating

limitations by conventional hydraulic VVT. This new system leads to advantages in reducing cold HC and also

achieves further reductions in fuel consumption.
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Table 1 Assessment of variable valve control systems

> » ©
= £ s ©
o 5} o = k)
Description s $5 =8 EgZ
Type e 3 8§ &8s
D O O>L
Cam phasing
(Hydraulic)® f 5
(Brake type)® O O X

Cam phase

Ve /\N

Cam profile™

| g O A A X
=| Cam profile®
3 s ! © 0 AKX

Lost motion®

(Electric) © © A X

T, HV) OpgsEm LICEIR»TE B L E A, IS
HF L2z HIS, BRESGEIZIZER S 4 OFFNH
EoXT FER VY VYA LR ERMY 5. (KET
Iy Y g YOWFEIZOWTIIIAEIE %2 5 R % 5 A
X HRRL O FACIEAE 2 X 5. HV OGS PEA Fi2D0n T
&, 2L =2 ktEE) -2 EARS 57Ty TLyvg
&, IR T OBEIEOM . A X5 72812, 7 7 v F
VORI E ST ERD D Y EEEBT S
®IZ, VVTHE OFEHEZ LT ICB Wiz,

(1) =¥ Y ARtk O & il i o i TR 2
RIFCE, ZONETHEITE S Z L.

(2) R & 2 VKA SFBI TE 5 Z &
@) MR T Ty Yy I v F S EDEHT
xBHZ L.

* (fh) BHEHEARSO TR A2/, 12007 FEFRSFMRERHEIANE ] No. 82-07, 386-20075263 & 1, —¥BIIAE L T ixik

—24 —



ST

3. WT-E DY X7 LK

31 Y RTFTLIEBRK

ZmIBA% L7z VVTHE © ¥ 2 7 AR % Fig. 1128
VVTHE i, Wi H 4% % 7 MCED fHF 607z ThiM
B bV F - = 2B LT T
LR [£—%] BXUE—2 L—iRk{LX N7 [BEH)
[ol#E (BN, EDU) | 2k 0k & h 5. EDU IET v ¥
Y ECU 25 DAL 0 T — % #BE)§ 5. fifHZ
EHORENE T — 2 WD AN % 5 AR OAEF, F# F
BT AL THB.

fEBE P % Fig. 2 2 W TR 5. € — & [Alfin#
BEENLY ¥ 7 MEEE LD L AiEH 5 2 &
TH ANAEAER S NS, BN AHRERIEE - 20
W E & A 4 BRI A [A]— 12 PR $ 2 & TR 2 R
INhs. E— A HEEWRT DL BB MEh5. 2
D& x, M GEM) MEITE - 2 BE (od) WU
IZILHilS 5.

Electric motor

Electronic driver

unit (EDU) Cam phase converter

Intake camshaft

Camshft timing
sensor

ngine ECU

Crankshaft timing
sensor

Fig. 1 VVT-iE system

Crankshaft speed

i 1
Target motor, i | Cam
ECU | EDU || Motor (| phase ||
speed : | cgnverter I:
Camshaft

t Camshaft timing speed
Crankshaft timing

Increase [~ Motor speed increase Motor speed decrease
Speed J \ :
B ' Phaseiconverter  Camshaft speed
Decrease L i speed: H :
_ : : : ¢ _Motor speed
Camshaft : : 3
phase

‘Advanced: Constant : Retarded

Fig. 2 VVT-E control concept

3.2 (IEZHRER
AR5 0, AAHZE R IE T — 2 B IE U T A

LA A A - R X B R A D AR O RS

% Fig. 3 1T 9. 20X

(1) foE ok b 2§53 2 & ¢, TX 57213/ Mo
T2 EHWTHMEAES, BRTESZZ L

@Iy EIERICH L P L2 IIT B> TR A
fREfcx sz L.

NEREN D, ZOBRE 72§ 720 18| & [

AR & [V v o BRG] & TR L 72, 2T

NORE L IR,

(1) bR O >3y b ORI ACE ATRE A 4 &
oA o A PR U 72 odkiE, ' — 2 o/l
b H MR ERELEDORENNT VA0 D
100 f5FEE & U7z,

@V v IR E— 2253 LYy 7 FAEIL
5L (EREREW), 7oy 7 Milh sk
Xz < GERhREAEW) 52 X5, )Y
oy MEEET LY - (WS H &) #ERALZ.
ZOHMNDOY — F Az EL#HHICESZ LT
fEEIPOE—2ER ML AR/NEL, TPV
IS A P LTI T B - TR & RIE T &
% X512L7. (Figs.4&5)

33 E£—4%&EDUGZH

E—4 % XU EDU O#EIE EDU 20 6 D4l (7
LNAHEREE) 10 U CARE A E 52 L Th
%. Fig. 6 IZHE# - R AR T, E— 2 DBEICH 7>
TS IER, WiE TR 0 R Ui & e 5 723 @i AN
RO ENDZ L, B, @b TENERIE S 5 %

Spiral plate

Link parts

Reduction mechanism  Link mechanism

Fig. 3 Cam phase converter structure

—95-_



HWhdHbHZEH»5 IPM (Interior Permanent Magnetic)
E— 4 %ML 7. EDU SIS L CidE— 2 &
—RAL U s B D Ik % [X] > 72 EDU (2l AA £ 5%
BE& L CiE, EDU 4 & O olfimk i F8m 2 & — & O BKE)
IZEMRS 5 MET 4 — F vy 2 (F/B) ##E & EDU
BIOE—2DREERANT S 44 7 VHEEL L 7=
MR U 73 & F/B #ilf#li3 ECU 4 5 13 € — 4 [l
B DA% EDUIZRED, ECU 4 EIC T % E—
s [l R o F/B il il 2 EDUNTIT S € D Tdh 5.
ECU » 5133 ff - BARE 2 PR T2 Z LA TR
3 7= HIlHBIE LRIk X 5.

Lead angle o

Link parts B

F o : Force to turn spiral
groove parts
(F o= FSin )

Fig. 4 Lead angle

—H— Positive efficiency >> Negative efficiency

7

100
. :}/,>/<?k"’
60 A Positive effic‘:iency

N
o

i /
[i i

/
|

Decresed ¢——— Lead angle o (deg) =———p Increased

Negative efficiency

Efficiency (%)

20

0

Fig. 5 Transmission efficiency

EDU

Fig. 6 EDU and motor

- 26—

TYI)—=T =L Ea— Voll1l4 2009

4. B LAIERE D

Figs. 7&8 -tk D BXE) VVT & S nlfH ¥ L 7=
VVTHE 2 hZ2ho ECU f64 il & 77 & (A HE OB
Y. RERO MBI R OBHAIZ, TV Y VAR
RWHMOHEE KELZT B, —J, VIHE D41
ECU Q& fEizxt U A AN E 2NFIE—E L 55 T
ENMB. TR Y Y Y DL LElEO v
INAMERENZ EERL TS YL ED XS IZ, V-
iE OBARSMELIC G S h$RIC—E g OIS+
8% Z L WA TE 5.

5. VWT-E O%hE

IOlGYE L7z VVTHE 3O Ve =y o v vy —
Z46L5.0LICH##E I N/, 22 TIXVVIEE 2 v 5
Z etk o TR SNk E, P 2 PERE, HV OR% W
P, o EIZ oW TIPS IEXB S 5.

51 #Em@L

ARG & O 7R B A ik e U TR SL T
FNMHEFO THNF EGR #RHLA Yy a2 %
I3 2 LY &, WAL 7SR &2 6 g8 v ¥
a2l e b TRk E RKEL LT bRV Y
VIR AERIAS 2 5D BERE DS Tn5. Ly

—x— 2000 r/min: -10°C
—+— 2000 r/min: 40°C
—=— 2000 r/min: 90°C

6000 r/min: 90°C

o

speed (°CA/s)

Camshaft phasing

20 40 60 80 100

ECU command (Oil control valve duty (%))

Fig. 7 Camshaft speed characteristic of hydraulic VWT

—x— 2000 r/min: -10°C

| |—+— 2000 r/min: 40°C
2_ —=— 2000 r/min: 90°C
82 [ |+ e000rmin: 90°C /
<
59
== 0
2 3 /
“ o
£ G
o /

ECU command (Motor speed (r/min))

Fig. 8 Camshaft speed characteristic of VVT-IE



oo

L, BiEISIE EGR # 2Nz & % /7w v 754 & 8k
WMAREIZKD PV BB L LB LAV B D, WK
R ag & M3 LCIRAR S 5. 22 T5H0O Ve =
VIV OBRE R EIZ B 72 > TEBATI RIS 3T U A
DOAEBYEK % F5H T % % &5 VVTHE O % i -
L#E 2R & 17z (Fig. 9).

5.2 HIRH AMEEmE

Fig. 10 IZ{KiE = ¥ O VI8 VVTHE 12 & %
3 =)L F HC P SRR & /59, (KRR, =2 2 v
TREIE 22 6 VVTHE 2 M X ¢35 Z & TV T 4 —
INT oy THEBMURSE — MIZEGR F 2 #IREES
IR O T A & B 5 Z & CHORHE S & A Kk L
THC 2 40%RER S Z 2 & TE

5.3 HV OREttnER

HV TRy Y VR0 ROillkz L H$ 2 &
IR F — I AARASETRO T Y Y U AE IR
AT, KRB A2 HZBIL T3, ETHdH 50,

4.6L V8 Direct injection

280 T T T
1400 r/min X 140 Nm
|
270 Cam phase
at starting S
£
P ‘ Z
g 260 — - 11
S
=~ E=1
e ~ aadl 13
O \ S
[T =
% 250 T g
<
> R
10°CA
<4—» Hydraulic WT
< P VVT-E

Intake valve closing timing (deg ABDC)

Fig. 9 Effect of VVT-iE (Fuel economy)

4.6L V8 port injection

—  -7°C engine start

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

Hydraulic !
£ VT :\u"‘“" :
5 ..... [ P [ P [ R — 4 :.". [N [ — 4
o : A
I VVT-E S

Time (s)

Fig. 10 Effect of VVT-IE (Cold HC)
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5.0L V8 direct injection
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