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No. 2 glow plug relay

J/BNo. 1

J/B No. 2

. J/B No. 3

J/B No. 4

Fuel filter

: HOW TO USE 2C ENGINE SIMULATOR
X LAYOUT OF PARTS

No. 1 glow plug relay
Terminal plate

(

Digital multimeter

Preheating timer

Pressure gauge

Air cleaner

mergency
ngine stop
switch

..,
223,
2/ 9

Parts box

4 T rits
e

(e

Injection pump

Fuel tank Fire extinguisher

Charcoal canister
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CAUTION ON USING SIMULATOR
SPECIAL PARTS & CIRCUITS

The following special parts and circuits have been ad

usability of the simulator:

EMERGENCY ENGINE STOP SWITCH

operates, causing the emergency light to blink.
When the emergency engine stop switch is

Preheating
timer

SN
7

When the emergency engine stop switch is pressed, the en

pressed again, the emergency light stops
blinking, and the engine can be restarted (see wiring diagram below).

Emergen,gy engine
stop switéh

Fuel cut-off
solenoid
Turn
signal
flasher
EXOXN
2900
XX X6
XN
Emergency light
201 =

Ignition
switch

]

ded to ensure the durability and

gine stops and the flasher relay

Battery

i 92
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PREHEATING GLOW SYSTEM

\T

NEW SUPER-GLOW SYSTEM

The new super-glow system is a system in which preheating is quickly completed by
means of self-temperature-controlling glow plugs in order to shorten the time that the
driver must wait to start the engine.

In addition to the quick preheating operation, an after-glow function is provided to
improve combustion in cold weather in order to reduce white smoke and diesel
knocking.

The new super-grow system is composed of the self- -temperature-controlling glow
plugs, two glow plug relays (No. 1 and No. 2), a glow plug resistor, a water tempera-
ture sensor, and a preheating timer. ’

1. SELF-TEMPERATURE-CONTROLLING GLOW PLUGS

In many of the latest Toyota vehicles, 'self-temperature-controlling type glow plugs are
used. , :

The glow plug has a heater coil, which actually consists of three coils — a brake coil, a
balance coil, and a rush coil - hooked up in series. S
When current is applied to the glow plug, the temperature of the rush coil in the tip of
the glow plug first rises, causing the tip of the plug to glow red-hot. Since the electrical
resistance of the balance and brake coils rises sharply as the temperature of the rush

“coil rises, the amount of current allowed to pass through the the rush coil is

74

consequently reduced. This is how the glow plug controls its own temperature.: }
The self-temperature-controlling type glow plugs used in the new super-glow: system
do not require a current sensor, such as was used previously to sense the glow plug
temperature. This permits a more simplified glow system. '

Brake coil Rush coil -
Insulator Tube _
\
- L
DOOOOOOOOOOOO 000000000 00300000 .
000Q0 0000000 0000}0000 ©000 00 00|
/ -
Housing Balance coil

2. GLOW PLUG RESISTOR

This resistor reduces the voltage applied to the glow plugs. When the No. 1 glow plug
relay is off, current flows to the glow plugs through this resistor to maintain the
temperature of the glow plugs at a level that will ensure engine starting.

sl 18 )
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3. WATER TEMPERATURE SENSOR

A water temperature sensor (consisting mainly of a thermistor in a housing) is mounted
3 on the cylinder block. The electrical resistance of this thermistor changes with
? variations in the coolant temperature. The preheating timer detects these changes in

resistance and controls the preheating time and indicator lighting time accordingly.

Thermistor WATER TEMPERATURE SENSOR
/ M CHARACTERISTICS
.: -W , - -~ G 3 ’ i

30
20 PN

10 \\k

2F : \

0.3

Sensor resistance (kn)

<

'1. N . . B R N 3 . "
0. -20. 0 .20 40 60 .80 100 120
, Coolant temperature (°C)

) 4. GLOW PLUG CURRENT SENSOR

This sensor maintains an almost constant resistance even during changes in
temperature. Since the resistance value of the glow plugs greatly changes with
variations in temperature, the preheating timer detects the voltage difference at each

- end of this sensor to malntaln glow plug temperature between 750 (1,382) and 900°C

. (1,652°F). ‘

75
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5. PREHEATING TIMER

D The preheating timer is kept informed of coolant temperature by means of the water
temperature sensor and causes the glow indicator light to light up in accordance
with coolant temperature. ‘

@ The preheating timer controls the preheating time, which is the length of time (T2)
that the No. 2 glow plug relay is on (in accordance with the coolant temperature) or
the length of time (T3) that the No. 1 glow plug relay is on (in accordance with the
voltage applied to the glow plugs).

® The preheating timer also controls the after-glow time, which is the length of time
(T2) that the No. 2 glow plug relay is on.

@® While the engine is cranking, the preheating timer turns both the No. 1 and No. 2
glow plug relays:on. 1

“GLOW INDICATOR LIGHTING ~ No. 2 GLOW PLUG RELAY

7.0+ TIME (T1) v 140 “ON" TIME (T2)
120 '
P _ -~ 100 S
\ g 3
3 2 80
: c
§ 2
® 2 60
H 3
g 40
‘ 20F
0 1 1 i 1 1 0 A1 ] 1 1 1 1
200 0 20 40 60 20 0 20 40 60 70
Coolant temperature (°C) Coolant temperature (°C)
No. 1 GLOW PLUG RELAY
5 “ON" TIME (T3)

oy
o
T

Duration (sec.)

o
T

p— fod ! 1
05 10

‘1 1
1 12

Voltage applied to glow plugs (V)

Glow indicator

No. 1 glow plug
relay
No. 2 glow plug
relay
Preheating | After-glow
Starter switch ON START ON
Engine Off Cranking Running

7"} SUMMARY OF PREHEATING & AFTER-GLOW OPERATIONS
76
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6. OPERATION

Starter switch

AM1 ‘i§ IGN fuse
O

I'Glow indicator light . GAUGE fuse
&— AM2

& Glow
e 4 b, | plug
" , g relay
2 — o) ' No /i
= g Glow plug relay ’ Y
3 No. X 2 -
< Water temperature ]
o sensor ]
o

P
|

\'— w——~~l\
e /g Glow plug resnstm
;z,‘fﬂf"vﬁ ah k
/ Glow plugs
To voltage regulator ) plug
terminal L C
L L L

(@ IGNITION SWITCH ON

a. When the ignition switch is turned on, the preheating timer is activated and
lights the glow indicator light. It also turns on the No. 1 and No. 2 glow plug
relays. The No. 1 and No. 2 glow plug relays cause current to flow to the glow
plugs, and the glow plugs quickly heat up.

b. The preheating timer turns off the glow indicator light after the penod of tlme
determined by the coolant temperature has passed. The glow plug
temperature rises to a high enough level to start the engine.

c. When a period of time determined by the voltage applied to the glow plugs
passes, the preheating timer turns off the No. 1 glow plug relay. However,
current flows from the No. 2 glow plug relay through the resistor in order to
continue glow plug heating to maintain their temperature at a level which can
start the engine.

d. Even if the ignition switch is accidentaly left in the ON position while the engine
is not operating, preheatihg is stopped after 120 sec. when the coolant
temperature is below 20°C (68°F). (The glow plugs are not heated under these
circumstances when the coolant temperature is above 55°C (131°F). In this case,
the glow indicator light goes on for only a moment.)

77
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@ ENGINE STARTING (CRANKING)

Turning the ignition switch to the START position causes the preheating timer to
turn the No. 1 and No. 2 glow plug relays on, preventing the temperature of the
glow plugs from dropping during starting, thus improving startability.

AFTER ENGINE STARTS

When the engine starts, the discharge warning light goes off. At this time, the
preheating timer detects the signal from terminal L of the alternator and turns off
the No. 1 glow plug relay. Because the preheating timer is still keeping the No. 2
glow plug relay on, current continues to flow from the battery to the glow plugs
through the glow plug resistor to effect after-glow.

After-glow lasts for a period of time determined by the coolant temperature: it is
maintained for 120 sec. after the engine starts when the coolant temperature is
below 20°C (68°F). If the coolant temperature is 55°C (131°F) or higher, after-glow
does not occur.
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7 PRACTICE

) MEASURE THE VOLTAGE

Measure the voltage at each of the terminals shown below under the specified

conditions.
@ PRE-HEATING TIMER o
e Q@] [ O[wo
© @ o o
o @)cve @] |vo ©cHe®
= @ GND ECIEE
¢ 6 @[sm @[ ©lsm O
Noz. Roz. ©)
9 GP @ [GL @ ©
® \ ®
LENGTH OF TIME AFTER
No. TERMINAL STD VOLTAGE (V) IGNITION SWITCH ON
10 - 14 ~ 10 + 2 sec.
- 1 Relay No. 1 - GND
) ' 0 10 £ 2 sec. ~
' 10-14 ~ 120 + 20 sec.*?
2 Relay No. 2 - GND
vO 120 + 20 sec. ~
10 - 14 ~ 10 + 2 sec.
2 GP - GND 5-7 10 + 2 ~ 120 + 20 sec.*?
0 120 + 20 sec. ~ *3

*1 Coolant temperature must be 20°C (68°F) or lower

*2 Voltage changes in direct proportion to the voltage of Relay No. 1.

*3 Voltage changes in direct proportion to the voltage of Relay No. 2.
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TCCS (Toyota Computer-Controlled System)

ai

34

GENERAL

Engine control system uses an ECU (Electronic Control Unit) with a built-in microprocessor. Stored

inside the ECU is the data for fuel injection duration, ignition timing, idle speed, etc., which are

matched with the various engine conditions as well as programs for calculation. The ECU utilizes

these data and signals from the various sensors in the vehicle and makes calculations with the

stored programs to determine fuel injection duration, ignition timing, idle speed, etc., and outputs

control signals to the respective actuators which control operation.

1.

EFI (Electronic"Fuel Injection)

- The ECU determines the duration of fuel mjectlon according to intake manifold pressure, engine -

speed, coolant temperature, and other signals and 'sends control signals to the fuel injectors. The

fuel mjectlon system in the 4A-FE engme is a sumultaneous injection system.

. -'ESA (Electromc Spark Advance)

- control srgnals to the lgmters

. IsC (.Idle Speed Control) ‘

By means of engine speed signals and coolant temperature signals, the ECU sends control sig-

nals to the ACV (air control valve) so that the actual idle speed becomes the sar_ne as the target

_vi,dle_speed stored in the ECU.

DIAGNOSIS

The ECU is constantly monitoring signals from each sensor. If the ECU detects a malfunction sig- -

nal, the CHECK ENGINE lamp on the combination meter lights upv and informs the driver of the
malfunction. ' _ '

The nature of the malfunction is stored in code in the ECU memory, and when the TE1 and E1
terminals in the check connector are connected, the ECU outputs the malfunction code by flash-
ing the CHECK ENGINE lamp. '

. FAIL-SAFE FUNCTION

If the ECU judges from the signals from each sensor that there is a malfunction, it continues

engine operation using its own data or it stops the engine.

EMISSION CONTROL"

The ECU sends signals to the EGR VSV to cut the EGR bases.on coolant temperature, engine
speed, neutral start switch, or intake manifold pressure signals. This system maintains dri-
veability at a low coolant temperature, under light or high load condition, or at high engine
speed, etc.

' The ECU determmes the amount of ignition advance over- the mmal set, tsmlng of the drstnbutor L
. by the lntake mamfold pressure, engine speed coolant temperature and other signals and sends
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TERMINAL SYMBOL, NAME, AND CONNECTION (1)

@ ECU CONNECTOR -~ - oo 0 - o eomnis w

SYMBOL TERMINAL NAME [AND CONNECTION]
#10 No Meaning [Injectors]
#20 1 1
A/C Air conditioner compressor signal [Air con. magetic clutch, amplifier, etc.]
ACT Air conditioner cut _ [Air con. (acceleration cut) amplifier]
+B | Battery (power source for ECU) [EFI main relay]
+B1 B T - o
BATT Battery (back-up power source for ECU) ~  [Battery] - : = A
o | EO1 Earth (ground) R .'[Intfake manifoldl ‘
- E1 o r - SR "[|ntai<é mvanifold,'sensor,v otc]
E2 - 1 _ o - ISensorsl : | |
521 - : : - — I :
EGR 'Exhaus‘t gas recirculation | '~ | [VSV f,or,;:EGR, control] -
FC Fuel pump control ' : [Cifcuiidpening relay]
G1 Group No. 1 ' [Distributor]
G2 Group minus . | v VI B

g01|#10{STA| 0x | 62| G1 |1GF |1GT [THA|PiM [rew|nswlear| | T |acT| FC 8ATT| +B1
E02|#20| E1 E21| Ne |THG| IDL | vec [psw] €2 el | veloo| |sPolarc w|+8

38

ik A, aot il itz b i vt AR e e M e

Copia para fins estritamente pedagogicos,art 75,Cap I1,Lei 45/85-17/Set,CDA,DC 102



B

PRI
.

© EFl (Electronic Fuel Injection) =~ = ..

g EFlis not one single system — the components and functions that make it up actually belong to three
different systems: the fuel system, the air induction system, and the electronic control system.

3
H

1. FUEL SYSTEM

R  Fuel is pressurized by an electric pump (turbine type), then flows to the injectors through the
filter. There is one injector for each cylinder, and it injects fuel whenever its valve is opened by
the solenoid. Because the fuel pressure is kept constant by the pressure regulator, the injection

- volume is controlled by changing the duration of each injection.
The fuel system also has a cold start injector located on the air mtake chamber to assist in cold-
engme starting.

2. AR INDUCTION SYSTEM

vlntake air from the air cleaner is supphed to the engme through the throttle body and intake
‘ ,manlfold then flows to each- mtake port The. mtake mamfold pressure is measured by the_‘.{:
~ _manifold pressure sensor and its srgnals are used. by the ECU to determme the basrc injection: -
- . duration. Also there is an air valve for bypassmg the throttle valve in-arder to increase: englne 1dle‘
L ;speed when the englne :s cold ' ' : '

3. ELECTRONIC CONTROL SYSTEM -

The ECU. controls the rnjectlon »duratlon‘bas‘ed upon _da,ta stored in its memory and signals from
:  the sensors. v ' : EE
: .. This means that the 4A FE engme is capable of controllmg the fuel |njectlon duratlon much more .-

v ’precrsely

4. FUNCTION OF ECU

: ' ‘ ' - Throttle position [ Manifold pressure sensor
- : sensor : ECU
' : %Starter

B i
Cold
L - - start
. - F——:l injector
: Air cleaner
Distributor Injector
Circuit
s - opening
Battery relay
%] Fuel pump
— Oxygen sensor Start injector
time switch
I Water temp. Fuel tank
sensor

40
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R - TCCS: SISTEMA DE AL HENTACA0

|. BorBA DE corBUSTIVEL.

. comPNENTES (rANvAL 4A-FE  42)

e ANALISE Do CciRCULTD ELECTRICO (randal 4A-FE, 43)

. ANAZJS_E pos cortPor EATES (rAaLAa ©T)

. CiRcotTd DA Por @A DE CO”%#‘:ST/,VEI. (&U(/TO TCC6,-‘H8 )

2. ITANIECTORES
. FUNCLlONATEANTD (ranvaL 4A-FE, 44)
vN/A,LJSﬁ PE U INDECTOR (["IALA cort [,(41‘)

-
2,, REGULADOR PE PRESSAO

enTo (MANUAL LA -FE, 4¢)

. FONCLONA _
Ao Do AR pE AbrSSA0 & A

,4%)
(FALA cort P

VERIEICAGAD DA RELACAD ENTIRE A prESS
prissAc DB Com BuSTIVEL (rANUVAL LA -rE

. AALISE DE Urt piouLADOR DE PRESSAC

., PrESSAC PO CorBoSTIVEL (6ULAD Tees #5)

4. TADECTOR DE ARRANQUE & FRIO

. FoNCleNAHENTO (reanval. &A-FE, 43)

. ANALSE DE UM TAIECTOR DE ARRANQUE A FRLO (raLa Cort ikiT)

. ANALSE DO ESQUEMS ELECTRICO (MANuAL AA -FE, 48)
. TEMPoRIZADOR DE ARRANQUE Aol o, 44)

. A,JA'usE pE UM TEMPoRIZADOR DE ARRANQUE A FRO (FTALA COT Ki D)

. TPENTIFICAR. OS TERFUNAS (COrt A ASupA OF UMt LTI METRZO)
A
. HEDIR A RESISTEAICLA Pos DO'S FUAMENTDS

. CIRCOITD DO TANIECTRR DR ARRANQUE A FRLO (coiho TS, #&)
o LOCALIZAR TOPIS 05 cortPo,\Iﬁ/\/ﬂES Ao SiruADsR A -FE

5. coLecToR PE Aprussao (CoRFe DA BoRBALETA)

. CoMPONEAITES (FTANUAL. @A —FE, 5¢)
71 (rANVAL 4A-FE, )

( ¢, a 5!) T
Lo
(. cirev T DE cortAnBo pos InJECTORES EUCA
trea ELECTRCS (FANVAL 4, 162

. ANALISAR. 65 cirecuIo £ SIS
CcOMrANDE DO TrIOECTOR (6ui Ao TeCS | ?)

. PARAFUSO D& AJUSTE Do RALEN

. JALVuLA DE AR

E 51MUAPoR 4A- FE)

. C1REOLTO PDE

3. FUNCOES DA ECU
comBosT(VEL (FANUAL 4A-FE, 4)

. mEToop DE TADECCAD OE
| coiRoLO DA DURACER) DA TAEECA ¢ « « ,65)
« CORTE DA Aunaﬁrm/czo DE CorPBUSTIVEL - “« 7”{)
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. : = , iz
i - (koS DE SINAL Dos SENSORES (STULADSR GasoLinia )

| TEMPERATLRA Do AR ADFUTIDO (THa)
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. IDENTIFICAR  (oriPonEATES £ LIGACDES AP SIMULADOR GASOLINA
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. -
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' . ToeATFicaR (o PONENTES £ L w}aTEs No SirtiLapR CASoLINA
| i o ANAUSAR  SENSoR. (raka comt KiT)

sEmp TABBLHO A9 (6akd TEeS, 38)

>. PReEsshs nlo CoLEcToR DE AbrussAs (Pirt)

« FUACloNATIEATD /4A rr. 52- 53>
: | _,,_pé,JT'l Eicar cor-tPa»JE«J“ES 2 LIGA'CO&S /\b smuz_nao/z Gﬂ-SOL[AfA

AIJALt SpR SENSoR /ﬁALA- cort KQT)

" . sEevIR mABALHO A% 10 (60 Ao TECS, 42)
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‘\
\,
!

Vec

—— e ]

pimt

~svw '

{. FLU¥O DEAR

P

t—' oA CAHAI&A JE ADT'U$9A0

. AVALSAR SENSOR (naLa cort KIT)

e AMBUISAR  TABALHO we (1 (@szms’ 4¢)

CARMTERIZAR 0S5
DIFERENTES TERMINAIS

o TITITI
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2/2.

5, BorBOLETH Do ACELERAMDR. (IDL, Ps)
. FUNCLONAMEND (44-Fe €s)

« TOENTIFICAR. COMPoNEATES £ Li6AcoES No SUMULADR GASoL A

- ANALLSAR. SEAlsOR /l?/}Z.A cort u:r)

- 5E6IR o TRABARLHO N UG (6o s, 53)
(. 6Xl6ENIe (ox)
- FUNCion/arEATD (44 -Fg, CZ) |
. TOENTIFiCAR CcomtPonEaiES E LIGACOES Mo SULLADIR GASSLIAA
. INsPECCAs Do SENSIR DE oxieEmho  (4A-FE, €3)
2. peeadave  (sTR)
. SE,GUNL TradaLne A% LS (sUcRe TEeS , 62)
%. pe CDNDICID/\/A)O (A(CY
. sEoune TRapaLo AT l6  (suiAD TS, 45)

G Pop ToRTD (ais) o

.ofcuw  TRABALHe A I [Gw;a; S, 68’)

1]
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SEAEERE - 5'5E7A e Tenicho - 2% PaRTE (SiruLabR. GasoLiin)
OUTIOS SISTEWAS DE CONTROLo Po reonoR :

|, ZGAICR> ELECTIONICA IATESRAL - PetniciPio DE FuwcionancaTo (44 -Fe, 32)
« (ONCE(TDS GERALS
. DlAGRATIAS 0E BLocoS (33)
- TeATER (34)
. Funcoes Da Ew (36)

. VERFieacas € ASTE Do TEMP DE I6NICAS
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1. Clinémetro

2. Medidor com varias informacées
3. Bussola

4. Tecla "v”

5. Tecla "A”

6. Tecla “MODE/LIGHT "

MULTE _(NFORMATION

JEARING

99
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Tecla "MODE/LIGHT"

Carregue na tecla “MODE/LIGHT" para mudar de

uma funcao para outra. Carregando na tecla por 1

“2gundo ou mais, liga e desliga a iluminacdo de
ndo.

Tecla "A"

Carregue na tecla “A" para aumentar o valor no
mostrador do medidor com varias informacoées
quando for necessaria uma rectificacdo e para a
funcao inicio/paragem.

Tecla "V

Carregue na tecla "V para diminuir o valor no
mostrador do medidor com varias informacées
quando for necessaria uma rectificacédo e para o
reajustamento.

100
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- Antes de utilizar o medidor com
varias informacées

Para 0os medidores suplementares funciona-
rem a chave de ignicao deve estar ligada. Do
mesmo modo que para o medidor suplemen-
tar, quando retirar e substituir a bateria ou for
desligada devido a um fusivel fundido a bus-
sola nao funciona, e a funcao do mostrador
com varias informagées nao pode ser ligada
carregando na tecla “MODE/LIGHT”. Neste
caso, rectifique a bussola (rectificacdo circu-
lante). Depois da rectificacao circulante estar
completada, a bussola funcionara normal-
mente, e carregando na tecla “MODE/LIGHT”
ligara a fungdo do mostrador com varias infor-
magoes. Para instrugoes respeitantes a rectifi-
cagao circulante, veja a seguir “- Bussola”.

117

A15027

Para ligar a luz de fundo do medidor suplemen-
tar, carregue e segure na tecla “MODE/LIGHT”
até a luz acender.

Para desligar a luz, carregue e segure na mes-
ma tecla até a luz apagar.

Quando as luzes do painel de instrumentos esti-
verem acesas, o brilho do mostrador sera redu-
zido.




- Clinometro

/A PREVENGAO

i3 ’
ac.. ae as teclas com o veiculo em
imento. Certifique-se de que o faz
do o veiculo estiver parado.

-

o

Vbl

v o =
T o =3
A

o
=]

!.l.!,l“

)
=
(=}
o
&

A1508-a

0O clinémetro indica a inclinagéo aproximada
do veiculo para a frente e para tras e para a
direita e esquerda. O clinémetro indica a di-
recgao correcta apenas quando o veiculo esta
parado com uma inclinagdo de menos de 30°.
No caso acima, indica que o veiculo esta incli-
nado para a frente aproximadamente 10° e
para a direita aproximadamente 20°.

Se o clinometro nao indicar a inclinacéo correcta,
rectifique 0 medidor do modo seguinte.
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Rectificacao do clinometro

1. Pare o veiculo num lugar nivelado com a chave
de ignicao na posicao "ON".

2. Carregue nas teclas "A" e "V simultanea-
mente.

3. Carregue na tecla “MODE/LIGHT" uma vez.

4. Carregue na tecla "A". O mostrador do clino-
metro piscara.

Quando o clinometro ficar com o mostrador nor-
mal, a rectificacdo esta completada.

A rectificacao do clinometro tem de ser feita
num lugar nivelado.

/\ PREVENCAO

Nao accione as teclas com 0 veiculo em
movimento. Certifique-se de que 0 faz
quando o veiculo estiver parado.

101
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~ Bussola

A bussola indica a direccao para que esta vol-
tado o veiculo. “N” no mostrador indica o
norte, “W" indica o oeste, “E” indica o este e
“S” indica o sul. No caso acima, indica que o
veiculo esta voltado para sul.

102

A bussola apenas indica a direccéo correcta
quando o veiculo esta num plano nivelado. Nao
indica a direccdo correcta quando o veiculo esti-
VI Nos seguintes estados:

* Se 0 veiculo estiver inclinado.

* Se 0 veiculo estiver num lugar onde o magne-
tismo terrestre for alterado (parque subterra-
neo, sob uma torre metalica, entre edificios,
parque de tecto, perto de um Cruzamento, perto
de um veiculo de grande porte, etc.).

* Se o veiculo estiver magnetizado.

i - ,DC
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Se o veiculo estiver magnetizado, a bussola nao in-
dica a direccao correcta € 0 mostrador pisca como
mostra a figura. Contudo, se a bassola funcionar
para rectificar a direccio automaticamente durante
a conducdo, o mostrador deixara de piscar. Para
uma regulacédo mais precisa da direccdo, e para
uma rectificacdo mais rapida, rectifique a direccao
manualmente. Para informacao detalhada, con-
sulte "Rectificacéo da bussola” a seguir.
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SPEED SENSOR
(COMBINATION
METER)

c12(®
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~ ug- ) ug

COMBINATION

METER

@

FROM POWER SOURCE SYSTEM (SEE PAGE 128)

COMBINATION METER
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* 3 : MANUAL AIR CONDITIONER
# 4 : AUTOMATIC AIR CONDITIONER
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+ 5 : W/ DAYTIME RUNNING LIGHT
* 6 : W/O DAYTIME RUNNING LIGHT
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* 1 Europe w/ Automatic Air Conditioner, Australia
"+ 2: Europe w/ Manual Air Conditioner
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FROM POWER SOURCE SYSTEM (SEE PAGE 186) ™

COMBINATION METER(LHD)

msme v
v .
FROM A/C AMPLIFIER : 1 @® s @
(2E*18) gﬂg&g{mﬂm gg&(\;(RAT'ON
13
JUNCTION
CONNECTOR

_RL

COMBINATION METER
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FROM A/T INDICATOR LIGHT SW
[NEUTRAL START SW]
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COMBINATION METER
B
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C
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* 4:4WD
* .EXCEPT 4WD
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" 7:.EXCEPT 7A-FE, 4A-FE, 4E-FE AT
*BW/G ’
* Q:EXCEPT W/G

*10:4E-FE

*{1:EXCEPT 4E-FE

*12:GASOLINE

*13:DIESEL
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“15:EUROPE 4A-FE AT

*16:MIDDLE EAST
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COMBINATION METER(LHD)

FROM POWER SOURCE SYSTEM (SEE PAGE 186) FROM POWER SOURCE SYSTEM (SEE PAGE 186)
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"GP Quick Rererece Guine

PILOT |
POWER ON SEQUENCE : ' POWER OFF | CONTRAST

m_en_:us or VFR use only
Aviation Date tas an aid to |
P %—IS{ ?:6_1337 Effective B
| [lond bata 1.0
» smcu;:ii:m;;?&w GARMIN Corporation | -

B Press and hold red POWER key to turn unit on. B Pressand hold red POWER IR From Satellte Status Page, press
W Press PAGE ey after viewing each databasefwaring screen. ey for one second.  RIGHT or LEFT on the ROCKER
W Sqtellte Status Page will appear while the unit acquires satellites. f KEYPAD.
B Map Page will automatically appear when position fix is calculated. W Pres ENTHVMARK to confim.

7 MAIN PAGE SEQUENCE

o35 N o

Tovaidsvulasilys

0p: /160
46.14 1:
W 38°51.348°
W094°47.940° |

14:04:41;
18-JuL-97

Position Page

[Set 0BS & Hold |
Felense Hold
Coplure Viay

j|Restore Defaults THI) tor Fion Moo
1 EED for Main Menu

Routes

0 Track Log
— Trip Computer » ST
0 Vertical Nav {auto Track

Press and Hold ESB

Setup

B Fromany ?age (except initial power on) press and hold PAGE. W 1o view Main Men, press MENU key twice.
W Repeat sequence to switch back to original orientation. B To view Setup Menu, highlight ‘Setup’ aption and press ENTER/MARK.

= GARMIN International » 1200 E. 151st Street » Olathe, KS 66062 USA
= Gﬂ RM ' N GARMIN (Europe) LTD * Unit 5, The Quadrangle, Abbey Park Industrial Estate ¢ Romsey SO51 9AQ UK
r— ®

= GARMIN (Asia) Corp.» 4th F1, No. 1, Lane 45« Pao-Hsing Road* Hsin Tien, Taiwan R.O.C.
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CELICA - NUEVAS CARACTERISTICAS 45

9. Actuador del freno

Informacion general

Elactuador del freno consta de 10 vélvulas de dos posiciones, 4 valvulas de retencion, 2 motores de bomba,
2 dep6sitos y un sensor de presion del cilindro principal.

Las 10 electrovélvulas de dos posiciones estén compuestas por los s1gmentes elementos:
® 2 electrovalvulas de corte del cilindro principal (de tipo lineal) [(1), (2)]

® 4 vilvulas de retencion de presién [(3), (4), (5), (6)]

® 4 vélvulas de reduccién de presién [(7), (8), (9), (10)]

Cilindro principal

Actuador del freno

Sensor de presién
del cilindro principal

J Lum-
brera

o o ! ('B)

\f

' 2
@ Lumbrera (D) Lumbrera (E) @
Lumbrera (C) Vélvulas Lumbrera (F)
) I I de l
. retencién
- 09 o o //\\ 2
oo | f o [
\//
Bombas
Lumbre-
ra (G) ™
Vilvulas
de
retencién

———

e

Delantero izquierdo Trasero derecho Trasero izquierdo Delantero derecho
229CE05

Depdsitos
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46 CELICA - NUEVAS CARACTERISTICAS

p Funcion de los componentes principales <

Componente

Funcidn

Electrovilvula de corte
(1), (2) | del cilindro principal
(Tipo lineal)

Para realizar el mando de los respectivos sistemas de freno asistido, TRCy
VSC, se utiliza una combinacién de las condiciones ON/OFF de la
electrovalvula de corte del cilindro principal con el fin de variar
apropiadamente la presién del liquido.

(3), (4), | Vélvulade
(5), (6) | retencién de presién

(), (8), | Valvulade
(9), (10) | reduccién de presion

Cada cilindro de rueda lleva una valvula de retencién y una vélvula de
reduccién de la presién. Se utiliza una combinacion de las condiciones
ONJ/OFF de las valvulas respectivas para cambiar el modo de incremento, el
modo de retencién o el modo de reduccién durante el funcionamiento de los
sistemas ABS con EBD, freno asistido, TRC 'y VSC.

Sensor de presién del
cilindro principal

Elsensor de presién del cilindro principal convierte la presién del liquido de
frenos que aplica el cilindro principal al actuador del freno en una sefial
eléctrica y la envfa a la ECU de control de derrape. De esta forma, la ECU
puede vigilar la presion del liquido de frenos que se aplica al actuador del
freno en funcidn de esta sefial.

Mientras se activa el modo de reduccién durante e] funcionamiento del
sistema ABS con EBD, freno asistido, TRC y VSC, el depésito recoge ¢l

Dep6sito o . .
liquido de frenos que regresa de los cilindros de las ruedas. También cumple
la funcién de acumulador.
Bombea el liquido de frenos almacenado en el depdsito y 1o devuelve al
cilindro principal.
Bomba Mientras se activa el modo de incremento durante el funcionamiento del

sisterna de freno asistido, TRC y VSC, la bomba aplica la presi6n del liquido
de frenos a los cilindros de las ruedas.

Valvula de retencién

Las vélvulas de retencién se encuentran antes y después de la bomba y el
depdsito. ’

Solamente se abren en un sentido, para evitar que el liquido de frenos circule
hacia atrés.
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S CELICA - NUEVAS CARACTER[STICAS 47

Funcionamiento del ABS con EBD

La ECU de control de derrape calcula la velocidad y la deceleracin de las ruedas, y comprueba el estado
de derrape, basidndose en las sefiales que recibe de los 4 sensores de velocidad de las ruedas. Y, si existe una
condici6n de derrape, la ECU gobierna la valvula de retencién y la vilvula de reduccién de la presién de
forma que se ajuste la presion del liquido de frenos de cada cilindro en los 3 modos siguientes: reduccion,
retencion y aumento de la presién.

No activado Frenado normal — —
Activado ~ Modo de aumento Modo de retencién Modo de reduccién l
Lumbrera A
O O o Of 0 O]
Al
depésito y [=
o~ Circuito Vilvula de retencién de la bomba
o e resién —_— -=
o hidraulico P F_ -
Lumbrera B
Vilvula de
¥ reducci6n de presién
: Al cilindrodela . Del cilindro de la rueda
rueda '
169CH54 169CH56 169CH55
Vélvula de retencién
de presion OFF (abierta) ON (cerrada) ON (cerrada)
(Lumbrera A)
Vilvula de reduccién
de presion OFF (cerrada) OFF (cerrada) ON (abierta)
(Lumbrera B)
Presion del cilindro ., .,
Aumento Retencion Reduccién
de la rueda

Funcionamiento del freno asistido

La presion del liquido de frenos generada por la bomba del actuador del freno se transmite a los cilindros
de las ruedas. La aplicacién de una presion més alta al liquido de frenos que al cilindro principal, genera
una mayor fuerza de frenado. ‘

» Esquema del sistema o

Sensores de

- | Actuador del freno

velocidad
Sensor de presién del o | ECU de control
] cilindro principal o de derrape
Interruptor de la . ‘ ,| Testigodel
luz de parada ABS

208CH30
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Actuador del freno|

,r Sensor de presion
i del cilindro principal
—
Lumbrera |I I
.

(A)

e

L Lumbrera (D) Lumbrera (E) @)
Lumbrera (C) " 1 | [Valvulas| |
\ [_ . l de _ ' ]

retencién

1 O) Lugbrera 1) ©)

Lumbrera ] _;_4_ Lumbrera
(S ] ] i @
© (10) |
L.l | 2 J !
l = M= Dep6sitos =!§|l i [ =
229CE06
Delantero izquierdo ~ Trasero derecho Trasero izquierdo Delantero derecho
Freno asistido activado
- . Freno asistido Freno asistido
emento No activado Activado
Electrovilvula de corte del cilindro principal DESACTIVADO
1), (2 ACTIVADO*
@ (¢ ), Lumbrera: (A), (B) (abierta)
(3), (4), | Valvula de retenci6n de presién DESACTIVADO DESACTIVADO
(5), (6) Lumbrera: (C), (D), (E), (F) (abierta) (abierta)
(7), (8), | Valvula de reduccién de presién DESACTIVADO DESACTIVADO
(9), (10) | Lumbrera: (G), (H), (I), (3) (cerrada) (cerrada)

*: La electrovilvula regula la presion hidraulica de “abierta” a “cerrada” conforme a las condiciones de
funcionamiento mediante un ajuste continuo.
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Funcionamiento del TRC

La electrovalvula de corte del cilindro principal regula la presién del liquido que genera la bomba al valor
apropiado. De esta forma, los cilindros de las ruedas motrices se mandan en los 3 siguientes modos: reduccién
de presién, retencion de presién y aumento de presion, para limitar el derrape de las ruedas motrices.

En el diagrama inferior se muestra el circuito hidrdulico en
el sistema TRC.
Las vélvulas de retencién y de reduccién de

funcionamiento del ABS descrito en la pagina anterior.

» Esquema del sistema «

Sensores de
velocidad

Comunicaciones en serie

Actuadordel freno

Lumbrera (A)

Lumbrera (G)

ECU de
control
de derrape

[y

-

\ ECU del motor

-

el modo de aumento de presién cuando est4 activado

presion se ACTTVAN/DESACTIVAN conforme al patrén de

-

Actuador del

freno

.

Indicador de
derrape

Inyectores

229CE07

=

Lumbrera (D)

Lumbrera (E)

Vilvulas

[ I de

3) Lumbrera (H) (4)

@ )

retencién|

Vilvulas
de

|- Lumbrera (B)

— Lumbrera(J)

=L

e

Depésitos

Delantero izquierdo ~ Trasero derecho
Modo de aumento
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TRC activado
Elemento TR.C no Modo de Modo de re- Modo de
activado .. .
aumento tencion reduccién
0o S:;::g;:lalvula de corte del cilindro D}i/SA?)C(;[‘I- ACTIYA- ACTIYA- ACTIZA—
Lumbrera: (A), (B) (abierta) Do Do DO
Vilvula de retencién de | DESACTI- | DESACTI- | DESACTI- | ACTIVADO
(3), (6) | presién VADO VADO VADO
Lumbrera: (C), (F) (abierta) (abierta) (abierta) (cerrada)
Freno Vilvula de reduccién de | DESACTI- | DESACTI- | DESACTIL- | DESACTI-
delantero | 10y | presién VADO VADO VADO VADO
Lumbrera: (G), (J) (cerrada) (cerrada) (cerrada) (cerrada)
Presidn del cilindro de la rueda — Aumento Retencion Reduccién
Vilvula de retencién de | DESACTI- | ACTIVADO | ACTIVADO | ACTIVADO
-, (5 presion VADO
Freno Lumbrera: (D), (E) (abierta) (cerrada) (cerrada) (cerrada)
trasero Vélvula de reduccién de | DESACTI- | DESACTI- | DESACTI- | DESACTI-
(8),(9) | presién VADO VADO VADO VADO
Lumbrera: (H), (I) (cerrada) (cerrada) (cerrada) (cerrada)
Presién del cilindro de la rueda — — — —

*: La electrovélvula regula la presién hidrdulica de “abierta” a “cerrada” conforme a las condiciones de

funcionamiento mediante un ajuste continuo.

Funcionamiento del VSC

1) Informacién general

Elsistema VSCregula pormedio de electrovilvulasla presion delliquido que generala bombaylaaplica
al cilindro de freno de cada rueda enlos 3 siguientes modos: reduccion, retencién y aumento de Ja presion.
Como consecuencia, se limita la tendencia al derrape de las ruedas delanteras o de las ruedas traseras.

» Esquema del sistema o

Comunicaciones en serie

Interruptor de la luz

de parada
Sensores de »
velocidad
Sensor del dngulo
—>

de direccién

ECU de control

Sensor del porcentaje | de derrape
de derrape
Sensor de -
deceleracion

Sensor de presién
del cilindro principal
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Actuador del freno

Indicador de derrape

Testigo del VSC

Avisador acistico del

VSC
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2) Limitacion del derrape de las ruedas delanteras (giro a la derecha)

En el control de derrape de las ruedas delanteras, se aplican los frenos de las ruedas delanteras y de la

rueda trasera del circulo interior del giro.

Asimismo, en algunas circunstancias, dependiendo del estado de activacién o desactivacion del freno y

de las condiciones del vehiculo, el freno podrla no aplicarse a las ruedas, incluso en casos en que debiera

hacerse. ‘ L

En el diagrama inferior se muestra el circuito hidrdulico en el modo de aumento de presién, que limita

el derrape de las ruedas delanteras cuando el vehiculo gira hacia la derecha.

Las vélvulas de retencién y de reduccion de presién se ACTIVAN/DESACTIVAN conforme al patrén n
de funcionamiento del ABS. :

Actuador del  [————

freno

mmbrera\ - Lumbrera

‘ ®) hB)
: Lumbrera (E 2
1) b Lumbrera (D) umorera (£ @
Vilvulas
de
retencién |
B /\\
\v/
H (3) Lumbrera (H) (4) Bombas
1 1 Lumbrera

Lumbrera L—

G)
Vilvulas
de
retencion

(7 @)
LI |

=T = (=

Delantero Trasero Trasero Delantero

izquierdo derecho izquierdo derecho
Modo de aumento 4 220CE10

Depésitos
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VSC activado
VSC no
Elemento . Modo de Modo de Modo de
Activado .. ..
aumento retencion reduccién
Electrovalvula de corte del cilindro DESACTI-
(1), (2) | principal VADO | ACTIVADO* | ACTIVADO* | ACTIVADO*
Lumbrera: (A), (B) (abierta) '
Vélvula de retencién de | DESACTI- | DESACTI- | ACTIVADO | ACTIVADO
(3), (6) | presién VADO VADO
Lumbrera: (C), (F) (abierta) (abierta) (cerrada) (cerrada)
Vélvula de reduccién | DESACTI- | DESACTI- | DESACTI- | ACTIVADO
Freno (7), (10) | de presion. VADO VADO VADO
delantero Lumbrera: (G), (J) (cerrada) (cerrada) (cerrada) (abierta)
Presion
del Derecha —_— Aumento Retencién Reduccién
cilindro
de la Izquierda — Aumento Retencion Reduccién
rueda
Vilvula de retencién de | DESACTI- | DESACTI- | ACTIVADO | ACTIVADO
(4) | presitn VADO VADO
Lumbrera: (D) (abierta) (abierta) (cerrada) (cerrada)
Vilvula de retencién de | DESACTI- | ACTIVADO | ACTIVADO | ACTIVADO
5) presién VADO ’
Lumbrera: (E) (abierta) (cerrada) (cerrada) (cerrada)
Vilvula de reduccién DESACTI- | DESACTI- | DESACTI- | ACTIVADO
Trasera (8) | de presi6n VADO VADO VADO
Freno Lumbrera: (H) (cerrada) (cerrada) (cerrada) (abierta)
Vilvula de reduccién DESACTI- | DESACTI- | DESACTI- | DESACTI-
(9) | de presi6n VADO VADO VADO VADO
Lumbrera: (I) (cerrada) (cerrada) (cerrada) (cerrada)
Presion .
del Derecha — Aumento Retencion Reduccién
cilindro
de la Izquierda — — — —_
rueda

*: La electrovalvula regula la presién hidraulica de “abierta” a “cerrada” conforme a las condiciones de
funcionamiento mediante un ajuste continuo.
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3) Limitacién del derrape de las ruedas traseras (giro a la derecha)

En la limitacién de derrape de las ruedas traseras, se aplica el freno de la rueda delantera del circulo exte-
rior del giro. Por ejemplo, en el diagrama inferior se muestra el circuito hidréulico en el modo de aumento
de presién, que limita el derrape de las ruedas traseras cuando el vehiculo gira hacia la derecha.
Como en la limitacién de derrape de las ruedas delanteras, las vilvulas de retencién y de reduccion de
presién se ACTIVAN/DESACTIVAN conforme al patrén de funcionamiento del ABS.

Actuador del  |fF——
freno
del cilindroprincipal
Lumbrera Lumbrera
A ™ " (®)
Q) _ Lumbrera (D) Lumbrera (E) Q)
Lumbrera (C) === | | véivulas
I de
] retencién
- | |~
o 0 - oo
- ] \\//
i (3) Lumbrera (H) (4) Bombas (5) Lumbrera(l) (6)
Lumbrera ! lj j ) Lumbrera
1] O}
(&)
) ¥ Vilvulas
de
retencion

0

® (10)

e ———

=

Delantero
izquierdo

ﬂg Dep6sitos

Trasero
derecho

Modo de aumento
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VSC activado
VSCno
Elemento . Modo de Modo de Modo de
Activado » ..
aumento retencién reduccién §
N
Electrovalvula de corte del cilindro | DESACTI-
1) principal VADO | ACTIVADO* | ACTIVADO* | ACTIVADO*
Lumbrera: (A) (abierta)
Electrovalvulade corte del cilindro | DESACTI- | DESACTI- | DESACTI- | DESACTI-
) principal VADO VADO VADO VADO
Lumbrera: (B) (abierta) (abierta) (abierta) (abierta)
Vilvula de retencién de | DESACTI- | DESACTI- | ACTIVADO | ACTIVADO
(3) | presion VADO VADO
Lumbrera: (C) (abierta) (abierta) (cerrada) (cerrada)
Vélvula de retencion de | DESACTI- | ACTIVADO | ACTIVADO | ACTIVADO
(6) | presion VADO
Lumbrera: (F) (abierta) (cerrada) (cerrada) (cerrada)
Vélvula de reduccién | DESACTI- | DESACTI- | DESACTI- | ACTIVADO
Fremo (7) | depresion VADO VADO VADO
delantero Lumbrera: (G) (cerrada) (cerrada) (cerrada) (abierta)
Vilvula de reduccién DESACTI- | DESACTI- | DESACTI- | DESACTI-
(10) | de presion VADO VADO VADO VADO
Lumbrera: (J) (cerrada) (cerrada) (cerrada) (cerrada)
Presi6n
del Derecha — — — — é
cilindro
de la Izquierda — Aumento Retencién | Reduccién
rueda
Vélvula de retencion de | DESACTI- | ACTIVADO | ACTIVADO | ACTIVADO
(4), (5) | presion VADO
Lumbrera: (D), (E) (abierta) (cerrada) (cerrada) (cerrada)
Vilvula de reduccion | DESACTI- | DESACTI- | DESACTI- | DESACTI-
Freno (8), (9) | de presion VADO VADO VADO VADO
trasero Lumbrera: (H), (I) (cerrada) (cerrada) (cerrada) (cerrada)
Presién
del Derecha — — —_ —
cilindro
de la Izquierda — — — —
rueda

*: La electrovédlvula regula la presi6n hidraulica de “abierta” a “cerrada” conforme a las condiciones de
funcionamiento mediante un ajuste continuo.

Copia para fins estritamente pedagogicos,art 75,Cap I1,Lei 45/85-17/Set,CDA,DC 154




. \J2(cULo A CELULA DE (omBosTIVEL

Copia para fins estritamente pedagogicos,art 75,Cap I1,Lei 45/85-17/Set,CDA,DC 155




Copia para fins estritamente pedagogicos,art 75,Cap I1,Lei 45/85-17/Set,CDA,DC 156



° TOYOTA °

o SERVICE TRAINING

- | FUEL CELL VEHICLE MODEL |

o

@ | | @
{ TRAINING MANUAL ]

TOYOTA MOTOR CORPORATION

'STM-053ZY




e

PR DU Sanh e

FORWARD

e |In orde'rlto ensure that you can fully utilize this Fuel Cell (FC) Vehicle Model, read this manual carefully
before use. Follow directions during use and keep them readily available for referencg&

e  This FC Vehicle Model was developed as a demonstration model for education and trainihg. Do notuse
this product for any other purposes. -
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1. Check the cohtents-of ,M-od_el Kit-' o

- First, check that you have the following five items in the model kit.

FC vehicle model Water bottle : Solar cell panel AC adaptor Eye protector .
~ main unit ‘ . . : ' .

2. Cautions for Safe Usage

Nlth the FC vehicle model, hydrogen and oxygen are generated from distilled water by the fuel cell mounted

in the vehicle using the solar cell or AC adaptor. Improper handling of these gases can be dangerous. When '

using the FC vehicle model, always observe the following rules.

The fuel cell is not a toy Store and operate the FC vehicle model safely away from chrldren
Smoking is prohibited.

Keep open flame away from this system
When operating the FC vehicle model, .use the eye protectors or S|m|Iar protective gear to protect your
eyes.

Use the FC vehicle model indoors with adequate ventilation.

6. Operate the FC vehicle model indoors in a location free from drastic changes in room temperature or
air pressure The FC vehicle model may not operate at room temperatures of 0°C or below.

~

o

CAUTION . ,

e TheFC vehlcle model has been produced to operate indoors on a flat surface Onsome sloped locations

' or surfaces with fine bumpiness, the product may not have enough electrlcal power to run.

®  Always use distilled water sold at pharmacies, etc. within its quality assurance period. If you use tap wa-
ter or other water containing impurities, or repeatedly use the same distilled water, the running perfor-

-mance will deteriorate and the performance of the fuel cell be negatlvely impacted. Distilled water for -

car batteries also contains addltlves SO never use it.
e Iithe hose connected to the fuel cell breaks, replace the hose. Do not repair it with a ctamp, adhesrve
v or the like.
® - Donot dlsassemble or modlfy the FC vehicle model. Also, do not use the FC vehlcle model for any pur-
pose other than training or education; otherwise it is highly dangerous.

® Use the accessory solar cell panel or AC adaptor onIy for the eIectrolysrs of water in the FC vehlcle
model.
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3. Operation

Note: , ; _ ,
This FC Vehicle Model is a double fuel cell type, using two fuel cells that contain a proton exchange membrane

sandwiched between two electrodes. This fuel cell is also a reversible type. In addition to performing the role
of electrolysis of water, it can also function as a fuel cell.

- Oxygen (O5) cylinder

. " ON/OFF switch
A - :

Red female plug (plus side) Y|,

Fuel cells
(two cells)

) :
\ |
> o

Hydrogen (Hé) cylihder

\

\ _ Black female plug (minus side)

Refill port
1. Fill the water bottle with the distilled water.
Caution: Do only use distilled water
3 Distilled water
2. Remove the black cap covering the refill ‘porvt on Oxygen (O)

side cylinder ~ Hydrogen (Hz) .
side cylinder

the side of the fuel cell (either left or right).

3. Insertthe tip of the water bottle hose into this refill Refill port A
port. - - -
. i . . g "4,

Water bottle

Black cap
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Turn the water bottle upside down, hold it, and
"“squeeze the bottle to pour distilled water from the
‘ bottle through the fuel cell into the hydrogen (Hp)
cylinder. Fill water until the distilled water in the
~ cylinder reaches the “A” level on the.cylinder.

If you gently relax the force squeezing the water _
bottle, the water level goés down. When the water

- level drops to the “B” level on the cylinder, pi’nc_h '

the tip of the water bottle closed to prevent the
distilled water from flowing out of or into the hose,
then remove the hose from the refill port.

. Place the biack cap back o__h the refill port on the
fuel cell. ’

‘Repeat steps 2 to 6 in the safh,é manner for the
refill port on the opposite side of the fuel cell to
add moisture to the fuel cell. '

Remove the black cap covering the refill port on
the top of the fuel cell and repeat steps 3 to 6 in
the same manner for the oxygen (Oy) cylinder.

~ This fills the appropriate amount of distilled water
in the hydrogen side and oxygen side cylinders
- and completes preparations for producing hydro-
gen and oxygen through‘ electrolysis of water.

Check that the switch is in the “OFF” position.
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Hydrogen (Hy) side
inside cylinder -

Hydrogen (Ho)
" -side cylinder

.
N o
Pinch the tip to drain.

Water bottle hose

Oxygen (O)
side cylinder

Hydrogen (Hy)
side cylinder

Black cap !

Water bottle

ON/OFF
switgh



“10.

- pleted in about 2 minutes. For the solar cell in

3 mlnutes Hydrogen and oxygen wrll accumulate

Connect either the solar cell or AC adaptor to be- -
gin the electrolysis. Connect the polantles cor-
rectly, the red male plug (plus sude) tothe redfe-
male plug on the fuel cell and the black male plug
(minus side) to the black female plug. If you are .
using the AC adaptor, electrolys_i‘s will be com-

bright sunlight, electrolysis is completed in about

within the cylrnders -

Watch the hydrogen cyllnder carefully, and when
15cm3 of hydrogen has accumulated, immedi-
ately disconnect the power supply.

11. Ifyoutumn the switch to the “ON” posrtlon the FC
vehlcle model begins to run. With 15cm3 of hydro-
- ogen, the FC vehicle model can run about 4 min-
utes. | '
CAUTION : :
e Do not use any power supply other than the accessory solar cell or AC adaptor for the electrolysrs of
the water. .
e  Wheninstalling the AC adapter into the power outlet, do not hold or touch the t|p of the red plug or black
plug as this can cause an electrical shock or a short-circuit.
e  When the AC adapter is used to- perform electrolysrs of the water, the resistor of the base part where
it separates into the red plug- and black plug (plastic key) becomes hot, so avoid touchlng it.
e In addition to direct sunlight, the solar cell can also be operated with photographic lamps or other illu-
" mination equipment. Bring the illumination equipment as close as necessary to the solar cell and check
- thatit operates. Do not position any solar modules and illumination equipment in use closer than neces-
sary. _ ‘ . A _ : '
e Do not produce more hydrogen or oxygen through electrolysis than the cylinders can hold.
[

Do not operate the system empty. Always ensure that it contams suffrcrent water (between the water
level marks). ’
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4. After Operation

The type of fueI cell mounted on the FC vehicle model does not require any special malntenance After usage,

be aware of the following four points.

1. Use up all the hydrogen and oxygen before dlsposlng of the dlstllled water.
2. Afteroperation, always place the black capon the

fuel cell and store the fuel cell in the wet state.

3. Wipe off any wateron the black base plate before

storage..

4. Store with the cyhnders covered so that dust and

dirt cannot get in from above.

Black cap

9

SPECIFICATIONS
- ~ ltem
1. Size (L x W x H) 240 x 95 x 95 mm -
2 ‘Weight 362¢g
3 Gas cylinder capacity (Ho/05) 15 cm3/15 cm3
4 Fuel cell output 1W
5 Electrode surface area of fuel cell 4cm?.
6 Charge time (AC adaptor) 2 min )
o " (Input voltage) 100 =240V
(Output) 3.6V, 400 mA -
7 | Charge time (solar cell) 3 min (dependlng on amount of sunlught)
(Maximum voltage) 3.68V
- (Maximum current) 470 mA
8 Operation time (with full tank) 4 min

164 _
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5. Basic Principles of Fuel Cell Operation

The fuel cell directly converts chemical reaction into electrical energy. (It does not use any indirect energy
conversion, for example combustion.) ' ’ :

Hydrogen and pure oxygen (including oxygen in the air) combine to produce pure water and electricity.

The chemical reaction are the following.

(1) When hydrogen (H) enters the hydrogen
pole side (-) and oxygen (Oy) enters the
oxygen pole side (+), the catalyst function ¢ : @ -
 of the platinum electrode separates the hy- _ ' @ ' 4= Hydrogen
- drogen at the hydrogen pole side (-) into M :
hydrogen ions (H+) and electrons (e-). S f_é
(2) The electrochemical reaction of hydrog;—_)n N a @ -
; and oxygen generates electrical energy. ' W\ ' @
() Only the hydrogen ions (H+) pass through @2 —:@ | l, ' + PEM
|  the electrolytic membrane, and the elec- /I (H.) | @ | (E;%E’:nge
trons (e-) flow along the external circuit to _ @ o Membrane)
“the oxygen pole side (+). , @L’ R
(8) Water is created. - ‘ | (Oxygen pole side) .
At the oxygen pole, the electrode catalyst Water 4=__ @ (0] - Oxygen _
function bonds the oxygen (Oo) with the hy- | @ ' |_ '
.drogen ions (H+) that pass through the -
electrolytic membrane and the electrons Mechanism to Generate Current -
(e-) that flow along the external circuit, o
creating water. - '

(Hydrogen pole side)
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6. Questlons & Answers

Qt: Why doesn’t my fuel cell generate electricity well‘?

A1:  This question comes up frequently The fuel cell does not generate electncrty unless there are

hydrogen and owgen available. Is the type of gas supphed OK? Please double check this.

02 The proton exchange membrane must stay wet?

A2:  Yes. During operation, it is necessary that the proton exchange membrane be wet Keeping
the membrane wet is said to be the most difficult aspect of fuel cell technology If you use a fuel cell
in a location with a relative humidity of 70% or less, the extraordlnanly dehcate proton exchange
membrane dnes up Malntaln the membrane wet durlng operatlon o

03 What about storage‘? . ,

A3: Themembrane needs tobe keptwet in storage too: Even |f rt is dned out th|s wrll not necessar-
ily hurt the fuel cell itself, but i in the next operation, the reactlon may be slugglsh at frrst Also, hlgh
. ~oltage may be generated at the part of the proton exchange membrane that is not wet enough and
this can damage the proton exchange membrane. That is the reason for connecting the hoses that

come with the fuel cell to the gas connection hose port mlet and outlet to prevent drylng out. The

srmplest method to moisten the membrane is to.gently exhale into the prlmary and secondary srdes
Take care to make sure no |mpur|t|es are allowed into-the system

Q4: Is |t OK to apply voltage to the fuel cell?

‘A4: This fuel cell is designed to generate electricity by using gas Never apply voltage to the fuel
~ cell. This would destroy the catalytic functlon of the proton exchange membrane |mmed|ately Be

careful about this.

Q5: What quantrty of hydrogen (Ho) and oxygen (O2) can be produced by electrolysls of
water?

A5:  1cm3 of water can produce about 1,244 cm3 of hydrogen (Ho) and about 622 cm3 of oxygen

(0.

< Reference >
Water. (H20) 18 g/mol (H: 1, O: 16, mol: gram molecules)
Any Gas (Vapor) 22.4 ¢/mol

Ifwe consider 18 g of water to be approxrmately 18cm3, then from 1 cm3 of water we obtain:
Hydrogen (Ho): 22,400/18 = 1,244 cm3
Oxygen (Oy): 22,400/18/2 = 622 cm3

10
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74 CHASIS — TRANSEJE HIBRIDO P111

TRANSEJE HIBRIDO P111
EDESCRIPCION

El transeje hibrido P111 ha sido desarrollado nuevamente para su aplicacién en un sistema hibrido.

Conteniendo un MG2 (Motor Generator - Generador del motor) para impulsar el vehiculo y un MG1 (Motor Generator
- Generador del motor) para generar alimentacién eléctrica, el transeje hibrido P111 emplea un mecanismo de
transmisi6n variable continuo con un dispositivo de divisién de potencia que consigue una operacién suave y silencio-
sa.

MG?2 (Generador del motor) -Dispositivo de division de potencia
MG1 (Generador del motor)

Bomba de aceite

Amortiguador del transeje

Diferencial
P> Especificaciones « 182CH01

N.° de dientes del engranaje de anillo 78
Engranaje planetario N.° de dientes del engranaje de pifién 23

N.° de dientes del engranaje solar 30
Relacién de engranajes ' 3,905

Niimero de eslabones 74
Cadena Rueda dentada de impulsién 39

Rueda dentada impulsada 36

Engranaje de impulsién 30
Contraengranaje —

Engranaje impulsado 44

Engranaje impulsado 26
Engranaje final —

Engranaje impulsado 75
Capacidad de liquido Litros 4,6
Tipo de liquido ' , ATF tipo T-IV o equivalente

168

Copia parafins estritamente pedagogicos,art 75,Cap I1,Lei 45/85-17/Set,CDA,DC



.................... AR LN L

CHASIS — TRANSEJE HIBRIDO P111 75

B UNIDAD DEL TRANSEJE

1. Generalidades

La unidad del transeje consiste principalmente del amortiguador del transeje, MG1 y MG2, dispositivo de divisién
de potencia y unidad de reduccién (que contiene una cadena silenciosa, contraengranaje y engranajes finales).

Dispositivo de divisién de potencia

L — il o
MG2_ { L Soporte A MG1 D ansge
Engranaje solar - Engranaje de anillo )
N = }

- aceite . s
: Cadena silenciosa t 7

B =

ML
[N}
[N
el
e
[N
1, J
11
i
[]
]
p)
]
el
L]
[l
.
1
===ax
!Eill
1
: a
]
t
1
—
T

Engranajes finales

% 182CH02

2. Amortiguador del transeje

® Se ha adoptado un amortiguador tipo de resorte de
bobina con caracteristicas de poco retorcimiento co-
mo el mecanismo que transmite la fuerza de transmi-
t sién del motor. '

® Se ha adoptado un mecanismo de absorcién de fluc- Fuerza'd-e P
. - . . < fransmisién del
tuaciones de torsién que emplea un material de fric- motor -
cién de una sola placa tipo seca.
i]wlﬂ:unnnb
182CHO03
\\

\
N\

Uitk
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3. MG1 (Generador del motor)

El MG recarga la bateria HV (vehiculo hibrido) y sumi-
nistra energia eléctrica para excitar el MG2. Ademds, re-
gulando la cantidad de energfa eléctrica generada, va-
riando la velocidad del MG2, el MG1 controla de forma
efectiva la funcién de transmisi6n variable continua del
transeje. Conectado al engranaje solar de la unidad de
engranajes planetarios, el MG1 también funciona como
motor de arranque para arrancar el motor.

4. MG2 (Generador del motor)

Funcxonando como la fuente de fuerza motriz suplemen— '

 taria que proporc1ona servoasistencia a la salida del mo--
tordela forma necesaria, €l motor eléctrico ayuda al ve-

hiculo a alcanzar un rendimiento de dindmica excelente '

que incluye arranques y aceleracion suaves.

‘Conectado al engranaje de anillo de la unidad de engrana- -

jes planetarios, el MG2 es un motor eléctrico que convier-

te la energfa cinética del vehiculo generada a través de "
1a activaci6n de los frenos regenerativos a energia eléctri-

ca, que es luego almacenada en la bateria HV.
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5. Dispositivo de division de potencia

Generalidades

La unidad de engranajes planetarios se emplea para el dispositivo de divisién de potencia.

Como parte de la unidad de engranajes planetarios, el engranaje solar estd conectado al MG]1, el engranaje de
anillo estd conectado al MG2, y el soporte est conectado al eje de salida del motor. La fuerza motriz se transmite
a través de la cadena hacia el contraengranaje de impulsi6n. '

Unidad de - Engranaje de anillo o Item Conexién
‘ engranajes S - .
3 planetarios Soporte MG1 'Engranaje solar MG1
1 B e solar — —
e SO :r Engranaje de anillo : MG2
Amortiguador - — s T
MG2 . del transeje . Eje de salida -
e\ | = Soporte :
Bomba e . del motor
D - deaceite

= Engranaje final

Operacion - wwcnos - Eje de salida del motor 182CHT7

1) Arranque del motor

-

Mientras el vehiculo est4 parado y en movimiento, el arranque del motor se efectia por medio del MG1. Puesto
que la fuerza motriz se transmite en este momento hacia el engranaje de anillo de la unidad de engranajes planeta-
rios, la corriente eléctrica se suministra hacia el MG2 para cancelar la fuerza motriz (control reactivo).
El grafico de abajo ofrece la representacién visual de la direccién de giro del engranaje planetario, velocidad
de giro y balance de potencia. En el grafico, las rpm de los 3 engranajes mantienen una relacién donde estan
enlazados de forma invariable por una linea directa. '

l Bateria HV j == . Flujo de la fuerza motriz s> : Torsién

Inversor =™ : Flujo de la fuerza eléctrica wd - Torsidn
Descarga - ' del MG2

MG2 MG1 - . Engranaje
Control Z Z ' / ' Engranaje Soporte de anillo

. solar
reactivo

+
pm

Motor

MGl  Motor MG2

182CHO8

Sl

Grifico de la unidad de engranajes
planetarios

182CHO7
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2) Generacion durante la posicion de cambios P

Cuando la palanca de cambios se encuentra en la posicién P, si el SOC (estado de la carga) de la baterfa HV
excede del valor especificado, el motor permanecerd parado. Sin embargo, si el SOC se encuentra por debajo
del valor especificado, el motor operaréd para generar electricidad a través del MG1 para recargar la bateria HV.
En este momento, el control reactivo se efectia para permitir que la corriente eléctrica fluya desde la bateria
HV al MG2, para poder recibir la fuerza reactiva del MG2.

r Baterfa HV l : Flujo de la fuerza motriz . Torsién
s : Flujo de la fuerza eléctrica .
Inversor o = : Torsion
™ Descarga Recarga del MG2
Control 7MG2 MGl Generacién I _ T
reactivo / - Engranaje solar Engranaje de
* g  Soporte anillo
+
é — : | pm.
[ — Motor o]
MGl = Motor MG2
182CH10

Grifico de la u__liidad'de _éngranajés
planetarios

182CH09
'3) Arranque y marcha con carga ligera

Cuando se arranca el vehiculo o cuando esti siendo conducido con carga ligera, y el SOC de la baterfa HV excede
del valor especificado, el vehiculo opera solamente mediante el MG2. En este momento, el motor permanecera -
parado, y el MG1 girara en la direccién opuesta sin generar electricidad. Si el SOC se encuentra por debajo
del valor especificado, el motor operard para generar electricidad a través del MG1 para recargar la baterfa HV. -

—>: Carga durante

|  Bateria HV ] == : Flujo de la fuerza motriz ‘ " la marcha
13 - . L, . - »: Torsién del
{ Descarga s> : Flujo de la fuerza eléctrica MG2
Inversor %——
MG2 MG1 . Engranaje de
: Z H . Engranaje solar Soporte  anillo ,
+
=] o
o]
Motor
MG1 Motor MG2
182CH12
Grifico de la unidad de engranajes
- __}L}E - planetarios
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4) Recorrido normal

Cuando el vehiculo esta siendo conducido bajo condiciones de marcha normales, la fuerza motriz del motor
es dividida por los engranajes planetarios. Una parte de esta fuerza motriz se emite directamente y la fuerza
motriz restante se emplea para generar electricidad a través del MG1. A través del uso de una via eléctrica de
un inversor, esta fuerza eléctrica es enviada al MG2 para ser emitida como la fuerza motriz de MG2. Bajo condicio-
nes con carga alta, la fuerza eléctrica de la bateria HV también se emplea como la fuerza motriz del MG2.

L : . Baterfa HV 1 map- : Flujo de la fuerza motriz

s> : Torsién
Descarga = : Flujo delafuerzaeléctrica

Inversor s Recarga ==~ : Cargadurantela
B Via eléctrica = IR marcha .
H i - .

MG1 Generacién 7(’ i Torsién del MG2

Engranaje solar - Engranaje
- R y  Soporte deang’llo .
ff oo deanilo
| Tpm
.0
MGl  Motor MG2
182CH14

Grifico de la unidad de engranajes
planetarios

182CH13

5) Marcha con desaceleraciéon

Si el SOC de la bateria HV se encuentra dentro del valor especificado durante la desaceleracién, se genera electrici- -
dad en el MG2 para recargar la baterfa HV. Si el SOC es excesivo, la parte de energia de los frenos hidraulicos
SRV aumenta. Sin embargo, si la palanca de cambios se encuentra en la posicién B, el motor serd arrancado por el
- MG1 para aplicar los frenos del motor.

L Bateria HV j - . Flujo de 1a fuerza motriz

i | Condiciones
Inversor Recarga =™ : Flujo de la fuerza eléctrica de la marcha
’ ) o
Viaeléctrica 4 Controlde —: Mo
- MG2 MG1 velocidad
Generacién % % H .
Engranaje de

Engranaje solar Soporte  anillo

Control de +
velocidad \),/"J ' rpm

MG1 Motor MG2

182CH18

Grifico de la unidad de engranajes
planetarios
182CH17
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6) Marcha atras

E! vehiculo se desplaza marcha atrds impulsado solamente por el MG2. Si el SOC de la bateria HV excede del
valor especificado, el vehiculo serd impulsado solamente por el MG2. Si el SOC se encuentra por debajo del
valor especificado, el motor arrancard y la fuerza eléctrica generada por el MG1 pasard a través de la funcién
de via eléctrica del inversor para ser usada como fuerza motriz del MG2.

e l{m

[ Bateria HV l w=p : Flujo de fuerza motriz
. Lo = Carga durante
Descarga % s> : Flujo de fuerza eléctrica la marcha
Inversor ~\w—— Recarga
Via eléctrica  { == . Torsién del
MG2 MG1 Generacién MGz
Impulsién % , Z

Engranaje de
~Soporte  anillo

' ~ B - |rpm
Motor '

Engranaje solar

MGl Motor MG2
: 182CH20
Grifico de la unidad de engranajes

planetarios
182CH19

AVISO

Puesto que no es posible que este transeje separe la fuerza de salida del MG2 de las ruedas motrices al colocar
la palanca de cambios en la posicién N, la generacién de electricidad quedara deshabilitada. En esta condicié6n,
la generacién de electricidad podiia hacer que la fuerza motriz se transmita, lo que causaria una situacién pehgro-
sa. Por lo tanto, tenga en cuenta de que la bateria HV podria descargarse en este estado.
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THS (TOYOTA HYBRID SYSTEM)

THS (TOYOTA HYBRID SYSTEM)

I DESCRIPTION

The hybrid system is a type of powertrain that uses a combination of two types of motive forces, such as an
engine and a motor (MG2). This system is characterized by its skillful use of two types of motive forces ac-
cording to the driving conditions. It maximizes the strengths of each of the motive forces and complements
their weaknesses. Thus, it can achieve a highly responsive, dynamic performance as well as a dramatic reduc-
tion in fuel consumption and exhaust gas emissions. The THS can be broadly divided into two systems; the
series hybrid system, and the parallel hybrid system.

HV
Battery

- Planetary Gear Unit Inverter =

MG2

Differential .—" [/ =
Gear Unit ! '
5 o
Hybrid Transaxle
Mechanical Power Path
— Electrical Path
182THO3
-~ REFERENCE -
Series Hybrid System
Battery
In the series hiybrid system, the engine runs a genera- - H. o
tor, and the generated electricity enables the electric (T
motor to drive the wheels. This type of vehicle can be i Inverter
: described as an electric car that is equipped with an -
' . o Engine
w# cngine-driven generator. O O O Q
Equipped with a low-output engine, the engine is op-
erated at a practically constant speed in its most ef- :
C_ a’fd arar ) yeons af” peed most ef Generator Electric Motor
fective range, in order to efficiently recharge the bat- I
s 1iehi SR PNEINE ; *!: Direct Current
terv while the vehicle.is in motion. 2 L .
: *<: Alternating Current
N———
Parallel Hybrid System - _ ' : o lwmHO!
This svstem uses both the engine and the electric mo-
tor to directly drive the wheels is called the parallel ' Battery
hybrid system. In addition to supplementing the mo- I
. . o . . . . . - ) - :
tive force of the engine, the electric motor in this sys- Inverter :
tem can also serve as a generator to recharge the bat-.

tery while the vehicle is in motion. Engine

OO0

Transmission Motor/Generator

——

182THO2
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M FEATURES OF THS

ey

This system controls the following modes in order to achieve the most efficient operations in to match the
driving conditions:

l. Supply of electrical power from the HV battery to MG2 provides force to drive the wheels.

2. While the tires are driven by the engine via the planetary gears, MG is driven via the planetary gears to
supply electricity to MG?2 to drive the wheels.

3. When the vehicle is decelerating, kinetic energy from the wheels is recovered and converted into electrical
energy and used to recharge the HV battery by means of MG2.

The HV ECU switches between these modes (1.2, 1+2,0r3) according to the driving conditions. However,
when the SOC of the HV battery is low, the HV battery is charged by the engine by turning MG1.

As a result, it achieves far greater the fuel economy compared to conventional gasoline engine vehicles. at

a reduced level of exhaust gas emissions. Furthermore, this revolutionary powertrain has eliminated the
constraints that are associated with electric vehicles (such as their short cruising range or their reliance on :
external recharging units). , THS

- HLAYOUT OF MAIN COMPONENTS

HV ECU
- Shift Position Sensor
| ECM Brake ECU
Ergine HV Battery
&&s
"
N ‘

Service Plug

I82THY
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THS (TOYOTA HYBRID SYSTEM)

B MAIN FUNCTIONS OF COMPONENTS

MGI Generates high-voltage electricity by being powered primarily by the engine.
Also, it functions as a starter to start the engine.
. Primarily provide additional power to the engine in order to increase the
Hybrid h . . .
Trans- MG2 overall drive force. During braking or when the accelerator pedal is not
axle depressed, it generates electricity to recharge the HV battery (Regenerative
brake system).
Planetary Distributes the engine’s drive force as appropriate to directly drive the vehicle |
Gear Unit as welll as the generator.
. Supplies electric power to the MG2 during start-off, acceleration, and uphill
HYV Battery driving; recharged during braking or when the accelerator pedal is not
. depressed.
‘ inverter A device that converts the high-voltage DC (HV battery) into AC (MG1 and
MG?2) and vice versa (Converts AC into DC).
Drops the high-voltage direct current (DC 273.6 V) into DC12 V in order to
Converter supply electricity to body electrical components, as well as to recharge the
auxiliary battery (12 V).~
HV (Hybrid Vehicle Information from each sensor as well as from the ECU (Engine ECU, Battery
ECU, ABS ECU) isreceived, and based on this, the required torque and output
Control) ECU
power is calculated. :
The HV ECU sends the calculated result to the actuators and controlers.
Engirie ECUF Sends a throttle open command to the electronically-controlled throttle in
& accordance with the engine output request factor received from the HV ECU.
Battery ECU- Monitors the charging condition of the HV battery. _
' Controls the regenerative brake that is effected by the MG2 and the hydraulic |
brake so that the total braking force equals that of a conventional vehicle that
. Brake ECU S R .
( | is equipped only with hydraulic brakes.
“ , Also, the brake ECU performs the ABS control conventionally.
Accelerator Pedal Converts the accelerator angle into tn electrical signal and outputs it to the HV
Position Sensor ECU. '
Shift Position Sensor Converts the shift lever posmon into an electrical signal and outputs it to the
‘ HV ECU. .
SMR (System Main Connects and disconnects the high-voltage power circuit through the use of
Relay) - a signal from the HV ECU.
. Shuts off the hloh-voltage circuit of the HV battery when this plug is removed
Service plug
: for vehicle inspection or maintenance.
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B SYSTEM DIAGRAM

Shift Position )
() (Mainand Sub) SR—
Shift Position
Sensor i .
N Accelerator Angle :
Pee— = ) ‘ verts I
Accelerator (Main and Sub) ) Inverter || Converter
Pedal Position ot -
Sensor Regenerative | HV ECU Voltace
(BRAKE ) Request Factor . : s S —m e —>
. ECU J Actual ~ |SMR Control '
Regenerative L - Charei SMR SMR
. , J/ Lharging
B N A % I ?r_a} l.n_g Factor Engine Condition. I
! H ! RPM Power Amperage
! } ' Request =
: | ~ I |
I 1
I i
I i
1 !
1 1 r—— e >
! Amperage LE ~
1)
: Battery ' e ary
1 . Battery
| ECU HV
| Battery
N
i
1

182THOS

B3 Mechanical Power Path
= Hydraulic '

— Electrical Signal
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M DRIVING CHARACTERISTICS

Because the Prius uses a parallel series hybrid system, some aspects of its operation may differ from those of
existing automobiles, and may require precautions that are unique to this system.

1. Starting the THS

Make sure that the parking brake is engaged and that the shift lever is in the P position.

While depressing the brake pedal, turn the ignition switch to the START position. After this, the “READY”

~ light flashes.

The engine does not start when the shift lever is in the N position; it can only start in the P posmon When
the external air temperature is low, the “READY” light may flash longer than usual.

As soon as the engine has started, the “READY” light illuminates steadily and a beeping sound is heard.
Several seconds after the engine warms up, the engine stops automatically, provided that the air conditioning
compressor does not need to operate and that the HV battery maintains a proper SOC (state of charge)

2. Start-Off Output Control

While keeping the brake pedal depressed, release - “READY" Light Warning Light
the parking brake, and move the shift lever to the
D g

v D position. ’ [ READY‘ ]

The vehicle has the same creeping movement as

~ the conventional automatic transmission vehicles. . \\
Gradually release the brake pedal and slowly de-
press the accelerator pedal to start off. v; ' FE a::» T;i
At this time, the vehicle starts off powered only by % A E E b %&E}ﬁ? . Ré:

the MG2 (Motor Generator No.2) TS
NOTICE: The vehicle can be started off, provided that the “READY” hght remains illuminated, even
if the engine remains stopped.
3. Acceleration
Depress the accelerator pedal to accelerate the vehicle.
If the engine remained stopped during start-off, the engine will start automatically during acceleration.
4. Downhill Driving
Move the shift lever to the B position as necessary in order to simultaneously apply the regenerative brake
and the engine friction brake.
5. Deceleration and Stopping

v Depress the brake pedal to decelerate and to stop the vehicle.

Depressing the brake pedal causes the regenerative brake to activate automatically in the D or B position. (In
the regenerative brake system, kinetic energy is converted to electrical energy.) If the engine has warmed up,
the air conditioning compressor does not need to operate, and if the HV battery maintains a proper SOC (state .
of charge), the engine stops automatically when the vehicle speed drops-even if the vehicle comes to a stop.

6. Parking :
Push down the parking brake pedal, move the shift lever to the P position, and pull out the ignition key.
NOTICE: Make sure to pull out the ignition key after parking the vehicle because the vehicle can be
driven as long as the “READY” light remains illuminated even if the engine is stopped.

7. Other Characteristics and Precautions

® [f a drive wheel slips on slippery terrain, causing the front wheels to spin faster than the rear wheels the -~

THS effects control to limit slippage by restrammo the drive force. (This also protects the planetary gear
from damage.)

® When the HV battery temperature is too hivh or low, the output control warning light illuminates; alerting
- the driver that output power may be hmlted
This is not 2 malfunction. This condition may be corrected by avoiding sudden acceleration/deceleration,
after which the light will go out.

'® When the vehicle is stopped and the shift lever is in the N position, electricity is not oenerated even if the
engine is running. If the vehicle remains stopped for a long time, make sure to move the shift lever to the
P position. In heavy traffic, keep the shift lever in the D position.
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}'.5‘3 - ETHS CONTROL SYSTEM

1. General

The THS control system contains the following components;

regenerative brake control and the SOC (state of condition) of HV battery.
Control) ECU These factors are determined by the shift position, the degree which the
accelerator is depressed and vehicle speed.
The HV ECU received the data of engine conditions (rpm, torque) from the
g J Encine engine ECU and determines the engine demand torque.
ECTJ Moreover, engine stop and fuel cut signals are sent according to the driving
Control conditions.
In addition, the vehicle speed signal received from the combination meter is
also sent. ' _
BRAKE The HV ECU receives data corresponding to the total braking force needed. | Wyzly
ECU The HV ECU transmits the regeneration brake demand torque value, as well | *
T  Control as the regeneration brake execution torque value.
1§
W/ Inverter The HV ECU sends the signal to the power transistor in the inverter for
(for MGI, | switching the U, V, W, phase of the MG1, 2 in order to drive the MG1 and 2.
MG2) Moreover, if an overheating, overcurrent or fault voltage signal is received
Control from the inverter, it is shut down. ‘
Converter When a malfunction is in the Hybrid vehicle control system, the HV ECU
sends a signal to the converter, and the converter is stopped.
Detects the position of the rotor of the MG 1, 2 and controls the current flowing
MG1, MG2 to the MG, 2. ) ‘
. In addition, the temperature is detected and the maximum load is controlled.
‘Battery ECU Receives the SOC of the HV battery and the current value.

HV (Hybrid Vehicle

Controls the MGI, 2 and the engine according to the demand torque,

Airbag Sensor
Assembly

Receives the airbag deployment signal.

A/CECU

Receives the engine power rise demand (when air-conditioning is turned ON)
and the engine running demand for water-temperature maintenance.

Accelerator Pedal
Position Sensor

Receives the value corresponding to degree at which the accelerator pedal is
depressed. _

Shift Position Sensor

Receives the shift position signal (P, R, N, D, B).

Cruise Control Switch

Receives the cruise control switch signal.

Stop Light Switch

Receives the brake signal.

Interlock Switch
(for Inverter Cover and
Service Plug)

Verifies that the cover of both the inverter and the service plug have been
installed. :

Circuit Breaker Sensor

The high-voltage circuit is intercepted if a vehicle collision has been detected.

Diagnosis

When the HV ECU detects a malfunction;'the HV ECU diagnosis and
memorizes the values corresponding to the failure.

Fail-Safe

When the HV ECU detects a malfunction, the HV ECU stops or controls the,
actuators and ECUs according to the data already stored in memory.
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2. Construction

The configuration of the THS control system in the Prius is shown in the following chart.

HTE. ETH g[-br}agbs
. GO : - ‘ MG
Engine ECU. SPDO ' G-MOTT
ESTP
HTD, DTH
BATTERY ECU 1B M-REF,
SIN, COS :
. MG2
ABS ECU HTB, BTH M-MOTT
b ' ' . CGAUIVIW
I N R G-INVT
VERTER (for MG1) G-SINV, FINV
________________________ SPD COMBINATION METER
MAUIVIW | e T
INVERTER (for MGZ) M-INVT ® Vehicle Speed Slgna]
M-SINV, FlNV‘ ’
VEHICLE SPEED SIGNAL G.UU :
(for Hybrid Transaxle) mU, .
d VU, WU | INVERTER > MGl
G-SDOWN| (for MG1) .
ACCELERATOR PEDAL VPAL. 2 . M-UU, [~ """ -
POSITION SENSOR > HV ECU VU, WU | INVERTER
M-SDOWN!| (for MG2) MG2
SFT, P, R,
SHIFT POSITION SENSOR N,D.B
- CRUISE CONTROL SWITCH | _CCS
i NODD
' CONVERTER
AIRBAG SENSOR ASSEMBLY | ABFCS
'CIRCUIT BREAKER SENSOR ACS CONT 1
- . SYSTEM MAIN RELAY NO.1
: ' CONT 2| " g mr e om0
INTERLOCK SWITCH ILK | T | SYSTEMMAINRELAYNO2
(for Inverter Cover and Service Plug) CONT 37 SYSTEM MAIN RELAY NO .3
, ____ACON
A/CECU EGON
) ' SIL, TC -
STOP LIGHT SWITCH . STP _ v DATA LINK CONNECTOR 3
MREC ¢ BATT
' AUXILIARY
IGCT RELAY BATTERY
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3. Engine ECU Control

The engine ECU receives the demand torque and the target rpm which were sent from HV ECU (THE, ETH),
and controls the degree of throttle valve opening, fuel injection timing, ignition time and VV'T-i.

In addition, the actual rpm is sent to the HV ECU with GO, and the speed signal from the hybrid transaxle
is received through HV ECU with SPDO.

When at the vehicle is stopped, HV ECU may send the engine stop (ESTP) to commend engine ECU to reduice

fuel used.

- When a malfunction occurs in the system, the engine ECU activates MIL via the directions from the HV ECU.

4. BRAKE ECU Control

HTE. ETH EF1
ESA :
. GO VVTS Engine
HV ECU . Engine ECU '
SPDO W
RN THS
- ESTP M Throttle Control
HL Motor

The brake ECU calculates the total braking force needed, based on the master cylinder pressure in the brake
actuator generated when the driver depresses the brake pedal, and sends this value to the HV ECU.
The HV ECU computes a part for the regeneration brake force from the total brakmo force, and sends the

result to brake ECU.

. The HV ECU executes to the minus torque to MGZ and carries out the regenerative brake functions.
The brake ECU controls the brake actuator solenoid valves and generates the wheel cylinder pressure, which
is the regenerative brake force subtracted from the total braking force.

Brake Actuator Pressure i onal Brake Actuator
(Brake Master Signa _ (Solenoid Valves)
Cylinder) N S
v | BRAKE ECU
' Pressure Sensors
BTH| | HTB |
Requested Total Transmitted Regenerative
Brake Force Brake Force

HV ECU
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5. Inverter Control (for MG1, MG2)

The HV ECU transmits a signal to the power transistor in the inverter (G-UU, VU, WU, M-UU, VU, WU)
for switching the U, V, W phase of the stator coil of MG1 and MG2 based on the rotor position information
sento from MG1, 2 (G-SIN, COS M-SIN, COS) and the SOC of the HV battery sento from the battery ECU.

- When shutting down the current to MG1, 2, a signal is sent to the inverter from the HV ECU (G-SDOWN,
M-SDOWN). . '

G-REF
G-SIN, COS
- » ' - MG1
o-Uu, Y, WU Inverter ‘Switching Signal
G-SDOWN (for MG1)
HV ECU N 1 ]
M-UU, VU, WU Inverter Switching Signal ’
M-SDOWN ~ (for MG2)
| MG2
M-SIN, COS
M-REF
Clutchless System

A clutchless system has been adopted to keep the front wheels and MG2 linked mechanically via gears and
a chain. To disengage the drive force in the neutral position, the N position signal from the shift position
sensor turns OFF all the power transistors in the inverter (which connects the MG1 and the MG2) in order
to shut down the operation of the MG1 and the MG2, thus rendering the drive force at the wheels to zero.
In this state, even if the engine is running, the MG1 merely freewheels in the no-load state.

Therefore, if the vehicle is allowed to operate continuously in the N position in a stationary state such as
in heavy traffic, the SOC (state of charge) of the HV battery will continue to drop lower and lower."

6. Battery ECU

.The SOC, temperature and the voltage of HV battery are detected by ‘the battery ECU, and this information
is sent to HV ECU.
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— REFERENCE -

The MGI and the MG2 are generally shut down when the shift lever is in the N position.
However, the shut-down function is canceled under the following exceptions:

® During driving, if the brake pedal is depressed and a wheel locks up, the ABS is activated. After this, low

torque is requested from the MG2 to provide supplemental power in order to restart the rotation of the wheel.

" Even if the shift lever is in the N position at this time, the shut-down function is canceled to allow the wheel
to rotate. After the wheel rotation has been restarted, the system resumes its shut-down function.

® When the vehicle is driven in the D or B position and the brake pedal is depressed, the regenerative brake
operates. At this time, as the driver moves the shift lever to the N position, the brake hydraulic pressure in-
creases while the request torque of the regenerative brake decreases gradually so as not to create a sluggish
brake feel. After this, the system effects its shut-down function.

When any of the conditions described below is

present, the message prompt as shown appears in
the multi information display, accompanied by the | When you park your car, make sure . THS
g illumination of the master warning light and the you shift to Park (B).
( l continuous sounding of the buzzer; The batteries will not charge if the shifter is in[N.
® The “READY" light IS illumiﬂated, the Shl_ft le‘ Une fois le véhicule gare, pose touiours
ver is in the N position, and the HV battery is le levier en [P).
discharged. . En [NJ, les batteries ne sont pas chargées.

® The “READY” light is illuminated, the shift le-
ver is in the N position, and the driver’s door is

. 182TH33
open.

® The “READY” light is illuminated, the parking brake is engaged, the shift lever is in the B or D position,
" and the driver’s door is open, ' '
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BINDICATOR AND WARNING LIGHT

~ The warning lights of the Prius are different from those on conventional vehicles. Inspection and repair
should be performed while referring to the troubleshooting section in the Prius repair manual (RM771E).

p Center Meter « - Multi Information Display «

1. READY Light

3. Master Warning Light

6. EMPS Malfunction

2. Output Control
Warning Light

Warning Light

WARNING

OUTSIDE TEMP 201C

B

J»mmi

5 Discharge Warmno Lloht

4. Malfunction Indicator light

"’°""”/ |

8. Hybrid System
Malfunction
Warning Light

7. HV Battery
Warning Light

182TH23

. READY light

Turns on when the i gnition switch is turned to START to indicate that the ve-

- hicle is ready to drive.

. Output control

warning light

Turns on when the remaining HV battery charge becomes insufficient at R
range or when there is an abnormal temperature rise in the HV battery due
to continuous driving under heavy load. It may also light when the battery
temperature is low (after starting at low temperatures). The hybrid syqtem
output is limited while this light is on. :

® Travel atreduced speeds (avoid sudden acceleration) while the li ghtis lit.

. Master warning

light

Turns on with buzzer sounding by linked operation with warning lights “6”
to “8” on the multi center display.

. Malfunction

indicator light

Turns on when there is a malfunction in the engine control system.

. Discharge warning

light

Turns on when there is a malfunction in the 12 V charging system (converter

assembly).

® If it turns on together with the master warning light and hybrld system
warning light, check the diagnostic code.

6. EMPS Malfunction

Warning light

Turns on when there is a malfunction in the EMPS control system.

. HV battery warning

light

Turns on when the HV battery is discharged to the l_ower limit.

. Hybrid system

warning light

Turns on when a malfuncnon in MG1, 2, inverter. HV battery or HV ECU
‘is detected.
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MG1 AND MG2 (MOTOR GENERATOR NO.1 AND NO.2)
B DESCRIPTION

Both the MG1 and the MG?2 are compact, lightweight, and highly efficient alternating current permanent
magnet synchronous type.

Serving as the source of supplemental motive force that provides power assistance to the engine as needed,

: the electric motor helps the vehicle achieve excellent dynamic performance, including smooth start-offs

and acceleration. When the regenerative brake is activated, MG2 converts the vehicle’s kinetic energy into
electrical energy, which is then stored in the HV battery.

MG recharges the HV battery and supplies electrical power to drive MG2. In addition, by regulating the
amount of electrical power generated (thus varying the generator’s rpm), MG effectively controls the
continuously variable transmission function of the transaxle. MGl also serves as the starter to start the
engine.

Rotor

Speed Sensor (Resolver)

182CHOS . : 182CHO4
» MG2 Specifications «
Type Permanent Magnet
P B Motor (1CM)
Rated voltage - : V] 273.6
Maximum output [kW] (rpm) | 33/(1040 ~ 5600)
Maximum torque  [N'm (kgfm) (rpm) | 350/(0 ~ 400)
Amperage at maximum torque [A] 351
Cooling system _ Water-cooled

» Performance Curve «

N'm

350 oW

300 L 40
, 250 _
g 200 130 &
(@] : =
B 150 J20 ©

100 |

50 | 10

0 0

0 1000 2000 3000 4000 5000 €000
- Engine Speed (rpm)

182THO7
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‘1. Permanent Magnet Motor | o lU-phaSEE .

When a three-phase alternating current is passed

through the three-phase windings of the stator

coil, a rotational magnetic field is created in the

electric motor. By controlling this rotating mag-

netic field according to the rotor’s rotational posi-

tion and speed, the permanent magnets that are
i : provided in the rotor become attracted by the ro-
; ' tating magnetic field, thus generating torque. =~
The generated torque is for all practical purposes

Rotational
Magnetic Field

proportionate to the amount of current, and the X ~_
rotational speed is controlled by the frequency of :
the alternating current. : : V Phase W Phase
i Furthermore, a high level of torque, all the way to A X
S high speeds, can be generated efficiently by prop- —: From inverter
‘ | erly controlling the rotating magnetic field and the X : Connected internally in the motor
y gmag
angles of the rotor magnets. ' : 7 182TH29

2. Speed Sensor (Resolver)

This is an extremely reliable and compact sensor

; that precisely detects the magnetic pole position,
which is indispensable for ensuring the efficient
control of MG1 and MG2.

~ The sensor’s stator contains 3 coils as illustrated, and
output coils B and C are electrically staggered 90 de-
grees. Because the rotor is oval, the distance of the .
gap between the stator and the rotor varies with the [—3—— Magnetized Side
rotation of the rotor. Thus, by passing an alternating
current through coil A, output that corresponds to the
sensor rotor’s position is generated by coils B and C.
The absolute position can then be detected from the
: difference between these outputs.

() In addition, the amount of positional variance Speed Sensor |
within a predetermined time is calculated by the - (Resolver)
HV ECU, thus enabling this sensor to be used as
an rpm Sensor.

L Coil B
(= Output Side

3. Power Cable Inverter Power Cable HV Battery
n /
(&)

The power cable is a high-voltage, high-amperage
cable that connects the HV battery with the inverter,
and the inverter with MG1 and MG2. Starting from
the connector at the left front of the HV battery lo-
cated in the luggage compartment, the power cable
is routed under the rear seat, through the floor panel,
along the under-the-floor reinforcement, and con-

0
\J

nects to the inverter in the engine compartment. A Junction Portion routed through  Auxiliary
shielded cable is used for the power cable in order to Block the center floor Battery
reduce electromagnetic interference. ' —
The 12 V @ wiring of the auxiliary battery also o e@n=
follows the same route. l@jl@ R
for identification purposes, the high-voltage wir- Under- / Power Cable
: ing harness and connectors are color-coded the-Floor 12V Voltage © Power Cable
: _ orange to distinguish them from those of the ordi-  Reinforcement Voltage @
: nary Jow-voltage wiring. ' : 182THIO
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INVERTER g
1. General

The inverter is an electric power converter that

‘ converts the direct current of the Hybrid vehicle’s

high-voltage battery (DC 273.6 V) and the alter-

nating current of the MG1 and MG2.

Consisting of 2 three-phase bridge circuits for

MG and MG2, respectively, and each containing

- 6 power transistors, the inverter converts direct

‘ current and three-phase alternating current. The ac-

: tivation of the power transistors is controlled by the
N HV ECU. In addition, the inverter transmits in- .

. formation that is needed for current control, such as

the output amperage or voltage, to the HV ECU. Converter.
Together with MG and MG2, the inverter is
cooled by the dedicated radiator of the coolant 1$2TH26
" system that is separate from that of the engine. : : THS
2. System Diagram _ -
' L
LTIy Bridge Circuit for MG - h
I g . !
T Amperage !
:l D_l 4 D_H:IKD_”:TK Sensor |
] ~\ i
HV ! 4 —=_ 7
Battery | | = : r-*?{ L\ MG2
I T
al Ot Dt OgH | E
P [ & I |
i Voltage t
.. . ' Detection ’ ! .
Ignition Signal : Cireuit Signal Processor/ : HVECU
X Voliage Protective Function Processor X :
Ground ! Detection ‘ ,
s I [ i
i i
1 | 1
B SIS IS |
1 < +
: =——{ MG!
: UK C1IR 5 UK e
. | 'y 'y X | Amperage ,
w . Kl KA Sensor !
1 - \ IR2THIS
N cccee ] Bridge Circuitfor MGL ____ __ __ __ a

3. Cooling System

A cooling system via water pump for the inverter
and MG, 2 has been added. '

The HV ECU controls the water pump with cool-
ant temperature. It is separated with the engine
cooling system.

Radiator
Water Pump

IR2TH27
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CONVERTER |
1. General

The power source for auxiliary equipment of the
vehicle such as the lights, audio system, and the air
conditioner, as well as the ECUs, is based on a 12
V system. Because the THS generator outputs at
273.6 V, the converter is used to transform the
voltage from DC273.6 V to DC 12 V in order to
recharge the auxiliary battery. The converter is

- ) ) Converter
installed on the underside of the inverter.
‘ 182TH26
’* - Inverter DC273.6V ‘i
12Ve . v i
? _ Output DC/DC Converter ]
o~—O— 75000 . |20V
{ FL EL DCDC s -
[ MAIN. | : E
O~-0- = -
. . o
D‘ .
- | Auxiliary % = IQ %
1 | Battery S34B20 ’ i o
_T_|Shielded 12 V =g| _ -. G
‘L Converter Control Circuit
NODD IDH

[HVECU | ~ [a/cEcu]

l.82‘['Hl7
H 2. Operation

® The DC273.6 V input is initially converted into alternating current by the transistor bridge circuit and

transformed into a low voltage by the transformer. After this, the current is rectified, smoothed (into direct
current) and converted into DC12 V. v ‘

® Thevoltage at the positive terminal of the auxiliary battery is monitored by the converter and is maintained
at a constant level. Consequently, the voltage of the auxiliary battery is unrelated to the engine rpm (even
if the engine is stopped) and to the auxiliary equipment (output current of converter).
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HV BATTERY
M DESCRIPTION

The sealed nickel metal hydride (Ni-MH) battery technology has been further evolved in the newly devel-
oped HV battery that otfers features such as high power density, lightweight, and longevity, that are specifi-
cally designed to match the characteristics of the THS. Because the THS effects charge/discharge control
to maintain a constant level of SOC (state of charge) while the vehicle is operating normally, it does not rely
on the use of external rechargers. ' ; -

- In the battery area, six 1.2-volt cells are connected in series to form one module. A total of 38 modules are
divided into two holders and connected in series. Thus, the HV battery containing a total of 228 cells has a
rated voltage of 273.6 V. )

The electrode plates in the HV battery are made of materials such as porous nickel and metal hydride alloy.

THS

> Service Plug
Battery
ECU

SMR
(System
Main Relay)

HYV Battery Module

182TH31
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HV BATTERY CONTROL SYSTEM

B DESCRIPTION

- To maintain the battery at a proper SOC (state of charge), and to ensure safety in the event that the HV battery
malfunctions, the battery ECU features the following control functions:

p System Diagram «

Battery Voltage for Each A/CECU
Module

HV Battery Cooling Fan

HV Battery Temp. Sensor

v ' T Data Link Connector 3
Temp. Sensor (Circumference)

Battery ECU —» HV ECU

Amperage sensor ~ b—» | [ttt --- R LR
® Amperage Signal

@ Total Voltage Signal

A/C Signal ® Charge or Discharge Signal
® Diagnosis
W CONSTRUCTION ,
~ @ The HV battery, battery ECU, SMR (system _
' ° main relay), and the cooling fan are enclosed in HV Battery

a single case and placed in the luggage

. compartment behind the rear seat to make more L SMR2. | ®
effective use of vehicle space. = — " .
) . . = SMRI1
® In the battery area, six 1.2-volt cells are con- = Battery Module Resistor
nected in series to form one module. A total of y (7.2x19)

. . ervice Plu
38 modules are connected in series. S g

Thus, the HV battery containing a total of 228 High-Voltage Fuse

loo T

cells has a rated voltage of 273.6 V. = Battery Module
® A service plug that shuts off the circuit is pro- E (7.2x IQS)MRB»
vided in the middle of the 38 modules. Before K = : o

servicing any portion of the high-voltage cir-
cuit, make sure to remove the service plug. For -
further details, refer to the Prius Repair Manual 182TH
(Pub No. RM771E). ’ ' '
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1. Battery ECU

The battery ECU provides the following functions.

SOC (state of charge) Control

While the vehicle is in motion, the HV battery
undergoes  repetitive  charging/discharging _
. cycles, as it becomes discharged by the MG2 Ui, =i esin 2 0,

Upper SOC control limit
Control region

Example of change in SOC

during acceleration and charged by the regenera-
tive brake during deceleration. The battery ECU ~ SOC
outputs charge/discharge requests to the HV

~ ECU so that the SOC can be constantly main-
tained at a center level, by estimating the charg- -
ing/discharging amperage.

1
Target SOC
el _ control

182THI2

Cooling Fan Control _ THS

o To ensure the HV battery’s performance considering the heat that is generated in the HV battery during
V charging and discharging, the battery ECU controls the operation of the cooling fan.

HV Battery Malfunction Monitoring

This function, includes the monitoring of the temperature and the voltage of the battery via the battery ECU.
If a malfunction is detected, the battery ECU protects the HV battery by restricting or stopping the charging
and discharging of the HV battery. In addition, this function illuminates the warning light, outputs DTCs
(Diagnostic Trouble Codes), and stores them in memory. For further details on the DTCs, refer to the Prius
Repair Manual (Pub No. RM771E).

«
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" 2. SMR (System Main Relay)

The SMR is a relay that connects and disconnects

the power source of the high—volt_age circuit upon HV Battery
receiving a command from the HV ECU. A total —— ®
of 3 relays, one for the negative side, and two for ' —__J.—_ SMR 2
the positive side, are provided to ensure proper op- = SR oW
o = Resistor
erations. v : T Battery Module
At the time of connection, SMR1 and SMR3 are y 72V x19)
. . Service Plug
turned ON; after this, SMR2 is turned ON and
SMRI is turned OFE. By allowing the controlled - ) High-Voltage Fuse
current via the resistor to pass through initially in "= Battery Module
. this manner, the circuit is protected against rush =02Vx IS?AR 3
current. : T . 5
At the time of disconnection, SMR2 and SMR3

,,.-e-
; “i:
B B

are turned OFF in that order, and the HV ECU ver-
ifies that the respective relays have been properly
turned OFF. '

182THII

3. Service Plug

By removing the service plug before performing any inspection or service, the high-voltage circuit is shut
off at the intermediate position of the HV battery, thus ensufing safety 'during service. ’

The service plug assembly contains a reed switch for interlock. Lifting the clip lock up turns OFF the reed
switch, which shuts off the SMR. However, to ensure safety, make sure to turn OFF the ignition switch before
removing the service plug. For further details on how to handle the service plug, refer to the Prius Repair
Manual (Pub No. RM771E). The main fuse for the high-voltage circuit is provided inside of the service plug
assembly. :

Service Plug

182TH30
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CHASSIS

P111 HYBRID TRANSAXLE

B DESCRIPTION

The P111 hybrid transaxle has been newly developed for the hybrid system application. ,
Containing an MG (Motor Generator) 2 for driving the vehicle and a MG (Motor Generator) | for generating
electrical power, the P111 hybrid transaxle uses a continuously variable transmission mechanism with Power
Splitting Device that achieve smooth and quiet operation. -

MG (Motor Generator) 2 Power Splitting Device
/ & MG (Motor Generator) 1

Oil Pump

Transaxle Damper

Differential

182CHOt
k > Specificatipns «
- _ ] The No. ofRingﬂ Gear Teeth — - 718
g‘;‘:f‘ary The No. of Pinion Gear Teeth 23
The No. of Sun Gear Teeth : 30
Gear Ratio 3.905
. Number of Links ‘ 74
Chain - Drive Sprocket : 39
Driven Sprocket ' o 36
Counter Drive Gear o : 30
Gear : Driven Gear , ' 44
Final Drive Gear _ _ ' 26
Gear Driven Gear | | 75
Fluid Capacity Liters (US qts, Imp.qts) 4.6 (4.9,4.0)
Fluid Type ATF Type T-1V or equivalent
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B TRANSAXLE UNIT

* 1. General

The transaxle unit consists primarily of a transaxle damper, MG (Motor Generator) 1, MG2, power splitting
device, and a reduction unit (containing a silent chain, counter gears, and final gears).

Power Splitting Device
Transaxle

Carrier' N MGl Damper

MG2 .
Sun Gear
TN

Fsamd T

o
>
E
o

Engine

2. Transaxle Damper

® A coil-spring type damper with low-twist char-
“acteristics has been adopted as the mechanism
‘to transmit the drive force from the engine. Coil Spring

® A torque fluctuation absorbing mechanism that

; uses a dry-type single-plate friction material

. . hasbeen adopted. ]

b Drive force

. - « fromthe
_ engine

182CHO3
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3.» MG (Motor Generator) 1

The MG recharges the HV (Hybrid Vehicle) bat-
tery and supplies electrical power to drive the

 MG2. In addition, by regulating the amount of
electrical power generated,  thus varying the
MG2’s speed, the MG1 effectively controls the
‘continuously variable transmission function of the
transaxle. Connected to the sun gear of the plane-
tary gear unit, MG1 also functions as a starter for
starting the ehginc.

Stator
Rotor

182CHOS

4. MG {Motor Generator)z

Serving as the source of supplemental motive
force that provides power assist to the output of the
engine as needed, the electric motor helps the ve-
hicle achieve an excellent dynamic performance
that includes smooth start-offs and acceleration.
Connected to the ring gear in the planetary gear
unit, MG2 is an electric motor that converts the ve-
hicle’s kinetic energy that is generated through the
activation of the regenerative brake into electrical
energy, which is then stored in the HV batteries.

Rotor

182CHO04
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o 5. Power Splitting Device
: General
Planetary gear unit is used for a power splitting device.
As part of the planetary gear unit, the sun gear is connected to MG1, the ring gear is connected to MG2,

and the carrier is connected to the engine output shaft. The motive force is transmitted via the chain to the
counter drive gear.

Planetary | Ring Gear Item Connection
Gear Carrier MGl Sun Gear MGl
Unit Sun Gear - -
w2 ' Ring Gear MG2
MG2 fjy Transaxle - - - -
___________ #i] - Damper { Carrier Engine Output Shaft
Oil Pum
° "‘““ | MG2
L '
Chain :: &3 »
: > Counter Gear
. Final Gear
182CH06 Engine Output Shaft 182CH77
Operation o

1) Starting the Engine - _
Both while the vehicle is stopped and is in motion, the starting of the engine is performed by MG1. Be-
cause the motive force is transmitted at this time to the ring gear in the planetary gear unit, an electrical
current is applied to MG2 to cancel out the motive force (reactive control). o
The nomographic chart below gives a visual representation of the planetary gear’s rotational direction,
rotational speed, and power balance. In the nomographic chart, the rpm of the 3 gears maintain a relation-
ship in which they are invariably joined by a direct line.

” | HVBatery | ™% :Flowof s> : Torque
motive force -
I ~ s> : Flow of - MG2
, nverter Discharge electrical force Torque
(U ) MG2 : . '
Reactive zugus ’ 7 ' S Sun Gear Carrier Ring Gear
Control ‘
d +
) T - rpm
. :
g : Engine

MGI  Engine MG2
182CHOR

Nomographic Chart of Planetary
Gear Unit

E 182CHO7
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2) Generation During Shift Position P

When the shift lever is in the P position, if the SOC (State Of Charge) of the HV batteries exceeds the
specified value, the engine remains stopped. However, if the SOC is below the specified value, the engine
operates to generate electricity through MG1 in order to recharge the HV batteries. At this time, reactive
control is effected to allow the electric current to flow from the HV batteries to MG2, thus receiving the
reactive force of MG2.

-

| : Flow of
| _HV Battery | motive force s> : Torque
s> : Flow of
Inverter ¢ §— . electrical force = MG2
Dmcharge Recharging Torque

?}AG' Generate

/]

~ Sun Gear - Carrier Ring Gear

Reactive .,
Control \ﬁ

pm
[¢]

Engine

MG!  Engine MG2

182CHI0

Nomographic Chart of Planetary
Gear Unit
182CHO09

3) Starting and Light-Load Driving

When the vehicle is started off or is being driven under light-load conditions, and the SOC of the HV
batteries exceeds the specified value, the vehicle operates powered only by MG2. At this time, the engine
remains stopped, and MG is spinning in the opposite direction without generating electricity. If the SOC
is below the specified value, the engine operates to generate electncxty through MGl in order to recharge
the HV batteries.

7 =mp : Flow of =>> : Driving
l HY Battery _ ] motive force e IMOéI%
Inverter %_Dl_schirgf:___ = . Torque
Drive H Sun Gear Carrier Ring Gear
q B +
T i Wl pm
: _ » o
| B B Engine
MG1  Engine MG2 :
182CHI2
Nomogi'aphic Chart of Planetary
Gear Unit
182CH11
198
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4) Normal Traveling

o When the vehicle is being driven under normal traveling condition, the motive force of the engine isdivided
z by the planetary gears. A portion of this motive force is output directly, and the remaining motive force

‘ is used for generating electricity through MG1. Through the use of an electrical path of an inverter, this

electrical force is sent to MG2 to be output as the motive force of MG2. Under further high-load conditions,

the electrical force from the HV batteries is also used as a motive force of MG2. '

- = : Flow of
L\ ,HV Battery - I motive force s> : Torque
§ Discharge N s> : Flow of
Inverter { { ARecharging  electrical force == : Driving Load
Electrical Path _
MG2 MG! Generation - = . MG2 Torque

Drive _ goodor
RISROKEEA
BRI

St tiseseses

g [ 2 2 Sun Gear Carrier Ring Gear

Engine

MGI  Engine MG2

182CH 14

Nomographic Chart of Planetary
Gear Unit

{82CH13 :

If the SOC of the HV batteries is within the specified value during deceleration, electricity is generated
by MG2 to recharge the HV batteries. If the SOC is excessive, the apportionment of energy to the hydrau-
lic brakes is increased. However, if the shift lever is in position B, the engine is started by MG1 in order
to apply the engine brake. ' '

: L HV Battery | = : Flow of

5) Déceler_ation Driving v

: motive force ' = : Driving
Inverter Recharging s> : Flow of Load
T : ‘electrical force . - MG2
" Electrical Path Speed Torque
L MG2 MG1 Control ,
D ~ Generation 22 Ly l/i

Sun Gear Carrier Ring Gear

-

Speed B +

. Control \r—/”( rpm
Engine 7

MG1 Engine MG2

182CHI18

- - Nomographic Chart of Planetary
‘ a Gear Unit

182C1117
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6) Reverse Driving

~ The vehicle drives in reverse powered only by MG2. If the SOC of the HV batteries exceeds the specified
value, the vehicle drives powered only by MG2. If the SOC is below the specified value, the engine starts,

and the electrical force generated by MG1 passes through the electrical path function of the inverter in
order to be used as the motive force of MG2.

' =p- : Flow of
. | _HVBattery | motive force : o
Discharge H s> : Flow of = : Driving Load
Inverter< §— -~ < Recharging electrical force
Electrical Path Y

wpp- : MG2 Torque
Drive

'

Sun Gear Corrier Ring Gear

: L | .
: P
Engi '
ngine o

MGl  Engine MG2

182CH20

| Nomographic Chart of Planetary
& Gear Unit '

182CH19

~ NOTICE

- Because it is not possible for this transaxle to separate the MG2 output force from the drive wheels when
the shift lever is in position N, the generation of electricity is disabled. In this condition, the generation

, of electricity could cause the motive force to be transmitted, which creates a hazardous situation. There-
W | fore, beware that the HV ‘batteries could become discharged in this state.

Copia parafins estritamente pedagogicos,art 75,Cap I1,Lei 45/85-17/Set,CDA,DC 200




	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200

