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THS-II (TOYOTA HYBRID SYSTEM-II)

B DESCRIPTION

1.

General

Under the “Hybrid Synergy Drive” concept, the new RX400h uses THS-II (Toyota Hybrid System-II). This
system optimally effects cooperative control of a high-output 3MZ-FE engine and a high-speed, high-output
MG?2 through a hybrid transaxle that provides excellent transmission performance. Furthermore, this system
uses a high-output HV battery with a nominal voltage of DC 288V, and a variable-voltage system which
supplies the HV battery output voltage to MG1, MG2 and MGR after boosting it and converting it into an
alternating current.

2.

Driving Performance

In order to operate MG1 and MG2 powerfully and efficiently, THS-II uses a variable-voltage system that
consists of a boost converter and inverter. The boost converter is used to boost the operating voltage of
the system to a maximum voltage of DC 650V, and the inverter is used to convert the system voltage (direct
current) into an alternating current. By using the variable-voltage system, the electrical loss associated
with the supply of electric power at a smaller current is minimized, and MG1 and MG2 are driven at a high
voltage. Thus, MG1 and MG2 are operated at high speeds and high outputs.

A high driving force is achieved through the synergy effect of the high-speed, high-output MG2 and the
high-output 3MZ-FE engine.

This model uses an electric type 4WD system. This system, which consists of an MGR (Motor Generator
Rear) in the rear transaxle, drives the rear wheels in accordance with driving conditions, thus realizing a
high driving force.

Fuel Economy Performance

By optimizing the internal construction of the MG2 and MGR, this system realizes a high level of
regenerative capability, thus realizing a high level of fuel economy performance.

This system stops the engine while the vehicle is idling, and stops the engine as much as possible under
conditions in which the operating efficiency of the engine is poor, allowing the vehicle to operate using
only MG2 or MG2 and MGR. Under the conditions in which the operating efficiency of the engine is
favorable, the engine operates to drive the vehicle using MG1 while generating electricity. Thus, this
system effects the input-output control of driving energy in a highly efficient manner to realize a high level
of fuel economy.
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B FEATURES OF THS-II

1. General

® The THS-II offers the following representative features:

- Uses a variable-voltage system in which a boost converter boosts the operating voltage of the system
to amaximum voltage of DC 650V and an inverter converts the direct current into an alternating current,
which supplies the system voltage to MG1, MG2 and MGR.

- A motor speed reduction planetary gear unit, whose purpose is to reduce motor speed, is used to enable
the high-speed, high-output MG2 to adapt optimally to the power split planetary gear unit in the hybrid

transaxle.
Mechanical Power Path

® The THS-II consists primarily of the following components:
777 Electrical Path

=

. Compound
Engine Gear Unit

ﬁid

Transaxle

MGR Rear

MGl Transaxle

____.4

___________ _——

HV
Battery

Inverter

277THO1

2. Variable-voltage System

In the THS-II of the new RX400h, a boost converter is used inside the inverter assembly. The boost converter
boosts the system operating voltage to a maximum voltage of DC 650V and the inverter converts direct
current into alternating current, in order to drive MG1, MG2 and MGR at a high voltage as well as minimize
the electrical loss associated with the electric power supply at a smaller current. Thus, MG1, MG2 and MGR
can be operated at high speeds and high output.

Nominal Maximum
Voltage of Voltage of
DC 288 V DC 650 V
HV Bat o Boost _ | Inverter
attery o Converter ™1 (DC — AC)

b

277TH02
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3.[Hybrid[Transaxle

o[ This[dystem[drives[the[¥ehicle[by[dombining[the[otive[forces[df[the[dngine[dnd[the[MG2[in[dn[dptimal
manner[in[dccordance[With[the[driving[¢donditions[df[the[Vehicle.[In[this[dystem,[the[dngine[power{florms
the[Basis.[The[power[dplit[planetary[gear[init[in[the[hybrid[fransaxle[$plits[the[éngine[power[two[Ways:
one[fo[drive[the[Wheels,[dnd[fhe[dther[fo[drive[MG1,[do[that[it[¢an[function[ds[d[generator.

o[ This[Hybrid[transaxle[donsists[primarily[¢f[MG1,[MG2,[d[dompound[gear[unit[(which[donsists[df[d[thotor
speed[teduction[planetary[ gear[init[and[d[power[$plit[planetary[gear[hinit),[h[¢ounter[Fear[finit,[hnd[d
differential[gear[{init.

o[ The[¢ngine,[MG1[dnd[MG2[dre[inechanically[joined[Via[the[¢ompound[gear[init.

o[ The[dompound[gear[unit[dontains[d[thotor[dpeed[deduction[planetary[gear[ynit[dnd[d[power[dplit[planetary
gear[init.[The[dotor[$peed[feduction[planetary[gear[Gnit[deduces[fhe[fotational[$peed[dfTMG2,[dnd[the
power[dplit[planetary[gear[unit[dplits[thefthotive[force[dffthe[dngine[tiwoWays:[dne[tb[drive[the[Wheels,[dnd
the[dther[fo[drive[MG1,[do[that[it[¢an[function[ds[d[generator.

o[ [In[the[thotor[§peed[deduction[planetary[gear[unit,[the[dun[gear[is[doupled[to[the[dutput[dhaft[dfMG2,[dnd
the carrier is fixed. Furthermore, the compound gear unit uses a compound gear, in which two planetary
ring gears, a counter drive gear, and a parking gear are integrated.

For[details,[defer[fo[P310[Hybrid[Transaxle[dn[page[CH-2.

P Image Diagram «

Compound Gear Unit
Ring Gear —_—— Parking Gear

Compound Gear

|
4 Counter

Pinion Gear

Pinion Gear Ring Gear
MG2 MG1
| 000
Sun Gear : Engine
| OO0
i Sun Gear

i o
- G - Somr .
( 13/[1;} 0 )ear Ring Gear | Unit i | Gear Sun Gear Ring Gear
|
o i |
| |
l l
Differential
Gear Unit
Carrier Carrier
(Fixed) (Engine)
Motor Speed Reduction Power Split Planetary

Planetary Gear Unit Gear Unit
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4.[Link-Less

The[ETCS-i[(Electronic[Throttle[Control[$ystem-intelligent)[is[Used.[This[ik[d[link-less[dystem[that[does[dot
use[dn[dccelerator[¢able.[Instead,[it[ises[dn[dccelerator[pedal[position[§ensor[dnd[d[throttle[position[§ensor
to[detect[fhe[dccelerator[pedal[position[dnd[fhe[fhrottle[position.
The[THS[ECU[dalculates[the[farget[¢ngine[§peed[dnd[the[dequired[éngine[motive[force[in[dccordance[Wwith
the[dignals[providedBy[the[dccelerator[pedal[position[densor,[Nehicle[driving[donditions,[dnd[the[SOC[(state
ofldharge)[dfthe[Battery.[Based[dn[thefdesults[dffthis[dalculation,[the[THS[ECU[dptimally[dontrols[the[throttle
valve.[For[details,[{efer[fo[3MZ-FE[Engine[dn[page[FEG-46.

Throttle[Control
Motor /
/
v A
Throttle
»| THS[ECU Valve
% A
Acqe}eratorﬂ’edal
Position[$ensor Throttle[Position
Sensor
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5.[IClutch-Less[System

Al[¢lutch-less[$ystem[is[iised[fo[inechanically[link[fhe[front[Wheels[dnd[MG2[Via[gears.[To[dlisengage[the
motive[force[in[the[deutral[position,[the[dhift[position[densor{dutputs[dn[N[osition[dignal[tb[turn[QFF[dl1[the
powerltransistorsfihfthefihverter((which[donnectsMG1[dnd[MG?2).[As[dresult,[the[dperation[dfMG1[and M G2
shuts[down,[thus[fendering[the[inotive[force[dt[the[Wheels[fo[Zero.

6.[Regenerative[ Brake

The[degenerative[brake[function[dperatesIMG2[dnd[MGR[ds[d[generator[While[the[¥ehicle[is[decelerating[dr
braking and stores this electrical energy in the HV battery.

For details, refer to the Outline of Regenerative Brake Cooperative Control in the Brake Control System, on
page[CH-42.
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7. Basic Operation

This system generates a motive force in combination with the engine, MG1, MG2, and MGR in accordance
with the driving conditions. Representative examples of the various combinations are described below.

p> Front Wheel <
(1) Supply of electrical power from the HV battery : Electrical Path
to MG2 provides force to drive the front wheels. : Mechanical
Power Path
8 g Compound
Gear Unit
HV
Inverter pzzz Battery
277THO04
(2) While the front wheels are being driven by the
engine via the planetary gears, MG1 is driven by
the engine via the planetary gears, in order to
e Compound
supply the generated electricity to MG2. Gear Unit
| HV
Inverter — Battery
277THOS
(3) MG is rotated by the engine via the planetary )
gears, in order to charge the HV battery. ———| Engine
Compound
Gear Unit
! 5 HV
:_“M_C_}_Z_ 5 Inverter zzz Battery
— 277THO6
(4) When the vehicle is decelerating, kinetic energy Engine
from the front wheels isrecovered and converted 5To
into electrical energy and used to recharge the o|o
olo Compound
HV battery by means of MG2. Gear Unit
HV
Inverter pzzz Battery

277THO7
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P> Rear Wheel
(1) To ensure the proper driving force of the vehicle . Electrical Path
during start-off, or acceleration the electrical : Mechanical

power of the HV battery is supplied to MGR in Power Path

order to drive the rear wheels.

HV

Inverter [z Battery

277THO8

(2) During the full throttle acceleration of the
vehicle, both the electrical power of the HV
battery and the electrical power generated by the

MG1 are supplied to the MGR in order to drive
the rear wheels. '

Inverter pz7

Battery

277TH107

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

h-ﬁ
HV
Battery

Inverter =z

277THO09
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B SYSTEM DIAGRAM
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HLAYOUT OF MAIN COMPONENTS

Combination Meter Multi Display THS ECU

Steering Angle
Sensor
\ Skid Control
nesss=== 50 S
Stop Light e ' ECU
Switch
Air Conditioner
DLC3

Accelerator Pedal
Position Sensor

Yaw Rate and
Airbag Sensor Deceleration Rate

Assembly LHD Model ™

EPS ECU

Inverter

Assembly HV Battery

Front Circuit
Breaker Sensor

%
Auxiliary (
Battery \

Battery Smart
Unit

Power Cable

Rear Circuit
Breaker Sensors

* MG1

Water Pump
(for Inverter, )
MG1 and MG2) Oil Pump

(for HV Transaxle)

Shift Position  Oil Cooler
Sensor (for HV Transaxle)

Rear Transaxle
* MGR

277TH13
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B FUNCTION OF MAIN COMPONENTS

Item

Outline

Hybrid
Transaxle

MG1

* MG1, which is driven by the engine, generates high-voltage
electricity in order to operate MG2 or charge the HV battery.
Also, it functions as a starter to start the engine.

* MGT1 operates so that the gear ratio of the power split planetary
gear unit will optimally suit the driving conditions of the vehicle.

MG2

* Driven by electrical power from MG1 or HV battery, and
generates motive force for the front wheels.

* During braking, or when the accelerator pedal is not depressed,
it generates electricity to recharge the HV battery (Regenerative
brake control).

Power
Split
Planetary
Gear

Distributes the engine’s drive force as appropriate to directly drive
the vehicle as well as the generator.

Compound

. Motor
Gear Unit
ear Uni Speed

Reduction
Planetary
Gear

Located between MG2 and the power split planetary gear, the
motor speed reduction planetary gear reduces the rotational speed
of MG2 in accordance with the characteristics of the planetary gear,
in order to increase torque.

Rear
Transaxle

MGR

* Driven by electrical power from MG1 or HV battery, and
generates motive force for the rear wheels.

* During braking, or when the accelerator pedal is not depressed,
it generates electricity to recharge the HV battery (Regenerative
brake control).

HYV Battery

* Supplies electrical power to the MG1, MG2, and MGR in
accordance with the driving conditions of the vehicle.

* Isrecharged by the MG1,MG2, and MGR in accordance with the
SOC and the driving conditions of the vehicle.

Inverter Assembly

A device that converts the high-voltage DC (HV battery) into AC
(MG1 and MG2) and vice versa (Converts AC into DC).

Boost Boosts the maximum voltage of the HV battery from DC 288 to DC
Converter 650V and vice versa (drops DC 650 V to DC 288 V).
Drops the maximum voltage of DC 288 V into DC12 V in order to
DC-DC . )
Converter supply electrlclty to body electrical components, as well as to
recharge the auxiliary battery (DC 12 V).
* Controls the inverter and boost converter in accordance with the
signals received from the THS ECU, thus driving MG1, MG2,
MG ECU or MGR or causing them to generate electricity.

* Controls the DC-DC converter in accordance with the signals
received from the THS ECU.

THS ECU

Effects comprehensive control of the THS-II system.

* Information from each sensor as well as from the ECU (battery
smart unit, skid control ECU, and EPS ECU) is received, and
based on this the required torque and output power is calculated.
The THS ECU sends the calculated result to the inverter
assembly and skid control ECU.

* Activates the ETCS-i (Electronic Throttle Control
System-intelligent) in accordance with the target engine speed
and required engine motive force.

* Monitors the charging condition of the HV battery.

* Controls the cooling fan of the HV battery.

(Continued)
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Item

Outline

Battery Smart Unit

* Monitors the conditions of the HV battery and transmits this
information to the THS ECU.
* Monitors the fault current of the HV battery.

Skid Control ECU

* During braking, it calculates the regenerative brake force that is
required for control and transmits it to the THS ECU.

¢ Calculates the motive force that is required for control during the
operation of TRAC or VSC and transmits it to the THS ECU.

* Transmits a front and rear wheel torque distribution request to the
THS ECU for the purpose of 4WD system control.

Accelerator Pedal
Position Sensor

Converts the accelerator pedal position into an electrical signal and
outputs it to the THS ECU.

Shift Position Sensor

Converts the shift position into an electrical signal and outputs it to
the THS ECU.

SMR
(System Main Relay)

Connects and disconnects the high-voltage power circuit between
battery and inverter assembly, through the use of a signal from the
THS ECU.

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

Detects the impact that is applied to the vehicle during a collision
and transmits a signal to the THS ECU. Upon receiving this signal,
the THS ECU operates the SMR (System Main Relay) to shut down
the power supply.

Service Plug

Shuts off the high-voltage circuit of the HV battery when this plug
is removed for vehicle inspection or maintenance.
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EMSYSTEMDPERATION

1.[JGeneral

o[ The[THS-II[gystem[Usesfthe[tivotypesidfihotivefforces,[theldngine[dnd[Y1G2,[dndses[MG1[ds[d[generator.

The[dystem[dptimally[¢ombines[these[forces[in[dccordance[vith[fhe[Yarious[driving[¢onditions.

o[ The[THSHCUdonstantly[thonitorsfthe[§OC[dondition, [the[ll VHattery[temperature,[theaterfttmperature,
and[the[dlectrical{load[dondition.[lf[dny[dne[dffthe[thonitoring[items(fails[to[datisfy[dequirements[When[the
READY([indicator[is[ON[dnd[the[shift[position[ds[in[fhe[TP”[position,[dr[the[Vehicle[is[driven[in[deverse,

the[THS[ECU[demands[fo[dtart[the[¢ngine[fo[drive[MG1,[dnd[then[¢harges[the[H V[battery.

o[ The[THS-II[gystem[drives[the[Mehicle[By[dptimally[dombining[the[dperation[dffthe[dngine,[MG1,dndMG2

in[dccordance[With[the[driving[¢onditions[listed[in[the[fable[helow.

o[ Furthermore,[dn[this[thodel,[MGR[drives[the[dear[Wheels[in[dccordance[With[the[driving[donditions[df]the

vehicle, thus enhancing its driving force.

Vehicle
Speed (E)
(D) %
©
. a) B (G _
‘ ‘ ‘ M Time
i Flat Road i gggée i Flat Road i gg:glhﬂl i i f{f;d i

Driving Condition
277TH14

(A)IREADY[ONState[{See[Page[TH-14)
(B)Btarting[{See[Page[TH-16)
(C)dMuring$light[Accelerationvith[Engine[{See[Page[TH-19)
(D)IDuring.owI.oad@nd[Tonstant-SpeedTruising[{See[Page[TH-20)
(E)dMuringFullThrottle[Acceleration[{See[Page[TH-21)
(F)DMuringDeceleration[Priving[{See[Page[TH-22)
(G)IDuring[Reverse[Priving[{See[Page[TH-24)
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2. How to Read a Nomographic Chart

® 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 gears used in the power split
planetary gear unit and the rpm of the gears used in the motor speed reduction planetary gear unit each
maintain relationships indicated by direct lines.

® This nomographic chart describes the charging or generating conditions of MG1 and MG2, their direction
of rotation, and torque conditions as indicated in the table below.

- Rotation Direction .. .
Condition . Torque Condition Nomographic Chart Example
of Ring Gear
. Plus Direction . .
Forward Revolution t : Drive ﬁ& : Driven
Torque
Sun Gear Carrier Ring  Carrier Sun Gear
(MG1) (Engine) Gear  (Fixed) (MG2)
*) (C)) (+) )
0 rpm
Plus Side Upward Arrow T\\\L
) O] ) (C))
“ v
Vv
Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit _
277TH15
. Minus Direction
Reverse Revolution
Torque . ) )
,,,,,,,,,,,,,,,,,,,,,,,,,, Sun Gear Carrier Ring  Carrier Sun Gear
(MG1) (Engine) Gear  (Fixed) (MG2)
. . pm
Discharging |
Minus Side Upward Arrow
) ) ) *)
- N v
Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit
278TH17
. Plus Direction
Reverse Revolution
Torque
—————————————————————————— Sun Gear Carrier Ring  Carrier Sun Gear
(MG1) (Engine) Gear  (Fixed) (MG2)
(C)) (C)) *) )
o X 0 rpm
. ”M'“"mh”
Plus Side Downward Arrow M T f
) ) ) (C))
- N v
N~
Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit
278TH18
. Minus Direction
Forward Revolution
Torque
,,,,,,,,,,,,,,,,,,,,,,,,,, Sun Gear Carrier Ring  Carrier Sun Gear
(MG1) (Engine) Gear  (Fixed) (MG2)
(+) (C)) ) l )
. | P, 0
Charging - rpm
Plus Side Downward Arrow
) O] ) (C))
- ~ I\ -~
Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit
277TH17
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3. READY ON State/(A)

® On the RX400h, even if the driver turns on the ignition switch and the READY indicator turns ON, the
engine will not start when the proper engine coolant temperature, SOC conditions, battery temperature
and electrical load conditions have been met. In this state, the engine, MG1, MG2 and MGR are all
stopped.

® After driving, if the driver stops the vehicle and moves the shift position to the “P”, the THS ECU will
continue to operate the engine for a predetermined length of time and will bring the engine to a stop,
provided that the proper engine coolant temperature, SOC conditions, battery temperature and electrical
load conditions have been met. At this time, the engine, MG1, MG2 and MGR are all stopped.

Engine Start

® [f any one of the items monitored by the THS ECU is outside the relevant specifications when the
READY indicator is ON and the shift position is in the “P” position, the THS ECU activates MG1 to start
the engine.
® During this operation, to prevent the reactive force of the sun gear of MG1 from rotating the ring gear
of MG2 and driving the drive wheels, an electrical current is applied to MG2 in order to apply a brake.
This function is called “reactive control”.
P> Power Split Planetary Gear Operation <

: Electrical Path <= Dr%ve
: Mechanical Power Path Sun Gear <z : Driven
(MG1)
Compound .
%erll;axle Gear Unit Carrier
| (Engine)
\'" wsenl MG | | Rear
: | b MG ‘: Transaxle
- S Ring G
HV ing Gear
Inverter &N patery (MG2)
Front Rear S55THI2
Wheel Wheel STTHIS
p> Nomographic Chart of Planetary Gear Unit <
<« : Drive
&za : Driven
Sun Gear Carrier Ring Carrier Sun Gear Sun Gear Carrier Ring Carrier Sun Gear
MG1 Engine Gear Fixed MG2 MG1 Engine Gear Fixed MG2
) ) (
(+) (+) (+) Q) (+) (+) (+) Q)
rpm i\é\ rpm
C b} @ D)
® 0 = Y 0
) ) ) (+) ) ) ) (+)
Reactive
Control

Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit

Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit

Engine Stopped Engine Start 27711
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® In the next state, the engine that is running starts to operate MG1 as a generator, which starts to charge

the HV battery.
P> Power Split Planetary Gear Operation <
: Electrical Path ' : Dr%ve
: Mechanical Power Path Sun Gear <z : Driven
(MG1)
Engine e —
Compound )
’li‘igrrll;axle Gear Unit Carrier
| (Engine)
r=- < Rear
\. | i MGR || Transaxle
T L e i
1| MG2 : Inverter [ZZ3 E:Xtery I(Ili/%G;;ar
Front Rear JSSTHIS
Wheel Wheel 00
p Nomographic Chart of Planetary Gear Unit <
<= : Drive
<&z : Driven
Sun Gear Carrier Ring Carrier Sun Gear Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) (MG2) (MG1) (Engine) Gear (Fixed) MG2)
(+) +) +) ) (+) (+) (+) )
m . rpm . rpm
0 o= 0
) ) ) +) ) ) Q) +)
Reactive
Power Split Planetary Motor Speed Reduction Control

Gear Unit Planetary Gear Unit

Engine Start

Power Split Planetary Motor Speed Reduction
Planetary Gear Unit

Gear Unit

Generating Electricity

277TH21
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4. Starting/(B)

Driving with MG2 and MGR

When the vehicle is started off, the vehicle operates powered only by MG2 and MGR. At this time, the
engine remains stopped, and MG1 is spinning in the opposite direction without generating electricity.

L2724

. Electrical Path

Front EE gompl(}upd
Transaxle ear Unit
\ T LT —
________ I —
HV
Inverter 74 g attery

: Mechanical Power Path

P Power Split Planetary Gear Operation <

Sun Gear
(MG1)

P Nomographic Chart of Planetary Gear Unit <

Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) MG2)
(+) (+) +) )
rpm
¢ 0 =
) Q) Q) (+)

Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit

Vehicle Stopped

<m : Drive

Carrier
(Engine)

Ring Gear
MG2)
255TH18
277TH22
<= : Drive
&za : Driven
Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) MG2)
(+) +) (+) )
Do,
/( ”’"’w\m rpm
C
) Q) ) (+)
~ -
Power Split Planetary ~ Motor Speed Reduction

Gear Unit

Vehicle Starting Off

Planetary Gear Unit

278THO6
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Engine Start

® If the required drive torque increases when running with MG2 and MGR only, MG1 will be activated
to start the engine. If, also, any one of the items monitored by the THS ECU such as the SOC condition,
the battery temperature, the engine coolant temperature and the electrical load condition deviates from
the specified level, MG1 will be activated to start the engine.

P> Power Split Planetary Gear Operation <

< : Drive
<z : Driven

. Electrical Path
. Mechanical Power Path

Compound

Front .
ron Gear Unit

Transaxle

Sun Gear
MG1)

Carrier

Enei
_— Rear (Engine)
i l Transaxle
________ HV Ring Gear
Inverter ¥2Z4 Byeery MG2)
Front 255TH21
Wheel 277TH24 ‘
P> Nomographic Chart of Planetary Gear Unit <
<= : Drive
&zz : Driven
Sun Gear Carrier Ring Carrier Sun Gear Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) MG2) (MG1) (Engine) Gear (Fixed) MG2)
+) +) +) Q) +) +) +) Q)
/ "WNNN I'pm E> \'\\m I_pm
/ \‘\\ \\& 0 m\\\&o
Q) Q) Q) (+) ©) Q) Q) +)
—

Power Split Planetary Motor Speed Reduction
Gear Unit Planetary Gear Unit

Vehicle Starting Off

Power Split Planetary
Gear Unit

Motor Speed Reduction
Planetary Gear Unit

Engine Start

278THO7



TH-18 THS-II (TOYOTA HYBRID SYSTEM-II)

® Inthenextstate, the engine that has been started will operate MG1 as a generator, in order to start charging
the HV battery. If the drive torque requirement increases, the system directly uses the electrical power

that is generated by MG1 to start driving MG2, in order to transfer to the “During Acceleration with
Engine” mode.

P> Power Split Planetary Gear Operation <
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5. During Acceleration with Engine/(C)

® When the vehicle is during acceleration with engine, the motive force of the engine is divided 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.

® Onthis model, MGR stops in the “During Acceleration with Engine” mode, in order to make fuel economy
a priority.

P> Power Split Planetary Gear Operation <
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6. During Low Load and Constant-Speed Cruising/(D)

® When the vehicle is operating in the low-load, constant speed cruising mode, the planetary gears split the
motive force of the engine two ways: one to directly drive the wheels, and the other to drive MG2. MG2,
which is driven by the engine, functions as a generator to generate electricity and drive MG1. As a result
of MG1 being driven, the compound gear unit attains an optimum gear ratio, which enables the vehicle
to maintain a constant speed. In addition, fuel economy is improved by regulating the engine speed in order
to make the engine run more efficiently.

® On this model, MGR stops in the low-load, constant speed cruising mode, in order to make fuel economy
a priority.

P> Power Split Planetary Gear Operation <

. Electrical Path < : Drive
. Mechanical Power Path Sun Gear @: Driven
(MG1)

Compound .
%erll;axle Gear Unit Carrier
\ | (Engine)
; S Rear
| i MGR || Transaxle
| | HV Ring Gear
Inverter == Bagtery (MG2)
Front Rear TTHI03
Wheel Wheel .. )
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7. During Full Throttle Acceleration/(E)

® When the vehicle transfers from the low load cruising to the full-throttle acceleration mode, the system
will add the electrical force of the HV battery to the motive force of MG2.

® Onthis model, MGR operates during full throttle acceleration and drives the rear wheels, in order to make
acceleration performance a priority.

® Since the HV battery has a limited capacity, when the SOC (state of charge) status falls below a certain
level, the electrical force supplied by the HV battery is suspended.

P> Power Split Planetary Gear Operation <
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8. During Deceleration Driving/(F)
Deceleration in “D” Range

® While the vehicle is being driven with the shift position in the D, and decelerates, the engine turns OFF
and the motive force will be zero. At this time, the wheels drive MG2 and MGR, causing MG2 and MGR
to operate as a generator and charge the HV battery.

® [f the vehicle decelerates from a higher speed, the engine will maintain a predetermined speed without
stopping, in order to protect the planetary gear unit.

P> Power Split Planetary Gear Operation <
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Deceleration in “B” Range

While the vehicle is being driven with the shift position in the B, and decelerates, the wheels drive MG2
and MGR, causing MG2 and MGR to operate as a generator, charge the HV battery, and supply electrical
power to MG1. Accordingly, MG1 maintains the speed of the engine and applies an engine brake. At this
time, the fuel to the engine is cut.

P Power Split Planetary Gear Operation <
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During Braking

While the vehicle is decelerating, if the driver presses the brake pedal, the skid control ECU calculates the
required regenerative brake force and sends a signal to the THS ECU. Upon receiving this signal, the THS
ECU increases the regenerative force within a range that suits the required regenerative brake force. As a
result, MG2 and MGR will be controlled to generate an ample amount of electricity.
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9. During Reverse Driving/(G)
Driving with MG2 and MGR

While the vehicle is being driven in reverse, its power is delivered by MG2 and MGR. At this time, MG2
and MGR is spinning in the opposite direction, the engine remains stopped, and MG1 is spinning in the
normal direction without generating electricity.

P> Power Split Planetary Gear Operation <
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Engine Start

® [f, when running with MG2 and MGR only, any one of the items monitored by the THS ECU such as
the SOC condition, the battery temperature, the engine coolant temperature and the electrical load
condition deviates from the specified level, MG1 will be activated to start the engine.

P> Power Split Planetary Gear Operation <
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® Inthenextstate, the engine that has been started will operate MG1 as a generator, in order to start charging
the HV battery.

P> Power Split Planetary Gear Operation <
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B CONSTRUCTION OF MAIN COMPONENTS
1. MG1, MG2 and MGR

General

Rotor

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 (Motor Generator No. 2)
converts the vehicle’s kinetic energy into electrical energy, which is then stored in the HV battery.
MGT1 (Motor Generator No. 1) recharges the HV battery and supplies electrical power to drive MG2. In
addition, Byfregulatinglthe[dmount{dfldlectricalljower[generated[(thusMaryingfthe[generator[$frpm),[MG1
effectively controls the continuously variable transmission function of the transaxle. MG1 also serves
as the starter to start the engine.

On this model, an MGR (Motor Generator Rear) is provided in the rear transaxle. MGR, which is
powered by the electricity from the MG1 or HV battery, drives the rear wheels in accordance with the
driving conditions, thus realizing excellent driving stability. During deceleration, MGR functions as a
generator, and charges the HV battery as needed.

Both the MG1, MG2 and MGR are compact, lightweight, and highly efficient alternating current
permanent magnet synchronous type.

Both the MG1 and MG2 use a rotor containing a V-shaped, high-magnetic force permanent magnet that
maximizes the generation of reduction torque. They use a stator made of a low core-loss electromagnetic
steel sheet and a high voltage resistant winding wire. Through these measures, the MG1 and MG2 have
realized high output and torque in a compact construction.

A cooling system via water pump for the MG1 and MG2 has been added. For details, refer to the cooling
system[(for[Inverter,[MG1[dnd[MG2)[dn[page[TH-36.
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Stator
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P MG1 Specifications ¢

Type Permanent Magnet Motor
Function Generate, Engine Starter
Maximum System Voltage* DC 650 V
Cooling System Water-cooled

P MG2 Specifications <

Type Permanent Magnet Motor
Function Generate, Drive Front Wheels
Maximum System Voltage* DC 650 V
Maximum Output 123 kW @ 4,500 rpm
Maximum Torque 333 N'm @ 0 ~ 1,500 rpm
Cooling System Water-cooled

P MGR Specifications <

Type Permanent Magnet Motor
Function Generate, Drive Rear Wheels
Maximum System Voltage* DC 650 V
Maximum Output 50 kW @ 4,610 ~ 5,120 rpm
Maximum Torque 130 N'm @ 0 ~ 610 rpm
Cooling System Air cooled
*: These voltage are converted into an alternating current and then supplied to MG1, MG2 and MGR.
P> System Diagram <«
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TH-29

Permanent Magnet Motor (for MG1, MG2 and MGR)

® 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 magnetic field
according to the rotor’s rotational position and speed, the permanent magnets that are provided in the

rotor become attracted by the rotating magnetic field, thus generating torque.

The generated torque is for all practical purposes proportionate to the amount of current, and the

rotational speed is controlled by the frequency of the alternating current.

Furthermore, a high level of torque, all the way to high speeds, can be generated efficiently by properly

controlling the rotating magnetic field and the angles of the rotor magnets.

® When the motor generates electricity, the rotor rotates to create a magnetic field, which creates a current

in the stator coil.

Rotational

Magnetic Field
Rotor

Repulsion

182TH29

Attraction

— : From inverter
# : Connected internally in the motor
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Speed Sensor/Resolver (for MG1, MG2 and MGR)

® 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, MG2 and MGR.

® The stator of the sensor contains three types of coils: excitation coil A, detection coil S, and detection
coil C. The detection coils S and C are electrically staggered 90 degrees.
The rotor is oval, the distance of the gap between the stator and the rotor varies with the rotation of the
rotor.

® The flow of an alternating current into an excitation coil A results in the output of signals of a constant
frequency. Coil S and coil C output values that correspond to the position of the rotor. Therefore, the MG
ECU detects the absolute position based on the difference between the coil S and coil C output values.
Furthermore, the MG ECU calculates the rotational speed based on the amount of change in the position
within a given length of time.

Speed Sensor (Resolver)

Excitation
Coil A

Stator

Detection
Coil S

Rotor

Detection
Coil C
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® Because an alternating current flows from this resolver to the excitation coil at a constant frequency, a
constant frequency is output to the coils S and C, regardless of the rotor speed. The rotor is oval, and the
distance of the gap between the stator and the rotor varies with the rotation of the rotor. Consequently,
the peak values of the waveforms output by the coils S and C vary in accordance with the position of the
rotor.

® The MG ECU constantly monitors these peak values, and connects them to form a virtual waveform. The
MG ECU calculates the absolute position of the rotor from the difference between the values of the coils
S and C. It determines the rotor direction based on the difference between the phases of the virtual
waveform of the coil S and the virtual waveform of the coil C. Furthermore, the MG ECU calculates the
rotational speed based on the amount of change in the rotor position within a given length of time.

® The diagrams below illustrate the waveforms that are output at coils A, S, and C when the rotor makes
a positive rotation of 180° from a certain position.
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Virtual Waveform
(+)

Detecton VVUUUUU UUUWV /\MMM M”f\/\/\

(+) Virtual Waveform
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2.[Inverter[ Assembly
General

o[ The[inverter[tonverts[the[high-voltage[ direct[turrent[pf the[HV[battery[into[three-phase[4lternating
current[for[drivinglMG1,IMG2[dnd[MGR.

o[ [The[dctivation[df[the[power(transistors[is[dontrolled[By[the[THSECU,Hia[the[MG[ECU.In[dddition,[the
inverter[fransmits[information[that[ik[deeded[for[durrent[dontrol,[duch[ds[the[dutput[dmperage[dr[Holtage,
to[the[THS[ECU[¥ia[the MG[ECU.

o[ [Together[WithMG1[dnd[MG2,[the[inverter(is[dooledBy[the[dedicated[dadiator[¢f[the[doolant[dystem[that
is[§eparate[from[that[¢f[the[éngine.

o[ [[n[fhe[¢vent[df] & ¢ollision[Involving[ihe[Vehicle,[The[ ¢ircuit[breaker[$ensor,[Which[is[installed[in[{he
inverter, detects a collision signal in order to stop the system. For details, refer to During Collision
Control[dn[page[TH-61.

® A boost converter is used in the inverter assembly, in order to boost the nominal voltage output by the
HV battery from DC 288 V to maximum voltage of DC 650 V. After the voltage is boosted, the inverter
converts the direct current into an alternating current.

® Fach of the bridge circuits for MG1, MG2, and MGR contains 6 power transistors. In addition, a signal
processor/protective function processor has been integrated into a compact IPM (Intelligent Power
Module) for driving the vehicle.

® Aradiator that integrates an inverter radiator and engine radiator is used to optimize the space it occupies.

For[details[¢n[the[tnultiple[functions[dfthe[inverter,[defer[fo[Inverter[Assembly[Control[dn[page[TH-56.

Inverter Assembly Reservoir Tank

(Included Inverter,
Boost Convert
and MG ECU)

Circuit Breaker

?,\@/ Sensor (for Front)
L)
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P> System Diagram «{
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Boost[Converter

o[ [This[boost[¢onverter[boosts[fhe[hominal[yoltage[dfIDC288[V [That[is[dutput[by[the[HV[battery[fo[The
maximum[yoltage[dflDCG50[V.[The[donverter[donsists[dffthe[oostIPM[(Integrated[Power[Module)With
aBuilt-in[IGBT[(Insulated[(Gate[Bipolar[Transistor)Which[gerformsfthe[gwitching[dontrol,[dnd[the[eactor
which[dtores[énergy.[By[using[these[¢omponents,[the[¢onverter[Boosts[the[Yoltage.[For[details,[tefer[fo
Inverter[Assembly[Control[dn[page[TH-56.

® When MG1, MG2 or MGR acts as the generator, the inverter converts the alternating current into the
maximum voltage of DC 650 V, and then the boost converter reduces the voltage to the nominal voltage
of DC 288 V, thus the HV battery is charged.

P> System Diagram <
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DC/DC Converter

The power source for auxiliary equipment of the vehicle such as the lights, audio system, and the air
conditioning system (except A/C compressor), as well as the ECUs, is based on aDC 12 V system. Because
the THS-II generator outputs at nominal voltage of DC 288V, the converter is used to transform the voltage
from DC 288 V to DC 12 V in order to recharge the auxiliary battery. The converter is installed on the
underside of the inverter.

p> System Diagram <«
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MG (Motor Generator) ECU

® The MG ECU is provided in the inverter assembly. In accordance with the signals received from the THS
ECU, the MG ECU controls the inverter and boost converter in order to drive MG1, MG2, or MGR or
cause them to generate electricity. Furthermore, the MG ECU controls the DC-DC converter in
accordance with the signals received from the THS ECU.

® The MG ECU transmits information that is required for vehicle control, such as the inverter output
amperage, inverter temperature, and failure information, to the THS ECU. It receives information that
is required for controlling the motor generator, such as the required motive force or the motor
temperature, from the THS ECU.
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3. Cooling System (for Inverter, MG1 and MG2)

® A cooling system that is independent from the engine cooling system has been provided for cooling the
inverter, MG1, and MG2.

® This cooling system activates when the power supply status is switched to READY ON state.

® The radiator for the cooling system is integrated with the radiator for the engine. Accordingly, the radiator
has been simplified and the space it occupies has been optimized.

Reservoir Tank

N

Water Pump
Dedicated
Radiator
277THS59
P> Specifications <«
Water Pump Discharge Volume liter/min. 12 or above (65°C (149°F))
Capacity liters (US gts, Imp. gts) 3.4 (3.6, 3.0)
Tvpe TOYOTA Genuine Super Long Life
P Coolant (SLLC) or Equivalent
Coolant Color Pink
Maintenance First Time 160,000 km (100,000 mile)
Intervals Subsequent Every 80,000 km (50,000 mile)

- SLLC is pre-mixed (50% coolant and 50% deionized water), so no dilution is needed when adding or
replacing SLLC in the vehicle.

- If LLC (red-colored) is mixed with SLLC, the interval for LLC (every 40,000 km/24,000 miles or 24
months) should be used.
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4. HV Battery

General

The RX400h uses a sealed nickel metal hydride (Ni-MH) batteries for the HV battery. This HV battery
has a high power density, it is lightweight, and it offers longevity to match the characteristics of the
THS-II system. Because the THS-II system effects charge/discharge control to maintain the HV battery
at a constant level of SOC (state of charge) while the vehicle is operating normally, it does not rely on
the use of external recharges.

The HV battery uses nickel-plated, metal container type cells to realize enhanced cooling performance
and a compact construction. As a result, high power density, lightweight, and longevity have been
realized at high levels.

The HV battery consists of 240 cells (8 cells x 30 modules) with a nominal voltage of 288V (240 cells
x 1.2V).

The HV battery module, which is mounted under the rear seat, is split into three portions separated by
the seat rails.

A battery module consists of 30 modules that are connected in series by a bus bar module. Furthermore,
the connection between cells is made at two locations in order to reduce internal resistance and improve
efficiency.

A junction block, in which an SMR (System Main Relay), resistor, and a current sensor are integrated,
and a battery smart unit that monitors the HV battery, have been located optimally under the rear seat
in the same way as the HV battery.

The THS ECU controls the operation of the cooling fan in order to ensure the proper performance of the
HYV battery, which is subjected to the heat that is created while the HV battery is being charged and
discharged. One cooling fan is provided for each portion of the HV battery modules, which are split into
three sections. A cooling system that uses the air in the cabin is used.

A service plug that shuts off the circuit is provided in the middle of the 30 modules (Between No.12
module and No.13 module). Before servicing any portion of the high-voltage circuit, make sure to
remove the service plug.

Rear Seat

HYV Battery
Module

Seat Rail

277TH60



THS-II (TOYOTA HYBRID SYSTEM-II)
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P> Battery Specifications <
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Junction Block

® A junction block, in which an SMR (System Main Relay), resistor, and a current sensor are integrated,
is used.

® This junction block is mounted via a rubber damper in order to absorb the vibrations that are created by
the SMR during operation.

Resister

7

277TH98
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 ensuring safety during service.

The service plug assembly contains a reed switch for interlock. Lifting the clip lock up turns OFF the lead
switch, which shuts off the SMR. However, to ensure safety, make sure to turn OFF the ignition switch
before removing the service plug.

The main fuse for the high-voltage circuit is provided inside of the service plug assembly.

For further details on how to handle the service plug and other safety cautions, refer to the LEXUS RX400h
Repair Manual (Pub. No. RM1139E).

Service Plug

Glove

277TH99

Service Tip
After the service, please do not start the system until the service plug is connected.
The battery smart unit may break down.
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HV[Battery[Cooling[System

o[ [To[dnsure[the[proper[performance[dffthe[H V[Battery[While[it[generates[heat[during[the[depetitive[¢harge
and[dlischarge[¢ycles,[d[dedicated[¢ooling[dystem[for[the[HV[Battery[ds[ised.

®[One[¢tooling[fan[is[provided[for[¢ach[portion[df[the[HV[battery[inodules,[Which[4re[$plit[into[three
portions.[Because[dach[dffthe[three[dooling[flans[HasBeenthade[dompact,[the[dverall[dperating[doundHas
been[educed.[Furthermore,[Because[the[dooling[fans[dre[thountedNia[fubber[dampers,[this[donstruction
also[¢ontributes[fo[fhoise[feduction.

o[ The[¢abin[dir[fhat[is[drawn[in[from[fhe[intake[dir[ducts[iinderneath[fhe[fear[seat[flows[from[dbove[fhe
battery[thodules[tb[Below,thuslowering[the[femperature[dffthe[Battery[thodules.[Then,[it[passes[firom[the
back[dnd[through[the[dpace[Below(the[deckBoard,[dnd[flows[inside[the[d¢abin[dr[ik[discharged[dutside[df
the[¥ehicle.

o[ The[THS[ECU [¢ontrols[fhe[dperation[df[the[¢ooling[fan.[The[THS[ECU[deceives[fhe[dignals[from[the
battery[temperature[densor,Which[ik[Built[ihto[the[ VBattery[Vialthe[Battery[§mart[ynit.[Then,[it[dontrols
the cooling fan in order to control the battery temperature at an appropriate level. For details, refer to the
THS[ECU[Control[dn[page[TH-47.

Cooling Fan

Intake Air Duct
Rear Seat Cooling Fan
Cushion
7
HV Battery 277TH100
Module
P Cooling Fan Specifications <
Type Radial Fan
Motor Type DC Motor (without Brush)
. Step-less Control
Air Flow Volume m3/h <3
Fan Speed rpm Max. 3,400

Power Consumption w 17 or less
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5. Accelerator Pedal Position Sensor

The magnetic yoke that is mounted at the base of the accelerator pedal arm rotates around the Hall IC in
accordance with the amount of effort that is applied to the accelerator pedal. The Hall IC converts the changes
in the magnetic flux that occur at that time into electrical signals, and outputs them in the form of accelerator
pedal effort to the THS ECU.

Magnetic Yoke

Hall IC

Accelerator Pedal Arm

228TU23

Accelerator Pedal
Position Sensor

Magnet

v

Hall '
= IC Output [~ ]
Voltage ;
Vi Hall i
1€ = VPA :
% 0 :
Fully Fully
Magnet Close Open
Accelerator Pedal Depressed Angle
228TU24 228TU25

Service Tip
The inspection method differs from the conventional accelerator pedal position sensor because this sensor
uses a hall IC. For details, refer to the LEXUS RX400h Repair Manual (Pub. No. RM1139E).
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6. Power Cable

The power cable is a high-voltage, high-amperage cable that connects the HV battery with the inverter, the
inverter with MG1, MG2 and MGR, and inverter with A/C compressor. The power cable starts at the
connector of the junction block of the HV battery assembly, which is located under the rear seat. It passes
under the floor panel, along the side of the floor reinforcement, and connects to the inverter in the engine
compartment. The power cable is made of a shielded cable in order to reduce electromagnetic interference.
For identification purposes, the high-voltage wiring harness and connectors are color-coded orange to
distinguish them from those of the ordinary low-voltage wiring.

DC-DC Converter
(for EPS)

MGR HYV Battery

Rear Transaxle

A/C Junction (MGR) DC-DC Converter
Compressor Bloc/:k / (for EPS)
o] o
o] |
ol |o j
= j : = : —
J v
Al
=
Inverter X/Qy
Assembly EPS ECU HYV Battery
Hybrid
Transaxle Junction
Block —|
HV Battery
Module

Battery _— |
Smart Unit

X 277TH62
Service

Plug
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EMTHS-II[CONTROL[BYSTEM

1.[JGeneral
The[THS-II[¢ontrol[dystem[¢ontains[fhe[following[¢omponents.

Item Outline

* The THS ECU calculates the target motive force based on the shift position,
the degree to which the accelerator pedal is depressed, and the vehicle speed.
It effects control in order to create the target motive force by optimally
combining MG1, MG2, and the engine.

¢ The THS ECU calculates the engine motive force based on the target motive
force, which has been calculated based on the requirements of the driver and
the[¢onditions[df[the[Vehicle.[In[¢rder[fo[¢reate[this[inotive[force,[fhe[THS
ECU appropriately controls the ETCS-i (Electronic Throttle Control
System-intelligent) system, fuel injection volume, injection timing, and
VVT-i (Variable Valve Timing-intelligent) system.

* The THS ECU monitors the SOC of the HV battery and the temperature of
the HV battery, MG1, and MG2, in order to optimally control these items.

* The THS ECU effects monitor control to monitor the conditions of the HV

battery and cooling fan control to keep the HV battery at a predetermined

temperature. Thus, it optimally controls these components.

When the shift position is in the “N” position, the THS ECU effects shut

down control to electrically stop MG1 and MG2.

* Ifthe drive wheels rotate without traction, the THS ECU performs the motor
traction control that provides a restraint on a rotation of MG2, in order to
protect the planetary gear unit and prevent MG1 from generating excessive
electricity.

* For the purpose of protecting the circuit from high voltage and ensuring the
reliability of the circuit shut down, the THS ECU effects SMR control
through the use of 3 relays to connect and shut down the high-voltage circuit.

* The THS ECU calculates the SOC by estimating the charging and
discharging amperage of the HV battery, in order to effect condition control.

¢ The THS ECU uses the temperature sensor that is provided in the HV battery
to monitor the temperature of the HV battery and controls its temperature by
optimally controlling the three cooling fans that are provided.

THS[ECU[Control
(See[page[TH-47) .

* MG1, which is driven by the engine, generates high voltage (alternating
current) in order to operate MG2 and charge the HV battery. Also, it
functions as a starter to start the engine.

* MG2, which is driven by electrical power from MG1 or the HV battery,
generates a motive force for the front wheels.

MG1, MG2 * MGR,whichis driven by the electrical power from the HV battery, generates

and MGR a motive force for the rear wheels.

Main Control * MG2 and MGR generate electricity to charge the HV battery (regenerative

(See[page[TH-54) brake control) during braking, or when the accelerator pedal is not being
depressed.

* Speed sensors (resolvers) detect the speed and the position of MG1, MG2,
and MGR, and output them to the THS ECU via the MG ECU.

* A temperature sensor mounted on MG1, MG2 and MGR detects the
temperature and transmits it to the THS ECU.

(Continued)
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Item

Outline

Inverter

[TThellinverter[lconverts[ the[ direct[fcurrent[ffrom[the[[HV[battery[finto[ lan
alternating[durrent[orMG1[dnd[MG2,[dr[¥ice[Nersa,[in[dccordance[With[the
signals[providedBy[the[THSECUMiathe[MG[ECU.In[dddition,[the[ihverter
supplies[the[hlternating[ turrent[¥from[fhe[MG1[power[fo[the[hlternating
current[forMG2.

*[Via[thelMG[ECU,[the[THS[ECU[dends[the[dignal[fo[the[power[fransistor[in
the[ihverterfflor[gwitching[the[U,[V,[dnd[W[ghases[dflMG1[dnd[MG2,[ih[drder
to[driveMG1[dnd[MG2.

*[TThe[THSE CUshuts[down([iflitieceives[dn[dverheating,[dver-current,[drffhult
voltage signal from the inverter.

Assembly
Control

(See[page

TH-56) Boost

Converter
Control

* The boost converter boosts the HV battery nominal voltage of DC 288V up
to a maximum voltage of DC 650V, in accordance with the signals provided
by the THS ECU via the MG ECU.

* The inverter converts the alternating current generated by MG1 or MG2 into
adirect current. The boost converter drops the DC 650V to DC 288V (for the
HV battery) in accordance with the signals provided by the THS ECU via the
MG ECU.

DC-DC
Converter
Control

* Drops the nominal voltage of DC 288 V into DC 12 V in order to supply
electricity to body electrical components, as well as to recharge the auxiliary
battery (DC 12 V).

* This converter controls the voltage of the auxiliary battery to a constant
voltage.

Skid Control ECU
Control

(See[page[TH-59)

During braking, the skid control ECU calculates the required regenerative
brake force and transmits it to the THS ECU. Upon receiving this signal, the
THS ECU transmits actual regenerative brake control value to the skid control
ECU. Based on this result, the skid control ECU calculates and executes the
required hydraulic pressure brake force.

Battery Smart Unit
Control

(See[page[TH-60)

The battery smart unit monitors the fault current of the HV battery. In addition,
it converts the monitor signals of the conditions of the HV battery and the
cooling fan (which are needed by the THS ECU to effect SOC control and
cooling fan control) into digital signals and transmits them to the THS ECU.

Shift Control
(See[page[CH-12)

The THS ECU detects the shift position (“P”, “R”, “N”, “D”, or “B”) in
accordance with the signal provided by the shift position sensor, and controls
MG1, MG2, and the engine, in order to create the driving conditions that suit
the selected shift position.

During Collision
Control

(See[page[TH-61)

During a collision, if the THS ECU receives an airbag deployment signal from
the airbag sensor assembly or an actuation signal from the circuit breaker
sensor located in the inverter, it turns OFF the SMR (System Main Relay), in
order to shut off the entire power supply.

Indicator and
Warning Light
Illumination Control
(See[page[TH-63)

Iluminates or blinks the lights to inform the driver of the vehicle conditions
or system malfunctions.

Diagnosis When the THS ECU detects a malfunction, the THS ECU diagnosis and
(See[page[TH-65) memorizes the values corresponding to the failure.
Fail-Safe When the THS ECU detects malfunction, the THS ECU stops or controls the

(See[page[TH-65)

actuator and ECUs according to the data already stored in memory.
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2. Construction

The configuration of the THS-II control system in the RX400h is shown in the following chart.

i | |
1 1 BEAN
J (Instrument Panel Bus)
METER ECU
CAN I
SKID
GATEWAY
ggII}ITROL ECU
AVC-LAN
88{1?\“%2\%% MULTI DISPLAY *
CANL CANH
~ GMT
MG1 @
RV, FD, MJ =MMT
SHIFT POSITION 3
SENSOR BRN,D,B | MG2 @
RMT
MGR
ACCELERATOR PEDAL | VPA, VPAZ. G @
POSITION SENSOR
INVERTER ASSEMBLY | | | ||| | || __
NODD i i
B | |
BATTERY BTH+ REO+ : <« INVERTER :
SMART UNIT BTH- “REQ- 1 :
| CLK+ I N |
[ CLK- ! !
| HTM+ .« | MG | _|BOOST !
STP “HIM- 1+ | ECU [T 7| CONVERTER|
STOP LIGHT SWITCH » THSECU | mTH+ | |
T MTH- |
NEI | :
G _ _|pcpe :
AIRBAG SENSOR ABFS HSDN ! ~ ™| CONVERTER| |
- I |
ASSEMBLY ! I
HV BATTERY
T :
FRONT CIRCUIT AS1 CON1 } :
BREAKER SENSOR > ] SMR1 |
‘ I
‘ I
CON2 | !
> SMR2 :
REAR LH CIRCUIT BS1 | i !
BREAKER SENSOR CON3 | !
‘ I
| |
‘ I
REAR RH CIRCUIT Bz LK INTERLOCK SWITCH !
BREAKER SENSOR o = 1 (for SERVICE PLUG) !
/_\_’/ : 1

(Continued) Z77THG3
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~  ___ 1 FCIL |
I
MREL Le  COOLING FAN RELAY
MAIN RELAY - |
I
I
' Y
|
' SI0 -
Iwp s COOLING FANS
WATER PUMP DRIVER |= -
(for INVERTER) NWP s | (for HV BATTERY)
[}
I
@ |
| e e o e e e e e e e e e e e e e
EFI
OPM2 #10
OIL PUMP RELAY | > NO.1 INJECTOR
#20
- NO.2 INJECTOR
/ #30
JOPST NO.3 INJECTOR
OIL PUMP DRIVER OPM1 #40 | NO.4 INJECTOR
R #50
> NO.5 INJECTOR
LK:)]J #60
THS ECU > NO.6 INJECTOR
_ LSTI
) v R ESA ]
PMET IGF
COMBINATION - IGNITION COIL with IGNITER
METER
SPD1 IGT1~
< IGT6 v
\\%
- SPARK PLUGS
ETCS-i
BATT M+
AUXILIARY BATTERY >~ > a%gr%TRTLE CONTROL

*: Optional equipment
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3. THS ECU Control
General

® The THS ECU detects the amount of effort applied to the accelerator pedal in accordance with the signals
provided by the accelerator pedal position sensor. The THS ECU receives signals from the speed sensor
(resolver) in the MG1 and MG2, and detects the shift position signal from the shift position sensor. The
THS ECU determines the driving conditions of the vehicle in accordance with these pieces of
information, and optimally controls the motive forces of MG1, MG2, and the engine. Furthermore, the
THS ECU optimally controls the output and torque of these motive forces in order to realize lower fuel
consumption and cleaner exhaust emissions.

® The THS ECU calculates the engine motive force based on the calculated target motive force, and by
taking the SOC and the temperature of the HV battery into consideration. The value obtained by
subtracting the engine motive force from the target motive force is the MG2 motive force.

® The THS ECU realizes the required engine motive force by properly effecting ETCS-i control, fuel
injection volume control, injection timing control, and VVT-i system control. Furthermore, the THS
ECU appropriately operates MG1 and MG2 in order to realize the required MG2 motive force.

P> Flow of Motive Force Calculation <

(Target Motive Force ) - (Engine Motive Force) = (MG2 Motive Force)

THS ECU
Accelerator Pedal - ETCS-i
Position Sensor [ Control
Signal
_ | Fuel Injection
o - - ~| Volume Control
Speed Sensor ®| Target Motive Engine Motive
L »| Force » Force — —
Signal (Resolver) »| Calculation Calculation Ignition Timing
Control
A
Shift Position | | o VVT-i System
Sensor Signal ~| Control
MGT1 Generation
Battery Smart Unit > gﬁgﬁm tion > MGl
Battery Condition
s oltage > gOIC lati MG2 Motive
. urren
¢ Temperature alculation > IéOIl'CGI i > MG2
alculation

277TH65
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P> System Diagram <

Motor-Speed and @

THS ECU Temperature Signal

Accelerator Pedal Eneine C I Inverter
Position Sensor ngine Contro

Y

Y

. o, > MG >
Shift Position . MG1 and MG2 - ECU = Boost Converter
Sensor Control ‘
Serial
Communication -
DC-DC Converter
Battery Smart Unit MGR Control
* Voltage >
* Current > ETCS-i Control
¢ Temperature
Regenerative Brake

Control Fuel Injection
Volume Control

Ignition Timing

HV Battery Control
Charge Control
VVT-i System
Control
[
Skid Control ECU u Meter ECU

* Regenerative Brake Force

* Multi-Information Display
Request * Warning Light
* Wheel Speed Sensor e Buzzer
Signal Transmission Gateway
- Multi Display*
m e

* Information Display
* Warning Message

: CAN
: BEAN (Instrument Panel Bus)

: AVC-LAN

*: Optional equipment 277THG6
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System Monitoring Control

® The THS ECU constantly monitors the SOC (state of charge) of the HV battery. When the SOC is below
the lower level, the THS ECU increases the power output of the engine to operate MG1, which charges
the HV battery. When the engine is stopped, MG1 operates to start the engine; then, the engine operates
MGT1 to charge the HV battery.

o [fthe SOCis low, or the temperature of the HV battery, MG1, MG2 or MGR is higher than the specified
value, the THS ECU restricts the motive force applied to the drive wheels until it is restored to the normal
value.

Shut Down Control

Generally, MG1 and MG2 are shut down when the shift position is in the “N” position. This is because MG1

and MG2 must be stopped electrically as a means of shutting down the motive force, since MG2 is

mechanically joined to the front wheels. The MGR will also shut down at the same time.

However, the shut down function is canceled under the following exceptions:

® During driving, if the brake pedal is depressed and a wheel lock up, the ABS function 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 position 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 position to the “N” position, the brake hydraulic
pressure increases while the request torque of the regenerative brake decreases gradually so as not to
create a sluggish brake feel. After this, the system effects the shut down function.

® When MG1 and MG2 operate at higher speed than the specified level, the shut down function is canceled.
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Motor Traction Control

1) General

® If a drive wheels slips while the vehicle is being driven on a slippery road surface, MG2 (which is
coupled directly to the wheels) will spin excessively, causing the relative rotational speed of the
compound gear unit to increase. This condition could damage the areas that support the parts in the
compound gear unit, such as through seizure. In some cases, this condition could cause MG1 to generate
an excessive amount of electricity. For this reason, if the THS ECU determines that MG2 is spinning
excessively upon monitoring a sudden change in rotational speeds by way of speed sensor signals, the
THS ECU applies a brake force to suppress the rotation, in order to protect the compound gear unit.

® Furthermore, if only one of the drive wheels spins excessively, the THS ECU will monitor the speed
difference between the right and left wheel by way of the speed sensors of the respective wheels, and
the THS ECU will transmit a command to the skid control ECU in order to apply a brake to the wheel
that is spinning excessively.

These controls achieve the same effect as the TRC function of the brake control system.

P> Image Diagram «

Accelerator Pedal Depression

Drive Wheel Speed

Drive Wheel Speed with Control
without Control (Slippage)

T~ Vehicle Speed

/Accelerator Pedal Depression (%)

Vehicle Speed

Time (Second)

Drive wheel speed behavior at start-up a snowy road
277TH106
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2) Operation

® The following describes the mechanism that generates the excessive rotation. For example, if the drive
wheels have a normal grip, the changes in the rotational speed of MG2 (drive wheels) are minimal, as
shown in Figure (a). Thus, the proper balance is maintained between them and the engine with minimal
changes in speed, resulting in minimal differences in the relative rotational speeds of the compound gear
unit as a whole.

® If the drive wheels are in the state of loss of traction, a rotation speed of MG2 (drive wheels) varies
largely as shown in Figure (b). As a result, difference of the relative rotation speeds in the whole
compound gear unit becomes larger, because the engine that has a small rotating variation cannot follow
the rotation of MG2.

Sun Gear  Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear  (Fixed) MG2)
*) ) ) Q)
rpm
0 Minimal
Ring Gear Ring Gear inima
Wheel Speed
(Wheel) Changesp
Carrier . . g
(Fixed) Q) Q) Q) )
(a) Drive Wheels Gripping
277TH68
Sun Gear  Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear  (Fixed) MG2)
*) ) ) Q)
Sun Gear (MG2) Carrier (Engine) rpm
0
Pl G . V Significant
anetary Gear Unit Changes in
Schematic Diagram Wheel Speed
277TH67
Q) Q) Q) (+)
(b) Drive Wheels Slipping
277TH69
® The THS ECU monitors sudden changes in Large A
speed through the speed sensor signals [
provided by MG2, in order to calculate the ,

. . Motive Force
amount of slippage of the drive wheels. The 1 Suppression
THS ECU controls the motive force by Motive

. . . Force
suppressing the rotation of MG2 in accordance
with the calculated amount of slippage.
0 Amount of Slippage Large
Conceptual Image of 255THGT

Motor Traction Control
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SMR (System Main Relay) Control

1) General

The SMR is a relay that connects and disconnects the power source of the high-voltage circuit upon
receiving a command from the THS ECU. A total of 3 relays, one for the negative side, and two for the
positive side, are provided to ensure proper operations.

P> System Diagram < Inverter
SMR2 HYV Battery Assembly
| +) ;
Battery = Resistor
Module —=
T SMR1
Service :
Plug [:% High- -
Voltage
¢ Fuse
Battery =
Module = SMR3
. O
w0

THS ECU

SMR1 and SMR3 turn ON when the circuit is connected; subsequently, SMR2 turns ON and SMR1 turns
OFF. As the controlled current is initially allowed to pass through a resistor in this manner, the contact

point in the circuit is protected from damage that could be caused by a rush current.
SMR2 SMR2 SMR2

277TH70

2) Power is ON

277TH71

3) Power is OFF

SMR2 and SMR3 turn OFF when the circuit is disconnected, in that order. Then, the THS ECU verifies
that the respective relays have been properly turned off. Accordingly, the THS ECU is able to determine
if SMR2 is stuck.

SRSy ST

277TH72
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SOC Control

® The THS ECU calculates the SOC (state of charge) of the HV battery by estimating its charging and
discharging amperages, in order to effect condition control.

® While the vehicle is in motion, the HV battery undergoes repetitive charging/discharging cycles, as it
becomes discharged by the MG2 or MGR during acceleration and charged by the regenerative brake
during deceleration. The THS ECU calculates the SOC based on charging/discharging levels detected
by the current sensor. The THS ECU performs the charging/discharging control based on the calculated
value in order to steady the SOC at its target level anytime.

Example of change

in SOC
Target SOC
SOC Control
Control
Region

182THI12

Cooling Fan Control

® The THS ECU detects the rise in the battery temperature via the eight temperature sensors in the HV
battery. Then, the THS ECU steplessly actuates the cooling fan under duty cycle control, in order to
maintain the temperature of the HV battery within the specified range.

® While the air conditioning system is operating and cooling down the cabin, if the HV battery temperature
is within a normal range, the THS ECU turns the battery cooling fans OFF or changes the fan speed to
LO speed. The purpose of this control is to give priority to cooling down the cabin, which also provides
cooling to the battery through the air intake duct located under the rear seat.

P> System Diagram <«
HYV Battery
Temperature Sensors

A/CECU |
* Room Temp.

BEAN (Instrument
Panel Bus)

i

THS ECU Battery Smart Unit

Serial
Communication

é) Battery Fan _ _ _
§ ‘ Relay !
o |
Blower Blower
Motor ! Motor

— Auxiliary
& Battery  ------f------

! .
i 277THT3
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4. MG1, MG2 and MGR Main Control

General

MG1, whichisrotated by the engine, generates high voltage (alternating current) in order to operate MG2
and charge the HV battery. Also, it functions as a starter to start the engine.

MG? is driven by electrical power from MG1 or HV battery, and generates motive force for the front
wheels.

On this model, MGR is driven by the electrical power from the HV battery, and generates motive force
for the rear wheels.

MG?2 and MGR generate electricity to charge the HV battery (regenerative brake control) during braking,
or when the accelerator pedal is not being depressed.

The MG ECU, which follows the commands of the THS ECU, controls MG1, MG2, and MGR via the
IPM (Intelligent Power Module), for driving the vehicle. Six IGBTs (Insulated Gate Bipolar Transistors)
switch ON and OFF to control the individual motors in accordance with the driving or generation
operation.

Motor Drive Operation

The illustration below describes the basic control for driving a motor. The IGBTs (Insulated Gate Bipolar
Transistors) in the IPM switch ON and OFF to supply a three-phase alternating current to the motor.
In order to create the motive force required of the motor generator as calculated by the THS ECU, the
MG ECU switches the IGBTs ON and OFF and controls the speed, in order to control the speed of the
motor generator.

Motor

Generator

277THS1

277TH82

A0N

X ng x

|

277THS83
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Motor Generation Operation

The illustration below describes the basic control for the motor to generate electricity. The current that is
generated sequentially by the three phases of the motor, which is driven by the wheels, is utilized to charge
the HV battery or drive another motor generator.

Motor
Generator

' 277TH84

‘ 277THSS

277THS86
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5. Inverter Assembly Control

General

® The inverter converts the direct current from the HV battery into an alternating current for MG1, MG2,
and MGR, or vice versa, in accordance with the signals provided by the THS ECU via the MG ECU. In
addition, the inverter supplies the alternating current from the MG1 power to the alternating current for
MG?2 or MGR. However, the electricity that is supplied by MG1 to MG2 or MGR is converted into DC

inside the inverter.

® Via the MG ECU, the THS ECU transmits a signal to the power transistor in the inverter for switching

the U, V, and W phases of stator coil of MG1, MG2, and MGR based on the rotor position information
sent by MG1, MG2, and MGR, and the SOC of the HV battery sent by the battery smart unit.
® When the shift lever is in the N position, or the THS ECU has received an over-heating, over-current,
or fault voltage signal from the inverter, the THS ECU transmits a shut down control signal to the inverter,
in order to disengage the electrical connection to MG1, MG2, and MGR.

(1) Voltage Boost Conversion Function

P> System Diagram <
| 3, 3 |
t

P UVW . T UVW || T UVW |

'TIPM 'TIPM 'TIPM ‘

ifor Driving;  ifor Driving; ifor Driving;

Inverter ||| ‘-7 oo ] oo

Assembly I I
Boost -~ MG ECU = | =THS ECU
Converter
1) @)
l 277TH74
HYV Battery
Alternatig»@
Current

Nominal Maximum

Voltage of Voltage of

DC 288 V DC 650 V

HYV Battery - Boost » Inverter
Converter

Alternating

Current

[
L

000

Inverter
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Maximum Nominal
Voltage of Voltage of
DC 650 V DC 288 V
. Boost » HYV Battery
Converter

: Current

(3) Electrical Power Supply Function

(2) Voltage Drop Conversion Function

Alternating

277TH76

Alternating
Current

Inverter
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Boost Converter Control
1) General

® The boost converter boosts the nominal voltage of DC 288V (for the HV battery) up to a maximum
voltage of DC 650V, in accordance with the signals provided by the THS ECU via the MG ECU.

® The inverter converts the alternating current generated by MG1 or MG2 into a direct current. The boost
converter drops the maximum voltage of DC 650V to nominal voltage of DC 288V (for the HV battery)
in accordance with the signals provided by the THS ECU via the MG ECU.

® The boost converter consists of a boost IPM (Integrated Power Module) with built-in IGBTs (Insulated
Gate Bipolar Transistors) that effect switching control, and a reactor that stores (and charges) electrical
power.

2) Voltage Boost Conversion Function

® The function of the boost converter to boost the nominal voltage of the HV battery from DC 288V to
maximum voltage of DC 650V flows as described below.

® The IGBT (2) turns ON, causing the electrical
power of the HV battery (nominal voltage of
DC288V) to charge the reactor. As aresult, the
voltage in the reactor rises.

Boost IPM Inverter

IGBT

M [Uf % (K3
okt

T IGB ‘

Reactor

Nominal Voltage ON

of DC 288 V
277THT7

® Inthenextstage, when the voltage in the reactor
rises to maximum voltage of DC 650V, the
IGBT (2) turns OFF, causing a counter
electromotive force to be created.

]
»

= || =

bt g
[ [

OFF

277TH78

Maximum Voltage
) of DC 650 V
® [nduced by the counter electromotive force that

is created, the electrical power (maximum
voltage of DC 650V) that is charging the
reactor flows into the inverter.

(N
»

.DJ
| o
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3) Voltage Drop Conversion Function

The alternating current, which is generated by MG1 or MG2 for the purpose of charging the HV battery,
is converted into maximum voltage of DC 650V by the inverter. Then, a function of the boost converter
drops the voltage to nominal voltage of DC 288V. This is accomplished by the IGBT (1) switching ON
and OFF through duty cycle control, which intermittently interrupts the electrical power provided by the
inverter.

ON ++ OFF Switching Maximum Voltage
(Duty Control) of DC 650 V
Nominal Voltage
of DC 288 V ] B
K&
—J Lr
_J i
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6. Skid Control ECU Control

® The skid control ECU calculates the total braking force needed, based on the master cylinder pressure in
the brake actuator and brake pedal stroke sensor generated when the driver depresses the brake pedal.

® The skid control ECU computes a part for the required regeneration brake force from the total braking
force, and sends the result to the THS ECU.

® The THS ECU executes to the minus torque to MG2 and MGR, and carries out the regenerative brake
functions.

The skid control ECU controls the brake actuator solenoid valves and generates the wheel cylinder
pressure, which is the actual regenerative brake control value subtracted from the total braking force.
® The skid control ECU outputs a request to the THS ECU to effect motor traction control while the vehicle
is operating under VSC function control. The THS ECU controls the engine, MG1, and MG2 in

accordance with the present driving conditions in order to suppress the motive force.

P> System Diagram <«
@ — ' CAN
Inverter Assembly Skid Control ECU [* Wheel Speed Sensors
]gggi;i MG ECU Yaw Rate Sensor
I [} [} Deceleration Rate Sensor
. Steering Angle Sensor
Required
MG2 and MGR (2) Regenerative Brake
Motor Traction an Force Calculation
Control Motive Force > - ]SS’or ake Pedal Stroke
(for Enhanced USC)| | Calculation ensor
1 Required
equire
( ) Hydraulic Brake > Brake Actuator
THS ECU Force Calculation | | = f-——======-=-=-----+
Master Cylinder
- Pressure Sensor
] Serial (Front, Rear)
Communication
] B Accumulator
Battery Smart Unit - Pressure Sensor
¢ Battery Condition
Y Wheel Cylinder
- Pressure Sensor
(FR, FL, RR, RL)

(1) : ¢ Required regenerative brake force
* Required motive force (for TRC or VSC Function)
(2) : ¢ Actual Regenerative Brake Control Value
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7. Battery Smart Unit Control

® The battery smart unit converts the HV battery condition signals (voltage, current, and temperature),
which are needed to determine the charging or discharging values that are calculated by the THS ECU into
digital signals, and transmits them to the THS ECU via serial communication.

® A leakage detection circuit is provided in the battery smart unit in order to detect any excessive current
draw from the HV battery. Furthermore, the battery smart unit detects the voltage of the cooling fan, which
is needed by the THS ECU to effect cooling fan control. The battery smart unit also converts these signals
into digital signals and transmits them to the THS ECU via serial communication.

p> System Diagram <«

: CAN

: BEAN

(Instrumental Panel Bus)

Battery Smart Unit

> Cooling Fans
A
Current Sensor CPU
| / > THS ECU
> Serial
Communication
HV Battery ?
* Temp. Sensor Voltage Gateway ECU
Signal > Dgtec_tlon
Circuit
* Voltage I
Leak C ECU
» Detection A
Circuit
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8. During Collision Control
General

If the vehicle encounters one of the situations described below, the THS ECU will shut down the entire

power supply by turning the SMR (System Main Relay) OFF, in order to ensure safety.

® The THS ECU receives an airbag deployment signal from the airbag sensor assembly during a frontal
collision or side collision.

® The THS ECU receives an actuation signal for the front circuit breaker sensor, which is provided in the
inverter, during a frontal collision.

® During a rear collision, the THS ECU receives an actuation signal of the rear LH circuit breaker sensor
or rear RH circuit breaker sensor, which is provided in the rear frame.

P System Diagram «
Airbag Sensor >
Assembly
3 /‘ R
{ 77
|\
Circuit
Fron} ) Impact Breaker Sensor >
Collision (for Front) THS ECU - SMR OFF
" LH or RH
Circuit Breaker
m - .. -
)\‘ 7 —’ F Sensor
'@ /‘*\;/4 (for Rear)
Rear Impact

Collision
278THO5
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Layout of Main Components

Airbag Sensor
Assembly

LHD Model

Circuit Breaker
Sensor (for Front)

Circuit Breaker
Sensor (for Rear)

277TH102



THS-II (TOYOTA HYBRID SYSTEM-II) TH-63

9. Indicator and Warning Light
Energy Monitor

® Onthe RX400h, the multi-information display located on the combination meter has a function to display
the energy flow, which enables the driver to monitor the driving conditions of the vehicle. The energy
flow, which appears in the form of an arrow, also shows the SOC (state of charge) of the HV battery in
8 levels.

278THO1

® A multi display, which is available as optional equipment, has a function to display the energy flow with
astyle that differs from the multi-information display. This display also shows the energy flow in the form
of an arrow, and shows the SOC (state of charge) of the HV battery in 8 levels.

SOC Level Display

&. Energy Monitor

ENGINE
BATTERY

)

'l 0

i .o HREAR ELE'_G.H__DTCIR
X o' e oron

(Consumption|  'Current 34.3 MPG |
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Indicator and Warning Light

® |n particular, the indicator and warning lights associated with the THS-II system are described below.

Check Engine
Warning Light Master Warning

Discharge
Warning Light

CHECK

HYBRID SYSTEM
0DO 237

Multi-Information
Display

Combination Meter

HV Battery READY Light
Warning Light

278THO02

Item Outline

This light blinks when the driver simultaneously presses the brake
pedal and turns the ignition switch to the START position while the
READY Light shift lever is in the P position. Thereafter, the light changes to
illumination when the system starts, thus informing the driver that
the vehicle is drivable.

* The primary function of this warning light, which illuminates
simultaneously with the sounding of a warning buzzer, is to
inform the driver in case of a malfunction in the THS-II system

Master Warning Light or when the SOC of the HV battery is lower than the standard.

* Besides the foregoing conditions, this light illuminates and the
buzzer sounds to inform the driver in case of an abnormal 4WD
system.

Check Engine Warning Light Turns on when there is a malfunction in the engine control system.

Turns on when there is a malfunction in the DC 12 V charging

Discharge Warning Light system (converter assembly).

This warning light illuminates to inform the driver that the SOCis

HV Battery Warning Light lower than the minimum standard value (%).

This warning display indicates to inform the driver of amalfunction
Hybrid System Warning Display | in the THS-II system.
At the same time, the master warning light will illuminate.
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10.

® When the condition described below is present, the message prompt as shown appears in the
multi-information display and multi display (only on models with multi display), accompanied by the
illumination of the master warning light and the continuous sounding of the buzzer.

¢ The READY light is illuminated, the shift position is in the “N” position, and the HV battery is
discharged.

SHIFT TO <

Caution

Shift the position Into range [[& when
B RANGE

The batteries will not charge if the
transmission is In Neutral [ .

Multi-Information Display Multi Display

278THO3 277THY9%4

Diagnosis

® In the THS-II system, if the THS ECU detects a malfunction, the ECU performs a diagnosis and

memorizes failed sections. Furthermore, to inform the driver of the malfunction, the ECU illuminates or
blinks the check engine warning light, master warning light, or HV battery warning light, which pertains
to the ECU.

® The THS ECU will restore the respective DTCs of the malfunctions.
® Three-digit information codes have been provided in the conventional DTC as subset of a primary

five-digit code. This enables the troubleshooting procedure to further narrow down a trouble area to
identify a problem.

® The DTCs can be accessed through the use of the intelligent tester I1.
® All the DTCs have been made to correspond to the SAE controlled codes. Some of the DTCs have been

further divided into smaller detection areas than in the past, and new DTCs have been assigned to them.
Additionally, DTCs have been added to correspond to items of this system.

For details, refer to the LEXUS RX400h Repair Manual (Pub. No. RM1139E).

11.

Fail-Safe

If the THS ECU detects a malfunction in the THS-II system, it will control the system in accordance with
the data that is stored in its memory.
For details, refer to the LEXUS RX400h Repair Manual (Pub. No. RM1139E).



