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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.
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(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
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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. 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 <

772 : Electrical Path <= : Drive
: Mechanical Power Path Sun Gear &z : Driven
(MG1)
Compound
Front . :
Transaxle Gear Unit Carrier

(Engine)
\ —— > Rear
| Transaxle
________ : —
> .
HV Ring Gear
Inverter /24 pagiery MG2)
{:Kr/(})lntl 255TH24
ce 277TH26
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) +) +) +) ¢)

Bpm = m/‘ Bpm
~4 3

) Q) Q) (+) ) Q) ) (+)
VT
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit

Engine Start Generating Electricity 278THOS
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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 <

: Electrical Path < : Drive
: Mechanical Power Path Sun Gear 4z Driven
MG1)
Compound )
%grrll;axle Gear Unit Carrier
| (Engine)
At Rear
\. ! MGR | | Transaxle
L | BV Ring Gear
Inverter = pattery (MG2)
Front Rear : S
Wheel Wheel
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)
(+) (+) +) ) ) (+) (+) )
oy W
\ \x\%\‘
rpm rpm
o, 0 = T, 0
'\’,\% """%
3 ~3
Q) ) Q) (+) ©) Q) ©) (+)
—
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit

Engine Starts while Driving with MG2 Normal Driving with Engine

278TH09
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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 .. )
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)
+) +) +) Q) +) +) +) ¢)

rpm \\x‘ rpm
0 = 0
Q) Q) Q) (+) Q) Q) Q) +)
v
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit

Normal Driving with Engine Low Load and Constant-Speed Cruising

278TH10
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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 <

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

Compound

Front .
ron Gear Unit

Transaxle

Carrier
(Engine)

HV Ring Gear

22 Inverter (24 payery (MG2)
255TH24
277TH32
p> Nomographic Chart of Planetary Gear Unit <
<= : Drive
<22 : Driven
Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) (MG2)
Sun Gear Carrier Ring Carrier Sun Gear (+) (+) (+) (')
(MG1) (Engine) Gear (Fixed) MG2)
(+) (+) +) ) \

.
f/f/( \\\%\ (r)pm = (r)pm
4

Q) ) ) (+) Q) ) ) &ﬂ
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit

Low Load and Constant-Speed Cruising Full Throttle Acceleration S
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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 <

: Electrical Path ¥ Drive by
: Mechanical Power Path Sun Gear Wheel

(MG1)

Front
Transaxle

AN

Compound
Gear Unit

Carrier
(Engine)

HV Ring Gear

Inverter (272 Battery MG2)
{*;\r](})lntl 255TH30
ce 277TH34
P> Nomographic Chart of Planetary Gear Unit <
< : Drive
&z : Driven
: Drive by
Wheel
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 A
g/i/( \”m\\%gpm = //i \\‘\K\\ﬁgjm

) Q) Q) (+) ) Q) ) (+)
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit

Low Load and Constant-Speed Cruising Deceleration Driving

278TH12
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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 <

. Electrical Path < : Drive
: Mechanical Power Path Sun Gear <= : Drive by
(MG1) Wheel

Compound )
’li‘igrrll;axle Gear Unit Carrier
(Engine)
\,_ _______ P—— Rear
Transaxle
HV Ring Gear
2 Battery MG2)
E‘)\r](l)lnt1 255TH33
ce 277TH36
P Nomographic Chart of Planetary Gear Unit <
<= : Drive
<z : Driven
: Drive by
Wheel
Sun Gear Carrier Ring Carrier Sun Gear Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) MG2) (MG1) (Engine) Gear (Fixed) MG2)
+
) @ |® ) N OO )

0
o
o, ""“m,ﬁ
"
Q) ) ) +) Q) Q) Q) +)
Power Split Planetary Motor Speed Reduction Power Split Planetary ~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit
Low Load and Constant-Speed Cruising Deceleration Driving

278TH13

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.



TH-24 THS-II (TOYOTA HYBRID SYSTEM-II)

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 <

: Electrical Path < : Drive
: Mechanical Power Path Sun Gear
(MG1)
Engine
Compound
Front EE pout .
Gear Unit Carrier
Transaxle (Engine)
\ e Rear
i Transaxle
HV Ring Gear
Inverter fzZ3 Battery MG2)
f{,ﬁntl 255TH34
ce 277TH38
p> Nomographic Chart of Planetary Gear Unit <
<4 : Drive
Sun Gear Carrier Ring Carrier Sun Gear Sun Gear Carrier Ring Carrier Sun Gear
(MG1) (Engine) Gear (Fixed) MG2) (MG1) (Engine) Gear (Fixed) MG2)
(+) (+) (+) ) (+) (+) (+) )

G ® ) Bpm =D /'///i rOpm
N

) Q) Q) (+) ) Q) ) (+)
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit
Vehicle Stopped Vehicle Driven in Reverse

278TH14
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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 <

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

Compound
Front Geaernit Carrier
Transaxle (Engine)
Rear

HV

Ring Gear
Battery

Inverter gz

MG2)
Fr(l)lnt | 255TH37
Whee 277TH40
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)

\\( e T~ ’ﬂ/?épm

Q) ) ) +) Q) Q) Q) +)
Power Split Planetary Motor Speed Reduction Power Split Planetary ~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit

Vehicle Driven in Reverse Engine Start
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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 <

: Electrical Path <m: Drive
: Mechanical Power Path Sun Gear @; Driven
(MG1)
Compound
Front . .
Transaxle Gear Unit Carrier

(Engine)
\ m—— > Rear
i | Transaxle
e .
HV Ring Gear
Inverter ¥ZZ pattery MG2)
{*;\r](})lntl 255TH39
ce 277TH42
p> Nomographic Chart of Planetary Gear Unit <
<= : Drive
&zza : 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) Q) Q) (+) ) Q) Q) (+)
~
VT VT
Power Split Planetary Motor Speed Reduction Power Split Planetary =~ Motor Speed Reduction
Gear Unit Planetary Gear Unit Gear Unit Planetary Gear Unit
Engine Start Generating Electricity JIRTHIG





