
WE CLAIM

1. A method for operating a powertrain comprising an electromechanical

transmission operative to transmit torque between an input member and

an electric machine and an output member to transmit tractive torque, the

electric machine electrically connected to an inverter device electrically

connected to an energy storage device, the method comprising:

detecting a shutdown event of the powertrain wherein the powertrain is

commanded to operate in a non-propulSion, energy conservation

operating state;

implementing a high voltage strategy in response to the detected

shutdown event of the powertrain for isolating the energy storage device

from the electric machine, comprising commanding the transmission to

neutral;

commanding the electric machine to cease operating in a torque

generating mode; and

electrically disconnecting the energy storage device from the inverter

device.

2. The method as claimed In claim 1, wherein detecting the shutdown event

of the powertrain comprises detecting one of an operator-imtiated

shutdown event, a fault- initiated shutdown event and an externally-

initiated shutdown event.
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3. The method as claimed in claim 2, comprising commanding switching of

transistors of the inverter device to isolate electric current generated by

the electric machine from the energy storage device prior to electrically

disconnecting the energy storage device from the inverter device when

the externally-initiated shutdown event is detected.

4. The method as claimed in claim 3, wherein the energy storage device IS

electrically disconnected from the inverter device a calibrated elapsed

period of time after isolating the electric current generated by the electric

machine from the energy storage device.

5. The method as claimed in claim 3, comprising commanding each of the

transistors of the inverter device to a continuously open position to isolate

electric current generated by the electric machine from the energy storage

device.

6. The method as claimed in claim 2, wherein detecting the operator-

initiated shutdown event of the powertrain comprises detecting an

operator-commanded powertrain shutdown.

7. The method as claimed in claim 2, wherein detecting the fault-Initiated

shutdown event comprises:

monitoring temperatures of the inverter and the electric machine and

determining the temperature of one of the Inverter and the electric

machine is above a threshold temperature;

monitoring a voltage level of the energy storage device and determining
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the voltage level of the energy storage device is outside a predetermined

voltage range; and

monitoring a current flow between the electric machine and the inverter

device and determining the current flow IS outside a predetermined

, current range.

8. The method as claimed in claim 2, wherein detecting the externally-

initiated shutdown event comprises:

determining a vehicle roll level greater than a threshold vehicle roll level;

detecting deployment of a vehicle airbag; and

detecting a change in vehicle inertia greater than a threshold inertia level.

9. The method as claimed in claim 2, comprising:

monitoring a current level of the energy storage device; and

waiting a predetermined time period and then electrically disconnecting

the energy storage device from the inverter device when the current level

is not less than a threshold current level.

10.The method as claimed in claim 9, wherein the threshold current level

comprises a first current level for the operator-initiated shutdown event

and a second current level, greater than the first current level, for the

externally-initiated shutdown event.

11.The method as claimed in claim 2, comprising:
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monitoring a rotational speed level of the electric machine; and

waiting a selected time period before electrically disconnecting the energy

storage device from the inverter device when the speed level of the

electric machine is not below a threshold electric machine speed.

12.The method as claimed in claim 11, wherein the threshold electric

machine speed comprises a first speed level for the operator-initiated

shutdown event and a second speed level, greater than the first speed

level, for the externally-initiated shutdown event.

13.The method as claimed in claim 2, comprising wherein opening of the

contactor switch occurs after a first time period when the operator-

initiated shutdown event is detected and after a second time period when

the externally-initiated shutdown event is detected.

14.The method as claimed in claim 13, wherein the first time period is shorter

than the second time period.

15.The method as claimed in claim 14, wherein opening the contactor switch

occurs after a third time period when the fault-initiated shutdown event is

detected, wherein said third time period is intermediate the first and

second time periods.

16.The method as claimed in claim 1, comprising commanding a shutoff of a

high voltage load.

17.A method for operating a powertrain comprising an electromechanical
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transmission operatively connected to an engine and an electric machine

to transmit tractive torque to an output shaft, the electric machine

electrically connected to an inverter device electrically connected to an

energy storage device, the method comprising:

detecting a shutdown event of the powertrain compnslng one of an

operator-initiated shutdown event, a fault-initiated shutdown event and an

externally-initiated shutdown event, wherein the powertrain is

commanded to operate in a non- propulsion, energy conservation

operating state;

implementing a first high voltage management strategy when the

operator-initiated shutdown event is detected,

implementing a second high voltage management strategy when the fault-

ini'tiated shutdown event is detected, and

implementing a third high voltage management strategy when the

externally-initiated shutdown event is detected.

18.The method as claimed in claim 17, wherein detecting the fault-initiated

shutdown event comprises:

determining a temperature of one of the inverter and the electric machine

exceeds a threshold temperature;

determining a voltage level of the energy storage device is outside a

predetermined voltage range; and
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determining an electrical current level between the electric machine and

the inverter device is outside a predetermined current range.

19.The method as claimed in claim 17, wherein detecting the externally-

initiated shutdown event further comprises:

determining a vehicle roll level greater than a threshold vehicle roll level;

detecting deployment of an vehicle airbag; and

detecting a change in vehicle inertia greater than a threshold inertia level.

20. A method for managing power in an electric circuit of a hybrid

transmission, the electric circuit including a capacitive circuit electrically

connected to an inverter circuit and selectively electrically connected to an

energy storage device and to an active discharge circuit; said inverter

circuit electrically connected to an electric machine, the transmission

operative to transmit torqu~ between an input member and the electric

machine and an output member, the method comprising:

providing the capacitive circuit electrically connected to the inverter circuit

and electrically disconnected from the active discharge circuit; detecting a

shutdown event of the powertrain wherein the powertrain IS commanded

to operate in a non-propulsion, energy conservation operating state;

implementing a high voltage strategy in response to the detected

shutdown event of the powertrain for isolating the energy storage device

from the electric machine, compnsing
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commanding the transmission to neutral,

electrically connecting the active discharge circuit to the capacitive circuit;

measuring voltage across the capacitive circuit; and

routing electrical current from the capacitive circuit through the inverter

circuit to the electric machine when the voltage across the capacitive

circuit exceed the threshold voltage after a predetermined time period

subsequent to detecting the shutdown event.

Dated this 31st day of 03RD NOVEMBER,2008
,

(P~:)
OF L S DAV R & CO.,
APPLICANTS'AGENT



FORM-2
THE PATENT ACT, 1970

(39 OF 1970)

&
THE PATENTS RULES, 2003

-----/COMPLETE
SPECIFICATION

(5 ECT ION 10 AND RULE13)

1. Title of the Invention: "A METHOD OF CONTROLLING A HYBRID POWERTRAIN"

2. Applicant (s):
Name, Nationality
Address :

GM GLOBAL TECHNOLOGY OPERATIONS, INC
of 300 GM Renaissance Center Detroit,
Michigan 48265 - 3000, USA. a USCompany.

3. Preamble to the description:

PRO'iISIONAL : The following specification describes the invention

COMPLETE: The following specification particularly describes the
invention and the manner in which it is to be performed.



CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.s. Provisional Application No. 60/985,277

filed on Nov. 4, 2007 which is hereby incorporated herein by reference.

FIELD OF THE INVENTION

This disclosure pertains to control systems for hybrid powertrain systems.

BACKGROUND OF THE INVENTION

The statements in this section merely provide background information related to

the present disclosure and may not constitute prior art.

Known powertrain architectures include torque-generative devices, including

internal combustion engines and electric machines, which transmit torque

through a transmission device to an output member. One exemplary powertrain

includes a two-mode, compound-split, electromechanical transmission which

utilizes an input member for receiving motive torque from a prime mover power

source, preferably an internal combustion engine, and an output member. The

output member can be operatively connected to a drivehne for a motor vehicle

for transmitting tractive torque thereto. Electric machines, operative as motors or

generators, generate a torque Input to the
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transmission, independently of a torque input from the internal combustion

engine. The electric machines may transform vehicle kinetic energy, transmitted

through the vehicle driveline, to electrical energy that is storable in an electrical

energy storage device. A control system monitors various inputs from the vehicle

and the operator and provides operational control of the powertrain, including

controlling transmission operating state and gear shifting, controlling the torque-

generative devices, and regulating the electrical power interchange among the

electrical energy storage device and the electric machines to manage outputs of

the transmission, including torque and rotational speed.

US2010151988 teaches a control device is provided for a vehicular drive

apparatus, having a differential mechanism and a transmission, for miniaturizing

the differential mechanism and/or providing improved fuel economy while

preventing a busy shift. With the provision of a switching clutch CO or a

sWitching brake BO,a transmitting mechanism 10 can be placed in a continuously

variable shifting state and a step-variable shifting state whereby the vehicular

drive apparatus has combined advantages including a fuel saving effect of the

transmission, enabled to electrically change a gear ratio, and a high transmitting

efficiency of a gear type transmitting device enabled to mechanically transmit

drive power.; With a total speed ratio [gamma]T set to a lower vehicle speed

gear ratio than that for a given running state, if a required drive force or a drive

force source brake is unavailable or if load torque of an electric motor is deviated

from an allowable range, switching control mean 50 switches a differential

portion 11 to the step-variable shifting state for thereby obtaining larger drive

force or drive force source brake than those for the given running state without

causing load torque of the electric motor from deViating from the allowable range

while preventing the busy shift.
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US2007298767 teaches a mobile communications device, method and computer

program product for providing security on a mobile communications device are

described. In accordance with one example embodiment, the mobile communications

device comprises: a processor; a communications subsystem connected to the processor

operable to exchange signals with a wireless network and with the processor; a storage

element connected to the processor and having a plurality of application modules and

data stored thereon, the data comprising at least user application data associated with

the application modules and service data including data for establishing communications

with the wireless network; and a security module operable to detect a locked state of

the mobile communications device and initiate a lockout data protection timer for a

predetermined duration upon detection of the locked state; and wherein the security

module is operable to, after the lockout data protection timer has been initiated, detect

if a password shared by the user and the mobile communications device is entered

through a user Input deVice within the predetermined duration of the lockout data

protection timer; wherein the security module ISoperable to terminate the lockout data

protection timer If entry of the password is detected Within the predetermined duration;

and wherein the security module is operable to perform a security action comprising

erasing or encrypting at least some of the data on the storage element If entry of the

password is not detected within the predetermined duration.

SUMMARY OF THE INVENTION

A powertrain includes an electromechanical transmiSSion operative to transmit torque

between an Input member and an electric machine and an output member to transmit

tractive torque. The electric machine IS electrically connected to an inverter deVice which

is electrically connected to an energy storage deVice. A method for operating the

powertraln Includes detecting a shutdown event, commanding the transmission to

neutral, commanding the electric machine to cease operating in a torque generating

mode, and electrically disconnecting the energy storage device from the inverter deVice.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

One or more embodiments will now be described, by way of example, with reference to

the accompanying drawings, In which:

FIG. 1 is a schematic diagram of an exemplary powertraln, in accordance with the

present disclosure;

FIG. 2 is a schematic diagram of an exemplary architecture for a control system and

powertraln, in accordance with the present disclosure;

FIG. 3 is a schematic diagram of a Circuit of the powertraln of FIG-.2, in accordance with

the present disclosure;

FIG. 4 is a flow chart of an exemplary method for shutting down a powertrain, in

accordance with the present disclosure;

FIG. 5 is a flow chart of an exemplary standard shutdown procedure, In accordance with

the present disclosure;

FIG. 6 is a flow charge of an exemplary controlled shutdown procedure, In accordance

with the present disclosure; and

FIG. 7 is a flow charge of an exemplary rapid shutdown procedure, in accordance with

the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the draWings, wherein the showings are for the purpose of illustrating

certain exemplary embodiments only and not for the purpose of limiting the same, FIGS.

1 and 2 depict an exemplary hybrid powertrain. The exemplary hybrid powertrain in

accordance with the present disclosure is depicted in FIG. 1, comprising a two-mode,

compound-split, .. ..
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electro-mechanical hybrid transmission 10 operatively connected to an engine

14 and torque machines compnsing first and second electric machines ('MG-

A') 56 and ('MG-B') 72 The engine 14 and the first and second elect[ic

machines 56 and 72 each generate power which can be transferred to the

transmission 10. The power generated by the engine 14 and the first and

second electric machines 56 and 72 and transferred to the transmission 10 is

described in terms of input and motor torques, referred to herein as T" TA, and

TB respectIvely, and speed, referred to herein as N" NA, and NB, respectively.

f9815] The exemplary engIne 14 comprises a multi-cylinder internal

combustion engine selectively operative in several states to transfer torque to

the transmIssion 10 via an input shaft 12, and can be either a spark-ignition or

a compression-IgmtlOn engIne. The engine 14 includes a crankshaft (not

shown) operatively coupled to the Input shaft 12 of the transmission 10. A

rotational speed sensor 11 monitors rotational speed of the input shaft 12.

Power output from the engIne 14, comprising rotatIOnal speed and engine

torque, can differ from the Input speed N, and the input torque T, to the

transmission 10 due to placement of torque-consuming components on the

input shaft 12 between the engine 14 and the transmiSSIOn 10, e.g., a hydraulic

pump (not shown) and/or a torque management device (not shown)

[6616]- The exemplary transmission 10 comprises three planetary-gear sets

24, 26 and 28, and four selectively engageable torque-transferring devices, i.e.,

clutches C1 70, C2 62, C3 73, and C4 75. As used herein, clutches refer to

any type of friction torque transfer device including smgle or compound plate

clutches or packs, band clutches, and brakes, for example. A hydraulic control
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circuit 42, preferably controlled by a transmission control module (hereafter

'TCM') 17, is operative to control clutch states. Clutches C2 62 and C4 75

preferably comprise hydraulically-applied rotating friction clutches Clutches

CI 70 and C3 73 preferably compnse hydraulIcally-controlled stationary

devices that can be selectively grounded to a transmission case 68 Each of

the clutches CI 70, C2 62, C3 73, and C4 75 is preferably hydraulically

applied, selectively receiving pressurized hydraulic fluid via the hydraulic

control circuit 42

'f9017] The transmission 10 mcludes an output member 64, e.g a shaft,

which is operably connected to a driveline 90 for a vehicle (not shown), to

provide output power to the driveline 90 that is transferred to vehicle wheels

93, one of which IS shown in Fig I. The output power at the output member

64 is characterized in terms of an output rotational speed No and an output

torque To. A transmission output speed sensor 84 monitors rotatIonal speed

and rotational direction of the output member 64. Each of the vehIcle wheels

93 is preferably equipped with a sensor 94 adapted to monitor wheel speed,

the output of which is momtored by a control module of a distributed control

module system described with respect to Fig. 2, to determine vehicle speed,

and absolute and relative wheel speeds for braking control, traction control,

and vehicle acceleration management.

~9918J The input torque from the engine 14 and the motor torques from

the first and second electnc machmes 56 and 72 (Tr, TA, and TB respectively)

are generated as a result of energy conversion from fuel or ele~trical potential

stored in an electrical energy storage device (hereafter 'ESD') 74. The ESD
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74 is high voltage DC-coupled to a transmission power inverter control

module (hereafter 'TPIM') 19 via DC transfer conductors 27. The transfer

conductors 27 include a contactor switch 38 When the contactor switch 38 is

closed, under normal operatIOn, electric current can flow between the ESD 74

and the TPIM 19. When the' contactor switch 38 is opened electric current

flow between the ESD 74 and the TPIM 19 is interrupted. The TPIM 19-

transmits electrical power to and from the first electric machine 56 by transfer

conductors 29, and the TPIM 19 SImilarly transmits electrical power to and

from the second electric machine 72 by transfer conductors 31 to meet the

torque commands for the first and second electric machines 56 and 72 in

response to the motor torques TA and TB Electrical current is transmitted to

and from the ESD 74 in accordance with whether the ESD 74 is bemg charged

or discharged. The three-phase inverters receIve or s~pply DC electric power

via DC transfer conductors 27 and transform It to or from three-phase AC

power, which is conducted to or from the first and second electric machines 56

and 72 for operation as motors or generators via transfer conductors 29 and 31

-
respectively.

-19019)- FIg. 2 is a schematic block diagram of the distributed control

module system The elements described hereinafter comprise a subset of an

overall vehicle control architecture, and provide coordinated system control of

the exemplary hybrid powertrain described in Fig. 1. The distributed control

module system synthesizes pertinent mformation and inputs, and executes

algorithms to control various actuators to meet control objectives, including

objectives related to fuel economy, emissions, performance, dnvabihty, and
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protection of hardware, including batteries ofESD 74 and the first and second

electric machines 56 and 72. The distributed control module system include's

an engine control module (hereafter 'ECM') 23, the TCM 17, a battery pack

control module (hereafter 'BPCM') 21, and the TPIM 19. A hybrid control

module (hereafter 'HCP') 5 provIdes supervIsory control and coordination of

the ECM 23, the TCM 17, the BPCM 21, and the TPIM 19. A user interface

('UI') 13 is operatively connected to a plurality of deVices through which a

vehicle operator controls or directs operatIOn of the electro-mechanical hybrid

powertrain. The devices include an accelerator pedal 113 ('AP'), an operator

brake pedal 112 ('BP'), a transmission gear selector 114 ('PRNDL'), and'a

vehicle speed cruise control (not shown). The transmission gear selector 114

may have a discrete number of operator-selectable positions, including the

rotational direction of the output member 64 to enable one of,a forward and a

reverse direction.

The aforementIOned control modules communicate with other

control modules, sensors, and actuators via a local area network (hereafter

'LAN') bus 6. The LAN bus 6 allows for structured communication of states

of operating parameters and actuator command Signals between the various

control modules. The specific communication protocol utilized is application-
\

specific The LAN bus 6 and appropriate protocols provide for robust

messaging and multi-control module interfacing between the aforementioned

control modules, and other control modules proVIding functionality including

e.g., antilock braking, traction control, and vehicle stability. Multiple

communications buses may be used to Improve communications speed and
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provide some level of signal redundancy and integrity. Communication

between individual control modules can also be effected using a direct link,

e.g., a serial peripheral interface ('SP!') bus (not shown).

The HCP 5 provides supervisory control of the hybrid powertrain,

serving to coordinate operation of the ECM 23, TCM 17, TPIM 19, and

BPCM 21. Based upon various input signals from the user interface 13 and

the hybrid powertrain, including the ESD 74, the HCP 5 determines an

operator torque request, an output torque command, an engine input torque

command, clutch torque(s) for the applied torque-transfer clutches CI 70, C2

62, C3, 73, C4 75 of the transmIssion 10, and the motor torques TA and T8 for

the first and second electrIc machines 56 and 72. The TCM 17 is operatively

connected to the hydraulic control circuit 42 and provides various functions

including monitoring various pressure sensing devices (not shown) and

generating and communicatIng control SIgnals to various solenoids (not

shown) thereby controlling pressure switches and control valves contained

within the hydraulic control circuit 42

-[99221 The ECM 23 ISoperatively connected to the engine 14, and

functions to acquire data from sensors and control actuators of the engIne 14

over a plurality of discrete lines, shown for simplicity as an aggregate bi-

directional interface cable 35. The ECM 23 receives the engine input torque'

command from the HCP 5. The ECM 23 determines the actual engine Input

torque, T" provided to the transmission 10 at that point in time based upon

monitored engine speed and load, which is communicated to the H.cP 5. The

ECM 23 monitors input from the rotational speed sensor II to determine the
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engine input speed to the input shaft 12, which translates to the transmission

input speed, N,. The ECM 23 monitors inputs from sensors (not shown) to

determine states of other engine operating parameters including, e.g , a

manifold pressure, engine coolant temperature, ambient air temperature, and

ambient pressure. The engine load can be determined, for example, from the

manifold pressure, or alternatively, from monitoring operator input to the

accelerator pedal 113 The ECM 23 generates and communicates command

signals to control engine actuators, mcluding, e.g., fuel injectors, ignition

modules, and throttle control modules, none of which are shown.

~623t The TCM 17 ISoperatively connected to the transmissIOn 10 and

monitors inputs from sensors (not shown) to determine states of transmission

operating parameters. The TCM 17 generates and communicates command

signals to control the transmission 10, including controllmg the hydraulic

control circuit 42. Inputs from the TCM 17 to the HCP 5 include estimated

clutch torques for each of the clutches, i.e., CI 70, C2 62, C3 73, ~nd C4 75,

and rotatIOnal output speed, No, of the output member 64. Other actuators and

sensors may be used to provide additional informatIOn from the TCM 17 to the

HCP 5 for control purposes. The TCM 17 monitors inputs from pressure

switches (not sh<?wn)and selectively actuates pressure control solenoids (not

shown) and shift solenoids (not shown) of the hydraulic control circuit 42 to

selectIvely actuate the various clutches CI 70, C2 62, C3 73, and C4 75 to

achieve various transmission operating range states, as described hereinbelow.

-(99241- The BPCM 21 is signally connected to sensors (not shown) to

monitor the ESD 74, includmg states of electrical current and voltage
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parameters, ~oprovide mformation indicating parametric states of the batteries

of the ESD 74 to the HCP 5. The parametric states of the batteries preferably

include battery state-of-charge, battery voltage, battery temperature, and

available battery power, referred to as a range PSAT_MINto PSAT_MAX.

~62SJ A brake control module (hereafter 'BrCM') 22 is operatively

connected to frictIOn brakes (not shown) on each of the vehicle wheels 93.

The BrCM 22 monitors the operator input to the brake pedal 112 and

generates control signals to control the friction brakes and sends a control

signal to the HCP 5 to operate the first and second electric machines 56 and 72

based thereon.

Each of the control modules ECM 23, TCM 17, TPIM J9, BPCM

21, and BrCM 22 IS preferably a general-purpose digital computer comprising

a microprocessor or central processing Unit, storage mediums comprising read

only memory CROM'), random access memory CRAM'), electrically

programmable read only memory CEPROM'), a high speed clock, analog to

digital ('AID') and digital to analog ('D/A') circuitry, and input/output

circuitry and d~vices ('I/O') and appropriate signal conditioning and buffer

circuitry. Each of the control modules has a set of control algorithms,

comprising resident program instructions and calibrations stored in one of the

storage mediums and executed to provide the respective functions of each

computer. InformatIOn transfer between the control modules is preferably

accomplished using the LAN bus 6 and SPI buses The control algorithms are

executed during preset loop cycles such that each algorithm is executed at

least once each loop cycle Algorithms stored in the non-volatile memory
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devices are executed by one of the central proceSSing units to monitor inputs

from the sensing devices and execute control and dIagnostic routines to

control operation of the actuators, using preset calibrations. Loop cycles are

executed at regular intervals, for example each 3 125, 6.25, 12.5, 25 and 100

- mIlliseconds during ongoing operation of the-hybrid powertrain.

Alternatively, algorithms may be executed in response to the occurrence of an

event.

~927) The exemplary hybrid powertrain selectIvely operates in one of

several operating range states that can be described In terms of an engine state

compnsing one of an engine-on state ('ON~) and an engine-off state ('OFF'),

and a transmission state comprising a plurality of fixed gears and continuously

variable operating modes, described With reference to Table 1, below.

Table 1

Description Engine Transmission Operating Applied

State Range State Clutches

Ml_Eng_Off OFF EVT Mode 1 Cl70

Ml_Eng_On -ON EVT Mode 1 Cl70

GI ON Fixed Gear RatIO I Cl70 C475

G2 ON Fixed Gear Ratio 2 CI70 C262

M2_Eng_Off OFF EVT Mode 2 C262

M2_Eng_On ON EVT Mode 2 C262

G3 ON Fixed Gear Ratio 3 C262 C475

G4 ON Fixed Gear Ratio 4 C262 C373

-19928J- Each of the transmission operating range states is descrIbed in the

table and indicates which of the specific clutches CI 70, C2 62, C3 73, and C4

75 are applied for each of the operating range states. A first continuously

\I



variable mode, i.e., EVT Mode 1, or M I, is selected by applying clutch C 1 70_

only in order to "ground" the outer gear member of the third planetary gear set

28. The engine state can be one of ON ('Ml_Eng_On') or OFF

('Ml_Eng_Off). A second continuously variable mode, i.e., EVT Mode 2, or

M2, is selected by applying clutch C2 62 only to connect the shaft 60 to the

carrier of the third planetary gear set 28. The engine state can be one of ON

('M2_Eng_On') or OFF ('M2_Eng_Off). For purposes of this description,

when the engine state is OFF, the engine input speed is equal to zero

revolutions per minute ('RPM'), I.e., the engme crankshaft ISnot rotating.

When the engine is in neutral, none of the clutches are applied and the engine

14 rotates independently of the transmission 10. A fixed gear operation

provIdes a fixed ratIOoperation of mput-to-output speed of the transmission

10, i.e ,NIiNo. A first fixed gear operatIOn ('G I ') ISselected by applying

clutches Cl 70 and C4 75. A second fixed gear operation ('G2') is selected by

applying clutch~s CI 70 and C2 62. A third fixed gear operation ('G3') is

selected by applying clutches C2 62 and C4 75. A fourth fixed gear operation

('G4') is selected by applying clutches C2 62 and C3 73. The fixed ratio

operation of input-to-output speed increases with increased fixed gear

operation due to decreased gear ratIOs in the planetary gears 24, 26, and 28.

The rotational speeds of the first and second electric machines 56 and 72, NA

and Ns respectively, are_dependent on mternal rotation of the mechanism as

defined by the clutching and are proportional to the input speed measured at

the input shaft 12.
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16929J In response to operator input via the accelerator pedal I 13 and

brake pedal I 12 as captured by the user interface I3, the HCP 5 and one or
,

more of the other control modules determine torque commands to control the

torque generatIve devices comprising the engine 14 and first and second

electric machines 56 and 72 to meet the operator torque request at the output

member 64 and transferred to the drivelme 90 Based upon input signals from

the user interface 13 and the hybrid powertrain including the ESD 74, the HCP

5 determines the operator torque request, a commanded output torque from the

transmission 10 to the driveline 90, an input torque from the engine 14, clutch

torques for the torque-transfer clutches Cl 70, C2 62, C3 73, C4 75 of the

transmIssion 10; and the motor torques for the first and second electric

machines 56 and 72, respectively, as is descnbed hereinbelow.

.(9939} Final vehicle acceleration can be affected by other factors

including, e.g., road load, road grade, and vehicle mass. The operating range

state is determined for the transmission 10 based upon a variety of operating

characteristics of the hybrid powertrain This includes the operator torque

request communIcated through the accelerator pedal I 13 and brake pedal I 12

to the user interface 13 as previously described. The operating range state

may be predicated on a hybrid powertrain torque demand caused by a

command to operate the first and second electric machines 56 and 72 in an

electrical energy generating mode or in a torque generating mode. The

operatmg range state can be determined by an optimization algorithm or

routine which determines optimum system efficiency based upon operator

demand for power, battery state of charge, and energy efficiencies of the
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engine 14 and the first and second electric machines 56 and n. The control

system manages torque inputs from the engine 14 and the first and second

electric machines 56 and n based upon an outcome of the executed

optimization routine, and system efficiencIes are optimized thereby, to manage

fuel economy and battery chargmg. Furthermore, operation can be determined

based upon a fault in a component or system. The HCP 5 monitors the torque-

generative devices, and determines the power output from the transmission 10

required in response to the desired output torque at output member 64 to meet

the operator torque request. As should be apparent from the description

above, the ESD 74 and the first and second electric machines 56 and n are

electrically-operatively coupled for power flow therebetween. Furthermore,

the engine 14, the first and second electric machines 56 and 72, and the

electro-mechanical transmission 10 are mechanically-operatively coupled to

transfer power therebetween to generate a power flow to the output member

64.

.. (00311 Fig. 3 shows the system in greater detail. The first and second

electric machines 56 and n preferably comprise three-phase AC machines,

each includmg a stator (not shown) and a rotor (not shown), and respective

resolvers 80 and 82. The motor stator for each machine is grounded to an

outer portion of the transmission case 68, and includes a stator core. The

stator core of the first electnc machine 56 further includes inductors 418, 420,

and 422 Each inductor 418, 420, and 422 compnse coiled electrical windings

extending from the stator core of the first electric machme 56. Further, the

stator core of the second electric n machine includes inductors (not shown)
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comprising electrical coil windings extending from the stator core of the first

electric machine 56. Each inductor 418, 420, and 422 operates utilizing a

different phase of AC power supplied by first power inverter circuit 402 for

converting electric power during motoring or generating operation of the

electric machine 56. The rotor for the first electric machine 56 is supported on

a hub plate gear that is operatively attached to shaft 60 VIa the second

planetary gear set 26. The rotor for the second electric machine 72 ISfixedly

attached to a sleeve shaft hub 66.

f')932) Each of the resolvers 80 and 82 preferably comprises a variable

reluctance device includmg a resolver stator (not shown) and a resolver rotor

(not shown). The resolvers 80 and 82 are appropnately positioned and

assembled on respective ones of the first and second electric machines 56 and

72. Stators of respective ones of the resolvers 80 and 82 are operatively

connected to one of the stators for the first and second electric machines 56

and 72. The resolver rotors are operatively connected to the rotor for the

corresponding first and second electric machines 56 and 72. Each of the

resolvers 80 and 82 is signally and operatively connected to the TPIM 19, and

each senses and momtors rotatIOnal position of the resolver rotor relative to

the resolver stator, thus monitoring rotational position of respective ones of

first and second electric machmes 56 and 72. Additionally, the signals output

from the resolvers 80 and 82 are interpreted to provide the rotatIonal speeds

for first and second electnc machines 56 and 72, i.e., NA and Ns, respectively .

.---(9933).... FIG. 3 shows a hIgh voltage monitoring and control circuit 400 for

monitonng and controlling a hIgh voltage Circuit 401 of the powertrain to
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effect shutdown of the exemplary powertram system described with reference

to FIG. 1 and FIG 2. The high voltage monitoring and control circuit 400

includes the high voltage circuit 401, the HCP 5, an airbag deployment sensor

450, a vehicle roll sensor 452, an inertia detection sensor 454, a

communications gateway module (hereafter, 'CGM') 456 and a high voltage

interlock circuit 460. The high voltage circuit 401 includes the ESD 74, .the

contactors 38, the TPIM 19, and the first electric machine 56.

.(0034) Although the high voltage monitoring control circuit 400 is

described herein, it to be understood that a high voltage monitoring control

circuit (not shown) having a substantIally similar structure to the high voltage

monitoring control circuit 400 momtors voltage with respect a high voltage

circuit (not shown) comprising the second electrical machine 72.

The ESD 74 includes a high voltage battery 432 In one

embodIment, the voltage output from the hIgh voltage battery 432 is nominally

in the range of 300 volts, however, in other embodiments battenes having

other voltage levels can be used.

,(00361 The TPIM 19 mcludes a first power inverter circuit 402, a second

power inverter cIrcuit (not shown), a capacitive circuit 429, and an active

discharge cIrcuit 432. The first power inverter cirCUIt402 and the second

power inverter circuit comprise three-phase power electronics devices

configured to receive the torque commands and control inverter states

therefrom for providmg motor dnve or regeneration functionality to achieve

the input torques TA and TB.
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ef603'7t The first power inverter circuit 402 Includes a plurality of insulated

gate bipolar transistors (hereafter' IGBTs ') 404, 406, 408, 410, 412, and 414.

The operation of the IGBT 404, the IQBT 406, the IGBT 408, the IGBT 410,

the IGBT 412, and the IGBT 414 is controlled pairs to provide AC current for

each phase the three phases of the first electric machine 56 The IGBT 404

operates wIth the IGBT 406 to provide a first phase, the IGBT 408 operates

with the IGBT 410 to provide a second phase, and the IGBT 412 operates with

the IGBT 414 to provide a third phase.

~OJ8J The IGBTs 404, 406, 408, 410, 412, and 414 of the first inverter

circuit 402 form a switch mode power supply configured to receive control

commands to convert between DC power and AC power for powering the first

electric machIne 56 by switching at high frequencies. States of the IGBTs

404, 406, 408, 410, 412, and 414 are controlled to convert electric power by

providing motor drive mechanical power generation or electric power

regeneration functionality through the first electric machine 56.

, (0939t The active discharge circuit 432 includes a resistor 434 and a

switch 436. The switch 436 is controlled by the TPIM 19 and IScontrolled to

a default open position. The SWitch436 provides selective electrical

communication between the actIve circuit 432 and the capacitive circuit 429.

The resistor 434 provides a resistance to actively dIscharge capacitive

electrical potential. In one embodiment, the resistor 434 is a 50 ohm resistor.

(.9949) The capacitive circuit 429 includes a capacitor 430 and a second

resistor 440 The resistor 440 provides a resistance to passIvely dIscharge the

capacitive electrical potential In an exemplary embodiment, the resistor 440
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is a 75 kilohm resistor and the capacitor 430 is a 1000 microfarad capacitor.

In one embodiment the c:.apacitivecircuit 429 includes the capacitor 430, and

in alternate embodIments the capacitive cirCUItcan include capacitors having

different capacitive loads.

['0041] The airbag deployment sensor 450 is disposed proximate to an

aIrbag (not shown) of the vehicle and senses whether the airbag of the vehicle

is in a deployed position. The airbag deployment sensor 450 signally

communicates with the CGM 456. When the CGM 456 receives a signal from

the airbag deployment sensor 450 indicating detection of the airbag in a

deployed position the CGM 456 sends a signal indicating airbag deployment

to the HCP 5 via the LAN bus 6

,.f0042) The vehicle roll sensor 45z is disposed within a chassis (not

shown) of the vehicle. The vehicle roll sensor 452 detects whether vehicle roll

is greater than a threshold roll level. The vehicle roll sensor 452 signally

communicates with the CGM 456. When the CGM 456 receives a signal from

the vehicle roll sensor 452 indicating detection of vehicle roll greater than the

threshold roll level, the CGM 456 sends a signal indicating vehicle roll greater

than the threshold roll level to the HCP 5 via the LAN bus 6.
,

~643J The inertia detection sensor 454 is disposed within the.chassis of

the vehicle and the inertia detection sensor 454 detects a change in vehicle

mertia exceeding a threshold inertia level. The inertia detection sensor 454

signally communicates wIth the CGM 456 When the CGM 456 receives a

signal from the inertia detection sensor 454 indicatmg detection of a change in
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vehicle inertia greater than the threshold inertia level, the COM 456 sends a

signal indicating vehicle inertia greater than the threshold to the HCP 5.

10044t- In other embodiments, the airbag deployment sensor 450, the

vehicle roll sensor 452, and the inertia detection sensor 454 have redundant

communications paths to the HCP 5. In other embodiments, the airbag

deployment sensor 450, the vehicle roll sensor 452, and the inertia detection

sensor 454 send signals to one or more other control modules (not shown) in

addition to the COM 456. In other embodiments, the other control modules

communicate through ~th the HCP 5 via communication busses (not shown)

other than the LAN bus 6

-f004S) The high voltage interlock circuit 460 includes a current source 462

supplied by a low voltage bus (not shown), a first current sensor 464 for

monitoring high voltage interlock circuit current proximate the ESD 74, and a

second current sensor 466 for monitoring high voltage interlock circuit current

proximate the TPIM 19. The high voltage interlock circuit 460 is connected to

access points of the TPIM 19 and the ESD 74 to detect access to mternal

components such as, opening of casing component (not shown). of the TPIM

19 or opening of casmg components (not shown) of the ESD 74. When

internal components of the TPIM 19 and the ESD 74 are accessed the high

voltage interlock circuit 460 is opened and current supply across the high

voltage interlock circuit drops to zero. The first current se~sor 464 is

interfaced with the BPCM 21, which sends signals indicating high voltage

interlock cirCUItcurrent to the HCP 5 through the LAN bus 6. The second

current sensor 466 interfaces with the TPIM 19 and the TPIM 19 sends signals
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indicating high voltage interlock circUIt current to the.HCP 5 through the LAN

J
bus 6.

-I0046J FIG. 4 shows a method 300 for managing high voltage electrical

potential in a powertrain to effect shutdown of the exemplary powertrain

system described with reference to FIG. I and FIG 2. The HCP 5 detects a

powertrain shutdown event (302). In response, to the powertrain shutdown

event, the HCP 5 commands the powertrain to operate in a non-propulsion,

energy conservation operating state. In the exemplary embodiment, the HCP

5 either detects the shutdown event by detecting one of a operator-initiated

shutdown event, a fault-initiated shutdown event, or an externally-mItiated

shutdown event

~9947)- The operator-imtIated shutdown event comprises an operator

commanding an off state of the vehicle, which can be initiated by the operator

turning a key to an off posItion or pressing an off button, thereby sending a

signal to the HCP 5 via the LAN bus 6.

.£9848] The fault-initiated shutdown event includes a shutdown event that

is detected when the Hep 5 receives a signal indicating a fault in the

powertrain necessitating shutdown of the powertrain. In one embodiment, the

HCP 5 and other control modules continuously monitor states of the operating

parameters and the actuator command SIgnals of the powertrain components

such as voltage levels, current levels, power levels, and temperature levels.

The HCP 5 and other control modules perform valIdity and rationality tests by

comparing measurements to predetermmed values or to values based on

vehicle operating conditions. In one embodiment, the HCP 5 sends the signal
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indicating the fault when detecting a temperature above a threshold

temperature, a voltage level outside a predetermined voltage range, or a

current level outside a predetermined current range.

1664~J The externally-Initiated shutdown event includes a shutdown event

Initiated from a sensor monitoring vehicle conditions external to the

powertrain. The externally-initiated event can Include an airbag deployment, a

vehicle roll level greater than a threshold roll level, and a change in vehicle

inertia greater than a threshold inertia level The airbag deployment sensor

450 detects airbag deployment and the HCP 5 receives a signal indicating the

airbag deployment via the LAN bus 6 The vehIcle roll sensor 452 detects

vehicle roll level greater than a threshold roll level, and the HCP 5 receives a

signal indicating vehicle roll exceedIng a threshold vehicle roll level via the

LAN bus 6. The inertia detection sensor 454 detects changes in inertia level

greater than a thresho'icl inertia level and the HCP 5 receIves a signal

indicating the inertIa level than a threshold Inertia level via the LAN bus 6.

..{0050] In the exemplary embodIment, the HCP 5 Initiates one of three

high voltage management strategIes based upon the type of shutdown event

detected by the HCP 5. The hIgh voltage management strategies are

associated with different speeds at which the high voltage battery 432 can be

isolated from the high voltage circuit 401. In particular, the HCP 5 either

Initiates a first high voltage management strategy 304, a second high voltage

management strategy 306, or a third high voltage management strategy 308.

The first high voltage management strategy 304 is associated with the slowest

battery isolation speed, the second high voltag~ management strategy 306 is
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associated with an intermediate battery Isolation. speed and the third high

voltage management strategy 308 is associated with fastest battery isolation

speed for isolating the high voltage battery 432 from the high voltage circuit

301.

40051t If the HCP 5 receives signals indicating shutdown events

associated with multiple high voltage management strategies, the HCP 5 will

preferentially select the shutdown strategy associated with the fastest

discharge speed. Therefore, the HCP 5 will utilIze the third high voltage

management strategy 308 over both the second high voltage management

strategy 306 and the first high voltage management strategy 304, and the HCP

5 will preferentially select the second first high voltage management strategy

306 over the first high voltage management strategy 304.

10031] Although three high voltage management strategies are described,

each bemg associated with different battery Isolation speeds, other

embodiments can utilize other numbers of high voltage management

strategies. For example, in other embodiments, two high voltage management

strategies and more than three different high voltage management strategies

can be utilized.

(6853] When the HCP 5 receives a signal indicating an operator-initiated

shutdown event, the HCP 5 imtiates the first high voltage management

. strategy 304. When the HCP 5 receives a signal indicating a fault-initiated

shutdown event, the HCP 5 initiates the second high voltage management

strategy 306. When the HCP 5 receives a signal mdicating an extemally-

initiated shutdown event, the HCP 5 initiates the third high voltage
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management strategy 308 In alternative embodim~nts, other types of sensors

and other signals can be us~d to detect vehicle sItuations in which selecting

different high voltage management strategies are desirable.

...fOO54"] FIG. 5 shows the first hIgh voltage management strategy 304 when

the operator-initIated shutdown event is detected. The HCP 5 commands the

transmission 10 to neutral (310). The HCP 5 commands auxilIary high

voltage loads (not shown) to shutoff (312). The auxiliary high voltage loads

that are commanded to shutoff mclude an air-condItIomng compressor (not

shown), and a voltage conversion devIce (not shown). The HCP 5 commands

fuel injectors (not shown) to discontinue fueling the engine 14 (314) The

HCP 5 then receives a sIgnal from the ECM 23 indicating rotational speed of

toe engine 14 via the LAN bus 6. The HCP 5 proceeds to step 316 either after

the rotational speed of the engine IS is below a selected speed or a

predetermined time period elapses. The HCP 5 commands the TPIM 19 to

cease torque mode operation (316). In one embodiment, the TPIM 19

commands the phasing of alternating current to the inductors 418, 420, 422 of

the first electric machine 56, such that the first electric machine 56 produces

approximately zero torque when converting electric power. Further, the TPIM

19 commands phasing of alternating current to the inductors (not shown) of

the second electric machine 72 such that the second electric machine 72

produces approximately zero torque when convertmg electric po~er. The

HCP 5 confirms that the TPIM 19 has discontinued torque mode by receivmg

a confirmation signal from the TPIM 19. The HCP 5 proceeds to step 218

after the confirmation sIgnal is recei'ved or after a selected time period elapses.
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/'10055)- The HCP 5 allows a selected amount of time to elapse such as to

reduce speed and power of the engine 14, and the first and second electric

machines 56 and 72, and to allow current to dissipate through resistances in

the high voltage circuit 401 (318). In one embodiment, the selected amount of

time is 10 seconds. The HCP 5 confirms that the transmission 10 is in neutral,

the battery current is below a threshold current, and that the electric machine

speeds are below a threshold speed (320). The HCP 5 confirms that the

transmission 10 is in neutral by receIving signals indicating valve states and

solenoid commands from a control module (not shown) through the LAN bus

6. The Hep 5 confirms that the high voltage battery current is below a

threshold current level by receiving a signal indicating the high voltage battery

current from the BPCM 21 via the LAN 6 The HCP 5 then compares the high

voltage battery current to a stored value for a high voltage battery threshold

current. In an exemplary embodIment, the high voltage battery threshold

current for the first high voltage management strategy 304 is 18 Amperes.

-£9956) The HCP 5 confirms that the rotational speed of the first and

second electric machmes 56 and 72 is below a threshold rotational speed level.

In one embodIment, the HCP 5 receIves a signal indicating the rotational

speed of the resolvers of the first and second electric machines 56 and 72 from

the TPIM 19. In one embodiment, the rotational speed threshold for the first

high voltage management strategy 304 IS20 revolutions per minute Ifthe

HCP 5 receives signals indicating that the transmission 10 is in neutral, the

battery current is below a threshold current, and each of the rotational speeds

of the first and second electric machme 56 and 72 are below the threshold
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rotational speed level, the HCP 5 proceeds to step 324. Otherwise, the HCP 5

waits a selected time period before proceedmg to step 324

(9957) The HCP 5 sends a signal to the BPCM 21 to command contactors

38 from a closed position to an open position (324). When the BPCM 21

commands the contactors to the open position, the BPCM 21 sends a

confirmation signal indIcating the contactor positIon to the HCP 5 via the

LAN 6. The HCP 5 WaIts to receive the confirmation signal from the BPCM

21 prior to proceeding to step 328. The HCP 5 verifies that the contactors 38

are open utilizing a current level measurement across the hIgh voltage

interlock circuit 460 (326). The BPCM 21 sends the current level

measurements of the first current sensor 464 to the HCP 5 via the LAN bus 6.

The BPCM 21 sends the current level measurements of the second current

sensor 466 to the HCP 5 via the LAN bus 6. The HCP 5 waits to receive a

current measurement from the first current sensor 464 below a threshold

current level and a current measurement from the second current sensor 466

below a threshold current level prior to proceeding to step 328.

The HCP 5 commands the TPIM 19 to actuate the switch 436 from

an open position, to a closed position to electrically couple the active circuit

432 to the capacitive circuit 429 (329) such that power from the capacitive

circuit can be dissipated through the resistor 434 of the active circuit 432.

(0959j- The TPIM 19 measures a voltage across the capacitive circuit 429

after a selected time period elapses (330) In an exemplary embodiment, the

selected time period is 50 mIlliseconds. The HCP 5 receives the voltage

measurement from the TPIM 19 and compares the voltage measurement
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across the capacitive circuit 429 to a threshold voltage Jevel. If after the

selected time period elapses, the voltage measurement across the capacitive

circuit is greater than the threshold voltage, the method proceeds to step 332.

If after the selected time penod elapses, the voltage measurement across the

capacitive circuit 429 is less than the threshold voltage, the HCP 5 proceeds to

END step 334.

100(;0) The HCP 5 commands discharge across the inverter circuit (332).

In an exemplary embodiment, the HCP 5 commands the TPIM 19 out of

torque mode and the HCP 5 further commands switching of the IGBTs 404,

406, 408, 410, 412, and 414 to dissipated energy through the electric machine

56 and in proportion to a magnitude of current circulated through the stators

(not shown) of the electric machine 56 while current is applied with zero slip

(that is, at the same frequency as motor rotatIOn) with the phase of the current

alternating at 180 degrees. The TPIM' 19 further commands switching of

IGBTs such that energy is dissipated through the electric machine 72 in a

substantially similar manner as described for the electric machine 56.

i9961t The current ISdIrected such that the 'stator magnetic axis (not

shown) of each stator stays aligned with a magnetic axis of each the rotor (not

shown). In an exemplary embodiment, the current is circulated through each

stator in an additive alignment wIth each rotor. In an alternative exemplary

embodiment, the current is circulated through each stator in an opposed

alignment with each rotor When discharge across the first power inverter

circuit 402 is commanded, the capacitive cIrcuit 430 remains in electrical

communication with the active circUit 429. The TPIM 19 measures a voltage
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across the capacitive circuit 429 after a selected time period elapses and the

HCP 5 receives the voltage measurement and determines whether the voltage

is below a threshold voltage. When the voltage is below the threshold voltage,

the HCP 5 proceeds to end step 330.

['6962.J- FIG. 6 shows the second high voltage management strategy 306,

when the fault-initiated shutdown event ISdetected The HCP 5 commands

the transmission 10 to neutral (340), commands auxilIary high voltage load

shutoff, commands engine shutoff (344), and command the inverters out of

torque mode (346) utilizing a substantIally similar process as described for the

step 310, the step 312, and the step 314, respectIvely of first high voltage

management strategy 304. The HCP 5 confirms that the transmission 10 is in

neutral, the high voltage battery current is below a threshold current level, and

that the first and second electric machmes 56 and 72 are each below a

threshold speed (348). The HCP 5 confirms the transmission 10 is in neutral,

confirms the high voltage battery 432 is below a threshold current, and the

first and second el~ctnc machines 56 and 72 are each below a threshold speed

utilizmg a substantially similar process as descnbed for step 320 for the first

high voltage management strategy 304.

,(9063t- The HCP 5 commands the contactors open (350) utilIzing a

substantially similar procedure to step 320 of the first hIgh voltage

management strategy 304. The HCP 5 verifies the contactors 38 are open

utilizing high voltage interlock hardware line 460 (352) utilizing a

substantially similar procedure to step 326 of the first hIgh voltage

management strategy 304. The HCP 5 dIscharges the capacitive circuit 429
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across the active circuit 463 (352) utilizing a substantially similar-procedure to

step 322 of the first hIgh voltage management strategy 304. The HCP 5

measures a voltage of the capacitive circuit 429 after a selected time period,

and proceeds to either step 358 or to step 360 after the selected time period

based on whether voltage measurement of the capacitive circuit 430 after the

selected time period is greater than a threshold voltage (356) utilizing a

substantIally similar process to step 330 of the first high voltage management

strategy 304. The HCP 5 discharges across the capacitive circuit 430 of the

first power Inverter CIrcuit 402 utilizing a substantially similar procedure to

step 332 of the first high voltage management strategy 304.

i6864J FIG. 7 shows the third high voltage management strategy 308,

when the externally-initiated shutdown event is detected. The HCP 5

commands the transmISSIOn 10 to neutral (370), utilizing a substantially

similar process as described for step 310 of the first high voltage management

strategy 304. The HCP 5 commands auxiliary high voltage loads to shutoff

(372) utilizing a substantially similar process as described for step 312 for the

first high voltage management strategy 310 The HCP 5 commands fu~1

injectors (not shown) to discontinue fueling the engine 14 (374). The HCP 5

commands the TPIM 19 to operate in a three-phase short mode. The three-

phase short mode is a mode in which the IGBT 406, the IGBT 410, and the

IGBT 414 are each switched to a continuously open position and IGBT 404,

IGBT 408, and IGBT 412 are each switched in a constant closed position.

When the TPIM 19 operates III the three-phase short mode, electrIcal energy

produced by the electric machine 56 is routed through an electrical flow path
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475. The electrical flow path 475 flows through the TPIM 19 and the first

electric machine 56, but the electric flow path 475 does not flow through to

the ESD 74. The TPIM 19 further commands switching ofIGBTs (not shown)

such that an electrical flow path (not shown) flows through the TPIM 19 and

the second electric machine 72, but the flow path does not flow through the

ESD 74.

,(9965] , In an alternative embodiment, the HCP 5 can command the TPIM

19 to a three-phase open mode. The three-phase open mode is a mode in

which the IGBT 404, the IGBT 410, and the IGBT 414 are each switched to a

continuously open positIOn and the IGBT 406, the IGB'F 410, and the IGBT

414 are each switched to a continuously closed position. When the TPIM 19

operates in the three-phase open mode, electrical energy produced by the

electnc machine 56 is routed through an electncal flow path (not shown) such

energy produced by the electric machine 56 flows through the TPIM 19 and

the first electric machme 56, but not through to the ESD 74. Further, the HCP

5 receives a signal from the TPIM 19 indIcating that the TPIM 19 is operating

in the three-phase short mode. The HCP 5 confirms that the transmission 1Q is

in neutral, the battery current is below a threshold current, and that the electric

machine speed is below a threshold speed (362) utilizing a substantially

similar procedure as descnbed for step 320 of the first high voltage

management strategy 304. In an exemplary embodiment of the thIrd high

voltage management strategy 308, the HCP 5 confirms that the high voltage

battery 432 is below a threshold current of 300 amperes and that the first and
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second electrical machmes 56 and 72 are below a threshold speeds of 8,000

rpm.

~gg~(tJ The HCP 5 commands the contactors open (380) utilizing a

substantially similar procedure to step 320 of the first high voltage

management strategy 304. The HCP 5 verifies the contactors 38 are open

utilizing high voltage interlock hardware line 460 (382) utilizing a substantial

similar procedure to step 326 of the first high voltage management strategy

304. The HCP 5 commands the TPIM 19 to actuate the switch 436 from an

open position, to a closed position to electrIcally couple the active circuit 432

to the capacitive circuit 429 (384) such that power from the capacitive circuit

429 can be dissIpated through the resistor 434 of the active circuit 432

.(gg~7) . It is understood that modifications are allowable within the scope

of the disclosure. The disclosure has been described with specific reference to

the preferred embodiments and modifications thereto. Further modifications

and alterations may occur to others upon readmg and understanding the

specification. It is intended to include all such modifications and alterations

insofar as they come within the scope of the dIsclosure
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ABSTRACT
"A METHOD OF CONTROLLING A HYBRID POWERTRAIN"

A hybrid powertrain (10) an electromechanical transmission (14) operative to

transmit torque between an input member (12) and an electric machine (56,72)

and an output member (64) to transmit tractive torque. The electric machine

(56,72) is electrically connected to an inverter device (402) which is electrically

connected to an energy storage device (74). A method for controlling the

powertrain (10) comprises detecting a shutdown event, commanding the

transmission to neutral, commanding the electric machine to cease operating in a

torque generating mode, and electrically disconnecting the energy storage device

from the inverter device.

{FIGURE - 6}
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