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SERVICE DISCONNECT INTERLOCK SYSTEM AND METHOD
FOR HYBRID VEHICLES

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application No.

61/788,367 filed March 15, 2013, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Over the past few years, there has been a growing concern over global climate

change due to an increase in carbon dioxide levels as well as oil supply shortages.

As a result, some automobile manufactures and consumers are beginning to have a

greater interest in motor vehicles having low emissions and greater fuel efficiency.

One viable option is a hybrid electric vehicle (HEV) which allows the vehicle to be

driven by an electric motor, combustion engine, or a combination of the two.

Though various features are important to the overall HEV design, the

system which stores the energy available for use by the vehicle is a key component.

The energy storage system is provided within the HEV to store the energy created

by a generator in order for that energy to be available for use by the hybrid system

at some later time. For example, the stored energy may be used to drive an electric

motor to independently propel the motor vehicle or assist the combustion engine,

thereby reducing gasoline consumption.

However, energy storage systems face a variety of design complications,

such as over-heating, weight, complexity, ease of incorporation into the vehicle,

ease of service, and cost, just to name a few. Additionally, known energy storage

systems utilize only a specific and known number of battery packs or modules

designed to meet a particular HEV design specification. For example, a battery

pack may be specifically designed to provide a specific amount of energy for a

300V vehicle. However, when a different amount of energy is required, such as a

600V system, a different battery pack must be designed to meet the needs of that

application. Known battery packs and storage systems can not be utilized or



otherwise implemented into different settings without a considerable amount of re-

engineering and re-working.

Some known systems allow for separate battery packs to be electrically

connected to a separate and distinct control box. Though the independent battery

packs may be added to or removed from the overall system, the separate control

box is still required. However, because available space for HEV components is at

a premium, the inclusion of a separate and distinct control box should be avoided.

Additionally, in the event the separate control box fails, the entire energy storage

system is unable to function. Thus, there is a need for improvement in this field.

One envisioned area of improvement relates to the safe operation of the

HEV, including safety during repair and servicing. In conjunction with the safe

operation of a hybrid vehicle, diagnostic tools are included as a part of the control

circuitry. Preferably, system failures would be detectable so that repair or service

decisions can be made in a timely manner without risking damage to the vehicle or

to its components.

While some hybrid system failures can cause damage to hybrid

components, other hybrid system failures can cause risks of uncontrolled energy,

such as if contactors are closed with the failure not fixed. Some of these failures

can only be detected after attempting to enable the hybrid system.

Certain failures can cause further damage if the hybrid system is enabled

before the fault is actually repaired, and some of these can come with the risk of

uncontrolled energy. Some of these faults require the hybrid system to be enabled

(or commanded enabled) to detect, which means the verification of a successful

service routine requires an attempt to enable the hybrid system. This attempt, if no

service routine was performed, could momentarily re-expose the hybrid system to

the fault condition. The disclosed embodiment provides significant confidence to

the hybrid system controls that a service routine has been performed and that a

subsequent hybrid system enable routine is likely to be successful. The disclosed

service disconnect interlock system and method provides an arrangement which

allows detection that a repair or service routine has been performed before enabling



the hybrid system and therefore avoiding damage to the hybrid components or

reducing the risk of uncontrolled energy.



SUMMARY

In the context of the disclosed service disconnect interlock system and

method, it may be helpful to have a general understanding of the exemplary

embodiment of the associated energy storage system and of the HEV. Focusing on

the energy storage system, an exemplary embodiment includes a plurality of energy

storage modules. The energy storage modules include, among other things, a

plurality of secondary battery arrays adapted to store high voltage energy. An

energy storage controller module is electrically connected to various components

within an energy storage module, such as, but not limited to, the battery arrays, a

low voltage harness, a thermistor harness, and/or a vehicle signal connector

assembly, to name a few examples. The energy storage modules within the energy

storage system are adapted to communicate with one another. A pack-to-pack

CAN bus is provided between each energy storage module. When multiple energy

storage modules are used to comprise the energy storage system, one energy

storage module functions as a master energy storage module while the others

function as slave energy storage modules. The energy storage controller module

within the master energy storage module is adapted to receive information from the

slave energy storage modules and communicate with a transmission/hybrid control

module and the rest of the hybrid system as a single energy storage system.

The energy storage system comprises at least one energy storage module

adapted to supply electrical energy to a hybrid vehicle. The energy storage module

comprises a primary enclosure, at least one battery array located within the primary

enclosure, and an energy storage controller module located within the primary

enclosure and electrically connected to the battery array. The energy storage

controller module is further connected to a hybrid control module of the hybrid

vehicle by a low voltage connecter. A high voltage junction box is attached to a

first end of the primary enclosure and has a plurality of high voltage connection

terminals. The high voltage junction box has a first opening which corresponds to

a second opening of the primary enclosure such that the primary enclosure and high

voltage junction box define a sealed cavity. At least one of the high voltage



connection terminals is configured to receive a high voltage conductor connected

between the energy storage module and an inverter of the hybrid vehicle. A service

disconnect is connected in a current path between the high voltage connection

terminals and the at least one battery array.

The energy storage system includes a thermal pad disposed between the

battery arrays and an interior surface of the primary enclosure. A heat sink is

disposed on an exterior surface of the primary enclosure. The heat sink comprises

a plurality of fins which may be disposed angularly outward in a symmetrical

pattern with respect to a longitudinal axis of the primary enclosure. A fan mounted

to an exterior surface of a first end of the primary enclosure is operable to direct air

across the fins toward a second end of the primary enclosure. The height or length

of the fins may be varied relative to the fan location to provide uniform cooling

across the battery cells in the battery array. An enclosing plate is mounted exterior

to the heat sink and defining an airflow cavity, wherein the enclosing plate further

directs air from the fan across the heat sink.

In the operation of a hybrid vehicle and the corresponding hybrid system,

including the described energy storage system, it is acknowledged that certain

hybrid system failures can cause damage to hybrid components. There are also

risks associated with such failures, such as risks of uncontrolled energy if the

contactors are closed with the failure not fixed. Some of these failures can only be

detected after attempting to enable the hybrid system.

Certain failures can cause further damage if the hybrid system is enabled

before the fault is actually repaired, and some of these can come with the risk of

uncontrolled energy. As noted in the Background, some of these faults require the

hybrid system to be enabled to detect, which means the verification of a successful

service routine requires an attempt to enable the hybrid system. As indicated, the

disclosed embodiment provides significant confidence to the hybrid system

controls that a service routine has been performed and that a subsequent hybrid

system enable routine is likely to be successful.

The disclosed embodiment is directed to allowing detection that a repair or

service routine has been performed by enabling the hybrid system. By this



approach it should be possible to avoid damage to the hybrid components and

reduce the risk of uncontrolled energy.

Further forms, objects, features, aspects, benefits, advantages, and

embodiments of the present invention will become apparent from a detailed

description and drawings provided herewith.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a diagrammatic view of one example of a hybrid system.

FIG. 2 illustrates a general diagram of an electrical communication system in

the FIG. 1 hybrid system.

FIG. 3 is a front perspective view of an energy storage module according to

one embodiment of the present disclosure.

FIG. 4 is a schematic of one embodiment of service disconnect interlock

circuitry.

FIG. 5 is a diagrammatic illustration of a service disconnect interlock device.

FIG. 6 is a flow diagram corresponding to the disclosed embodiment of a

service disconnect interlock system and method for hybrid systems.



DETAILED DESCRIPTION

For the purpose of promoting an understanding of the principles of the

invention, reference will now be made to the embodiments illustrated in the

drawings, and specific language will be used to describe the same. It will

nevertheless be understood that no limitation of the scope of the invention is

thereby intended. Any alterations and further modifications in the described

embodiments and any further applications of the principles of the invention as

described herein are contemplated as would normally occur to one skilled in the art

to which the invention relates. One embodiment of the invention is shown in great

detail, although it will be apparent to those skilled in the relevant art that some

features not relevant to the present invention may not be shown for the sake of

clarity.

In order to help with an understanding of the exemplary embodiment, a

representative hybrid system is disclosed (see FIG. 1). Also disclosed is a

representative communication system (see FIG. 2) and a representative energy storage

module (see FIG. 3).

With continued reference to FIG. 1, a diagrammatic view of a

representative hybrid system 100 is illustrated. The hybrid system 100 is adapted

for use in commercial-grade trucks as well as other types of vehicles or

transportation systems, but it is envisioned that various aspects of the hybrid

system 100 can be incorporated into other environments. As shown, the hybrid

system 100 includes an engine 102, a hybrid module 104, an automatic

transmission 106, and a drive train 108 for transferring power from the

transmission 106 to wheels 110. The hybrid module 104 incorporates an electrical

machine, commonly referred to as an eMachine 112, and a clutch 114 that

operatively connects and disconnects the engine 102 from the eMachine 112 and

the transmission 106.

The hybrid module 104 is designed to operate as a self-sufficient unit, that

is, it is generally able to operate independently of the engine 102 and



transmission 106. In particular, its hydraulics, cooling and lubrication do not

directly rely upon the engine 102 and the transmission 106. The hybrid

module 104 includes a sump 116 that stores and supplies fluids, such as oil,

lubricants, or other fluids, to the hybrid module 104 for hydraulics, lubrication, and

cooling purposes. While the terms oil or lubricant will be used interchangeably

herein, these terms are used in a broader sense to include various types of

lubricants, such as natural or synthetic oils, as well as lubricants having different

properties. To circulate the fluid, the hybrid module 104 includes a mechanical

pump 118 and an electrical (or electric) pump 120. With this combination of both

the mechanical pump 118 and electrical pump 120, the overall size and, moreover,

the overall expense for the pumps is reduced. The electrical pump 120 can

supplement mechanical pump 118 to provide extra pumping capacity when

required. In addition, it is contemplated that the flow through the electrical

pump 120 can be used to detect low fluid conditions for the hybrid module 104.

The hybrid system 100 further includes a cooling system 122 that is used to

cool the fluid supplied to the hybrid module 104 as well as the water-ethylene-

glycol (WEG) to various other components of the hybrid system 100 which will be

described later in further detail. In one variation, the WEG can also be circulated

through an outer jacket of the eMachine 112 in order to cool the eMachine 112. It

should be noted that the hybrid system 100 will be described with respect to a

WEG coolant, but other types of antifreezes and cooling fluids, such as water,

alcohol solutions, etc., can be used. Looking at FIG. 1, the cooling system 122

includes a fluid radiator 124 that cools the fluid for the hybrid module 104. The

cooling system 122 further includes a main radiator 126 that is configured to cool

the antifreeze for various other components in the hybrid system 100. Usually, the

main radiator 126 is the engine radiator in most vehicles, but the main radiator 126

does not need to be the engine radiator. A cooling fan 128 flows air through both

fluid radiator 124 and main radiator 126. A circulating or coolant pump 130

circulates the antifreeze to the main radiator 126. It should be recognized that

other various components besides the ones illustrated can be cooled using the



cooling system 122. For instance, the transmission 106 and/or the engine 102 can

be cooled as well via the cooling system 122.

The eMachine 112 in the hybrid module 104, depending on the operational

mode, at times acts as a generator and at other times as a motor. When acting as a

motor, the eMachine 112 draws alternating current (AC). When acting as a

generator, the eMachine 112 creates AC. An inverter 132 converts the AC from

the eMachine 112 and supplies it to an energy storage system 134. In the

illustrated example, the energy storage system 134 stores the energy and resupplies

it as direct current (DC). When the eMachine 112 in the hybrid module 104 acts as

a motor, the inverter 132 converts the DC power to AC, which in turn is supplied

to the eMachine 112. The energy storage system 134 in the illustrated example

includes three energy storage modules 136 that are daisy-chained together to supply

high voltage power to the inverter 132. The energy storage modules 136 are, in

essence, electrochemical batteries for storing the energy generated by the

eMachine 112 and rapidly supplying the energy back to the eMachine 112. The

energy storage modules 136, the inverter 132, and the eMachine 112 are

operatively coupled together through high voltage wiring as is depicted by the line

illustrated in FIG. 1. While the illustrated example shows the energy storage

system 134 including three energy storage modules 136, it should be recognized

that the energy storage system 134 can include more or less energy storage modules

136 than is shown. Moreover, it is envisioned that the energy storage system 134

can include any system for storing potential energy, such as through chemical

means, pneumatic accumulators, hydraulic accumulators, springs, thermal storage

systems, flywheels, gravitational devices, and capacitors, to name just a few

examples.

High voltage wiring connects the energy storage system 134 to a high

voltage tap 138. The high voltage tap 138 supplies high voltage to various

components attached to the vehicle. A DC-DC converter system 140, which

includes one or more DC-DC converter modules 142, converts the high voltage

power supplied by the energy storage system 134 to a lower voltage, which in turn

is supplied to various systems and accessories 144 that require lower voltages. As



illustrated in FIG. 1, low voltage wiring connects the DC-DC converter

modules 142 to the low voltage systems and accessories 144.

The hybrid system 100 incorporates a number of control systems for

controlling the operations of the various components. For example, the engine 102

has an engine control module 146 that controls various operational characteristics

of the engine 102 such as fuel injection and the like. A transmission/hybrid control

module (TCM/HCM) 148 substitutes for a traditional transmission control module

and is designed to control both the operation of the transmission 106 as well as the

hybrid module 104. The transmission/hybrid control module 148 and the engine

control module 146 along with the inverter 132, energy storage system 134, and

DC-DC converter system 140 communicate along a communication link as is

depicted in FIG. 1. In a typical embodiment, the transmission/hybrid control

module 148 and engine control module 146 each comprise a computer having a

processor, memory, and input/output connections. Additionally, the inverter 132,

energy storage system 134, DC-DC converter system 140, and other vehicle

subsystems may also contain computers having similar processors, memory, and

input/output connections.

To control and monitor the operation of the hybrid system 100, the hybrid

system 100 includes an interface 150. The interface 150 includes a shift

selector 152 for selecting whether the vehicle is in drive, neutral, reverse, etc., and

an instrument panel 154 that includes various indicators 156 of the operational

status of the hybrid system 100, such as check transmission, brake pressure, and air

pressure indicators, to name just a few.

As noted before, the hybrid system 100 is configured to be readily

retrofitted to existing vehicle designs with minimal impact to the overall design.

All of the systems including, but not limited to, mechanical, electrical, cooling,

controls, and hydraulic systems, of the hybrid system 100 have been configured to

be a generally self-contained unit such that the remaining components of the

vehicle do not need significant modifications. The more components that need to

be modified, the more vehicle design effort and testing is required, which in turn

reduces the chance of vehicle manufacturers adopting newer hybrid designs over



less efficient, preexisting vehicle designs. In other words, significant modifications

to the layout of a preexisting vehicle design for a hybrid retrofit requires, then,

vehicle and product line modifications and expensive testing to ensure the proper

operation and safety of the vehicle, and this expenses tends to lessen or slow

adoption of hybrid systems. As will be recognized, the hybrid system 100 not only

incorporates a mechanical architecture that minimally impacts the mechanical

systems of pre-existing vehicle designs, but the hybrid system 100 also

incorporates a contra 1/electrical architecture that minimally impacts the control and

electrical systems of pre-existing vehicle designs.

FIG. 2 shows a diagram of one example of a communication system 200

that can be used in the hybrid system 100. While one example is shown, it should

be recognized that the communication system 200 in other embodiments can be

configured differently than is shown. The communication system 200 is

configured to minimally impact the control and electrical systems of the vehicle.

To facilitate retrofitting to existing vehicle designs, the communication system 200

includes a hybrid data link 202 through which most of the various components of

the hybrid system 100 communicate. In particular, the hybrid data link 202

facilitates communication between the transmission/hybrid control module 148 and

the shift selector 152, inverter 132, the energy storage system 134, the low voltage

systems/accessories 144, and the DC-DC converter modules 142. Within the

energy storage system 134, an energy storage module data link 204 facilitates

communication between the various energy storage modules 136. However, it is

contemplated that in other embodiments the various energy storage system

modules 136 can communicate with one another over the hybrid data link 202.

With the hybrid data link 202 and the energy storage module data link 204 being

separate from the data links used in the rest of the vehicle, the contra 1/electrical

component of the hybrid system 100 can be readily tied into the vehicle with

minimum impact. In the illustrated example, the hybrid data link 202 and the

energy storage module data link 204 each have a 500 kilobit/second (kbps)

transmission rate, but it is envisioned that data can be transferred at other rates in

other examples. Other components of the vehicle communicate with the



transmission/hybrid control module 148 via a vehicle data link 206. In particular,

the shift selector 152, the engine control module 146, the instrument panel 154, an

antilock braking system 208, a body controller 210, the low voltage

systems/accessories 144, and service tools 212 are connected to the vehicle data

link 206. For instance, the vehicle data link 206 can be a 250 k J1939-type data

link, a 500 k J1939-type data link, a General Motors LAN, or a PT-CAN type data

link, just to name a few examples. All of these types of data links can take any

number of forms such as metallic wiring, optical fibers, radio frequency, and/or a

combination thereof, just to name a few examples.

In terms of general functionality, the transmission/hybrid control module

148 receives power limits, capacity available current, voltage, temperature, state of

charge, status, and fan speed information from the energy storage system 134 and

the various energy storage modules 136 within. The transmission/hybrid control

module 148 in turn sends commands for connecting the various energy storage

modules 136 so as to supply voltage to and from the inverter 132. The

transmission/hybrid control module 148 also receives information about the

operation of the electrical pump 120 as well as issues commands to the auxiliary

electrical pump 120. From the inverter 132, the transmission/hybrid control

module 148 receives a number of inputs such as the motor/generator torque that is

available, the torque limits, the inverter's voltage current and actual torque speed.

Based on that information, the transmission/hybrid control module 148 controls the

torque speed and the pump 130 of the cooling system. From the inverter 132, it

also receives a high voltage bus power and consumption information. The

transmission/hybrid control module 148 also monitors the input voltage and current

as well as the output voltage and current along with the operating status of the

individual DC-DC converter modules 142 of the DC-DC converter system 140.

The transmission/hybrid control module 148 also communicates with and receives

information from the engine control module 146 and in response controls the

torque and speed of the engine 102 via the engine control module 146.

Turning to FIG. 3, certain embodiments of the energy storage module 136 will now

be discussed. As depicted, energy storage module 136 comprises a primary



enclosure 301 having a lower housing 302 and an upper cover 304. The lower

housing 302 and upper cover 304 are constructed and arranged to withstand large

vibrations and high shock loads. In order to provide heavy duty strength for

operation in certain environments (i.e., heavy duty trucking) while also being

mindful of weight, lower housing 302 and upper cover 304 are constructed of

aluminum in one embodiment, though other materials, such as steel, may also be

used. According to one embodiment, the energy storage module 136 is constructed

to withstand 100G shock loads and 25G vibration loads.

A plurality of mounting feet 306 are located on the bottom of lower housing

302 to assist in the mounting of the energy storage module 136 to the HEV body or

frame. Additionally, a plurality of indentations 316 are provided around the

periphery of lower housing 302 to also assist in the optional stacking of multiple

energy storage modules.

Located at one end 307 of the energy storage module 136 is a high voltage

junction box 308. As will be described in more detail below, a series of high

voltage cables 310 are connected to the high voltage junction box 308 to deliver

high voltage power to and from energy storage module 136. The high voltage

junction box 308 may be formed integral to the primary enclosure 301 or as a

separate unit.

Also provided on the end 307 of the energy storage module 136 are a

service disconnect 312 and a low-voltage vehicle signal connector 314. The

service disconnect 312 is provided to break the current path between the high

voltage energy sources within the primary enclosure 301 and the electronics within

the high voltage junction box 308. The service disconnect 312 ensures user safety

during service operations of the energy storage module 136. The service

disconnect 312 is also important from a safety perspective when servicing or

repairing the hybrid system. The vehicle signal connector 314 allows for the

energy storage module 136 to be in electrical and communicative connection with

other components of the hybrid system, such as, but not limited to, the

transmission/hybrid control module 148. In one embodiment, the vehicle signal

connector 314 is a forty seven (47) way connector which includes gold terminals.



According to one aspect of the present disclosure, the vehicle signal connector 314

is also designed and validated for heavy duty applications. Though the

embodiment illustrated in FIG. 3 includes a single vehicle signal connector 314,

other embodiments may include two or more signal connectors.

With reference to FIGS. 4 and 5 typical service disconnect interlock

circuitry 400 is disclosed which in the exemplary embodiment includes a service

disconnect interlock device 402, of the type illustrated in FIG. 5 . Device 402 is

identified functionally in the circuitry 400 of FIG. 4 as outlined box 401 which

diagrammatically represents the combination of switch 404 and fuse 406. The

switch 404 must be opened before the high voltage fuse 406 can be removed.

Removal of device 402 is part of the procedure for disconnecting the high voltage.

Removal of the fuse 406 is also a part of that procedure. When the handle 408 is

"engaged" by pulling or pivoting it back, toward the user, switch 404 is opened.

When device 402 is removed (i.e. pulled out), fuse 406 is removed from circuitry

400. Box 410 represents a contactor.

The HEV of the exemplary embodiment includes various diagnostic

controls and included as a part of these diagnostic controls is circuitry i.e. a

controller or engine control module (ECM) for fault detection. As used in this

context, a "fault" is defined broadly and which faults may be detected is generally a

function of the selected circuitry configuration of the controller. The detection of a

"fault" could be selectively configured as a warning or alert, which may not require

repair or may not necessitate immediate servicing. However, in the context of the

exemplary embodiment, the "faults" being detected and flagged are those faults

which require a repair to be performed in order to protect the hybrid components

and/or to control the stored energy of the hybrid system. This type or category of

fault is described herein as "special". One of the causes of uncontrolled energy is

if the contactors are closed with the failure not fixed. Also in the context of the

exemplary embodiment, it is noted that some failures can only be detected after

attempting to enable the hybrid system.

In the context of the exemplary embodiment, the acronyms SDI and SDIL

are used as being descriptive of the type of service disconnect structure and its



control function which are used. SDI refers to Service Disconnect Interlock and

SDIL refers to Service Disconnect Interlock Loop. SDI will be used herein as a

generic reference for both the structure and its control function. This SDI structure,

as represented by device 402 in FIG. 5, is constructed and arranged similar to a

service plug or service disconnect 312 which can be physically removed (i.e.

unplugged) in order to enable the teachings of the exemplary embodiment. This

SDI structure is used in conjunction with the fault detection circuitry to enable the

system and method of the exemplary embodiment.

With reference to the flow diagram of FIG. 6, a brief overview of the steps

associated with that flow diagram is provided below, followed by a more detailed

description. When a failure is detected which has risks of hybrid damage (for

example: contactor welded, etc.) or uncontrolled energy (for example: isolation,

HVIL open, etc.), a technician must remove the SDI and perform a key-on/key-off

cycle before the hybrid system can be re-enabled and detection of a repair can be

made. Until this "un-natural act" has occurred, the hybrid system will continue to

be disabled and no hardware damage will occur and energy will be contained. In

this context the focus is on special faults.

From the perspective of the customer (i.e. driver), the hybrid system senses

and signals a fault which requires the type of service action or procedure as

described herein. A special fault of this type sets a flag which must be cleared

before the disabled hybrid system can be enabled (see FIG. 6). Once a special fault

is detected and the controller sets a flag for this fault, the hybrid system is disabled.

The driver then takes the HEV in for service at which time the fault is resolved

according to a technical service manual (TSM). The service technician removes

the SDI, turns the key-on for at least 10 seconds. This key-on step powers up the

controller and the special fault flag is noted. With the SDI removed the

servicing/repair is performed. The service technician then turns the key-off The

service technician then replaces the SDI and turns the key back and can then clear

codes for normal operation and enable the hybrid system. The HEV is then

returned to the customer. The specifics of the logic controller and decision paths

are illustrated in FIG. 6 .



With continued reference to FIG. 6, during normal operation of the hybrid

vehicle, if a fault is detected that requires a repair to be performed to protect the

hybrid components and/or control the stored energy of the hybrid system, a special

fault code is stored, the hybrid system is disabled and the "special fault clear

required" flag is set. On the next or subsequent start-up of the hybrid control

module based on a key input, a check will be made of the "special fault clear

required" flag. If this flag is set, then a check of the SDI is executed. If the SDI is

removed, it is understood that a repair has been made and the "special fault clear

required" flag can be cleared, but the hybrid system will remain disabled while

waiting for the key to be moved to the off position. Once the controller is powered

down the SDI is replaced. If, on initial check, the SDI is still in place, then the

hybrid system will remain disabled and the flag will remain set while waiting for

the key to be moved to the off position and a subsequent key-on event with the SDI

removed. On the key-on signal after the detection that the SDI was removed, the

hybrid system can be re-enabled and faults can be cleared for normal operation. If

a power up check tells the service technician that the "special fault clear required"

flag is clear, then the hybrid system is enabled.

With continued reference to FIG. 6, the system flow of information and

decision logic begins with a key-on event 500 in order to power up the controller of

the hybrid system. The controller is constructed and programmed to first make an

assessment at 502 of whether any "special fault" flag has been set. If a special fault

has been detected and the flag set, then that special fault must be cleared before the

hybrid system can be enabled. If the controller determines that there is no flag set

for a "special fault", then the logic flow is to the fault monitoring stage 504,

essentially asking if any fault has occurred. If no fault has occurred (i.e. been

detected), then the hybrid system is enabled at 506. With the hybrid system

enabled, the next event which is monitored is the key-off event at 508.

If a key-off event has not occurred, then the logic flow, via line 510, goes

back to the fault monitoring stage 504. This cyclic decision loop continues until

there is a key-off event at which point the controller is powered down at 512. So



long as a fault is not detected and there is not a key-off event, the logic flow loop

504-506-508 cyclically continues. The sampling rate is settable by the controller.

Continuing with the "no flag set" status at 502, what is the logic flow if at

stage 504 a fault has occurred? If a fault has been detected by the controller at

stage 504, the controller sets a fault indication 514 and the hybrid system is

disabled at 516. This step is important for safety considerations so that the hybrid

system will not be put at risk until such time as the nature of the fault can be

assessed. If the type or nature of the fault does not require special clearing 518

(also see status at 502), then the "no" line leads to another "key-off decision stage

520. When the key is off (i.e. yes), the controller is powered down at 512. If the

key is not off, a decision loop is provided as a way to keep checking for a "key-off

status. Once the controller is powered down at 512, the next key-on signal powers

up the controller 500 and the controller flow logic as described herein resumes.

At stage 518 the controller provides the ability to distinguish a special fault

from other "non-special" faults. If the type or category of fault requires a special

fault clearing procedure, then a flag is set for the "special fault clear required"

condition at 522. Once the flag is set, noting that the hybrid system is still

disabled, the flow logic looks for the next key-off event at 520. The key-off event

at 520 is tracked with a cyclic logic loop waiting on a key-off event at 520 to power

down the controller at 512.

With the controller powered down, the next key-on event powers up the

controller 500. The controller then makes an assessment at 502 of any flags being

set such that a "special fault" needs to be cleared. The "no" branch has been

described. As for the "yes" branch from 502, the next assessment by the controller

is whether or not the SDI is removed at 524. If the SDI is not removed (line 526),

then the hybrid system is disabled at 528. The logic of these stages is based on the

controller having detected a "special fault" and accordingly, setting a flag for that

special fault. According to the exemplary embodiment, the SDI needs to be

removed as part of the repair/service protocol. If the SDI is not removed after a

flag is set for a special fault, then the hybrid system is not enabled. The hybrid



system remains disabled until there is a key-off input (i.e. signal) at 520, followed

by a key-on signal at 500, with the SDI removed 524.

Even with the SDI removed at 524, there is still a command from the

controller to disable the hybrid system 528. In this process and flow logic, the flag

which was set for the special fault is cleared at 530. With the flag at 530 cleared,

the next key-off event followed by a key-on event returns the control logic to the

504-506-508 loop until the next fault is detected. Until that next fault event, the

hybrid system remains enabled at 506. The SDI is returned to its operable position

within the hybrid system following whatever service or repair was needed to be

performed. Since the hybrid system was disabled at 528, the conclusion of the

service/repair still requires a key-off input in order to reset the hybrid system.

While the preferred embodiment of the invention has been illustrated and

described in the drawings and foregoing description, the same is to be considered as

illustrative and not restrictive in character, it being understood that all changes and

modifications that come within the spirit of the invention are desired to be protected.



CLAIMS

1. A method of servicing a hybrid system with a detected fault, said

hybrid system having a controller and a service detection interlock (SDI),

said method comprising the following steps:

a) powering up said controller;

b) assessing a special fault flag status;

c) if a special fault flag is set, checking to see if the SDI is removed;

d) if the SDI is removed, clearing the special fault flag;

e) disabling said hybrid system; and

f) powering down the controller with the next key-off input.

2 . The method of claim 2 which further includes, when a special fault

flag is not set, the step of allowing the controller to monitor for other faults.

3 . The method of claim 3 which further includes, if a fault is detected

by the controller, the step of disabling the hybrid system.

4 . The method of claim 4 wherein, if a fault is not detected,

maintaining the hybrid system in an enabled status until either a fault is detected or

there is a key-off event.

5 . The method of claim 1 which further includes, if a fault is detected,

the step of allowing the controller to assess whether the fault is a special fault

which requires the setting of a flag.

6 . The method of claim 5 which further includes, if the detected fault is

not a special fault, the step of checking a key-off status.

7 . The method of claim 6 which includes the step of cyclically

checking the key-off status.



8. The method of claim 5, which further includes, if the detected fault

is a special fault, the step of setting a flag for said special fault which must be

cleared to enable a disabled hybrid system.

9 . The method of claim 8 which includes the step of cyclically

checking the key-off status.

10. The method of claim 1 which further includes, if a fault is detected

by the controller, the step of disabling the hybrid system.

11. The method of claim 1 wherein, if a fault is not detected,

maintaining the hybrid system in an enabled status until either a fault is detected or

there is a key-off event.

12. The method of claim 1 which further includes, if a fault is detected,

the step of allowing the controller to assess whether the fault is a special fault

which requires the setting of a flag.

13. A method of servicing a disabled hybrid system which includes a

controller and a service disconnect interlock (SDI) component and which has a

special fault flag set, said method comprising the following steps:

a) removing said SDI;

b) powering up the controller;

c) clearing the special fault flag in conjunction with servicing of the

hybrid system;

d) replacing said SDI; and

e) executing a key-off command.

14. An energy storage module for use in a hybrid electric vehicle, said

energy storage module comprising:



an enclosure;

means for storing energy generated by said hybrid electric vehicle, said

means being interior to said enclosure;

a voltage junction box exterior to said enclosure; and

service disconnect circuitry electrically connected between said means and

said voltage junction box, said service disconnect circuitry being constructed and

arranged to break a current path between said means and said voltage junction box,

wherein said service disconnect circuitry is controlled by fault detection logic.

15. The energy storage module of claim 14 wherein said fault detection

logic is constructed and arranged to detect a fault which requires a repair to be

performed in order to protect a portion of the hybrid electric vehicle.

16. An energy storage module of claim 15 wherein when a fault is

detected, the fault detection logic is constructed and arranged to require a key-

on/key-off cycle to be performed before the hybrid electric vehicle can be re-

enabled.

17. The energy storage module of claim 14 wherein said fault detection

logic is constructed and arranged to be able to distinguish a special category of

faults from other faults which are not in said special category.













A. CLASSIFICATION OF SUBJECT MATTER

B60W 50/02(2006.01)i, B60W 50/04(2006.01)i, B60W 20/00(2006.01)i, B60W 10/30(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B60W 50/02; B60L 11/18; H02H 7/18; H01M 10/42; B60K 28/14; B60K 6/00; H02J 7/00; B60Q 1/00; H02J 7/18; B60L 11/14; B60W
50/04; B60W 20/00; B60W 10/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: hybrid, battery, junction box, failure, fuse, protect, and interlock

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

W0 2012-078721 A2 (ALLISON TRANSMISSION , INC . ) 14 June 2012 14

See page 12 , l ine 28 - page 13 , l ine 20 , page 16 , l ines 3-11 , and f i gures 3 , 9 .

1-13 , 15-17

US 2002-0011935 Al (KIM, YOUNG-ROCK) 3 1 January 2002 14

See paragraphs [0018] , [0022] and f i gures 1 , 2 .

US 2009-0243554 Al (GU e t a l . ) 01 October 2009 1-17

See paragraphs [0053]- [0057] and f i gures 1 , 5 .

EP 2211439 Al (TOYOTA J IDOSHA KABUSHIKI KAISHA) 28 July 1-17

See paragraph [0083] and f i gures 1 , 6 .

WO 2010-092330 Al (AUTOLIV DEVELOPMENT) 19 August 2010 1-17

See abst ract , page 7 , l ines 12-15, and f igure 1 .

I I Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

23 June 2014 (23.06.2014) 24 June 2014 (24.06.2014)
Name and mailing address of the ISA/KR Authorized officer

tt International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,

CHOI, Hyun Goo Y

V Republic of Korea /
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8288 *

Form PCT/ISA/210 (second sheet) (July 2009)



Information on patent family members PCT/US2014/017964

Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2012-078721 A2 14/06/2012 AU 2011-338428 Al 02/05/2013
AU 2011-338513 Al 02/05/2013
CA 2820626 Al 14/06/2012
CA 2829248 Al 14/06/2012
CN 103260923 A 21/08/2013
CN 103260924 A 21/08/2013
EP 2648930 A2 16/10/2013
EP 2648931 A2 16/10/2013

R 10-2013-0124523 A 14/11/2013
R 10-2013-0132902 A 05/12/2013

US 2012-244398 Al 27/09/2012
us 2012-244400 Al 27/09/2012
us 2012-244403 Al 27/09/2012
us 2012-249079 Al 04/10/2012
us 2012-282510 Al 08/11/2012
us 2012-321934 Al 20/12/2012
us 2013-105129 Al 02/05/2013
us 2014-017530 Al 16/01/2014
us 8512887 B2 20/08/2013
wo 2012-078721 A3 20/09/2012
wo 2012-078727 A2 14/06/2012
wo 2012-078727 A3 04/10/2012

US 2002-0011935 Al 31/01/2002 JP 2002-044802 A 08/02/2002
KR 10-2001-0103998 A 24/11/2001

US 2009-0243554 Al 01/10/2009 CN 101546904 A 30/09/2009
JP 2009-234559 A 15/10/2009
KR 10-0921061 Bl 08/10/2009
KR 10-2009-0102896 A 01/10/2009

EP 2211439 Al 28/07/2010 CN 101803140 A 11/08/2010
CN 101803140 B 06/02/2013
EP 2211439 A4 07/03/2012
EP 2211439 Bl 01/05/2013
EP 2211439 B8 10/07/2013
JP 04849171 B2 11/01/2012
US 2010-0289516 Al 18/11/2010
us 8487636 B2 16/07/2013
wo 2009-034883 Al 19/03/2009

WO 2010-092330 Al 19/08/2010 AT 527720 T 15/10/2011
CN 102308426 A 04/01/2012
EP 2216849 Al 11/08/2010
EP 2216849 Bl 05/10/2011
US 2012-0002338 Al 05/01/2012
wo 2010-092330 A8 11/08/2011

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

