
ELECTRIC TRACTION SYSTEM AND IVIETDOD BELATED APPLICATIONS This
application claims the benefit of the primly to U.S. Provisions
Application No. 61/037:851, filed March 19, 2008. This application is
a eObtinuation4mpart application of the following applications:
Application No. 1/374,709, filed March 14., 2006; Applieation No, I
1/5*7$6, the(' November 1010,2006; and Application No. 12/060,368,
tiled April I, 2008. All of these tipplicatiOns are hereby
incetporaterl by reference herein. TECHNICAL FIELD           This
application relates to an electric pieptilsion system, Le,. t Id
system, ma vehicle, includingthe rofrOfit ixiStalbMon Of such
SyStern. BMW DESCRIPTION OF DRAWINGS      FIGS. IA and I B are graphs
of driving test results of a vehkle having an embod.iment.ot an
electric traction system installed thereon; 70FKI, 2 is a block
diagram a system:commapents of a vehicle;      FiCi. 3 is a block
diagram of system components of disclosed eh:hod/mans of the present
invention      FIG. 4 is a block diagrara of System components of
disclosed embodithents;   FIGS. 5A --SD are diagrams of a bracket of
disclosed embodinieuts: HQ. 6 is a block diagram of system comptments
of disclosed enihodithents; FIG. 7 is a flow diagram of method steps
laic(' in disclosed einbedimentS; FIG. 8 is a state diagram:of stared
Used indisciosed embodimentS; and 



30FIG. 9 is a flow diagrain of Method steps ofretrofitting a vehicle,
according to embodiments of the invention. Like reference symbols in
the various dnwigs iticliCate like elements.  DETAILED DESCRIPTION
e following detailed description of the praferre embodiments,
reference is made to the accompanying drawings illustrating
embodiments in which the invention may be practiced It should be
understood that other 5 embodiments may be utilized and changes may
be made without departing from these:10e of the present invention.
The drawings and detailed description are not intended to limit the
invention to the particular rem disclosed. On the contrary, the
intention is, to cover all modifications, equivalents and
alternatives falling Within the spirit and scope of the present
invention as defined by the appended 10claims, Headings herein are
not intended to limit the stibject matter in any way.      The
present inventirtn, M one aspect, employs: an access port of a
vehicle's trartsthission (also referred to as a power take-off port
("PTOport")) in a more robust arrangement, which enables, among other
things, a transition :methodology applicable:to the currentchiss 8
heavy duty vehkie (HDV) twer, '3,000,000 tnieks, with a view to
federally mandated emission regulations. That is, in one aspect, a
retrofit system Of the present invention is applicable, to illTrs and
has a 10 to I5 Year life cycle that reduces emissions and fuel
consumption within real World constraints. This is achieved by
methods and technology that are adapted not only ty the diverse and
aging 2(  hardware of the existing fleet, but also adapted to'the
econetnically fragile ownership structure of those trucks. In one
embodiment:of the present invention, a retrofit: arrangement is
movided for a conventional NOV that enables operation in a single
driving seSttion in both i) an internal conibustiotrengine (ICE)
mode, in which the ICE provides power out. of a conventional:PTO port
teen added-on electric traction 



motor-generator (ENO) via a controller, and thereby mechanically
powers the fin40 as a generator to produce and store.an electrical
charge in a larg,e battery, :and ii) an electric traction motor mode
(or simply ''ET mode"), in which the l'OE is shin off ()tic) the
stored charge from theliattery is delivered back (through the 30
controller and the same ETIHG), thereby electrically powering the
ETMO as a motor to provide Mechanical power into, the salt(' PTO port
ibr independently propelling the vehicle, In another aspect, the
controller is configured to automatically switch the IIDN) between
ICE and HI modes tespensive to driving and battery conditions. For
example; in an embodiment of the invention, the   controller
automatically starts the FIDV in ET mode and automatically switches
it to ICE mode responsive to the speed of the vehicle reaching a
certain upper limit, where the upper limit may be M the range of 15
to 30 MPH, for example, depending Upon the load on the vehicle,
Correspondingly, the controller 5 Automatically switches the PIDV to
ET mode, again responsive to the speed of the IIDV falling below the
limit. This automatic switching may occur numerous thnea duringit
single citiVing SesSion,       Herein the terra 'thaction" that be
ustai interchangeably With the term "proptilSion." 10A "driving
session," as the term is used herein, refers to a trip from a
departure point (0'-aArl anival point, and May include the return
trip. For a day 



truck in the Los Angeles port region, for example, this may include a
day's tidying, "suer) as, for example, starting. pp of the vehicle.
at .a earriet'S yard,: driving OD city, streets to a port, waiting at
the pert te load (which. may involve a long interval of creeping
slowly in line), departing from. the port, drivingan city streets to
a .delivery point, and returning to the yard.. (Of Wurne, if ttoidd
alternatively include driving firs; from the yard on city streets to
a. pick up point and then driving to port, .waiting at the port to
unload, departing from "the port,. driving on citr.streths, to a
delivery point, and returning to the yard) It may .10 include no.
trips to the part or more than one trip to the pert in a day. it may
Melnik more than one pick up paint And more than onedeliVery point
.in a single day, .. Referring now to FIGS. IA and 1B, test data for
embodiments of the invention is Shown. 'The test datawas generated by
ET systerthequippiii NOV 2.5 that wasthiVen aewrding to a drive Cycle
representative of a drive cycle of a day trtiek (e.g;, in the Les
Angeles area. Fla IA shows test data for a "tab only"' test FICL:
1.13 shows data fora tin& With50,000.-pormagniss Vehicle weight, 



Embodiments Of the invention utilitha power exchange unit (MU) in
lieu of a conventional PTO:. ThisinUeonttibutesto enabling the
retrofitting Of 30 an ETMG to conventional transmissions on the
&Verse  fleet for the Wein described wide-ranging purPostis in an
arrangement Addressing the monothically challenged ownership
described heroin. Design of therPX1.1 is basedpartly:due
thdiscoverics.segarding speed and torque needs and taints that are
encountered Mthe drive cycles. of existing HD trucks.: in addition to
contranning to design of'  the PXU, research inta..drive cycles of RD
day-trucks has also helped czwble selection of the retrofit RIMG and
battery for the present invention and has helped in the development
of specific algorithms and mistral= for control logic of the retrofit
electric traction system and method. The algaritimis"govern 5 when to
electrically power the trunk via ETMG, when to mechanically power the
ETMG. to. recharge the battery and at what charging rates, when
to-automatically 'switch between:ET end-ICE:modes, and hOW to de-so,
in accordance with the street operation drive cycle requirements of
an .11DV, -in one' embodinient '61.-the =Tuthill,: the thinsiiiiion
is a heavy 'duty 10 manual transmission and. the Mick is prOpelled by
the ETM(3 in Erinode OtOt substantial distances and a range of street
driving speeds, in acCordatice with: .conventional street operation
drive cycles,-such that the driver by necessity shifts the manual
transmission m 'achieve street. speeds during the ET mode driving
:SSkyill, This is achieved even though the ETM(FinitY, in
anoembodinfent, be connected to the transmission: input via the PM)
without the 'benefit ola clutch, Which is unlike the conventional
ICE-driven arrangement in whirl the ICE may be nurrnentailly
:disengaged from the transmission Via the veltielei conventional
ICEitransinission bath. in enter to Shift gears. Maddition, in one
aspect of an embodiment of the present invention, problems have been
discovered and 0 addressed -regarding structures and methods
corteeminglow to shift gears of the heavy duty manual transmission,
in the. ET mode, i.e., without use of the clutch that Ts ordinarily
used it  momentarily- disengaging the source Of HEW propulsion.
As -previously mentioned, retrofit systems are known Mr addressing
very Spec:ilk prObleint, but not for addressing amide range Of street
drivingissnes, in contrast to the above described arrangethent of the
present liVention, hybrid electric. vehicles (REV'S) for today's
Street driving conditions tend to be originally manufactured for REV
-tapered* tf.g., transmissions speeiallydesigned in 'Original
equipment manufacturing (OEM) for power sharing and: 30 .automatic.
shifting. Twically, these Special automatic transmissions'
-integrally include all neeessarnears far both:-an electric mator and
the ICE,: and may even. include the electric motor itself, mounted
inside the transmission ease, OEM HEV's :also typicallY run an.
electric motor and ICE concurrently a significant part of Om time.
As previously mentioned, technology is still Ihrther applied not only
to address the nature of aging hardware, but also the aferernentiOned
fragile ownership structure, according to an embodiment of the
present invention. By contrast, 111)V emissions problems have existed
tbr years, with major. 5 track manathetmers continuing to sell
ICB-based trucks that reduce emissions to more nearly acceptable
levels. This prior solution has not substantially redueed. lbSsil
fuel consumption and has resulted in more expensive class 8 IICA"s.
However, the existing clasS 8 IIDV ownership strUcture includes



20 address this issue, n retrofit Er system ia provided according to
an embodiment of the invention,      Referring now to FIG. 2, an
original equipmenimanuthetpred NOV 202 is shown. Vehicle 202 includes
a transmission 204 coupled to an IQ 208 by a clutch 206. Gear Shill
lever 210 is 'connected (not shown) to the gear box (not 15; Shown)
Of transmission 204. Clutch pedal 212 is operated by a driver to
engage and disengage clutch 206. Steering wheel 214, which is for
steering vehicle 202,   also shown. The vehicle. 202 electrical
system 218.. is powered by a 12 volt battery 216, which is recharged
by Int alternator (not shown) powered by ICE 208. Auxiliary systems
220 are:also powered hylCE 208, 30Referring now to FIG.. 3,, a block
diagram is shown Of the ITDV: of FIG. 2 retrofitted With an El
system_accordink to an embodiment of the present. invention,
TeatiStliSSiOn 204, clutch 206" ICE 208, gear shift 210, clinch pedal
212,Stecring wheel 214, battery 216 and Seethe& system 218 are as
Shown in FIG. 2, Power exchange. unit ("MU") .304 is coupled to a
transfer gear (not  shown in FIG, 3.) of transmission 204 via PTO
port 302 (also referred. to herein as'4transmission access port?).
IRTM(i 306 is mechanically. coupled to PXU: 304 via the shah of
'fiTMC,1 306, The electrical conneetions of ETMG 306 are connected,
to rectifier/inverter 308, which converts the electrical output of 5
ETMG 306 to (Marge battery pack 310 when ETIVIG 306 is driven by PXU
304 to operate as a generator. When ETMCi 306 operates as a motor,
rectifteriinVerter 308 :cony:ins the stored elecitical energy :of
battery pack 319 to Urn's ETMCi 306, which mechanically driVes PX1.1
30410 Limpet vehicle 202 via the minder gear of in-nisi/talon :204.
Battery pack 310 may be an Altair 10 Nantitaelmology 15 KWh 300400
YDC, mail emboditnent of the invention. ETMCI same speed whether in
motor mode or generator mode      According to an embodithent of the
preStait invention, the ET :System includes an ETMCi coupled to the
transmission Via a fixed gear ratio PM.): (which may he
shop-changeable) With no clutch interposed betWeen the:M.11/41G and s
gear or gears of the :Pal, wherein the ETMG generates and motors over
essentially the same speed range. For example, in one embodiment of
the invention the Er system includes a 1.1()N1. model
SK2181D045-4001WB permanent magnet motor-generator and
driyer-inverter. The 1.1QM motor-generator operates, in a tunge of
approximately 0-4000 rpm for both rucciuniicaVelectrical and
electrical/mechanical power conversion.. In another embOdiment, in.
indwtion motortinerator ia provided. M6tor speed-toique curve 25An
embodiment of the present invention :involves equipping an ICE-
propelled class -8 HIW With a battery, control system, PXU, and &MG-,
and 



la:jet:tins, via. the :electric motor, adequate power  through the
PTO--poiLat an adequate PX11.gear ratio to approxiniate:perfomiatice
characteristics Of the ICE, i.e., driving. feel, Where the. Softie
Motet' provides the:Sole propulsion Over a 30 tango Of speeds
suitable for a substantial portion of street driving,. where the
upper linat of the -'electric driven speeds. deptiath. on the
leaded..Weight of the HDV. hi an embodiment of the invention.
described herein, the Speeds for ele Chic-only propulsion include up
to about 30 MPH kr cab. only and up to rtliput -15 or 20 MPH for a
filly loaded vehicle. (Speed inid electric driving  range may be.
extended by use of a larger electric .motor and battery.) The
arrangement is configured such that The 'battery has adequate
,istorage. capacity and can withstand adequate recharge-rates such
that in thc,gencrating mode. the ETMG can nicharge the battery
sufficiently during driving sessions to: Sustain 5 ordinary driving
-cycle demands of a day truck.      All of thmabovetombined with the
nunibet of deep recharge cyelest.that the battery Can withstand
Cooperate to proviama system that:is:also- capable of retrofitting an
existing fleet of class -8:.'or smallerHDVs in an ittonoMically cost
-effective Manner. That is, in -.stane reasonable eetniontie-
scenarios thereto:Zit: 10 :systein actually pays for itaelf  within a
reasonable period based solely -on reduced thail costs,. not even
taking into account. emissions reduction issues, :Which May also be
assigned some economic value.      Experimentation for the present:
:invention. has revealed that itinay be *skiable for the EIMO of the
ET sYstorn toluwe a relatively flat torque.curve, 15 such. that high
ton* isfiVailable early and is relatively constant throughout the RPM
range, This. torque characteristic separates traction 'drive meter
systems from other systems .employed for fans, pumping and the like.
They,X0 output speed causes the transmission to Operate at typical
shaft speeds So that the operator does .not. have to. change
customary transmission gear box maim: 



20 shilling patterns to utilize the ET system. This may constrain -
what might otherwise be a 'greater ranee of:choices regarding
selection of gear ratios for the PXU. in other words, --dui PX.I.)
output- meals the 'transmission input in a balanced way that mimics
the driving .thel of the ICE when. it inputs torque to the Mission:
and &does so within transmission and Fmk! and. PX1.1 speed and 25
torquelimitntlons, mina may include, manufacturer specified
limitations.      PX.1.1 has a large gear ratio, which
is:shop-changeable, and is rated Mr. 'both high speed and. hightorque
In embodiments of the invention, it 'is important to efficiently move
power from the ICE through the titaismiSSion and. into the batteries
in ICE mode, 30 and then from the batteries batik into transmission
in FT mode. As such, an interftwe to the transmission is provided
that has appropriate, shop-changeable _gear ratios Mona with adequate
Speed and :torque handling capability;      Even with. a relatively
flat speed-torque curve, research for the-present invention has shown
that for theexisting fleettif U.S. fiDV's, 'a nice:hank:in may   be
still needed to gear the EIN.IG torque. up when operatekin one
direction:Tor motoring (Ix, in RI mode),. while patine the ETMG speed
up ..When operating in the other direction for generatingICE mode),
according to an Mthedimein of the. invention. Experimentation in the
present inventien has 5 shown that off-the-shelf PTO's can be found
for tearing the EIMO torque -up for 'metering and gearing the. speed
up thy generating, hut. oft4he-Shelf PTO's have wt been found to pray
id 'e aStiffielehtly large .gear ratio to accOMplish the dekined
speed and tot* ratios, 'Further, biT-theishelf.FIVS have not been
found -to provide a suitable combination of niaxinniat torque and
Maxi/num 10 .:OS- rating. Snell off-the-shelf PTO's that are rated
for higher RPM limits are not designed to handle the. needed torque
limita of the -present invention; while these that are suitable for
therequired maximum torque input in ET mode tend to 'be geared too,
low to provide the :needed output 0.1M in ICE mode. Experimentation
and .analysis for :the. present invention indicates that the speed 1
ratio between the ETMO shaft and the ithaft.of the transfer gear on
thtr input.of the transmission, i.e" the- gear accessible. via the
PTO port, is workable if 'in ranee of 2,0:1 to.2.5:1" man embodiment
of the present invention, the P.Xli has a fixed tear ratio within
this rangeand has a Maximum torque. limit of least. 500 ftilbs and p
maximum speed limit of at. least 5000 RPM to accommodate 20 most of
the existing fleet of US class 8 IIDV's. In another embodiment of the
invention, theIPXO has a maximuna 'torque limit of at least 550 bibs
and a mailmatrirspeed fireit of at least 4500 RPM for the
sameptupese. It &Mild be noted that a. limited number aniansinissions
in the US. fleet of class 8 IITYV's may 3-NM/ea:torquer& 735 ftlbs
and have a 4500 RPM capabilk, ricThe MU has a port: for coupling to
the tranknaissithi ancesa.port and a 



port for coupling to the SING. In another cinhodiutent of the
invention, the  X'll is capable of receiving the Maxi/Mint terquenta
speed of %the maXiintint :speed in one port arith-deliVering the
Maximum Speed at a torque.. of 'A the maxitimintinique out the other
port, as well itS vice versa, 30As an experiment, a belt -systent was
built to adjust an.off-the-shelf.PIO ttithenceded. gear:ratio and the
system was: tested. Such an aniatigement: works well Wr the .purpose
of delivering mechanical poiVer froth the ETMG to the :transmission
and vice -versa, but it is heavy and operates at lower efficiency
than geared device which performs the same functions. The lower
efficiency. . is  naduplieti throughout every energy transfer in the
system, hailing overall performance and efficiency:      Referring
new ORG. 4, details of a PXU 304 are shown in accordance with
embodiment of the present invention as it relates to ETMG 306 and.
transmission 204, which is connected to the ICE. Mechanical energy
transferred from through the power exchange unit 304 CP:KW from the
HEW transmission 204 is converted to electrical energy for storage in
the ET battery pack (310th     3) for ustrin the seine or later
driving cycles: Eitergyfrom the battery pack 310 is returned froth
t133 elCtrical petontial state to a ineohatiitial kinetic state 10
through the motor 306. shaft, which is connected to Plkii jot In the
present cirthodiment, a rotatively small motor of light weight, low
volume, and low cost is elected which is capable of generating
between 177 it-lbs of torque over a range of 0-4500 RPM and with a
relatively consistent 'output of tbrque over the RM. range.
Stored electrical, power now trimaferred a mechanical rotational
energy passes through EKG 304, Which in this embodiment is designed
to allow the interchange of gears such that a max torque of 177
ft-lbs is converted to a  iximum of from $25 of torque while
minimizing the maXinium input RPM of 4.500 RPM to a maximum of 2,000
RPM in complianee with transinission 20. manufacturer specifications.
The interchangeable gear feature S-02-A allows transition to higher
torques such as 550 or 73$ ft-Ris of torque with only a slight
variation of fiTMO max torque output specifications while still
maintaining the maximum outpat of 2000 RPM. 



Rotational energy from PXLI 304 is transferred to the. FillYV
transmission 204 through PiCti 304 interface gears and into the
transmission 204 spur gear according lb the output limitations
described above te propel the vehicle in a defined speed range with
perfonnance characteristics similar to that of conventional diesel
engine operation: During both the ET mode.and the ICE mode dating
selected conditions: 30 the ETMG 309 applies a REGEN load to the PX11
304 themby cattail:at mechanical energy either from the ICE Or from
the intimentunt of the, moving. NW to be conveyed. from the IIDV
transmission 204 to be conveyed back thrmigh the PX1,I 304 and into
the ETMG306 Shaft In this embodiment, power libm the transmission at
up to 325 'ft-lbs and with a 2000 RPM Maxinium  converted to power
with a maximum torque of 177 ft-lbs and up to 4,500 RPM relaXiMUIII.
Such a torque rating and RPM range is suitable for power generation
in the present embodiment, and based on known drivecycles is capable
of folly charging the ET batteries in a period of 15 minutes of less.
Mouiflmgbrackpt       A PTO may be simply baited Mrectly to a
:transmission PTO port. Hookver, since the PX1:1 in. tile present
system encounters and IS rated for higher torque 'than a COnventional
PTO, a conventional Mounting arrangement may not 10 be suitable. The
PX1.1 also generates. torque going into the transmission in generator
mode, arid out of the transmission in motoring mode. Accordingly, in
an embodiment of the present invention, the purpose-built PXL1 has
integrated brackets that boil EP the trausmilsion housing as shown in
FIGS. SA-517 in additional locations This distributes forces over a
greater area of the IStransniission housing. A separate drive train
and:Li-bolt:coupling allow for flex and 'vibration correction, as
well as alignment correetion.       Now referring to Figure SA, a
side view of MU brace shows details as relating to this embodiment of
the oas audits relationship to the OEM tfl%flSI1US'SiOt. FIG. SA IS:
for a typical ICE 203 to traiwpissio 204 arrangement, 20 where a
clutch 206 is normally located between ICE 208 and transmission 208,
and where a drive shaft 2'30 typically travels hom the rear of
transmission 204 to a rear differential 240.       In this
embodiment, bolted to the lower portion of transmiSsion 201 PM)" 304
attached to the heavy duty transmission access port 302. Because. of
75 the high tbrque application described herein, the present
embodiment includes a "broken-If shaped brace 502 (also referred to
as a "bracken. In this ethbodiiner% each side 'Err the'brace 502
heats to the transmission access port 302 and attached PX1.1 304 With
slightly lengthened mounting bolts 504, Similarly the top end of said
bracket 502 bolts to the :transmission 204 with Slightly.
30lengthened oil reservoir bolts 506. 



Stich an aiiiingement allows the pxu brace 502 tb catty a portion of
the stress to the transmission 204 housing 520 that would nomuilly be
carded byThe transmission oil reservoir 510, thus lowering stress On
the transmission oil teserVoir 510; and preventing Stress fracture
due to metal fatigue.        FIG. 513- shows a view from the rear of
the PXIi brace 502 as it would be oriented in "typical installation.
PIG. SC shows a side view of the bracket 502 only.          FIG. SD
shows a cut: away rear view of the PM brace 502 as it: mhttes to
5transmission 204, transmission 011 reservoir 510, and PXD 364.
-Controller      Relenting now to FIG.. 3, the electric traction-.
related system 'of embodlintatts of tit& pressnrinvititiorc natant,
for extutiple, 'it retrofit system  -10 that .iS added to: an
_existing vehicle 202; in. an aspect of an embodiment of the present
invention, -includes a. progranamahle- vehicle integration module
(VIM) 314 coupled to _a motor controller 316 (collectively referred
to herein as the "controller 312 .Or the "ET controller" or the_ "ET
sySter) Co-Weller" -and is distinguished .frent an. OEM. ICE, and
:auxiliary .system controller.) The ET .15 controller 312 is tied to
the.GEM 10ECANN bps system to retrieve information about sit/Ms:of
the vehicle.      The motor controller 3:16 portion of the ET
controller 312 has independent inverters and controllers for EITM-G
and each aintiliary .system motor, e.g., prime mover ETMG 306; air
compressor motor for powerbrake, hydraulic pump motor for, power
.steering., and WC compressor motor. The--inverters receive power
from the propulsion. hattery'310 At 300-400 VDC ad output pulse
'Width modulated, 3 phase, .230 VAC to the driven motors. Each.
inverter is capable of controlling motor speed. In addition, the
controller has a 12Y board component 319 (also referred:To herein as
'Power supply") that is  75 (lg.& to supply the conventional. 12V
power system frit' vehicle 202, and to 'keep the Conventional 1211
batteries 216 charged.. the-integration module:maim 314 of controller
312. enutroiS all of the electric traction related system functions,
operating each function only As needed tincl at the output needed at
any given time. 30The system has automatic :Switching
capability,'according to which controller :312 causes vehicle 202 to
Switch from ICE mode to El mode according to predetermined logic,
which is responsive, to inputs, some of width may be read aim the
!CANN bus. bi an embodiment Of the invention, the inputs int;h40
battery state of charge ("SOC."); engine speed, accelerator pedal
position, loaded weight of vehicle, gwgraphical position data, gear
shift button Otte, mode select button or switch states; steering
position sensor, ignition key sites, dutch actuator limit switch
states, air conditioning inputs, including compressor demand signal,
and brake air pressure. Outputs :include motor torque request, ICE
accelerator position, clutch actuator enable and direction, key
disable relay, start enable relay, power steering control,
A/C:control, cooling cOntrol, nlaim control; User" interfacelgaugt
drivers, ICE 'off flint indicator (for shift tithing), at-alb-rake
air pressure conaprasor control. 



10 Clutch Motor The Controller may'eng,agriand disengage the ICE
dutch. 206 using a 12   worm drive feed. When the clutch is engaged,
the user can still manually disengage it, Oncemmuation. Matta in one
direction; it coxt na until the target litit...st;yitch is
activated.. Inputs: Traction mode from .Softwarm input. limit
.switches at both:crids of. travel (2 digital Sensors). eutpals:12V
relay to controi direction, 12Y relay for ON/OFF. Accelerator Pedal
Operation: Disconnect accelerator pedal from OEM ICE ECU. REV np ECU
measures pedal sensor position and transmits appropriate signal to
ICE ECU and traction motor controller. Inputs to controller:
Accelerator pedal sensor EWIA siend. Outputs from controller: ?WM
signal to ICE ECU, CAN message to traction motor control. Stott Bonen
Operation: Relay plated:im parallel, With the START btoRin., Relay
can actuate START independently Of operator cenimand via START
button.. 'Allows turn on of ICE: without. pressing batten. Inputs to
Controller 11108 engine speed. Outputs: Relay to actuate Start
signal. .30 Ignition Key :Operation: Relay (NC) plated in serieswith
ignition key. Relay can turn .off yebiele independently of ignition
key.. Key input to REV controller is sensed ahead. aridly, .Allows
torn Off of ICE Milk key hi un Ismitton ke.V OFF  disables both 13-
and ICE modes. Relay OPEN disables/shuts off ICE. Inputs to
controller: ETIK.:si tode software. Outputs: Relay signal. 



Gear Shift button 5.0pOISi011: press button whem shifting gears.
Limits torque on elecnic .motor: .Allows user to control speed to
shift gears when in/3T mode. Disables men, allowing ICE to-Shift
gears as normal. Intuits to controller: button on shift. lever.
Otapots: CAN message to traction motor control; pedal position output
to ICE ECU. 10 El/ICE Mode Change Notificralann       Opcmtion: Alarm
is sounded before turning ICE ON or OFF Inputs to controller: ETIICE
mode software, Outputs: Sig:nal to Moon that Sounds ;periodically
(-2/1z) 15h should be understood that the control circuitaimd
controllers described herein May be one or more programmable devides
having a memory and a processor, wherein the logical processes-
described are determined by program instructions stored in the
methory, i.e., the processes are implemented by the processor reading
the instructions from memory and en-tonna them. Switching, from the
ICE' mode to the Ft mode, the controller sends signal causing an
actuator to engage the truces Conventional clutch between the ICE
and. transmission) over a time interval of a few seconds. The time
interval allows matching the transmission speed with the motor speed
to avoid clashing gears. The.corarolier then energizes
ortle-energizes a. relay that shuts off the ICE. The automatic
engagement and disengagement of theolutch is only -.necessary when
the -changeover between ET and ICE or ICE and 'El is accomplished.
Once in ET mode, the clutch is not used. In TOE mode, the Clutch is
used inaconventional fashion: 30 Driving in ET mode      Md driver
may tOritrol the ELMO vit the accelerator pedal, :since a positien
sensor:has been added as part of The previously - mentioned retrofit,
whenein the position senSok is nOtrfigured for sending a. Signal to
the controller. The signal is if?. ,Seilie Way proportional to the
position of thMacr,elerator pedal.   in one embodiment, the signal
magnitude is proportional to the position. In one embodiment, the
signal contains digital information that indicates various positions.
In another embodiment, the controller reads the-existing pedal sensor
which Min's SAE J1S43. Drive by wire to the ICE is also accomplished
by Outputting an SAE 31843 signal to the ICE electronic control
modulo (ECM or ICE ECM)       It the' driver releases the pedal
beyond a certain point that is predetermined as a tern torque request
output: position, the controller causes the ETMG to begin generating
responsive to the position of the pedal below the zero 



10 torque -0033ition. This is a form of regenerative Making, i.e.,
providing decantation and power generation in Soine way proportional
to Me pedal position. In this way, the ET mode works much as the ICE
would - either accelerating the vehicle or lake braking" the vehicle
according to driver input. In connection with shifting gears the
driver presses a button CM the gear .15 shifter. In ET Mode. this
button causes a change in the way the controller Emends to the
accelerator pedal in controlling the ETMC, so that Shilling in the ET
mode feels more like shifting an xcg. More Specifically, in response
to the button the controller attenuates its response to the
accelerator pedal position se that the driver can have more fine
control over the ETMO :speed via the pedal, 20 whether the ETMG is
propelling the vehicle as a motor or regenerating power as a
.genetater. Thus, the IETMC.3 will'slow down more like an ICE slows
down when.). the operator lets op some on the pedal. And theEMIG is
also easier for the operator to rev Up 'to an appropriate speed when
down:Shilling. 'By taking thee actions, the operatorwill put the ETMO
into approxitnately the right rpm Mute or the next gear and can shill
gears much shifting the ICE, (IIIW drivers de tot tend to use the
Midi thr shifting gears for the ICE after starting up in first gear.)
.30 Sw tehing to ICE Mode.      The truck then prOceeds under ET
power until such time as the etintmiller detects a predetermined
condition designated for StVitehing.:back tO ICE mode. One Such
Condition. is Where the Contreller-deteeted -*hide speed exceeds a
preditterrained. speed, that has been pregrantined into the
controller's memory  This predetermined speed is approximately 15umit
loaded and 30mpli cab only irran embodiment of the invention, lower
if the battery ,SOC i tow, Testing in the present invention has
determined that electric power is less fuel efficient than ICE power
in many cases above this speed, at least according to the electric  5
traction arrangement disclosed herein. Since the ET system is
translating energy from one form to another,: it may be more
efficient to use the energy directly than to generate and store it
fOr future Use. The ET system fetid on the efficiency a the battery
and ETMG to compensate for the inefficiency of the diesel, especially
at idle and !OW torques or low speeds. 10hi a hybrid Vehicle,
ultimately all the energy for ET mode comes from the /CE, Overall
Mere are efficiency losses at every step, setting aside energy that
maybe acquired before initial operation from the eleetric grid. There
are iso incfficiencics Myttuning the ICE (So-celled idling losses,
i.e., relatively ENO:los-5(4 Applicants have found through analysis
and testing that at itileand 15 low torques or low speeds, the
inefficiencies in running the:ET system are less than the idling
losses for the ICE, so the ET mode provides gi net savings in energy
consumption by operating at idle and low torques or speeds.
Another condition for which the controller switehes bank to ICE mode
is sthere the controller detects that the ET batteries have reached a
preset low state 20 at merge      Another condition for which the
controller switches bank to ICE mode is Where coin/Wier-defected ETMO
eurrent exceeds a predetermiriell limit that has been programmed into
the controller's memory, which is due to 'the: (Miler dethanding
lorgyb output/(vio the accelerator pedal) thatcannotbe Continuously 5
prOrrided by thellTMG (which is Motoring in ET Made, of course). (it
should be understood. that Meter Current 'MY be measured in lieu 01
mOtot torque in the various &mho' contexts deSeribod,horeint) 



Just befere the controller causes the *ehicleto swilehto ICY:power,
the controller sends a signal :energizing an audible .device in
the'cah to notify the 30  driver of the 'switch. In -sWitehing from
the ET mode to the ICE mode, the controller first starts the ICE;
which may -Mtate fitely.sineeit is 'disengaged from the transmission
by the clutch, Which. is held in the -disengaged position by the ET
system clutch actuator. NeXt, a: 'drive by Wire' interface (11843 in.
the present: embodiment.) takes Control Of the throttle and revs the
.1(3.E, to an RPM   closely matching the RP of the Chita flywheel US
is fixed to the transmission input More specifically, a pilot device
of the present ET system is coupled to the vehicle's conventional
throttle linkage (e.g., throttle cable, the accelerator pedal, etc.)
and receives a control signal that is output by the controller. The
controller receives a signal from a speed sensor over the vehicle
communication bus @Ina or 31930 that monitors the ICE rotation and is
programmed with        1011 that Cerrelate8 the measured Kt Rpm to
the RPM of the ;transmission clinch flywheel (Note that depending on
where the ICE RPM is meaStired, the transininsidn Clutch flywheel RPM
and the ICE RPM may 10 correspond Li .):The controller adjusts the
throttle linkage output signal to adjust ETMG rotation to Minch the
ICE-rotation to that of the transmiSsion input. The: controller
processes the input from the: accelerator pedal and sends whatever
values are appropriate to the ETMO controller and the ICE ECM. Once
this is done, the controller Sends a signal to the dutch actuator to
-15 cause the actuator to slowiy- allow 'the clutch to engage,
"Slowly" in this context refers to 0.5 to 1 :'seconds, in One
embodiment of the invention, Next, the controller smoothly over l&
releases control of the throttle to the dnver, and continues to
detect driving conditions. In the ICE: mode, the system evaluates
driving conditions and selects 20 recharge lutes for the &MG
responsive to predetermined conditions where the ICE is able to
operate efficiently or Whem additional load will cause the ICE. to
operate more efficiently. finder these conditions, depending on
battery state of charge, the controller may increase reEten torque
command to the ETIvId, causing the ET.MO. to load the EMI for the
purpose of .increasing electrical current generation, i.e., increase
battery charge rate, 



Selecting the generation/charge rate responSive to state of the .Et
battery charge Includes, inane el/Medlin:aft, selecting a higher
Charge rate responsive to a lower battery charge state. For example,
the einage rate selected may be proportional to the battery discharge
state. Selecting the:generation/charge rate 30 respOnnive to Whether
additional load ill. Cause; the ICE to operate more efficiently
indudes in etie embodiment, selecting a .higher charge rate
responSive to a lower ICE torque, since diesel ICE's tend to he more
efficient at higher torque.        ICE percent engine load is
transmitted Morin the vehicle bus (SAE J1708 or 1939; in an
pribediment of the invention, reeen current :is a function of
hattery-SOC, In one enibodiment, different...torques ace commanded.
in diffemra SV..t bands. Regen current may be: a function. of engine
had percent (as 5 :described above). Rept) current may be a function
of engine RPM. The ermine   more marginally' ellicient.and has higher
available torques in the upper middle of its RPM range, Marginally
erne:Mut mearis: the additional output power compared to the
additional input Rid. The controller also uses :athlete speed es one
deterniitiant of rate of 10 generation and as a trinsidetation . for
how much to charge the Wineries, In instances :Where the truck iS
moVing at a higher Speed, the:ern:droller may chooSe not to Use ICE
power 'to charge the batteries cOmpletely. Instead,. in 'anticipation
of Vehicle: deceleration. the controller may choose to leave. some.
"room" in the hatteries,te,, to charge the battery tOsoMe State
beloW.fully charged, thus taking advantage- of the likelihood. of
capturing power for battery :Some via.. regenerative braking when,
the ye:hide innst be sloWed, in one .embodiment of the invention, the
controller selects the level of charge  below fully charged as 4
'tunaion of the speed of ihe vehicle above a predetermined speed. In
one embodiment,, the function is a pmportional Auretion. 2,0In. one
embodiment of the invention, the controller receives a 'louden..
orn the CPS system of the:, supervisory subsystem and selects rate of
battery charge responsive to comparing the :detected. vehicle.
location to apredetennined location or locations that have been
programmed into a memory of the controller: This Is because in some
geographic regions there are known 25 locations for staging areas in'
which teli idling is not petnutted Or is severely InuRed (fbr exempt;
the Port Of Los Angeles), so that FT mode of _operation is 'demanded
in those areas for longer intervals, 'More speeificall.y. in one.
:embodiment, the controller D determines the-distance fromits
:current location to sach a predeterniined, 'ET-demanding staging
area; ii) computes a heading based 30 on a sticoesSion of location
signals froth the GPS, Or else simply receives a beading that the:
GPS has computed;computes travel time to Predeterinined, ET-demanding
staging area based ...on. Current heading,. .iv). deteimineS a
required rate of charge that is .needed to :fully charge 'the':
battery  during the computed travel tune for OK giventiattery Charge
state; and v) begins Charging dic.battery at therequired charge rate
determined in iv 



The ET system is capable of having multiple modes of operation,
including modes for "Cab only' situations and 'loader situations.
During 5. periods of operation with no trailer ("Cab only7), or with
an unloaded trailer, the ET system can perfonn efficiently during
acceleration upto higher speeds than doring-titheS whena heavy load
is pulled. Because research has.deterthined that' 40% of cOintflorl
ditYthlek drive qele.time under etnulitionS of l'OW Or no load; it is
deSirable-th Millie the ET triodein'a range othigberbperatingspeedS,
10' hi valicIlls embodiments of the itivention,-the controller
selects speeds for switching between ICE andET Mocks of Operation
responSiveto a manual Mont
-signal. or else -automatically, such by 'monitoring a strain gauge
connected to the trailer receiver (51 wheel). The .systena can also
be nen:figured. to have more sophisticated modes of operation: where
switching ,points may be adjusted to 15 maximize efficiency for any
specific load. .1n, one embodiriteht, this is done using data
analysis,- where the truck measures time from speed:X.to speed V irt
specific gear and. at the measured power output Using a formula, 1116
control calPulates the load of the vehicle and adjust MACE. switching
se( palms accordingly, e.g., speck torques, SOC, etc.       Other
modes of operation ;may also be facilitated through the ern:moiler.
pedal modes of operation such AS a "port mode' may be activated
either matuallyor automatically responsive to
thecontrollernionitoring UPS provided location in! tliatiOn, In
special mocks, more limited performance characteristies may be
enforced or starting of the ICEmay beoverridden except 25 in certain
extreme: situations such as very low levels of battery charge. The ET
system maybe-disabled incase- Of failtam      Referring timit to PIG
6, the conventional Vehicle has an accelerator pedal .602 by Which :a
driver conventionally regulates ICE speed via a signal 604_8
gertenned by Conventional ICE controller 604 responsive: -to au
electrical 30 Signid from a sensor 606 connected  to pedal 602 lbr
Sensing pedal -position (or via some mechanical linkage in the
ICE,,-whirlh. is not Shown). 'According, tO au embodiment of the
prawn invention, the original accelerator pedal Sensor '606 is
connected to controller 312, either it addition to conventional ACE
controller 604  ox in neu thereof, If oritinal 'sensor 606 r,
connected to controller 312 it lieu of  the conventional ICE
controller 604, then controller 312 sends the signal from pedal
sensor Oki to conventional controller 604, at least selectively,
:Alternatively, another sensor (not shown) is added to accelerator
pedal 602, in which ease the new sensor communicates with controller
312 of the present 5 'invention.      Controller 312 receives the
conventional ICE speed-torque regulation signal 604_5 from controller
604 and preempts it with its own signal 312LStICE to the ICE, which
Controller 312 generates at least inn* hi response to 604_$, 'at
least at some timeS. Contrdller 312 also generates 10 A snail& Signal
312"S.,,TiT, which la 'communicated to a drive that controls the
ETI1/4,40 in order to regulate the speed and torque the EMIG delivers
in a motoring mode and to regulate the eleetncal generation it
delivers in a generating mode. (Note that herein reference May be
made to Conummicating the .312',$ET signal to the EMIG. This is to
Simplify the explanation of Overall operation, It should be
understood that The signal is <acniall9 communicated to the ETIVIUs
drive.) 



Controller 312 has control configurations,. referred to herein as
',pedal response modes," that controller 112 automatically selects
and switches among responsive to operating conditions, as described
elsewhere heroin. At any given 20time; controller 312 generates
signals 3.12 SET and 112...S...10E. at least partly responsive to the
pedal, response mode that is in effect at thattime.      According to
an embodiment of the present :invention, controller 314 interprets
the position of accelerator pedal 602 such that from 0% to about 33%
depressed, the pedal position in this range is deemed by contraller
312 to be is within a RECiEN range. In the next 7.5%,i.e., from about
slightly above 33% to about 40,5% depressed, the pedal position in
this nolo' is deemed by controller 312 to be Within a DEADBAND range.
From about 40.5% te 100% depressed, the pedal position in this range.
is. deemed by controller 312 to be within an. ACCEL range.
30Corazon:or 312 also receives:a signal from a push button 620 that
has been added to gear shill lever 622:olthe vehicles:10E annual
transmisSion gear box, rico,rding to an embodiment .:of the present
invention. The driver may signal to controller 312 When he/she is
about to shift gears using button 622. Controller 312 responds to the
signal from button 622 by changing its pedal  response mode, as will
be .despribtr,d elsewhere herein, in order to cause the shifting
performance of the vehicle to behave: in a more nearly conventional
manner, despite the addition of the. ETMQ and controls :their
corresponding effects on thevehicle. Thetis the EMIG, may he
generating When the vehicle is 5 operating in ICE mode or may be the
sole solace of vehicle propulsion (as a Molar) when the vehicle is
marina in ET mode. But. regardless -of what operidingiliede the
vehiele. is in, controller 312 takes actions responsive to the
eitiVers.;:ignal from button 622 to e.tatiete the shifting
perfermanee.of the:Ye:hieie to behatte in a more nearly 0Onventibmil
ICE manner, which in a pMferred 10eitabodiment is al:least-duty, wg.,
class 7 or 8, diesel track.      Referring now to FIG. 7, an
algorithm 700 is :Shown_ for control of electric, traction and
Icaopm'aion of the vehicle, according to an emboditnent of the
invention; Beginning at 702, algorithm 700 is initiated. Thismay
include a driver or adininistrater initializing, cent:miler 312 (E10.
6) to rell(*t operating IS conditions for .0. .given driving session.
For example, the vehicle may be operating with a !tiny
Made-tit-idler, e,g., 10,000 8:reset vehicle weight in Potinds, in
one driving session, In another driving session, the vehicle may he
Operating with only, the cab,. 1,e,, no. trailer connected. In other
driving sessions, the vehicle may be -operining with a trailer, but
not fay loaded. Initialization at 702 may include communicating an.
operating condition such as this to controller '312, such as by
making a selection :on a item that controller 312 displays or
otherWiseptesentato the driveror administrator.      Next, the driver
manually turns -on the ignitien key at 704. Responsive to 'this.
contEoikr 312 (FM. 6) reads actual battery ado af eharge and.
compares .1t 25to a 'predetermined state of charge ar106. 'Controller
312-also reads the vehicle. 



Speed and the torque being:delivered to the-drive train by die ICE.
If controller 312 dotenithies at 706:that the Speed, torque-and
battery state of charge arehinitS, then M:710 controller 312
initiates a .Signal, which may cuuae an deViee:1CR-Cab to makes
distinctive sotuakthr example, to 30: alert. The driver that the
vehicle is about, to enter electric traction mode, and also selects.
the ET pcded mode-state, Such that controller 312 then begins
responding. to the accelerator pedal position conninuticated
to-Wintroller 312 by sensor ZZZ, accordina. to a control
'configuration .described elsewhere herein for ET pedal mode slate
Next,'controller 312 waits. n predetermined time interval, c4".>.,
one .. second, at-712, disables theignition signal to tilt KM at 716,
and-signals the clutch netuatorat 718- to disengage the ICE dutch.
neural 720, controller 312 Wails. a predetermined time .interval,
e.g., 2.2 seconds, and Menai 722 reads the-- 5 dutch position to. See
whether- it is now disengaged. If not, controller 312 branches to an
exception -State at 724. (In Ode embodiment of the imentinth.
Ormlioller 312 brandies M734 for ICE 'operation for exeeption State
724.) If yes,,, then Pentroller.312 trierglies &MG- hi electric
traction Metering made at :726. That is, -in this State the vehicle
--IS being Wm:lied b BTM(3 pOwer-slippli$ 10from thevethek
proptilaiont.i.e" "traction,' battery,      At 728, controller- 312
checks the state of a Manual override switch to determine if the
driver is manually directing .0min-oiler 312 to midteh L ICE moan. If
yes, controller 31.2 branches to 734 for ICE *ration, kshould. bo
understood - that although the manual override is. shown Mere at 728,
in an 15 embodiment of the invention this checking -and branching
4.728 could occur at anytime Amin ET mode, of operation. In another
enibodiment of the invention. the manual override feature of Meek 728
is not accessible to Me operator, or else is not included at all In
one egibodiment, this feature can only be enabled in. certain
geographic zones such as in a. port, -and is enabled responsive to a
413S 26ail-0d input- AI controller 3112. 



Next, at 730312 reads the speed -of the vehicle, torque being,
delivered to the vehicle by the ETMO (operating as a meter) mid
battery state, of charge. 1-f they are -within predetermined limits
the controller 312 continues. itionning die ET-MG at 726; cheeking
fer manual override at 728, and Checking' 25 speed: torque and State
Of charge at 730. (During ET operation, controller 312 and- its
&mitt-Oiled. devices- respond to Signals arising from gear shilling
of the Manual imbairlisSion, Inelnding, signals anal-A% front adt6S'
the driver' takes: leading up to the-shifting Oldie. g,eats,:as
describethelsewhere-herein,) in one embodiment of the invent-arm, the
predetermined limits. include. 30 'vehicie. speed below 18 MPH,,
tonthe belMV -.150 ths,,, and State of el-large above 40% 'charged
for fully leaded vehicle; 'arid: -Vehicle Speed below -40 MPH; torque
below 1M1 ft ths.,..and.state (.4 :Charge ahoVe 30% .Charged, for
cab- only: hi wie embodiment of the invention, the predetermined MI
MS Melthie,  GPS or driver input indication that vehicle is headed to
zone where no ICE operation will be allowed, need high state of
charge.      Once the speed, torque or suite of charge indicates ICE
mode is demanded at 730 (or manual ovemide indicates ICE mode at 728)
controller 312. 5 branches to ICE operation, beginning at 734, which
includes initiating a &Mod, which may cause a device in the ICE cab
to make a distinctive sound, for example: to alert the driver that
the /vehicle is about to enter ICE mode, After waiting a
predetermined time. interim'', mg., 1 second, at 736, controller 312
awn enables the ICE ignition and the ICE starter et.738 Then
Controller 10 312 readS the actual ICE rotational speed (RPM) at :742
And compares it to a predetermined Speed within a predeterinined time
interval, such that the controller determines at 742 whether the ICE
actual Speed indicates the ICE is successfay starting i.e., actual
ICE speed exceeds the predetermined speed, mg" 500 RPM, within the
predetermined time, e.g., one second. If not, controller 312 brandies
to exception state. 744. If yes, emir:eller 312 then tie-energizes
the ICE :starter at 48 and then waits a predetomiin&I time interval,
e.g., 0,5 second, at 750.      According to an enthodiment of the
present invention. coamiller 312 next at 752 selects a SYNCHRO pedal
Mode state, In Which controller 312 temparatily overrides the
conventional Control signal to the ICE that arises responsive to the
conventional accelerator pedal siesor (or overrides linkage dom. the
accelerator pedal to the ICE) and preemptively revs the ICE to a
predetenninixt speed (RPM), e.g., 1.0.0 RPM, to heth synchronize the
ICE speed withihe transmission's input speed. 25Next, at 756,
controller 312 reads actual ICE rotational speed (RPM) and 



reads or calculates actual transmission Moil: speed, comperes them
over a predetermined time interval, :snob that the tontniller
deterniiiies at 756 Whether the actual ICE speed has exceeded the
transmission speed for at least the pAidttennined time interval, mg.,
0.2 seconds, If not, then controller 312 30 brandies to an exception
at 758. 11 yes, then controller 312 branehes to signal the ICE Cluteh
actuator to engage the clutch at .160. Next: controller 312 waits a
predetermined time interval, e.g., 0.5 seconds,. at 762, and then, at
764, terriporatily begin' to the accelerator 'pedal position
according to a control confieuration described elseithere herein frir
a BLEND raNial mode state.        /Centroiler 3 it also reads the
actual clutch position at 768 and determines whether the ICE clutch
is engaged yet. If no, then after some predetermined time, controller
312 branches to an exception state at 770. If yes, then in this.
state the vehicle is being propelled by 'the ICE. Further, upon
determining at 163 that the clutch is now engaged, controller 312
selects and switches to one of the REOEN or BOOST pedal modes
described elsewhere herein. (During ICE Operation, controller 312 and
its controlled devices respond to Signets arising from -gear shifting
of the Manual transmission, including signal:1 atiSing frit aetions
the; driver taket4 leading up to the Shifting of the gears; as
described elsewhere herein.)      Net. at 776, controller 342 reads
the speed of the vehicle, torque being. delivered to the vehicle by
the ICE. and battery Slate of charge. if they are outside of
predetermined limits that indieate ET mode IS desirable or possible
:answer to question in bloJ T6 = no), tontrollei312 continues penning
the ICE. at 772 and repeats checking speed, torque and state.of
Charge at 776,      If they are within predetermined limits that
indicate ET mode is desirable and possible, (Le., answer:to question
in block 76 yes), then controller 312 branches to block 710 to begin
switohingto ET mode. In an embodiment of the invention, the
predeiemined limits ate as previously mentioned in connection
decision block.730.      It should be understood that although a
manual override is not shown here for Manually eausing, a switch
front ICE mode to ET mode, controller 312: includes this logic
feature in a ;fashion like that of logic bleak 728 and monitors
continuouSly or frequently for a manual override signal from the
driver in an 25 enthodintent of the invention; So that controller
312- will respond to manual cei6rride at any Se it may occur during
ICE mode of operation. In another etnitodituent of the inVention the
Manual oVerridefeature is not accessible to the opcnttOr or else is
not included at AIL In one embodiment; this feature can only be
enabled in certain gerigraPhic zones Such as in a pert, and is
enabled 30 responsive to a OPS signal input to controller 312.
FrOM the forgoing it should be understood, that in an endtbditnem of
the invention the vehicle only operates briefly with both the ICE and
the ET vehicle concurrently propelling the. 5xthiele, i.e., this
occurs when trausiiibuing from ICE           e and vice versa, and
otherwise only occurs if the propulsiAn bane 1- overcharged. 



As mentioned previously, al. any given time,- controller 312
generates signals 312Syr and 3.12...S.LiCE at least partly responsive
to a pedal response 5 mode that is imeffect at that time. As also
previouslymentioned, controller 312 may interpret the position of
accelerator pedal 602 such that, a first range of less pedal
displacement is deemed by controller11-2 to bea REGEN range,- Tn. an
upper range of greater pedal displacement, ..the: pedal position la-
deemed by controller 312 to be within.ah ACCEL range. in an
intermediate range between ill the REGEN and ACCEL ranges
oldisplacement,:the pedal position is deemed by centrialler 312.10 be
within a- DEADBAND range. ittolloWitta is a table that xpiains the
above mentioned- pedal rOpontlemodes in some detail and relates
COMMA ) TO ICE Agee! terntie proportional to basie pedal position
signal within Mtn, range 10 only when trawl hotline: Else not ma Meet
torque propOitioiai to 



I basic pedal , position signal I within ACCEL range  COMMAND TO EWE:
Aced or regen torques both proportional to basic pedal positioa
signal Full rgen torque*  .Accel torque proportional to basic pedal
position signal /ithinACCFI range Accel torque proportional to basic
pedal position signal within ACM.. range  0.75 * Full regen torque
When pedal. is in ACCEL range ; hi RBGEN latige : 0.75 *fl regen
itinpap or else regen toreitie proporbPnal to basic padai position 



whichevej Moller *  - No regen torque When pedal in ACCEL Patin aced
tcptipe proportional to basic pedal I position signal I when in gEGEN
Image    BOOST SYNCIIRO  Battery ovembarged Use stored energy for ET
w/o taming off ICE  ICE initial turn oh interval I (which may I be
due to 



I automatic ' mode swi   Aced torque proportional to basic pedal
position signal within ACM range  Rey up ICE to a predetermined speed
(RPM), independent of pedal Position within ACM ranee o      Accel Or
regcli torques both proportional to basic pedal position signal Aced
or regal totques both proportional to basic.p0al position signal
Acod or regcri 'torques both proportional to hasiepcdal position
signal 



RCZOI: torque proptirtional tq basic pedal positionsignal divided by
16 When pedal in REGEN mac; Aped torque prol)ortional to basic pedal
position Signal divided by 4 when in ACCEL range Rept' torque
proportional to basic pedal position signal divided by 16 When pedal
in kEGEIN range; No acceleration torque when pedal in ACCEL range  1
Reg= torque proportional  basic pedalI position signal divided by
16:: I when 1)411 ,in ,  REGEN range; Acedl -torque 



proportional to-basic pedal position signal di.Vided-bY41 seism in I
ACCEL range ..  (except on ix 1 movement') MODE TABLE Referring new
to MG. 8,  state &noun 800,1s' shown for the:system 5 modes of
controller 312 aila its related sensors and Controlled devitelt,
according to an embodiment. Of the present invention. and relates the
systein:modS to the pedal response modes. (Herein, "modes" are also
referred to herein as 'lcontrol s ' :" or simply 'State$.1 The State
of the system begins at initial mode 802,. upon startup of the
:vehicle. Depending on whether the battery luta an adequate 10 charge
state, as described in FIG. 6 herein above, the not state upon
startup is either El mode 806 or else SYNCHRO mode 810. Preferably,
the controller 312 switches the vehicle to ET operating mode 806 (via
Controller 312 coupled devices), in which the controller energizes
the EIMO to operate as a motor, in a  -manner such as described in
FIG. 7.. (ET operating mode state 806, as shown in 15 MG. 8,
corresponds to pedal response mode ET described mtht Mode Tahle.)
With reference to the Er mode in the Mode Table, it .maybe seen that
when initially mansitioning to this mode 806 in the ,described
embodiment olIthe inVeritiritk controller 312 communicates a value
for the 512_13._IGE signal to the ICE that is proportional to The
basic pedal position -signal within the .ACOEI.; range I IQ, 'whereaS
the value of 31:2_sin communicated to the EIMG is proportional to
thebasic pedal positionSignal. (Note, however, with reference to FIG.
7, Week 716, 'that the ICE:ignition iirdisabled by tioniMiler 31.2
early hi the ET mode of Operation 806. The-Table also refers o this
feature:in hams of the  



"Era:Stier:" to.:ET mode. Signal 3128 :ICE to the ICE will, of
corase, have no effect once:the ICE ignition is diSabled.)       The
reaSon for generating signal 312 5 ET proportional to the basic pedal
position in ET mode is, of course, to provide a way for the driver to
centre' acceleration and deceleration vitt the ETMCi as motor
(acceleration) and as wrater (regenerative braking), The reason for
generating the 312 JUCE Mahal propettiohal to the basic ()WAposition
Signal within :the ACCEL range / 10 is in order to *tide inbre
seandess switching betWeen modes. That is, is in ordorlto provide
More seamless' *itching betWeeirmthieS: That is as 111-(rclutch 10 is
disengaged Signal Value to the ICE. controller is reduced
proportiOnally to pedal input while sipal value to the ENV; is
increased:propoffionally to pedal input. This allows the driver to
intuitively adjust for the changing toque inputs  to the. drive train
:without loss of momentum or over-mvving 'of the ICE. An APNI
detection algorithm CP also 1)P employed with detects inctwitie in
ICEITin that is not responsive to pedal input, thus indicating :that
the clutch is disengaged' an signaling immediate deactivation of the
ICE.       To provide a specific example, it the driver depresses
nccelerator pedal 692 such. that it is within the ACQEL range, for
example, the value of signal 332,ft "ICE sent to the ICE is
proportional to: the position of pedal 602 within the 20: A.CCEL *dal
range divided by 10. Still more particularly, for the pedal ranges
described herein above, if pedal 602: is depressed to about 60% of
its full range, lot es:anti& this is about 20% of the ACCEL range, So
the value of signal 312LS ICE that controller 312 generates and sends
to the ICE is :20% / 10 2%, 25On the other hand, the value of Signal
312__S ET Sent to the Et is proportional to:the basic pedal position
signal, as' previously pointed OM Thus, for the example given in
which pedal 602 is depressed to about 60% of its full range; which is
about 20% of the ACCEL range, the value .of signal 312...s...ET that
controller 312:responsively generates and sends to the ETNIO thus
demands 30 20% of the ETNICI motor torque propelling the vehicle.
In another example, in ET mode -806, if pedal 602 is depressed to
about 16% of its foll range, which iS about 50% of the REGEN range,
the value of signal 3 .12,..S ,,.ET that controller 312 responsively
generates and sends to the ETNIG thus demands 50% of the ETMCi
generator torque recharging. the  propulsion buttery. However, all
this regeneration toque must come from the momentum of the vehicle,
or else there is actually no torque available to regenerate. Note
that the signal 312_S_ICE that controller 312 generates and sends to
the ICE is 0% for any position of pedal 602 within the REQEN and 5
DEADBAND ranges Shifting gears:in ET mode       onee in ET mode S06,
the driver may accelerate and manually shift gears of the Manna
traanliSsioMgear box. As previously mentioned, the dint will depress
button 622 to signal Controller 312 that he/she is about to shift
gears. 



10 Responsive to receiving this signal, controller 312 switches to
GEAR. SHIFT ET state 818, Which corresponds to the pedal responsemodc
Of the same name in the Mode Table.       With reference to the GEAR
SHIFT ET mede in the Mode Table, it may be seen that the value of
312_S that controller 312 communicates to the 15 ETMG in GEAR SHIFT
:ET state 818 is proportiOnal to the basic pedal position sigmd
divided by 4 if' the pedal is within the AccEL range, and
proportional to the basic pedal position signal divided by 14 if the
pedal is within the, REQEN range. This is for reasons described her*
regarding GEAR 'SHIFT SYNCIIRQ mode 822.      it should also be noted
that in GEAR SHIFT Et mode 818 controller 512 communicates a value of
signal 3112.A _ICE to the ICE that is proportional to the basic pedal
position signal within the ACCEL range 10. This signal has no effect
in ET mode. Controller:312 is -configured in this Ilishiondegarding
the '312 .25 signal for tworeasons.. First, if pedal 602 is in the
ACCEL, range:and:thereby demanding propulsion torque from the:EMIG
(motoring), once the gear box .gears are. shifted to Main! the EMIG
will 'be unleaded:bythe transmission. The LIMO would tend to spin up
the ETMG quieldy to:a high speed respotutive to the"forque demand
signal.3.12..5 :ET if thOsignalwerenotattenuated. Second, if 30.
pedal 602 is in. the RE:GEN:range and thereby demanding generation
torque (ion the &MG (gcneniting), the EMIG woad tend ter quickly
slowdown the tiansthission input once the transmission input is
disconnected from the -tralituisiijii output by abiltinathe gearbbx
geatsito neutral, Either tendency Would have the effect of making it
di/fief-Eh to plat:011ie tranSinission in the next  desired gear.
This, nab, would be caused by the MI6's much more rapid response to
the not;mtenuated torque demand signal Z10..,$_Et than would be
typical of a diesel engine. This, again, would be caused, by the
ETMOts much: more rapid. response. to thenoPattenuated torque-demand
signal. ZI.O_S_ET than 5would he typical of a diesel engine.
Thus, to provide a specific example, lithe driver depresses
accelerator pedal 602 such that it is at 20% Of the ACCEL range, for
exatimie, the Value of      312_SitT that cOntraer M.generate-it and
sends tit the ETMG is 20%! 4 = -594, thus demanding 5% of the ETMG
motor /envie to pitipel the Vehicle: 10 and tap value of signal $128
ICE that continlier 312 generates and Sends to the ICE demanding 20%
/ 10 zr 2% of the ICE torque to propel the vehicle (if the ICE
ignition has not, yet beep disabled, per. FIG 7, fl o.as
previouslydiscusaed).      And if the driver depresses accelerator
pedal 602 such that it is at.20% of -the REGEN range, Mr 'example,
the value of signal 312 S El that controller 



generates and -sends to the EfIMG is 20% i 16 1.25%, thus dethanding
1,25% of the Erma generator torque to slow the ETMO spin rate during
the time the transmission is between gears.      Releasing the gear
shift button 422 ends the GEAR $iliFT F.Ty state. Once the driver has
place the shifter in the next gear position he/she releases, the 2.0
button on the gearshift to make available the full tenpin or regep
available from. the MG according the signal values in theliasic pedal
position to propel Of' slow the truck.      in another enibMiment of
the invention, in GEARSHIFTLIT state 818 controller 312 conimunicaMs
a slight resell signal to the EMG. This signal 25-causes' the MO to
slightly slow the ET drive system to 'imitate the slight slowing that
an ICE will 'exhibit during shifting. (It should be noted that the
Slight rettert signal Will also compensate for the :greater 'mass
tithe PX-U with Would tend to carry More inertia than the -spur:gear
normally'sktukt. This slight rotten effectively electronically
subtract' the extra. inertia) -30'Responsive tO the system
determining that it is apprOpriate to switch from: El' mode 80d to
feEode.$14, controller'312 first -SWitehes the vehicle to SYNC 1K0
operating Mode 810 (via controller 312 coupled devices) respoitive to
conditions described in. FIG 1". block 752. This mode is Of short
duration. $YNCIIRO operating, mode 819 in PICk. $ corresponds to the
pedal respOnse  mode of the same name in the above table, In
SYNCHROmotie 810, container 312 sends signal 512_8_10E to JCE
independent of position pedal 602. The signal 312...3 JGE:
communicates a predetermined denianddna causes the ICE to rev up 11)
u speed, such us 1200 .RPM, that is appropriate Mr matching the 5
rotational speed of the transmiSsion input Shaft, so that the manual
:transmission gearboxtgears can mesh without Mashing: Also, for the
Short while that SYNCHRO mode lasts, controller 312 continues tri
generate:Signal 312 ..SLET and send it to the ETMO in the same manner
as in FT mode 806. This is in order to avoid a leSs of Witte Mr
propelling the vehicle :during the transition 10 until PIM time as
controller 312 determines that the Kt has sufficiently taken Ver.
`" ..HRO mode 810 ends by controller 312 entering a BLEND pedal
response mode, Which correspandS to RIG. 7; bleefr 764, in whirib
controller 512 Wends the predetermined demand. compOnent of
5.12_A.IGE: :signal with a 15 component generated relative to pedal
input. That is, during a short predetermined time interval of a few
seconds, controller gradually decreases the predetermined demand
component while gradually increasing the component generated
responsive to pedal position. In this manner a smoOth transition from
EMG propulsion to mg. propulsion is achieved without over-revving the
engine 20 Or causing an under revved engine to cause slowing of the
vehhile or excessive stress to the GEM clutch. Shifting gears..in
SYNCHRO mode 



It is possible", however unlikely, that during the short time when in
the 25 SYNC:I:IRO :mode the driver may be shifting gems. it this
ocotos, Men responsive to the -receiving the signal from button. 622;
:controller 312 switches MGEAR SHIFT Synchro mode
822,'whichnorresponds to the pedal :response; modemf the same namein
theMode Table. With refry-meet the GEAR SHIFT spicily Mode in: the
Mode Table, it may be :seen that in this mode 822;. 30 Controller 312
automatidally generates: signal 312_SjCE in the samemanner as
described-above regarding SYNCHRO mode 8104: arid antoMatically
generates signal 312 SET in the same manner as described alMve
regarding GEAR: Sinn ET inodc:06. This is so that inputs fann synehro
made do not cause:.  over reaction by either the ICE or EMG. which
.could result in 'age .of energy or fuel, damage to either system,
or.difficulty in shifting. Switching to ICE mode       Once the
conditions Ith ICE state 814 have been established, as described
leading up to block 772 in FIG. 7 (which corresponds to ICE state
814), Controller 312 sAvitches the \athlete frOM SYNCEIR6 Operating
Mode 810 to ICE Mode 814 (vitt controller 312 coupled device0,'NVhich
cilstreSpondS to the set of pedal response modes labeled REGEN
quickly, REGEN efficiently, .REGEN drily off pedal, and BOOST in the
Mode Table. When in ICE mode 814, controller 312 Selects one of these
pedal response mocks reSponsive te battery statenf charge, See Mode
Table herein for a description of operation in each of the ,REGEN
quickly, REGEN efficiently, RECiEN only off pedal, and. Bopsyr pedal
response Modes. Switching gears in ICE mode 



When in ICE mode 814, controller swite. es to GEAR 5E117 ICE mode
826. respiinsive to driver actuation of button 622 and stitches out
of mode $26 and back to ICE mode 814 responsive to release of button
622. Operation in 20 GEAR SHIRT ICE: mode $26 is similar to that
described in GEAR SHIFT ET mode 818 except as indicated la the MODE
TABLE herein.      54:tbgitute eiectie-oniy Ail compressor, power
steering pump, and air conmressor for brakes      Aithonling to an
embodiment of the present invention, the Er system addresses
conventional auiliary eqUipment that is necessary for Vanden of the
vehicle and for driver -comfort (air conditioning cot:pressor, power
steering pimp, air compressor for brakes). An arrangement tor this
has beeh disclosed in one or more of the:above cited, related
applications. In another arrangement, according to an enthodiment Of
the present invention, drivers powered by the 30 ICE for these
Subsystents aft: replaced with electrical driven' having improved
efficiency. They are powered bythe same battery that pluVides
propulsion in the. ET mode. These drivers are turned on and. Off, as
needed, tint operate at dines both when the ICE is on and when the
EIMGiS Motoring,        Regarding the AIC system in particular, OEM
AC compressors are massive, belt driven,and inefficient. Further
energy losses are present even when the AC compressor is not running,
as the ICE still spins the pulley an :the belt. Research for the
present inventionindicates that converting to an electric- 5 driven
AC compressor results in substantial fuel savings both in ET and ICE
modes. likewise, cOnventional ICE-driven power steering fluid pump
and brake Air compressor pump Shaft both spin and bypass iltddlair
even during periods Of no demand, mseltirtg in contlithous hiss of
energy from the system. According to an embodiment of the present
invention, All of these atixilittiy system drivers 10 ate removed
front the OEM configuration and replaced by high-efficiency
electrical drivers, ,adlich saves ICE power. The replacerhent
electrical driVers are powered by a Controller supplied from the ET
propulsion battery and is capable of independently controlling each
driver to ensure it is powered only when needed for operition
aeeording,to its purpose. Type of electrie drivers and typeof driven
devices      Retteareb and testing tot the, present invention has
involved' optimizing, or at.1 astmore nearly optimizing, how to most
efficiently capture energy from the ICE, stom. it, and Men reuse it
for propulsion, Accordingly, attention has kx.ien 'directed,. as
,described above, to replacing auxiliary drivers with electric-only
drivers. In addittim, attention has also been directed to the typo of
electric. only drivers and the type.of auxiliary devices that
at-tr.driven, 12V systems are the norm, for a variety of reasons,
ineiluding inilial cost. A few manufacturers use .24 vde for
starting, but the ..rest of the :rystem is 12vde. 25 however, the
electric-only .auxiliary drivers in an embodiment albe present
invention are 240V devices, which are more efficient than
conventional .12V drivers. 'Further, in an embodiment of
thepreseitinvention. the AC compressor itself has been replaced with
a scroll-type CompreSsor, which has higher efficiency. 30 Alternator
The. conventional 12Y hattery-Techarging-alternator also draws some
energy from the ICE even When the 12V hatteryis attill charge:
According to an embodiment of the 'present invention,. thd
Oast-Mortal alternator is likewise. 



removed. Correspondingly, in an embodiment of the present invention,
the HIM is used to charge the conventional 12V battery via the Fr
system controller, which is also contrary to intuition for the same
reason explained herein above. Since the 12V :alternator, is removed,
the fi.T system controller 5 'includes a 12V power supply fed by the
El' system battery and the ET system iliTtC4Q, where the: .12V power
supply is tasked with keeping the conventional :12V truck batteries
charged for Use it operation of the remaining 12V systems of the
vehIcle, 10Power steering According 10 an embodintent of the :present
-itiVeutiOn,i
sensor s: ineinded and.contiored to detect :steering wheel or
steering linkage. movement: et position. /1-1 one aspect-of the
presenrinventicin,, the sensor causes the-power steering. pump
driver-- to be energized responsive to the sensor detticiting IS
movement in the Wheekof linkage. In another aspect, a-emit/el circuit
receives: the sensor input and the control circuit causes the 'power
steering pump driver to be de-energized mpopsiVe .to. a predetermined
Blue interval during which the sensor detects no movement in the
steering wheeler linkage. Inanother...aspect, the control circuit
also receives a signal indicating the vehicle :speed and the 20
control of the energizing and de-cnergizing of the power. steering
pinup responsive to movement or no movement, as just described, is
further :responsive to. the control circuit detecting that the
vehicle is traveling at a, speed below .a :predetermined...limit,
which includes pot traveling at Mt In another aspect; the sensor
detects whether the steering linkage is or is not steering the
vehicle 95 Simi& ahead (or within a.-predetermined range
near-straight ahead), such that the :detected :movement is a
movement-indicating that -the :vehicle steering is changing from a
:first position substantially Straight ahead to a second. position
net substantially straight ahead, or from Me 'second position to -the
first. Accordingly, in One enthodithent of the invention: the control
circuit is .30 :configured to cause the pOwer steering trump driver
to be dc-energized rittipouive to a predetermined time interval &dint
Which the :Sensor detects the :steering position remains
substantially straight ahead., Le, straight ahead or within a
Predetermined range on either side of straight -ahead. With. Such an
arranpement, et my used to drive a conventional power steering pump
is reduced.      in an embodiment of the invention, the ICE pulley
driven power steeling fluid pump is removed or bypassed completely.
The elect* driven power 5 steering fluid pump is activated by motion
of the steering wheel, measured by Mechanical gear attached to the
steering column. When the controller senses that 'the steering wheel
position is different from the average steering wheel position Over,
the last seeend, the controller turns on the power, steering pump. If
the position doesn't change Or if the steering:position is Straight;
the Orton& 10 starts counting and turns the pump off the count
teaches 2$ seconds. 



Air pressure       For air pressure, the controller receives .a
Signal from .a pressure' transducer and. turns on the air compressor
wheneVermeeded. Alteinatively, the container receives input from a.
high pressure switch and a low pressure switch, and -turns. on the
compressor until. the, pressure is high; then turns -Olt the
compressor until the pressure is .low. DOT requires that n certain
Minimum air pressure is .ittaintajped in a tank, and that the control
.system must be. able to replace it within a fixed time frame should
it fan below that minimum level. can 20 In an embodiment of the
invention the controller monitors and decides based on energy
efficiency whether to run a fixed lower speed or quick charge the
brake air system. In an embodiment of -the invention, the eon/loner
makes decisions basted on energy :charge, tank pressure; etc, and
optimizes all choices to maximize energy usage.      It should ha
appreciated from the foregoing that according to an embodiment of the
invention an electric traction System as deScibed herein is
retrofit:1W to a vehicle: such as a class HDY. The retrofit system
provides: adequate drive, time and drive perfonnancelbr a.
predetermined day truck-drive *le by matahing.9 PXU, ET
motor/generator -and transmission gearing,. ii) FT 30 motor/generator
speed/torque characteristic,, -and battery characteristic to deliver
torque to mechanical drivetrain in. ET.Mode within predetermined
spet,1 end torque limits for the ET141(1). PAI and transmission,
While also providing. recharge of battery in ICE mode responsive to
-predetermined features of the.  drive cycle and within speed and
torque limits of the PXO and rransmissie speed, torque and current
limits of the .PTINA3 and battery system.      That is, the syStem
speciticallybas a combination :Of gear ratios. EIMG torque, etc. that
satisfies predetermined torque and speed constraints within
predetermined drive cycle constraints, i.e., predetermined patterns
of speeds and titne intervals, wherein theSystem has a battely Of
Sufficient Capacity to yield a predetermined drive time and speed
pattern; and the EMIG (ila generator) cau -recharge the.bitttery
Within predetermined recharge Oppernmities defined in the -tithe Mid
speed drive Cycle. That is, the hatterY has Sidi-Meta current and 10
ampere-hour capacity to yield a predetermined drive time within the
predetermined drive cycle where the FRIG (as generator) can recharge
the batter"Othin, predetermined recharge opportunities definedin the
drive cycle.      Relative te the size and. weight; of a class $ HDV,
a relatively small elcetriehTly16 propels the vehicle via a PT()
port-thatis -designed for a different 15 purpose. 'While the .ETNIG.
is relatively -amid/ hr terms of what is needed to move the truck M
all circumstances, e,g"..abovectirtainspeeds, the .ETMG has ting
characteristics that exceed the limits of. a conventional :PTO that
is     lardy coupled. to a transfer gear of the conventional
transmission through it PIO.port. That is, thetliTMG must have the
capacity to drive or be driven at higher torques a:04 speeds in
cOrtain situations than 'a :conventional PTO can Withstand.
Accordingly, a PXU having a combination of both a high torque rating
and 'a high speed rating is Mended in AP endiodiment of the vrestt.
Moreover; conventional PTO's do not have a sufficiently high gear
tatiO to enable the present-invention. ACcordingly, du PX.1.1 not
Only has a high 



:25Speed and torque niting, but alSo haira higher- gear ratio.
Further; the recharge cuirentivOltaite delivered by the ETMG'in
atneratortneidecilt mode) unistalso .sWitched-Mff or at
lotistreduetuditt connection with manual shilling.      Referring now
to HO, 9, it should rilsO be understood That the invention may
include a method of retrofitting. a ve.hicl in an embodiment Of the
20 invention, thisineludesinstalling 902 A WM* exchange unit (my
coupled to an existing manual transmission of the vehicle via ail2TO
port; installing 904an electric motor generator coupled to the PX,If;
installiab,!900 a battery electrically coupled (9 the motor warn);
for supplying power to propel the vehicle; and installing 908. a
mu:MI unit coupled to the motor Ueneratar and the battery and
configured to swilob operation of the vehicle between first and
second modes, wherein in the first mode.an internal combustion
engine, of the vehicle propels the chicle, and in the second
mode-the-motor generator propels the vehicle in a. motoring mode.
Installing 908 the control unit may include -Configuring the control
unit as described herein,       To reiterate, the cnihodiments were
chosen and described in order to best explain the principles, of the
invention,: the practical.application; .and -to enable -atm Of
ordinary skill in the art to understand the invention. Various- other
,ititibticiiinentS.having \Minna modifications May 'be _suited to. a
partieuhir ust contemplated, .butmay be within the :tope ofthe
present invention.       Unless clearly and explicitly stated, the
claints that, /follow qtre not intended to imply any partidillar
sequence of actions. The -inclusion of labels, such as -a), c) etc.,
-ler porriims of the :clainis dm* not, by itself, iiiiply any
particular sequence, but rather is merely to facilitate .iferenee to
theportions.  rx-.1/UOVO/ /LO/Z 1Y-U1ZU1U
2$348-006W01PCT/US2008/072672 What is claimed is: I. A method of
retrofitting a vehicle comprising:                        installing
a power exchange unit (PXU) coupled to an existing manual 



5transmission of the vehicle via a 'PTO port; installing an electric
motor generator coupled to the PXU;        installing a battery
electrically coupled to the motor generator for supplying power to
propel the vehicle; installing a control unit coupled to the motor
generator and the battery and  10 configured to switch operation of
the vehicle between first and second modes, wherein in the first mode
an internal combustion engine of the vehicle propels the vehicle, and
in the second mode the motor generator propels the vehicle in a
motoring mode.                         2. In a whicie with a manual
transmission having a transfer gear accessible via 15a power take off
(PTO) port, a, retrofit apparatus comprising:         an electric
traction motor-generator (ETMG) mechanically coupled to the
transmission transfer gear via a power exchange unit (PYL) through
the PTO port, the EIMG electrically connected to a battery; and a
controller configured to operate the vehicle in i) an internal
combustion engine  20 mode (ICE mode), wherein the ICE provides
mechanical power via the transfer gear and the Ma: to the HMG for
driving the ETIVIC as an electric generator to produce and store an
electrical charge in the battery, and an electric traction motor mode
(ET mode), wherein the ICE is powered off, and the stored electrical
charge from the battery energizes the ETMG as an electric motor to
provide mechanical power via the   25 transfer gear and the PXU to
the manual transmission for propelling the vehicle, wherein the
controller is configured to automatically switch operation of the
vehicle between ICE and ET modes, and wherein the controller is
configured to automatically switch operation of the vehicle between
ICE and ET modes responsive to predetermined driving and battery
conditions. $0  A ..,A/VUVO/ I LA/ L 17-1.11-2U
23348-006W01PCT/US2008/072672 



5       3. The retrofit apparatus of claim 2, wherein the
transmission has an oil pan below a housing of the transmission, the
oil pan being bolted to the housing of the transmission via
oil-pan-bolt-holes in the housing, and wherein the retrofit apparatus
comprises: a bracket bolting the PX1i to the housing of the
transmission, the bracket configured to fit over the oil pan and
encompassing holes configured to align to the oil-pan- bolt-holes.
4. The retrofit apparatus of claim 2, wherein the predetermined
driving 10conditions include vehicle speed below 18 MPH and a drive
train torque condition below 150 ft. lbs., and the. predetermined
battery condition includes a state of charge of the battery above 40.
5. The retrofit apparatus of claim 2, wherein the predetermined
driving 15conditions include vehicle speed below 40 MPH and a drive
train torque condition below 150 ft. lbs., and the predetermined
battery condition includes a state of charge of the battery above 30.
6. The retrofit apparatus of claim 2, wherein the controller is
configured to 20 switch operation of the vehicle to the ICE mode to
recharge the battery responsive to an input indicating that the
vehicle has a heading toward a geographic zone where ICE operation is
limited by a regulatory authority. 



7. The retrofit apparatus of claim 2, wherein the controller is
configured to 25automatically switch operation of the vehicle between
the ET mode and the ICE mode responsive to the vehicle traveling at a
predetermined vehicle speed.                            8. The
retrofit apparatus of claim 7, wherein the controller is configured
to select the predetermined vehicle speed of switching in response to
receipt of a manual input or a measurement of a vehicle load. a?  nAJ
/ Z. 1.7-V 1-GV 23348-006W01PC'T/US2008/072672      9. The retrofit
apparatus of claim 2, wherein the controller is configured to
determine vehicle -load responsive to receipt of a predetermined
measurement from a strain gauge or a predetermined pattern of vehicle
traveling speed. 510. The retrofit apparatus of claim 9, wherein
predetermined pattern of vehicle  traveling speed include.s a
measured time between predetermined vehicle speeds with the
transmission operating in a predetermined shifting gear.
11. The retrofit apparatus of claim 2, wherein the controller is
configured to 10automatically switch operation of the vehicle between
the ICE mode and the ET mode responsive to a predetermined torque
measured in a drive train of the vehicle.             1.2. The
retrofit apparatus of claim 2, wherein the controller is configured
to automatically switch operation of the vehicle between the ICE mode
and the ET mode 15responsive to a state of charge stored in the
battery. 



13. The retrofit apparatus of claim 2, wherein the MU comprises one
or more gears pnwiding a fixed gear ratio between the transmission
transfer gear and the EMIG, so that the ETNIG operates as the
electric generator and the electric motor over 20essentially the same
speed range,        14. The retrofit apparatus of claim 2, wherein a
gear ratio between the F,TMG and the transmission transfer gear is in
a range of 2.0:1 to 2.5:1. 2515. The retrofit apparatus of claim .2,
wherein the fixed gear ratio is such that for a range of 0 to a
predetermined full speed ICE rotation, the ETMG operates in a range
of 0-4000 RPM. the fixed gear ratio is configured to operate the ETMG
in a range of 0-4000 RPM in the ICE mode. 3016. The retrofit
apparatus of claim 2, wherein the PM has a torque rating of at least
500 ft-lbs and a speed rating of at least 5000 RPM. 40  23348-006W01
PCT/US2008/072672       17. The retrofit apparatus of claim 2,
wherein the PXU has a torque rating of at least 735 ft-lbs and a
speed rating of at least 4500 RPM. 5IS. The retrofit apparatus of
claim 2, wherein the ETMC is permanently coupled to the one or more
gears of the PX1.1.      19. The retrofit apparatus of claim 2,
wherein the controller is configured to deliver an ICE demand signal
to the ICE and an ET demand signal to the ETMG 



10 responsive to a sensed determination of a physical position of an
accelerator pedal, the controller fiuther configured to modify
deliveries of the ICE demand signal and the ET demand signal as a
function of a received signal indicating a shilling gear
transitioning state of the manual transmission, in order to
facilitate a smoother transition between selected shifting gears. 15
20. The retrofit apparatus of claim 2, wherein the controller is
configured to deliver an ICE demand signal to the ICE and an ET
demand signal to the ETMG respomive to a sensed determination of a
physical position of an accelerator pedal, and wherein within a
predetermined range of physical positions of the accelerator pedal,
the  20 controller is configured to respond to the physical position
of the accelerator pedal for generating a first set of the demand
signals, and within another predetermined range of physical
positions. of the accelerator pedal, the controller is configured to
respond to the physical position of the. accelerator pedal for
generating a second set of the demand signals, wherein the first set
causes the E,TMG to generate electrical power and the 25second set
causes the ETMC to generate mechanical torque..       21. The
retrofit apparatus of claim 2, wherein the vehicle has a clutch
coupled between the ICE and the transmission, and the controller is
configured to switch to the ICE mode from the ET mode according to an
automatic sequence that includes i) 30increasing rotational speed of
the ICE to at least a predetermined fixed rotational speed by
generating a fixed speed ICE demand signal component in order to
match rotational 4/  AMENDED SHEET - IPE/VUS  I 1/4,1/ VOUL)/ 'LOIL
1)'Ut-LUISJ 23348-006W01PCT/US2008/072672 speed of the transmission
andengaging the clutch responsive to detecting the 



predetermined ICE rotational speed.       22. The retrofit apparatus
of claim 21, wherein the controller is configured to respond to a
sensed determination of a physical position of an accelerator pedal
and to operate in a synchro blending mode afier the controller causes
the clinch to engage, wherein in the synchro blending mode the fixed
speed ICE demand signal component is blended for a predetermined time
with an ICE demand signal component generated by the controller
responsive to the physical position of the accelerator pedal. 10
23. The retrofit apparatus of claim 22, wherein the controller is
configured to operate in an ICE control mode after the synchro
blending mode, wherein in the ICE control mode the controller
generates the ICE demand signal responsive to the physical position
of the accelerator pedal position and generates an ET demand signal
to control 15 charging of the battery by the ETMC, wherein the ET
demand signal in the ICE control mode depends on a state of charge of
the battery and the physical position of the accelerator pedal
position, except that if the battery is below a predetermined state
of charge the ET demand signal in the ICE control mode demands at
least a fixed amount of charging by the ETMG independently of the
accelerator pedal position. 20 24..  The retrofit apparatus of claim
1.9, wherein the apparatus includes a manual signaling device on a
shift lever of the manual transmission for initiating the shifting
gear transitioning signal. 2525. The retrofit apparatus of claim 19,
wherein the controller is configured to respond to detecting the
shifting gear transitioning signal initiated by the manual signaling
device by attenuating a response of the controller to the physical
position of the accelerator pedal for generating the ICE or ET demand
signal. 4-2 




