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CA 02449594 2003-11-18

AUXILIARY POWER UNIT EXHAUST SYSTEM AND METHOD
FOR A LOCOMOTIVE

ABSTRACT
Systems and methods for reducing engine emissions in a locomotive are
presented. In an embodiment, the primary engine of a locomotive has an aSsocieted
auxiliary power unit (APU). Exhaust from the APU is directed into an air intake

_ system of the primary engine. The APU may be selectively operated based on a current

~ operating condition of the locomotive.
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'AUXILIARY POWER UNIT EXHAUST SYSTEM AND METHOD |
“ FOR A LOCOMOTIVE o
_ . BACKGROUND.
1. Field '
'[0001] Embodiments of the present invention relate to systems and methods for

-reducing engine emissions in a locomotive.

2. Description of Related Art

[0002] Locomotive manufacturers and remanufacturers supply loéomotive |
~ diesel éngings_ to ‘the rail transportation industry, which includes estéblishments, '
. furnishing transportation by line-haul railrdad, as Well as switching and terminal
establishments. In recent years, Enviro.hrnental Protecﬁon Agency (EPA) emissions
standérd$ fpr locomoti\fe diesel engines have become increasingly demanding. In
parti‘c'ular, standards enacted uﬁder the. Federal Clean All‘ Act of 1998 require
significant reductions of individual emission compounds, including oxides of ﬁitrogen |
(NOy). NOy géses, ';vhich include the compounds nitrogen oxide (NO) and nitrogen
dioxide (NO,), are a major .component of smog and acid rQain.. .

[0003] Exhéust from a locomotive diesel engine includes various gaséous
co‘nstituehts, such as NO,, carbon monoxide .'(CO), carbon dioxidé ,(COZ)', 'and
hydrocarbons (HC), as weH as parti@late matter. Severe environmental and economic
consequences may ensue if lécomotive engine emissions do not comply with applicable |
EPA standérds.

[0004] U.S. _PatentNo. _6,470,844 to B.ie'ss et al. discloses a system and m,éthod
that automatically shuts down a primarjr engine of a locomotive after the primary

“engine has been idling for a predetermined period of time. A small secondary engine is
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CA 02449594 2003-11-18
started to " perform useful functions on behalf of the . shu‘t-down. pnmary engine.
Becausé it reduces locomotive idle time, thiS approach reduces engine emissions.
HoWever, .en-giné emissions remaili a cause for concém when the primary engine is
running. -

' [0‘005]' Therefore, what is needed is a system and method for reducing engine '

emissions in a locomotive.

' BRIEF DESCRIPTION OF THE DRAWINGS
- [0006] FIG. 1 1s a block diagram of a locomotive according to an embddiment

of the present invention.
[0007] FIG. 2 1s a block diagram of a IOComotive aécording to an embodiment
of the present.invénﬁon. -
[0008] FIG. 3 illustrates an arrangement including an auxiliary power unit _
(APU) exhaust conduit and a bank of an engine according to an embodiment of the .

present invention.

[0009] FIG. 4 illustrates an arrangement including an APU exhaﬁst conduit and
two banks of an engine according to an embodiment of the present invention.

[001 0] FIG. 5 illustrates an - APU exhaust arrangement acbofding to an
embodiment bf the present invention.

[0011] FIG. 6 is a block diagram of a locomotive according to an em%dixheﬁ ‘
of the preseﬁt iﬁvention. ‘ ‘

[0012] FIG. 7 1s a ﬂowchaﬁ of a .proéess-according to an émbodiment ‘of' the

present invention.
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CA 02449594 2003-11-18
- DETAILED DESCRIPTION

[0013] Systems and methods for a largo.engine, such as a diesel engine in a
locoinotiire? are presonted. In various embodiments, the primary 'erigine- of a
locomotive has an 'éssociated auxiliary power umt (APU). The pnmary enginé and
APU are simultaneously oporated, or the primary engine is lsh'ut down. Eﬁ(haust from
 the APU 1is directed into an air intako system of the primary onginc. In some
embodiments, th.e APU may be sel eotively. oper‘at'ed', soch as Via a controller.
Alternatively'or additionally, the APU exhaust may be selectively.direofed into the air‘
intake system, such as viaa controller.

\[001_4] As such, Iooomotivo engine emissions moy be reduced; and APU
performance improved. '

- [0015] FIG. 1 1s a block diagram of a locomotive 100 according to an
embodimont of the pfosent invention. In an exemplary‘ implementation, locomotive '
100 is a diesel-électrio locomotive in Whioh a diésol' engino' dnives a genoratOI that|
.producés elecﬁio power, which in tﬁm runs electricmotors' that turn driving wheels of
the locomotive. For instanoe, locomotive 100 moy be an AC4400 CW™ locomotive
| manufactured by GE Transportation‘ Systems.

[0016] Locomotive 100 includes a pﬁmary engine 140 and an auxiliary power '
unit (APU) 110. anary engine 140 may be mounted in locomotive 100 in accoloance
ﬁdth the art. APU 110 may'be removably or rigidly mou'nted ina suitablo looaﬁon n
looomotivo 100, such as, for example, behind the air compressor in the radiator |
"coﬁpartmeht of the locomotive, on or near the fuel tank under the locomotive platiorm,
ona walkway of..the Iocomotive, or insido the body of the car of the Iocofnotive.‘ Ina
particular embodiment, APU 110 slides via tracks into a oavity formed in the fuel tani(.

In some embodiments, locomotive 100 may be retrofitted with APU 110 after

30324475v2 3



CA 02449594 2003-11-18

manufaétufing of locombtive 100. In other embodiments, locomotive 100 may include
multiple APUs 110. -

- [0017] Primary ehgihe 140 is'an engine, such éé a diesel engine, ,that drives a

| geﬁerator (not s_howﬁ) to run électﬁc mdtofs associated \with turning wheels "of |
locomOtiife 100. For example, primary engine 140 may comprise a 16-cylinder, 4,400 .
horsepower (HP) én gine. .

[0'0-1.8] ana.ry ‘engine 140 -ihcludes an air intake system 160 'and exhaust
output 150. Air intake system 160 .receives gases, such as gaseous constituents of air,
for use by primary engine 140 duﬁng a com_bustion process emplbyfsd In primary
 engine 140. Air intake SYStem 160 may be naturally aspiraie'd or may include one or
more suction meghaniéxns, such as a turbocharger, a ' Superqha:rger, or enginé bloWe_rs, to
draw in gasés for such usé. Exhaust output 150 discharges exhaust 'produ'ce'd b—y
pnmary engine 140 as a byproduct of combustion. Such exhaust may be released into
the atmbsphere and/oi' recirculated into air intake system 160 of 'primary engine 140 n
 some embodiments. . N

tOOl 91 APU 110 pfbvides electric power for use by devices int¢mal or external
to locomotive 100. In a particular embodiment; APU 1' 10‘in¢1udes a diesel‘eﬁgine (not
shdwn) coupied to an electrical generator (not shoM). The APU engiﬁe inay be, for
- example, a turbo-charged, 4~cylindef diesel engine, such as a 40 I-IP engine. "’:I'he APU |
engine may-b_e-‘cho\sen based in part on the amount of exhaust"ﬂo:w prc;duced By’the .
APU engme; with sufﬁcignt exhaust flow, a combusfion procéss in primary engine 146
may be appreciably altered, as discussed bélow. The electrical generator fnay be, for
example, a 17kva, 240vac/60Hz si_ngie-phase geﬁerator that 1S coupléd. to fhe' APU

engine.
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CA 02449594 _27003-11-1.8

[.6020] APU 110 may be coupled to primary engine 140 via one or more
connection(s) 130. COnnection(s) \ 130 may .incl‘ude; for example, ﬁlél, electﬁcal,’
éoolant, lube ‘oil~, ahd/or'control, connections. In some embodiments, APU 110 may
draw fuel dire_cﬂy | from a fuel tank of- primary enginé 140. Altematiyely or
| additidnally, APU 110 may r\ec-iréul‘ate and/or‘heat lube oil or cbolant of primary en gine
140. Via an electrical generator, APU 110 may charge batteriés of loqomotive' 100 or
-pfovide power to other dévices when APU 110 is running. In particular, APU 110 may
power cab heaters and/dr air conditioners (not ‘s'\hm.wm) 6_f locomotive 100;

[0021] In one embodimeﬁt, APU 110, vié a control conﬁec-tion 130 to prilhary
engine 140, initiates shutdown of primary engihe 1407 For instance, if primary éngine
140 idles for a predetermmed period of time, such as fifteen minutes, APU 110 rhay
transmit a control signal to cause primary engine 140 to- shut down. APU 110 may
include or access an. engine idle timer to determine when to initiate shutdown of .
primary engine 140. Shutdown of primary engine 140 may be -conditioncd upon
various other factors, such as locoﬁotive battery voltage, ambl ent temperanlre; coolant
‘temperature, and brake pressure. Alternatively or additionally, APU 110 méy transmit
| a control signal to.cause pnmary engine 140 to start up. Engine control functions may.
be perfqrmed by one or mOre con,troilerS, as descﬁbed below. \

~ {0022] In e;xexﬁplary eﬁlbodiments of the present invention, APU -1 10 1s
implemented in accordance with various appa’fatus and/or methods disc,,_losed' in US
Patent No. ‘6,470,‘844‘ to Biess et al., entitled “SYSTEM AND METHOD ‘FOR
-S[fPPLYII\TG AUXILIARY POWER TO A LARGE DIESEL ENGINE.” _ HoWeyer,' it
~1sto be appreciatéd that other "appar'atus and methods may be employed consistent with .

%

embodiments of the present invention.
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[0023] APU 110 includes an exhaust output 120. Exhaust output 120 may _
dischargeexhaust produced by an engine of APU 110. - | o '.

[0024] As shown in FIG. l exhaust output 120 of APU 110 1s connected to air
mtake system 160 of pnmary engme 140 via an exhaust conduit 170. Condult 170 may
include one or more members, such as 11 gld or flexible plpes, hoses,_ and 'ducts..
Conduit 170 conveys at least a portion of APU exhaust from ex'haus't out'put 120 of

APU' 110 to air intake system 160 of primary engine 140. Thus, APU exhaust is
~ directed into air intake system 160 and into pnmary engmc 140, thus affcctlng the \
combustion Process m primary engine 140 and emission levels of pnmarjr engine 140.

[0025] Exhaust output 120 of APU 110 may push APU exhaust towards air

. intake system 160, which may draw in the APU exhaust via natural asplratlon or-via

| suction me'chanisms, such as ‘turbochargers, superchargers, or blowers. 'APU. fuel
) performance may be improved by such drawing in of APU exhaust.
‘ [0026] Air intake system 160 of primary engine 140 may receive gases .from
“multiple sources. For instance, air intake system 160 may receive APU exllaust, as
. well -as' air from the atmosphcre outside of locomotive 100. In an exemplary
implementation, air intake system 160 receives about 1 0 percent APU exhaust, and 90
percent air.

[0027] FIG. 2 1s a block diagram of a locomotive 200 according to another
embodiment of .tlie present invention. Locomotive 200 is similar to locomotive 100 of
FIG. 1. Locomotive 200 includes a controller 210 in‘addition to APU 110 and primaryr
engine 140, which are described above.

10028] Controller 210 is coupled to APU 110. Controller 210 may be
implemented 1n sdftware, hardware, firmware, and/or hardwired circuitry. Although

controller 210 is depicted in FIG. 2 as a discrete device, 1t 1s to be appreciated that

30324475v2 - ' ' _ 6
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controller 210 may be integrated within APU 110 or primary engine 140. In some

embodiments, controller 210 may be controlled by a remote control device (not shown)
located outside of locomotive 200 and communicating via wireless means, such as
radio ﬁequency (RF) means. In a particular embodiment, a remote controller located in

a mobile device or ground station may issue commands, such as user-inputted

| commahds, to respectively start and shut down APU 110. Controller 210 may include a

logger to log APU status and/or primary engine status with respect to time. In related

embodiments, real-time status information concerning APU 110 and primary engine

140 is transmitted to a receiver remote from locomotive 200.

10029] In other embodiments, a laptop (not ShQWn) may interface with an in‘put'
of c’ontroller 210, APU 110, and/or pri_m_ary engine 140. The laptop may downldad
information ﬁom, or upload information to, controller 210, APU 110, and/or primary
engine 140. Inform'a“cion may include real-time and/ér 'l*ogged status information, as
well as user-inputted information. In some embodiments, controller 210, APU 110,

and/or pnmary engine 140 may be interfaced with the Intemet and/or one or more

intranets. In an exemplary implementation, a World Wide Web (WWW) browser at a

, client COmputer, such as a laptop, may be used to access and/or control controller 210,

APU 110, and/or primary engine 140.

- [0030] ,- Controller 210 selectively operates APU 110. In pa.rticula:, controller
210 may .start APU 110 or Shut_ déwn APU 1.10. In an exemplaryimp.lementatic‘)n,.
controller 210 starts or shuts down APU 110 based on one or more detected Operating
coﬁditions, ‘ including particular values or ranges thereéf. Exemplary operating
conditions may 'include. a current throttle or notch setting_ of locomotive _ 200,
tempéfature and/of pressure of intake air i the mamfold of primary engine 140,

temperature and/or pressure of exhaust of primary -engine 140, and whether primary
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engine 140 is running or not running. When APU 110 and primary ei_igine 140 are
rimhing, APU -exhaust' from exhaust output 120 may be directsd ‘via exhaust conduit |
\170_' into air intake system 160 of priinary engi:ie 1407 o .
[0031] Running APU 110 while primary eiigine 140 of Iocomi)tivs 200$'is'
running, and directing APU exhs'ust_ into primary engine 140, mayiedﬁcs emissiori .
levels outputted by primary engine 140 for one or more operating conciitions thereof.
Contrbllei_ 210 may cycle APU 110 on and off as operating conditions of locomotive
- 200 Change. Alternatively, APU 110 may constantiy run withoiit regard to 0perating
conditioils, such that, for example, APU 110 providss electrical power foi‘ pei'fohnanbe- |
enhancing ﬁmctioris, such as powering a refrigeration unit and cooling off air of ’
primary engine 140. ‘ ‘
10032] In. an émbodiment, if -running APU 110 -while pnmary éng‘ine’ 140~ is
-. running is demonstrated to result in a decrease m emission levsls for one or more
operating conditions, then controller 210 may detect when subh conditions are satisﬁed, -
and thus staﬁ APU 110. When sixch conditions of primary engine 140 are rio longer
' satisﬁed, then-contronllér 21'0 may detect the change and shut down APU 110.
[0033] For instance, if emission levels- of NO,; decrease for ndtches '2‘ and 4,
theii controllér 210 may detect wlien primary engine :140 enters either of these two
notches, and thus start APU 110. When a notch setting changes tci a set.ting'dther 'than‘
- 2or4, then contrsller 210 may detect the change and shut down APU 110i - .
[0034] Detection of notch settings may be accomplished in various ways. For
example, one or more goifernor signals of p‘rima'ry' engine 140 may be tapped. Based
on solenoids sstivat_ed by the g0vernoi' signal(s), ii may be determined in which'notch\

primary engine 140 is operating. In other embodiments, a speed sensor on' thé\ﬂywheel -

303244752 - 8
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of primary engine 1.40 may be employed, or temperature and/or pressure of exhaust of
prim.ary engine 140 may be sensed to determine a notch setting. ' '

[0035] Accordingly, in accordance with va;rious embodiments of the present
invention, APU 110 may be run concurrently with‘ruiming of priméry engine 140 at
times when APU 110 is not needed to perform functions,' such as power generation
| functions, on behalf of primary engine 140.

B [0036] The effects of directing APU eXhaust 'int.o the air intake system ‘ of a
pﬁmary engine may be specific to particular loeomotives. Such effects may be readily
‘determined by measuring emission levels wlten APU exhaust is chaxtneled into a
primary engine .and counterpart levels when such exhaust 1s not channeled, and
comparing the levels. Throttle settings and other COnditions may be varied during
testing to determine operating conditions, such as throttle or notch settings,
temperatures, and/or pressures, for which the directed APU exhaust results in decreased |
emission levels. Controller 210 may then 'be conﬁguredto start APU 110 when such
operating conditions_ of primary engine 140 are satisfied. Such conﬁguration. may be
static or dynamic. For example, in an embodiment, controller 210 may start APU 110
1n response to user-specified opefating conditions, such as notch settings, temperatures,
and/or pressures specified 'via ah.input device, -suoh as a keyboard accessible from the
cab of 'locorpotive 200 or a remote transmitter.

[0037] Controller 210 may' perfom’t control - functions 1n addition to those
related to APU exhaust. For instance, via thermostatic elements and heating elements,.
'con{troll‘er 2.10 may maintain a coolant temperature and/or lube oil tempera'ture of
primary engine 140 'above resp'eetive predetermined temperatures.

' [0038] Controller 210 mey start APU 110 based on other detected .conditions.

For instance, controller 210 may start APU 110 based on ambient temperature. APU

30324475v2 _ 0
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110 may bé run when primary engine 140 1s running dr not running. APU exhaust may
bé prevented ffom eﬁtéring air intake system 160- when pﬁrﬁary eﬁgine 140 1s Ming |
~ ornot running, such as via a diverte_f valve.
[0039] In é pé.rticulaf e@nbodiinent, heat. from’ exhaust of APU 110 1S used ~t0& |

keep pnmary engine 140 wami when primary engine 140 1s not ruﬁnin’g. ' Bécause
ekhaust heat is captured, the thermal efficiency of the APU engine ihcreasés. ‘
' [0040] F IG. 3 illust;ates an arrangement 300 according to an embodiment of the
present invention. Arréngement 300 includes an APU exhaust conduit 310 and a bank
320 _of an air intake System of a priina;y engine o_f a locomotive, such as locométivé ‘
- 100 zind 200 of FIGS. 1 and 2, respectively. ‘
. | | [0041] Bank 320 inciudes an air intake boot 350 and an engine blower 330. Air
intake boot 350 'is a conduit for iﬁtake air 340, which ﬁaay Iqrigina.té outside the
'~ locomotive. Engin:e blower 330 draws intake air 340 into bank 320 to affect a "
combustion Process operative in the primary engine. e
[0042]' APU exhaust conduit 310 is meChanibally couple& to bank 320 of tl"le\.

' primary .engine. APU exhaust conduit 310 may include one or\mpre members, such as
rigid or flexible pipes, hoses, and ducts. APU exhéﬁst conduit 310 conveys -APU
exhaust 360 from an APU, such és APU 110 described abové, -to'-bank 320. APU

exhaust 360 is drawn into bank 320' by . engine blowér 330, and affecté a cbﬁxbusﬁOn |
process operative in thepﬁmary engine. . It 1s _'to be appreciated that the form bf | the
components pf arrangement 300 shown in FIG. 3 1s mérely illﬁStrative.
[0043] FIG. 4 illusirates an arrangement 400 according to an embodiment of the
presént inventibn. ‘gArrangemént 400 includes an APU -exhaust conduit 410 and two
banks 420, 425 of an air intake system of a primary engi'ne of a locomoiive, such as -

locomotive 100 and 200 of FIGS. 1 and 2, respectively. Although not shown in FIG. 4,
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banks 420, 425 also may include conduits that convey intake air originating outside the
looomotive into 'the primary'engine. As shown 1n FIG. 4, APU exhaust conduit 410 1S
T-shaped. Top ends of the T are curved'and meohanically coupled to banks 420, 425.
Accordingly, APU eXhaust 460 is substantially e\}eolydivided into fespeotiv_e exhaust
' str‘eam's, which are respectively directed into banks 420, 425. Tt is to be appreciated
| that the form of the components of arrangement 400 showo in FIG. 4 1s merely
llustrative. Moreover, in certain. settings, an eveh division ' of APU exhaust into
separate streams may not be practicable or desirable.._. For example, .in a skipﬁring
setting, in which a primary éngino 1S run on only one bank of cylinders, a substantial
amount of APU exhaust may be used to keep. that bank warm in order 'fo facilitate'
starting of the primary engine. '
[0044]‘FIG. 5 1llustrates an APU exhauot arrangement 500 according to an

' embodiment of the present invention. ' Arrangement 560 1includes an exhaust conduit
510 and' a valve 520. 'Exhaust oondoit 510 directs APU exhaust 550 from an APU to
the atmosphero and/or an air intake‘ system of a primary engine of a locomotive. As
shown in FIG. 5, exhaust conduit 510 has a portion 530 that directs APU exhaust 550
.ihto the atmosphere and a portion 540 that directs APU exhau‘s.t' 550 into the primary
engine. Valve 520 variably controis the amounts of APU exhaust 550 respectively
direotod'toportion 530 and portion 540. For example, valve 520 may direct fhat all
APU exhaust .is dirocted into -portion 540 and that none is directed, or that fractions ‘of
~ APU exhaust are reSpéctively directed into portions 530 and 540. A controller such as.
controller 210 described above may confrol valve 520. In some embodiments; yalve
520 may be controlled by hand,' such as by a rotatable handle connected to valve 520.

- [0045] FIG. 6 is a blook diagram of a locomotive 600 according to an

embodiment of the present invention. Locomotive 600 is similar to locomotive 100

303244752 ' 11
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described above in FIG. 1. In addition to APU 110, primary engine 140, Conneotion(s)
130, and APU exhaust conduit 170, locomotive 600 includes a primary engine exhaust

condult 610.

[0046] Prlrnary engme exhaust conduit 610 1S mechanrcally coupled to exhaust |
output 150 and air intake system 160 of pnmary engine 140. In parttcular, _prlmary‘ .'
engine 'exhaust conduit 610 may include a pipe coupled to a muffler (uot'shown) of
: primary ettgtne 140. Primary engine exhaust conduit 610 directs at least a portion of
- exhaust produced by primary engme 140 back into air intake system 160 to affect a
combustion process operattve n pnmary engme 140. As such, air mtake system 160
* receives recirculated exhaust from APU 110 and primary engine 140, respectively.- Air '
intake -system 160 may also receive air from the "atmOSphere. Using one or more
valves, a coutroller may control the relative quantities of air, APU exhaust, aud/or
) prlmary engine exhaust that enter air intake system 160.

. [0047] In related embodiments, exhaust from primary engine 140 r'nay- be

cooled for allor certain operating conditions before being directed baok. into air intake
system .160. ) For instanoe, a water-cooled exhaust manifold, conduit, and heat
exchanger may be provided for primary engine 140. As such, heat from the exhaust
may be transferred to water of p'rimary engi.ne 140.

[0048] FIG. 7 1s a ﬂowchart of a process 700 according to an embodiment of
the present inyentton. Prooess 700 may be employed by a controller, suoh as -controller s
210 1 FIG. 2 above, to cycle an APU on and off based. on one Or more current
operating conditions of a primary engine of a locomotive. In task 701, the process tests
whether an exit ‘condition is satisfied. - Exemplary- exit conditions may be that the
locomotive is stopped and/or the primary engine is not 'ru'nning, and/or that APU

exhaust is to be directed into the primary engine at all times. If an exit condition is

30324475v2 ' | B 12
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satisfied, 'the- prgc':ess' cdmpletes, If an exit cénditiOn is not satisfied, the proc'ess ‘
pro,ceeds' to task 710, Where current operating condition(s), such as a -current notch
sétting, tempe?ature, or pfessure of the primary engine,. are detepted. In task 720, the
process tests whethef the APU should be run for ﬂl‘e‘ current operatihg condition (i.e.,
whéthér, for this 'condition, the directing of APU exhaust into the primary engine has
| béen determined to reduce emiséion levels or otherwise enhaﬁce 'perfonnance' of the
pnmary engine and/or the APU). Information con;cerning' operating conditions for
which the APU should -be run. may_be stored\"in .a' mémow, entered vié a 'user Input
' 'dev'ice,‘ hardwired in a circuit, etc.

[0049] If the APU should be run for the current condition, then in téSk 730, the
' prbcess tests whether 'thé APU 1s already mnning. if the APU is running, then tha
process returné to task 701. If not, then 1n task 74.0, the A.P-U‘is started, and the process
‘ then returns to task 701. If the test 1n task 720 determiﬁes that the APU should not be
run for the current condition, then in task 750, the process tests whether the APU 1S
running. If thc-;' APU is not running, ‘then the process returns to task 701. If thé APU1s
running, then the APU 1s shut down, and the process then returns to task 701 A

[0050] It is to be understood that process 700 may be used in conjunction with
other schemes for controllihg an APU and/or pﬁmary engine. Further, logic of process
700 may bé incorpqr.ated into one or more larger processes that control an APU ‘and/or
primary engihe.

[0051] The fore going description of embodiments is provided to enable any
peréon skilléd in the art to make or use eﬁlbodiments of the present Invention. Various
modiﬁcatiqns to these erribodiments" are possible, and the geﬁeric principles prCSenfed
herein may be appl'iéd to other embodiments as well. For Instance, embodiments may

be applied in line-haul, switcher, passenger, or road locomotive contexts.
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t00521 Additionally, embodiments herein may be _épplied in conjunction with

other apparatus and méthods, such as other techhologies for reducihg énginé eﬁﬁssions ‘
and/ or impfdving engine performance. Moreover, emedirﬁents herem are hot himited
to iocomoti_ve' contexts, and' may be employed 1n x‘ot'h_er cohtexts, such .as stationary
power géﬁeration,- marine and shiﬁping industries, and large off-road trﬁcks, e.;. g., .trucks. '
having at least about 1000 HP.

' [0053] As sUch, the presént- invention is not mtended | to be iimited to the
embodiments shown above but rather 1s to be accord‘éd the widest scope consistent with

the principles and novel features disélosed in any fashion herein.

- 30324475V2 ' 14
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WHAT IS CLAIMED IS:

1. A method for a locomotive, comprising:

seleétively operating an aﬁxiliary power unit (APU) associated with a primary

engine of a locomotive; and
directing at least a portion of exhaust from the APU into an air intake system of
the primary engine,

wherein the APU is selectively operated based at least in part on a current

operating condition of the locomotive.

2. The method of claim 1, wherein the selectively operating the APU inchudes
starting the APU if the current operating condition conforms to a predetermined

operating condition.

‘3. The method of claim 2, wherein the predetermined operating condition is

- associated with an emissions reduction criterion.

4. The method of claim 1, wherein the selectively operating the APU inc]udes
'stoi)ping the APU if the current operating condition does not conform to -a

predetermined operating condition.

30324475v2 " 15
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5. The method of claim 1, wherein the current operating condition includes a

throttle setting.

6. The method of claim 1, wherein the current operating condition includes a |

temperature or pressure.

7. The method of claim 1, wherein the directing APU exhaust includes:

pushing the APU exhaust toward the air intake system, by an engine of the

APU; and

vacuuming the pushed APU exhaust into the air intake system, by at least one

suction mechanism of the air intake system.

8. The method of claim 1, wherein the APU exhaust is directed into a first bank

and a se'cond'bank of the air intake system.

9. The method of claim 8, wherein the APU exhaust 1s substantialiy evenly
divided into respective exhaust streains, the exhaust streams being respectively directed |

into the first and second banks.

30324475v2 ' . 16
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10. The .meth.od of claim 1, wherein the APU includes a 40 horsepower (HP)

engine.

'11. The method of claim 1, further comprising directing primary engine

exhaust into the air intake system.

12. The method of claim 11, further comprising cooling .th'e priméry engine\"

exhaust before directing the primary engine exhaust into the air intake system.

1 3. The method of claim 1, further compi'ising directing at least a portion of air

from an atmosphere surrounding the locomotive into the air intake system.

14. The ‘method of claim 13, wherein the air intake system receives about 10

' percent APU exhaust and 90 percent air.

15. The method of claim 1, further compﬁsing shutting down the primary

engine aﬂexj a predetermined time period of idling of the primary engine. ‘

16. The method of claim 15, wherein the shutting down the primary engine

depends upon at least one predetermined condition.

30324475v2 17
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17. The method of cla'in‘l‘ 16',’ further comprising warming the shut-down

~ primary eﬁgine with at least a portion of the APU exhaust.

'18. The method of claim 17, wherein a selected bank of the primary engine 1s

warmed with the APU exhaust.

19. A method for a locomotive, comprising:
operating a primary engine of a locomotive;

~ simultaneously operating an auxiliary power unit (APU) associated with the "

' primary engine; and

while simultaneously operating the APU, directing at least a portion of exhaust

from the APU into an air intake system of the primary engine.
20. The method of claim 19, wherein the APU is selectively operated.

21. The method of claim 20, wherein the APU is selectively operated based at

least in part on a current operating condition of the locomotive.

30324475v2 18



CA 02449594 2Q03-11-18 -
22. The method of claim 19, wheréin_ the 'APU exhaust is sel_ectively directed

into the air intake system.

23. The method of claim 22, wherein the APU exhaust is selectively directed
' into the air intake system based at least in part on a current operating conditién' of the

locomotive.

24. A system for a locomotive, comprising:

an auxiliary‘ power unit (APU) constructed and arranged to be used in
cooperation with a primary engine of a locomotive, the APU producing an exhaust

stream and being operated simultaneously with the pnmary é;ngine;

at least one conduit between the APU and an air intake system of the primary )

engine, wherein the conduit conveys APU exhaust into the air intake system; and

a controller configured to selécti'vely activate the APU.

25. The syStem of claim 24, wherein the APU is selectively activated based at

least in part on a current operating condition of the locomotive.

26. . The system of claim 235, wherein an operating condition includes a throttle

- setting.

30324475v2 | 19
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27. The system of claim 24, wherein the air intake system comprises a first
bank and a second bank, the first and second banks each receiving a respéctive poﬁion

of the APU exhaust.

28. The system of claim 27, Whérein the respective portions are substaniially

equal.

29. The system of claim 27, wherein the first bank receives substantially all of

~the APU exhaust.
30. The system of claim 24, wherein the at least one conduit includes a pipe.

31. The system of claim 24, wherein the controller 1s confi gured to selectively

direct APU exhaust into the air intake system.

32. The system of claim 31, further comprising a valve connected to the at least_
one conduit, the valve adjustably controlling an amount of APU exhaust direbted into

the air intake system.

303244752 20
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33. The ‘systein of claim 32, wherein the controller is confi gured to control the

- valve.
34, The system of claim 24, wherein the APU includes a 40 horsepower (HP)
* engine._-\
35. The system of claim 24, wherein the controller is integrated within the
APU.

36. The system of claim 24, wherein the controller 1s configured to shut down

the primary engine after a predetermined time period of idling of the primary engine.

. 37. The system of claim 24, wherein the controller is configured to start the

secondary engine responsive to a predetermined ambient temperature.

38. The system of claim 24, wherein the APU is configured to generate power

for at least one device external to the primary engine.

39. A system for a locomotive, combris'ing:

30324475v2 - 21
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means for generating auxiliary power for a primary engine of a locomotive, the
power generating means producing an exhaust streamn and being simultaneously

0perated with the primary engine;

means for directing at least a portion of the exhaust from the power generating

!

means into an air intake system of the primary engine; and

méaﬁs for selectively activating the power generating means.

40. The system of claim 39, wherein the. power generating means are
selectively activated based at least in part on a current operating condition of the

locomotive.

" 41. The system of claim 39, wherein the power generating means comprise an

- auxihary power unit (APU):

42. The system of claim 41, wherein the APU is configured to genetate power

for at least one device external to the primary engine.

43. The system of claim 39, wherein the at least a portion of the exhaust is

selectively directed into the air intake system.

30324475v2 22
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44. The Systém of claim 39, wherein the exhaust directing means include a

pipe.
45. A diesel-¢electric locomotive, comprising:
a plurality of wheels;
~ a primary engine coupled to a fuel tank, thé.p.rimary engine havirig an air intake
-system;

an electrical generator coupled to and driven by the' primary engine;

" plurality of motors coupled to the electrical generator and to the wheels, the

mo’tbrs c_ohstructed and arran ged to drnive the wheels;

an auxiliary power unit (APU) coupled to the primary engine by at least one
~ conduit between the APU and the air intake systefn, the APU producing an exhaust
stream and being operated simultaneously with the primary engine, wherein the conduit

corveys APU exhaust into the air intake system; and

a controller configured to Selectively activate the APU.

46. The locomotive of claim 45, wherein the locomotive is used for switching

operations.
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