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(54) Title: DIESEL ENGINE ARRANGEMENT AND METHOD FOR VARNISH BUILD-UP CONTROL

ENGINE

FIG. 1

(57) Abstract: A method is provided for controlling varnish
build-up in a variable geometry turbine ( VGT ) of a diesel
engine turbocharger. According to the method, it is determ-
ined whether an operation parameter is at a level established
for initiating a varnish build-up control sequence. Upon de-
termining that the operation parameter is at the esiablished
level, the varnish build-up control sequence is initiated. The
sequence comprises increasing exhaust temperature upstream
of the VGT to a first exhaust temperature, and changing an
opening size of a VGT nozzle between a smaller and a larger
opening size in association with increasing the exhaust tem-
perature to the first exhaust temperature. A diesel engine ar-
rangement is also provided.
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DIESEL ENGINE ARRANGEMENT AND METHOD

FOR VARNISH BUILD-UP CONTROL

BACKGROUND AND SUMMARY
[0001] The present invention relates to a method and diesel engine arrangement for varnish

s

build-up control in a variable geometry turbine (VGT) of a diesel engine tarbocharger.
[0002] Varnish is an unwanted, usually glossy film that primarily conmprises unburng
hydrocarbons. In a turbocharged diesel engine, this condition often results from incomplete
combustion in a relatively cold engine ovlinder. The semi-burnt fuel hardens on the turbocharger
nozzle, tending o cause it to stick, and vsually requiring replacement of the turbocharger.

[0003] In conventional diesel engines, it is known to peniodically cycle the VGT nozzle through
an open and closed position to facilitate removal of buwili-up soot. It is also known to perform
“heat mode” operations that are designed to nerease exhaust gas temperatures to facilitate
cleaning, regenerating, or heating up of exhaust aftertreatment system components such as diesel
oxtdation catalysts and diesel particulate filters. It has also been ound that seot deposits tend to
occyr during extended operation at idle i low remperatures, and that it can be beneficial o
periodically heat exhaust temperatures to facilitate soot removal. These operations do vot,
however, ordinarily prevent of remove varnish build-up.

[0004] It is therefore desirable to provide a method for controlling varnish build-up. It is also
desirable to provide a diesel engine arrangement set up to facilitate control of varmish build-up.
[OODS] According to an aspect of the present invention, a methed 15 provided for controlling
varnish build-up 1 a vanable geometry turbine {(VGT) of a diesel engine turbocharger.

According to the methed, it ix detenmined whether an operation parameter is at a level
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established for mutiating a varnish busld-up control sequence. Upon determining that the
operation parameter is at the established level, the varnish build-up control sequence is initiated.
The sequence comprises increasing exhaust temperature npstream of the VGT to a first exhanst
temperature, and changing an opening size of a VGT nozzle between a smaller and a larger
opening size in association with mcreasing the exhaust temperature to the first exhaust
temperature.

[0006] According to another aspect of the present invention, a diesel engine arrangenment
comprises a diesel engine, a turbocharger, the wurbocharger comprising a vartable geometry
nwrbine (VGT) downstream of the engine, means for determining whether an operation parameter
is at a level established for initiating a varnish build-up control sequence for controlling vamish
butld-up on the VQT, and a controller arranged to mitiate the vamish build-up control sequence
when the determining means determines that the operation parameter is at the estabhished level.
The varmsh build-up control sequence comprises increasing exhaust tempesature upstream of the
VT 1o a first exhaust temperature, and changing an opening size of a VT nozzle between a
smatier and a larger opening size i association with increasing the exhaust temperature to the

first exhaust temperature,

BRIEF DESCRIFTION OF THE DRAWINGS

[0007] The features and advantages of the present invention are well understood by reading the
following detatled description in corjunction with the drawings in which like numerals indicate
similar elements and 1n which:

[0008] FIG. 1 is a schematic view of a diesel engine arrangement according to an aspect of the

present inveation; and
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{00097 FIG. 2 is a flow chart illustrating steps in a method for varnish build-up control

according to another aspect of the present invention.

DETAILED DESCRIPTION

{00101 FIG. | schematically shows a diesel engine amangement 21 according to an aspect of the
present invention. The arrangement 21 comprises a diesel engine 23 and a turbocharger 25, the
turbocharger comprising a variable geometry wurbine (VGT} 27 downstream of the engine.
Means s provided for determining whether an operation parameter is at a level established for
mitiating a varnish build-up control sequence for controlling varmish buwld-up on the VGT 27,
The particular means depends upon what the operation paramveter is. The operation parameter
may be g function of several distinct parameters, such as engine operation parameters or
parameters based on modeling, and may involve several distinct sensors, estimates, or
determinations. A controller 29 is arranged to initiate the vanmish build-up control sequence
when the determining means determines that the operation parameter is at the established level.
{001 1] The varnish build-up contrel sequence comprises increasing exhaust temperature
apstream of the VGT 27 1o a first exhaust temperature, and changing a nozzle opening of a VGT
nozzle 33 between a smaller and a Jarger opening size {shown schematically in FIG. 1 by dotted
lines) in association with increasing the exhaust temperature to the first exhaust temperature,
such as by moving vanes of the VGT between a maximun open {100%) and a maximum closed
{0%) opening size, or between some positions between maximom open and maximwn closed.
By deseribing the change of the nozzle opening opening size to be “in association with”
increasing the exhaust temperature, it is intended to convey that the nozzle opening size change

may be performed at the same time as the temperature increase, or at a different time, such as

Taed
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after each or all temperature increase, but that there 1s a relationship between the changing of the
nozzle opening size and the increase of exhaust temperature specifically relating to 8 varmish
build-up control sequence.

[0012] Nozzle opening size change and exhaust temperature increase performed during a
“varmizh baild-up control sequence™ 13 also mtended to contrast with changes i size of the
nozzle opening and increases in exhaust temperature that occur randomty in relation to each
other during engine operation or that are related to each other but that are uarelated 1o a specific
sequence for varmish butld-up control. For example, closing of 2 VGT nozzle opening may
result in an increase i exhaust temperatore upstream of the VGT, but these two steps will not be
performed in association with each other as steps of a varnish build-up control sequence unless
thev are performed in response 1o determination that an operation parameter is at a level
established for mitiating the vamish build-up control sequence.

(00131 While not wishing to be hound by theory, changing the opening size, at least when
performed i connection with VGTs of the type having movable vanes, usually has the effect of
scraping surfaces of the VOT and dislodging varnish or soot deposits. Incregsing temperature
upstream of the VGT can, depending upon the temperature, facilitate forther combustion of
hydrocarbong in the exhaust stream, thus facilitating preventing the hydrocarbons from forming
varnish deposits on components of the VGT, or turn varnish depesits into soot that can be more
easily removed from components of the VGT by movement of VGT components such as vanes.,
The increase in temperature can be performed using the same equipmaent and same technigues
that are conventionally psed duaning a “heat mode™ operation of the type conventionally used to
heat, regenerate, or clean a diesel oxidation catalyst {DOC), a diesel particulate filter (DPF), or

selective catalyvtic reduction device (SCR). Raising temperatares to at legst about 175 °C
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upstream of the VGT has been found to be useful in assisting i preventing vamish deposits, and
raising ternperatures 1o at least about 350 *C has been found to be useful in assisting 0 furning
varnish deposits into soot or otherwise removing existing varnish deposits,

{0014] The operation parameter in response to which the vamish build-op control sequence s
performed ordinarily comprises one or more parameters indicative of varnish build-up or of
poteatial for varnish build-up. IHustrative of the operation parameter are an estimated level of
varish build-up, an actual tevel of varmsh buld-up, ferce required to change nozzle opening
size in the VGT, a period of engine operation, a period of engine operation at idle, an ambient
temperature, and a engine coolant temperature, detection of fanlty hardware, cvlinder
temperature, infake manifold temperature, mjection pressure. Operation parameters such as
force required to change nozzle opening size in the VGT may reflect the effect of varnish build-
up and the means {or determining whether the operation parameter is at the level established for
initiating the varnish build-up control sequence may be, for example. electrical sensors 35 such
as amineters, voltmeters, or other sensors conventionally used to measure power draswn by a
motor 37 while anempting to move vanes of the VGT. Qperation parameters such as period of
engine operation, pertod of engine operation at idle, ambient temperatare, and engine coolant
temperature may be parameters tending to function as causes or factors involved in varnish
build-up and the means for determining whether the operation parameter is at the level
established for initiating the varnish build-up control sequence may measure may be sensors,
such as thermometers or teraperature sensitive switches 39 and timers 41, Operation parameters
such as actual level of vamnish build-up may be based on divect observation or measurement, and
the means for determining whether the operation parametey is at the level established for

witiating the varnish boild-up control sequence may be devices that permit direct or indirect
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measurement or observation, such cameras 43, Operation parameters such as the estimated level
of vamish baild-up mav be based, for example, on models that caloulate vamish build-up as a
function of other parameters that might be actual, measured parameters, such as those parametars
tending to cause or be trvolved in vamish boildvap, and the means for determining whether the
operation parameter 15 at the level established for imtiating the vamish build-ap control sequence
may be any of the means used for determining the level of the actual parameters, e.g., electrical
sensors, thermometers, temperature switches, timers, sensors that provide different signals when
the sensors are covered with different amownts of varnish, andfor cameras. Operation parameters
such as faulty hardware may mchude those tending to relate to “foel slobber™ such as faulty fuel
mmjectors, and faulty sensors. Operation parameters such as ovlinder tenperature may include
determination that the cylinder is relatively cold, which 15 a circumstance that can lead to or
reflect vamish. Operation parameters such as cold intake mamiold {emperatures and low
injection pressure are also parameters that can lead to or reflect varnish.

[0015] The controller 29 may be arranged to increase exhaust temperature to the first exhaust
temperature by one or more technigues, The controller 29 may, for example, increase exhaust
teraperature by reducing VOT nozzle opening size, retarding fuel mjection timing, e.g., by
controfing operation of a fuel mjection noxzzle 45, reducing fuel injection pressare, e.g.,
controlling operation of a fuel injection pump 47, by increasing engine 23 speed, and dosing via
a seventh injector 49,

[0016] The varnish build-up control sequence may function with the objective of reducing or
elinminating varmsh build-ap that has ocawred, or with the objective of preventing vamish build-
up, or both reducing or eliminating varnish build-up and preventing vanmish build-up. The

varnish build-up control sequence that might be performed to prevent varnish build-up may

¢
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mvolve increasing exhaost temperature upstream of the VOT 27 1o a different frst exhaust
temperature, and changing 2 aozzie opening of a VGT nozzle between a smaller and a larger
ppening size in association with increasing the exhaust temperature to the first exhaunst
temperature 1o a different extent, at a different rate, or for different numbers of cveles than the
rarnish build-up control sequence that might be performed to redoce or eliminate varnish build-
up. Consequently, under some circumstances, varish build-up may ocear in spite of operation
of a varnish build-up control sequence intended to prevent varnish build-up, in which case 1t may
become negessary o initiate & vamish build-up control sequence that is intended to reduce or
eliminate buwilt-up varnish.

[0017] To tHustrate, the determining means, such as an elecirical sensor 35, might constangly
monitor the force required to change the opening size of the nozzle 33 in the VGT 27, The
controller 29 can be arranged to at least one of increase the exbhaust teraperature (o the first
exhaunst temperature from a second, lower exhaust temperatare through a sufficient number of
temperature cycles, which may include mmaintaining the exhaust temaperature at the first exhaust
temperature for @ predetenmined length of time during each cycle, and change the size of the
opening of the nozzle 33 of the VGT 27 between the smaller and larger opening size a sufficient
number of times so that & force required to change the nozzle opening size in the VGT remains
below a predetermined value. In the event that the force reguired to change the nozzle opening
size in the VGT 27 nonetheless exceeds the predetermined valye, which may be the result of
varnish build-up, the varnish build-up control sequence can function in a build-up reduction or
elimination mode. In the build-up reduction or elimination mode, the contvoller 29 can be
arranged {o at least one of cycle the exhaust temperature between the first exhaust temperature ~-

which may be a lugher first exhaust temperature than the first exhaust temperature so which the

=]
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exhaust gas is raised o attempt to prevent vamish build-up - and a second, lower exhaust
temperature through a sufficient number of temperature cveles and change the nozzle opening of
the VGT between the smaller and larger opening size a sufficient number of times so that the
force regaired to change the nozzle opening size in the VGT changes to a value below the
predeterimined value.

[0018} FIG. 2 is a flow chart illustrating fundamental steps i a method for controlling varaish
build-up in the VGT 27 of g diesel engine turbocharger 25, A first step 100 can comprise
determining whether an operation parameter is at a level established for initiating a varnish
butld-up control sequence. I the operation parameter 18 not at the established level (1.6, "NO7),
the operation parameter 15 continuously or periodically monitored to determine whether it has
changed and is at the established level (Le., “YES™). A second step 200 can comprise, upon
determining that the operation parameter is at the established level, initiating the vamnish buld-op
control sequence in response. The sequence can comprise increasing exhaust temperature
upstrean of the VGT 27 to a first exhaust temperature, and changing a nozzle opening of a VGT
nozzle 33 between a smaller and a larger opening size in association with mcereasing the exhaust
teraperature to the first exhaust tomperatwee,

[0019] The operation parameter in response to which the vamish build-oup control sequence 1s
performed ordinarily comprises one or more parameters indicative of varaish build-up or of
potential for varnish build-up such as one or more of an estimated level of varnish build-up, an
actual level of varmish build-up, force required to change nozzle opening stze in the VGT, a
period of engine operation, a period of engine operation at idle, an ambient temperature, and a

engine coolant temperature.
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{00207 The method ordinarily compnises cveling the exhaust temperature between the first
exhaust temperature and a second, lower exhaust temperature through a plarality of temperature
cveles. The first exhaost temperature will ordinanly be a temperature selected for the purpose of
preventing vamish deposits, presently believed to be a temperature of at least arownd 1753 °C  or a
temperatare selected for the purposed of removing varnish deposits, such as by teraing vamish
deposits into soot flakes, presently believed to be a temperature of at feast around 350 °C. The
second, lower exhaust temperature will ordinarily be the exhaust temperature that is being
produced throagh the particular engine operation mode in question under the particular ambient
contditions, e.g., engine operation under beavy engme loads or atidle, and/or at high or low
ambient temperatures and pressures. The exhaust temperature can be raised by equipment
conventionally used for performing “heat mode™ operations that are used to heat, regenerate, or
clean engine exhaust aflertreatment system components, or by other techmiques knowa 1o raise
exhaust temperatures.

[0021] The length of time that temperature is maintained at the first temperature, and the length
of time at the lower second temperature between any successive cycles, will depend upon factors
including the length of time necessary for effective vamish build-up control in a given engne
operating in 8 particnlar operation mode under particular ambient conditions. The effect of any
heating cycles on other exhaust equipment or engine operation will ordinarily also be considered
in selecting a length of time that temperature 1s maintained at the first temperature or the second
temperature.

[0022] The opening size of the nozzle 33 of the VGT 27 may be changed between the smaller
and larger opening size after cycling the exhaust temperature through the plurality of temperature

cvcles, between temperature cycles, or during penods of increased temperature, The opening

9
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size of the nozzle 33 can be eyeled between the smaller and larger opening size through a
plurality of nozzle opening and closing cveles. The opening size of the nozzle 33 of the VGT 27
can be changed between a 0% and a 100% opening size {and back, if appropriate), although the
opening size may be changed 1o some other opening sizes that are less than fully closed or folly
open.

[0023] A vamish build-up control sequence that has been found to be particularly efficacions in
preventing varnish baild-up wmvolves keeping the opening size of the nozzle 33 ata
predetermined opening size when engine coolant temperature 1s above a predetermined engine
coolant temperature. For example, 1 a particular type of engine, a VGT may be kept open when
coolant femperatures are above 60 “C until coolant remperature reaches a higher temperature
{such as 80 *C) to facilitate warm-up of the engine. However, particularly at cold ambient
temperatures, with the VGT open, coolant temperatures may never or only slowly reach the
higher temperature and exhaust temperatures may be relatively low, which can tend to result in
the formation of varnish deposits. The mventors have found it to be usefil to keep the opening
size of the nozzle w such vehicles at an apening size of 3.6% of maxinum opening size when
coolant teraperature s above 60 °C and below 80 °C to facilitate prevention of vamish build-op,
Opening sizes and coolant temperatares most usefal for preventing varish build-up are expected
to be different for different engine types, operation modes, and ambient operation conditions.
[0024] Another varmsh build-up control sequence that has been found to be particularly
efficacious in preventing varmsh build-up tnvolves an operation parameter comprising an
ambient temperature a1 or below a predetermined ambient temperature and & period of operation
at or exceeding a predetermined length of time. For example, operation of certain engine types

at ambient temperatures of <15 °C for extended periods of time has been observed to result in

160
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varmish build-up. The mventors have discovered that 1t 1s useful to nutiate a varish boild-up
coptrol sequence afier operation at these low temperatures after a certain length of time, such as
four hours, 1o prevent varnish butld-up. The varnish build-up control sequence can comprise
cycling the exhaust temperature between the first exhaust temperature and a second, fower
exhaust tfemperature through a plurality of temperature cycles.

[0025] Another varnish build-up control sequence that has been found to be particularly
efficacious in preventing varnish burld-up involves an operation parameter comprising operation
of the engine at extended dle for a predetermined length of time. For example, the inventors
have found that, for certam engine types, initiating the vamish butld-ap control sequence upon
determination that the enging has operated at extended idle for a half hour can be useful
preveating varnish build-up. By contrast, tn this same type of engine, an algorithm automatically
mitiates VOT cycling (without increasing temperature) after one howr of extended idle as a soot
buld-ap control strategy.

[0026] The ultimate objective of a varnish build-up control sequence for controlling varish in a
YGT is to ensure that proper operation of the VGT, particalarly the ability of the vanes of the
VGT to open and close the nozzle, is not affected by varnish butld-up. In a given sitwation, the
varnish build-up controf sequence will typically tnvolve one or more of cycling the exhaust
temperature between the first exhaust temperature and a second, lower exhanst temperature
through a sufficient number of temperature cycles and changing the nozzle opening of the VGT
between the smaller and larger opening size a sufficient nuaber of times so that a force required
to change the nozzle opening size in the VT is below a predetermined value. This may javolve
measuring the force requived, such as by electrical sensors 35, and injtiating a vaomish build-up

control sequence when the force required rises above a normal level and repeating heating andfor

i
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opening stze change oycles antid the force required returns 1o the normal level as part of a varmish
butld-up prevention mode, or initiating a varnish build-up control seguence when the force
required rises above an acceptable level and repeating heating and/or opening size change cycles
untit the force required retwms to the acceptable level as part of a vamish build-ap reduction or
ehimination mode.

[0027] In the present application, the use of terms such as “including” is open-ended and is
mitended to have the same meaming as terms such as “comprising”™ and not preclude the presence
of other structure, matenial, or acts. Sumilarly, though the use of terms soch as “can™ or “may™ is
mtended to be open-ended and to reflect that strecture, material, or acts are not necessary, the
fatlure 1o use such terms 18 not mtended to reflect that structure, material, or acts are essential.
To the extent that structure, material, or acts are presently considered to be essential, they are
1dentified as such.

(00281 While this invention has been iHustrated and described in accordance with a preferred
embodiment, 1t 1s recognized that variations and changes may be made therein without departing

from the mvention as set forth m the clams.
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WHAT IS CLAIMED IS:
b A method for controlbing varish build-up in a variable geometry turbine (VGT) of a diesel
engine tarbocharger, comprising:
determining whether an operation parameter is at a level estabhished for initiating a
rarnish build-up control sequence; and
upon determining that the operation parameter is at the established level, nitiating the
varish build-up control sequence, the sequence comprising
mcreasing exhaust temperature apstream of the VGT 1o a first exhaupst
temperature, and
changing an opening size of a VGT nozzle between a smaller and a larger opening
size in association with increasing the exhaust temperature to the first exhaust

femperature,

2. The method for controlling varnish build-up as set forth in claum 1, wherein the operation
paramegier comprises one or more of an estintated level of varnish build-up, an actual level of
varnish build-ap, force reguired to change nozzle opening size i the VGT, a period of engine
operation, a period of engine operation at idle, an ambient temperature, a engine coolant
temperature, detection of faulty hardware, cylinder temperature, intake manifold temperature,

injection pressure,

3. The method for controlling varnish build-up as set forth m any of claimy 1-2, comprising
cyeling the exhaust temperature between the first exhaust temperature and a second, lower

exhaust temperature through a plurality of temperature cveles.
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4. The method for controlling varnish build-up as set forth i any of claims 1-3, comprising
changing the opening size of the VGT nozzle between the smaller and larger opening size afier

cycling the exhaust temperature throngh the plorality of temperature oyeles.

5. The method for controlling vamnish build-up as set forth in any of claims 1-4, comprising
changing the opening size of the VGT nozzle between the smaller and larger opening size by
cychng the nozzle between the smaller and larger opening size through a plurality of nozzle

openig and closing cyeles.

&, The method for controlling varnish build-up as set forth in any of claims 1-5, wherem the first
exhaust femperature is a temperature suflicient to cause gccumulated varmish accumulated on the

VT to turn into soot fakes.

7. The miethod for controlling varnish build-up as set forth m any of clamms 1-6, wheretn the first

exhaust temperature is approximately 175 °C or greater.

&. The method for controlling varnish build-up as set forth m any of claims 1+7, wherein the first

exhaust temperature is approximately 350 °C or greater.

%. The method for controlling varnish build-up as set forth m any of claimy 1-8, comprising
mataining the exhaust temperature at the first exbaust teriperature for a predetenmined length

of time.
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10, The method for contralling varnish build-up as set forth i any of claims 1-9, comprising

changing the opening size of the VGT nozzle between a 0% and a 100% opening size.

11. The method for controtling varnish bwild-up as set forth i any of clamms 1-10, comprising
keeping the opening size of the VGT nozzle at a predetermined opening size when engine

coolant temperature is above a predetermined engine coolant temperature.

12, The method for controlling varmish build-op as set forth m any of clanms -1, wherein the
operation parameter comprises an ambient temperature at or below a predetermined ambient
temperature and a period of operation at or exceeding a predetermined length of ime, and
wherem the varmish build-up control sequence comprises cveling the exhaust temperature
between the first exhaust temperatore and a second, lower exhaust temperature through a

plurality of temiperature cycles.

13, The method for controlling varmish build-up as set forth in any ot clabms 1-12, the operation
parameter comprises operation of the engine at extended 1dle, and wherein the varish build-up
control sequence is initiated upon detenmination that the engine has operated at extended idle for

a predetermined length of time.

14, The method for controlling varmsh build-up as set forth m any of clamms 1-13, comprising

increasing exhaust temnperature o the first exhaust temperature by ove or more of reducing VGT
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nozzle opening size, retarding mnjection timing, redoucing tuel mjection pressure, increasing

engine spead, and seventh injector dosing.

15, The method for controlhing varnish build-up as set forth w any of claims 1-14, comprising
one or more of eyveling the exhaust temperature between the first exhaust temperature and a
second, lower exhaust temperature through a sufficient number of temperature cycles and
changing the opening size of the VGT nozzle between the smaller and larger opening size a
sufficient number of times so that a force required to change the opening size in the VGT 1s

below a predetermined value.

16, A diesel engine arrangement, comprising:

a diesel engine,

a tarbocharger, the twbocharger comprising a variable geometry turbine (VGT)
downstream of the engine;

means for determining whether an operation parameter is at a level established for
initiating a varnish build-up control sequence for controlling vamish boild-up on the VGT, and

a controller arvanged to imtiate the varnish build-up contrel sequence when the
deterniining means determines that the operation paranseter is at the established level, the vamish
butld-up control sequence comprising

increasing exhauvst temperature upsiream of the VGT to a Hrst exhaust

tfemperature, and
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changing an opening size of a VGT nozzle between a smaller and a larger opening
size in assoctation with increasing the exhaust temperature to the first exhaust

temperature.

17. The diesel engine arrangement as set forth in claim 16, wherem the operation parameter
comprises one or more of an estimated level of varnish build-up, an actual level of varnish build-
up, force required to change openmg size of the VGT nozzle, a pentod of engine operation, g

period of engine operation at idle, an ambient temperature, and a engine coolant temperature.

18, The diesel engine arrangement as set forth in any of claims 16-17, wheremn the controller is
arranged to increase exhaust temperature to the first exhanst temperature by one or more of
reducing VGT nozzle opening size, retarding injection timing, reducing fuel injecton pressure,

increasing engine speed, and dosing via a seventh injector.

19, The diesel engine arrangement gs set forth in any of claims 16-18, wheremn the determming
means determines whether a force required to change the opening size of the VGT nozzle
exceeds a predetermined value, and the controller 1s arranged to at least one of cycle the exhaust
temperature between the first exhaust temperature and a second, lower exhanst temperature
through a sufficient number of temperature cycles and change the opening size of the VGT
nozzle between the smaller and larger opening size a sufficient number of times o that the force
required to change the opemng size of the VGT nozzle changes to a value below the

predetermined value.

L
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20. The diesel engine arrangement as set forth i any of claims 16-19, wherein the controller i3
arranged to at least one of increase the exhaust emperature 10 the first exhanst temperature from
a second, lower exhaust temperature through a sufficient number of temperature oveles and
change the opening size of the VGT nozzle between the smaller and larger opening size a
sufficient mumber of times so that a force required to change the opening size of the VGT nozzle

remains below a predetermined value.



PCT/US2011/060887

WO 2013/074094

1/2

21

iiiiiiiiiiiiiii

P

CONTROLLER

ENGINE

&

¥

FIG. 1



WO 2013/074094

2/2

¥

DETERMINE WHETHER
QPERATION PARAMETER IS
AT A LEVEL ESTABLISHED
FOR INITIATING A VARNISH
BUILD-UP CONTROL
SEQUENCE

YES

h

INITIATE VARNISH BUILD-UP
CONTROL SEQUENCE

FIG. 2

NO

PCT/US2011/060887



	DESCRIPTION
	CLAIMS
	DRAWINGS

