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Recently, Subaru has introduced 2 Diesel models to its line up. Cutback 2.0D and Forester 2.0D.
These models are both designed for the strict Euro 5 emissions slandard, and therefore include
a Closed Desel Particulate Filter (DPF) system.

The operation and diagnosis of this system can be quite Involved. This bulletin is designed to
provide a clear understanding of the purpose, normal operation and diagnosis of the closed
DPF system,

What are Diesel Particulates?

Under engine operating conditions such as cold start, acceleration and high load the
combustion process of the common rail diesel engine is incomplete, resulting in an increased
formation of soot particles. These microscopically small particles have a diameter of anly
approx. 0.05 pm

Soot itself has no harmful effect on the human organism. Hydrocarbons originating from the
fuel and lubricants, as well as water and sulphates, attach themselves to these granulates,
increasing their size to 0.09um. In this way the harmful soot particles are formed.

The human nose and bronchia! tubes are not ahle to filter out particles smaller than 2.5 ym (for
comparigon: a hair is about 70 um thick). Thus, the particles can penetrate through the airways
deep into the lungs and pose a health threat especially to children and adults with certain
medical conditions. Soot particles are suspected cf triggering allergies and even cancer. This is
especially true of the smallest particles measuring between 0.1...1.0 ym.

The following sample calculation shows the benefit of a closed diesel particulate filter system:
A modern 2.0 L common rail diesel engine without diesel pariiculate filter emits on average
approx. 4 kg of soot over a mileage of 100,000 km. With a closed dlese| particulate filter it emits
less than 250 g over the same mileage, which is a reduction of approx. 95 %.
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Regeneration Control

In order for the vehicle to carry out its self maintenance of the closed DPF, certain driving
conditions must be met te generate encugh heat in the exhaust system to combust the harmful
soof particles. This process s calied regeneration,

There are four types of regeneration processes, Tharmal, Passive, Active and Forced.,

The basic inputs to the ECM for the calculation of the regeneration contro| are shown in the
flowchart below,

Exhaust gas Soo! amount in DPF .
temperature In front of from DPF pressire ﬁSmLsa_n?nunt - dP,P i
DPF difference sensor DTN CORCINGE S
Determine condition of DIYE Soct amit
critical
+ Soot amount nomal
* If necessary trigger active regeneration process
Warn the driver via the
* Controf active regeneration process via EGR valve, electronic throttle valve, DPF waming light! MIL
hocharger vanes, post Injections

The ECM receives informaticn about the scot amount accumulated in the diesel particulate filter
from the DPF pressure difference sensor. In addition, the ECM calculates the soot amount In
the filtar from the driving conditions of the vehicle.

Depending on the actual soot amount and the exhaust gas temperature in front of the diesel
particulate filter, the ECM determines the soot amount percentage of the DPF.

The ECM triggers an active regeneration process when the soot amount in the DPF has reached
a certain limlt (656%) AND when the exhaust gas ternperature in front of the diesel particulate
filter is high enough to burn oft the soot particles.

Thermal Regeneration

Thermal regeneration is a process where the sool particles stored in the Diesel particulate filter
are combusted (Burnt off) by extremely high temperatures. The temperature range of thermal
regeneration is between 550'C and 700'C,

These temperatures are rarely seen during normal urban cycle driving, however driving under
high load for extended periods (towing, large throttle cpenings up extended hill ¢climbs) can
generate enough combustion temperature to promote thermal regeneration.

Because the ECLl does not have an affect to thermal regeneration process, it Is not added to the
regeneration count value stored in the engine ECU,
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Passive Regeneration

During passive regeneration the Nitrous Oxides (NO2) produced by the diesel oxidation catalyst
are used to combust (burn off) the soot particles. This process takes place at an exhaust gas
temperature between 300...450 °C,

During normal light throttle driving the exhaust gas temperature varies between 150 °C {urban
driving) and 400 °C (inter-urban driving). if the exhaust gas temperature is continually held
around 150'C to 250'C, then the soof level will centinue to increase in the closed DPF, If driving
conditions increase exhaust gas temperature (Eg: increased engine load, maintaining engine
speed in the torque band) the soot level will decrease as the passive regeneration process
starts.
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Active Regeneration

During Active regeneration the oxygen {02) in the exhaust gas is used to combust the scot
particles, This process takes place at an exhaust gas temperature hetween 5§50...700 °C.
However, during normal driving this temperature is practically not reached,

Since the temperature of the exhaust gas must be raised by intervention frem the ECM for the
regeneration process to start, this regeneration type is called 'active regeneration’.

It the engine operating conditions are suitable to start an active regeneration, the ECM performs
some or all of the following measures to increase the combustion temperature, which in turn
leads to an Increase of the exhaust gas temperature:

» The EGR valve is closed fully te ralse the combustion temperature by increasing the
oxygen proportion of the cylinder charge

= The electronic throttle valve is closed partially to increase the combustion temperature
by throttling the intake air

o The turbocharger vanes are moved to the open position to raise the combustion
temperature by reducing the boost pressure

Additicnally, in order to directly influence the exhaust gas temperature, the fuel injectors
perform one or two post-injections. Due to the late injection timing the injected fuel does not
burn In the combustion chamber, but only evaporates. The evaparated fuel enters the exhaust
system and burns in the heated up diesel oxidation catalyst, increasing the exhaust gas
temperature significantly.

The active regeneration process is cancelled when the soot accumulation ratio has decreased
to 30 %, However, the minfmum duration of the active regeneration process s approx. 12 min,
i.e. even If the soot accumulation ratio has fallen to 30 % before this time has elapsed, the
regeneration will be continued, When regeneration has started, the ECM wll| try to complete the
process regardiess of the engine operating conditions. However, when the engine is shut off
the regeneration process Is stopped. In this case, the process is re-started once the operating
conditions for active regeneration are met agafn.

As soon as the target temperature of more than 550 °C is reached, the active regeneration
process starts and the soot particles in the diesel particulate filter are burnt off. The ECM
continuously menitors the regeneration process using the signals from the DPF pressure
difference sensor and from the exhaust-gas temperature sensors,

Control over the regeneration process is critical, since the silicon carbide ceramics of the diesei
particulate filter are damaged by glazing when the temperature exceeds 1000 °C,

Mareover, the catalytic coating of the diesel oxidation catalyst and diesel particulate filter could
he damaged due ta thae high temperature.
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NOTE: During the active regeneration process the drivability, engine revolutions, engine sound
and exhaust gas smell may change. In addition, it Is possible for white smoke to be emitted from
the exhaust tailpipe during regeneration. These are side effects of the regeneration process and
should not be considered asa concern,

Forced Regeneration

Forced regeneration is basically similar to the active regeneration process, meaning the
chemical reaction and the exhaust gas temperature range for burning eff the soot particles is
the same.

Because the regeneration process is not Initiated by the ECM during driving, but forclbly
initiated by Subaru technicians with SSM [l diagnostic interface, this regeneration type is
called ‘forced regeneration’.
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DPF Regeneration Map
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Warning Light Strategy

The warning light strategy to inform the driver of the soot amount in the diesel particulate filter
is described in the following tabie:

ftem Soot accumulation warning strategy

Soot accumuladion 65%  85% 100% 135%
ratio
Dperaling mode — — | Vehicle spead request D::;al:e‘:flt Limp home mode
DPF waming light - — liuminates Flashes
MIL - —- — — lluminates
Ouatpxit rgstriction . — — — Max. 160 kmfh
DTG slored in ECM _ s -— s P14G9

Drive vehlcle at a

vehicle apeed of
Customer action —_ — jin Bokunitenging Bring vehicle to dealer

speed 1800...2500

1/min, &ngine warmed

up) for min, 15 min
DPF active ;
regensration —_ Enabled Disabled
ikl W —_ Enablad Enabled Disabled
regeaneration

Replace DPF and resat
Déalot st — Perform farcad the DFF-related
e ragenaration laarming values [n the
ECM

Vehicle Speed Request

The vehicle speed request signals to the driver via the illuminated DPF warning light, that they
must enable an active regeneration of the diesel particulate filter by driving the vehicle under the
following conditions for at least 15 minutes duration:

e Vebhlcle speed: Above 60 kmfh

» Engine speed: 1800...2500rpm min {driving in 4th, 5th or 6th gear) (Most suitable is 4th
gear above 2,000 rpm with steady throttle.)

= Engine is completely warmed up
NOQOTE: De not accelerate hard during the active regeneration process.

The ECM triggers the vehicle speed request, when the soot accumulation ratic in the diesel
particulate filter has reached 85 %. When the soot accumulation ratio has fallen to 56 % during
active regeneration, the DPF warning light turns off, However, even though the warning light
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turns off, the regeneration process is continued until the cancellation condlticns for active
regeneration are met,

NOTE: If the driver complains that the DPF warning light illuminates frequently, he must be
informed to change the driving method (such as driving the vehicle at high engine load for a
longer distance), so that regeneration of the diesel particulate filter is enabled.

In testing conducted by Subaru Australia's Technical department, the below vehicle speed |
engine speed gear shift points are recommended for the best compromise betweaen vehicle
performance, fuel consumption and maintaining exhaust temperature to reduce soot
accumulation;

Recommended Driving style
Gear Up shift Engine speed
Position Speed Minimum Minimum
1st 0 24 Kph 2600 rpm
2nd 25 Kph 40 Kph 2200 rpm
3rd 41 Kph 64 Kph 2200 rpm
4th 65 Kph 82 Kph 2100 rpm
5th 83 Kph 108 Kph 2000 rpm
fth 106 Kph 110 Kph
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Dealer Visit Request

The dealer visit request signals te the driver via the flashing DPF warning light, that they must
bring the vehicle to the dealer,

The ECM ftriggers the dealer visit request, when the soot accumulation ratio in the diesel
particulate filter has reached 100 %. In this case, the active regeneration is disabled and a forced
regeneration of the diesel particulate filter must be performed.

If the vehicle is driven with the dealer visit request triggered and the soct particles are burnt off
because passive or thermal regeneration is taking place, the DPF warning light may turn off
when the soot accumuiation ratio is below 65%.

NOTE: Forced regeneration of the diesel particulate filter due to incorrect driving style or
driving patterns is not covered by warranty.

Limp Home Mode

The limp home mode ensures that the vehicle can be driven to the next Subaru retall service site
when there is a malfunction on the diesel particulate filter system. In this case, the DPF warning
light flashes, the MIL illuminates and DTC P1469 is stored in the ECM.

The ECM triggers limp home mode when the soot accumulation ratic in the diesel particulate
filter has reached 135 %. In this case, the tuel injection amount is reduced, so that the maximum
vehicie speed is restricted to 160 km/h. Thus, the soot emission of the engine and hence the
soot amount entering the DPF is reduced. Furthermore, the exhaust gas recirculation is
deactivated by closing the EGR valve and opening the electronic throttle body, further reducing
the soot emission of the engine,

If limp heme mode is triggered, active regeneration as well as forced regeneration is disabled to
prevent damage of the diesel particulate filter by a violent regeneration following an over
accumulation of soot, In this case, the diesel particulate filter must be replaced and the DPF
related |earning values in the ECM must be reset,



ALL 4 THE DRIVER” | D SLUBARL

DPF Over-ride Reset

If the vehicle is continually driven while the scot accumulation is increasing, the level of soot
accumulation may reach the point where the DTC 1469 is logged (135% and above). At this
point, the ECU will lock out the forced regeneration option as damage may have occurred to the
Diesel particulate filter and it may require replacement.

In SAP testing, it has been found that by driving the vehicle while increasing DPF and catalyst
temperature, the soot can be thermally burnt off, This may require a road test where the vehicle
can be driven uphill in the peak engine forgue band for a time period of 2 - 3 minutes, In this
time the catalyst and DPF temperature should increase to a level where thermal regeneration
takes place,

If this driving procedure is not a practical repair method, then it is possible to perferm an over —
tide reset of the DPF regeneration lock out.

. Locate the upstream and downstream pressure pipes at the DPF pressure difference
sensor,

. Remove the two pipes as displayed in the below diagram, and block with correctly slzed
bolts,

Remove these

| two pipes from
the sansor and
block each pipe
wlith & spare balt.

ExXoeaio

. Start the engine and idle for 1 minute, cycle the engine speed between idle and 2500rpm
repeatedly for 1 minute, then check the Sootaccumulation %.

° [f the Soot accumulation ratio is below 135%, clear all DTC and perform Forced
Regeneration with SSM I,

. At the completion of the forced regeneration, Re-connect the iwo pipes to the DPF
pressure difference sensor, start the engine and idle for 1 minute, cycle the engine speed
between idle and 2500rpm repeatedly for 1 minute, then re-check the Soot accumulation

ratio %.

L If the Soot accumulation ratic % is still above 50%, carry out a second forced regeneration
with SSM 11l to achieve a true low soot accumulation ratio. (NOTE: Please ensure that rear
mufiler temperature is not excessive and causes damage to the rear bumper cover.)

. If this procedure is not successful, please advise Technical via FPRS report.
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Kind regards,

Jim Funston
National Technical Adviscr

subaru.caom.aw

Subaru (Aust) Ply Limited 4 Burbank Place Baulkham Hills NSW 2153
PO Box B311 Baulkbam Hills NSW 2183 £ (02388820111 f (02) 88979131
ABM 65000312 762




