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Welcome to the MCI Series

Your Webinar Will Begin Shortly
Today’s Topic:

Regeneration 2010 Engine Technology for 2011 and Beyond:
A technology that assists emission control

If you do not have an audio connection, dial 877-739-5904 and enter the Audio PIN nhumber given to you on your screen
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« Know important facts about Exhaust Emissions and how
they are controlled with After Treatment System (ATYS)

« Be able to identify components of the different ATS

« Understand the operation of each stage of the ATS

* How the driver interacts with the ATS

« Learn the maintenance requirements

* Driver Area changes for 2010 engines

* Learn the proper handling of Diesel Exhaust Fluid (DEF)
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Exhaust Emissions and Controls:
ATS Facts

© 2011 Motor Coach Industries, Inc. All Rights Reserved.



motorcoach Exhaust Emissions

Created during INCOMPLETE Combustion
e Controlled by Prevention and Treatment

78% Nitrogen
21% Oxygen
1% ‘Other’

&
&

Hydrogen
Carbon
Sulfur
‘Other’
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motorcorch How Did We Get Here?

E.P.A. mandates for Exhaust Emissions

1970

1985

10 11 12 13 14
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motorcorcH Emyissions Facts Thru the Years

e E.P.A. Mandated reductions of Diesel Exhaust
Emissions for NOx and Particulate Matter (soot)

o After Treatment Systems (ATS) devices prevent and
reduce exhaust emissions up to 99% (since 1970
levels) and soot almost entirely

Electronic Engine Controls reduced emissions (HC,
CO, Soot) with more precise fuel control

Exhaust Gas Recirculation (EGR) reduced NOx
emissions by cooling the combustion temperature
The Diesel Particulate Filter (DPF) unit captures
remaining soot and ash found in the exhaust
Selected Catalytic Reduction (SCR) and UREA (DEF)
reduce remaining NOx to 2010 levels

More to come ...
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Prevention and Treatment:
After Treatment System Components
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mororcoach 2003: E.G.R.

Nitrogen (N,) normally INERT gas
- Will not combust / combine w/ Oxygen: O,

Temperature above @2500 F allows ‘N’ to combine
in many different levels -

Oxides of Nitrogen
NO = NOZ = NO3 = NO4

Assigned the variable ‘x’
Commonly referred to as ‘knocks’

Exhaust Gas in A/F reduces Combustion Temp
Reduces formation of NO,
Still a LOT of NO, formed (2070 mandates)
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mororcoach 2007: D.O.C. and D.P.F.

« D.O.C. - Diesel Oxidizing Catalyst
- Catalyst supports a chemical reaction
- Chemical reactions help break down HC and CO into
H20 and CO2
- Generates great amounts of heat

e« D.P.F.- Diesel Particulate Filter
- Traps SOOT (black smoke / carbon) from combustion
- Burns into vapor and ash
- Vapor can pass thru filter structure
- Ash collects
- Requires periodic ‘Regeneration’ by the operator

© 2011 Motor Coach Industries, Inc. All Rights Reserved.



motor coacn Qperation

e Diesel Oxidation
Catalyst (DOC)

Raises temperature of -
exhaust P:ﬂgssu:e Sensors
- Reduces HC and CO > hp N
- Reduces soot and ash : R, Sk N
to vapor

Temperature Sensors

e Diesel Particulate Filter
- Captures remaining
soot and ash

Oxidation
e« Temperature and Catalyst Filter
pressure sensors notify
the engine computer
when regeneration is
needed
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mororcoach 2010: D.E.F. and S.C.R.

« D.E.F. - Diesel Exhaust Fluid (Urea)

- Synthetic High Nitrogen Content Fluid
- Mixed into Exhaust stream

- Chemical Reaction to break down NOx

e S.C.R. - Selective Catalyst Reduction
- Additional Catalytic Converter Chamber
- Uses Urea to break NOx into stable N2

- Remaining Hydro-Carbons and ‘O’ convert to H20 and
CO2
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mororcosct Components of the Typical ATS (2010)

INDUSTRIES

D.O.C., D.E.F., and S.C.R.

DEF
Injection
Unit :
DOC & DPF SCR Unit
Diesel ‘ Diesel Exhaust Fluid “ : \
SCR Slip
Oxidation  Wall-Flow (DEF) Dosing
Catalylst Fi:ter Valve Catlalyst Catalalyst

A

Decomposition
Cummins Particulate Filter Reactor Selective Catalytic Reduction
(SCR) Catalyst

In-Depth Operation Will Be Discussed Later in this Presentation

© 2011 Motor Coach Industries, Inc. All Rights Reserved.



MOTOR C
INDUST

OACH
ES

R I

After Treatment System Operation

2010 Engines DEF and SCR Operation
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marereoact Best Practices Guide for DEF (Urea) Handling

e« What is Urea?
- Urea is a compound of nitrogen that turns to ammonia when
heated. It can be produced synthetically and is used in a variety
of industries to make plastics, fertilizer, adhesives, etc.

« What is DEF?
- Diesel Exhaust Fluid is a solution 32.5 % synthetically pure urea
and 67.5% de-ionized water with high purity requirements.

« Properties g
- Non-toxic
- Poses no serious risk to humans if properly handled m
- Non flammable B gy
- Safe to handle and store —_—
- Colorless R

- Storage temperature - 11F to 90 F
- Freezing of DEF begins at about 11 F

- Once DEF has melted, it can be used without problem
© 2011 Motor Coach Industries, Inc. All Rights Reserved.
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Best Practices Guide for DEF (Urea) Handling Cont’d

DEF Usage with MCI Coaches

o DEF consumption is expected to be approximately 2.5%
of fuel consumption, depending on vehicle operation,
duty cycle, geography, load ratings, driving habits, etc.

e See below chart showing DEF average consumption per
MCI model.

o Estimated information based on theoretical calculations

FUEL DEF ESTIMATED |ESTIMATED DEF
MODEL %JAEPLAEA"]NYK EE:; ggﬁ\K( ECONOMY |CONSUMPTION|  MILES MILES | CONSUMPTION
(GALLONS)| (GALLONS) ESTIMATED| ESTIMATED | PERFUEL | PERDEF |PER FUEL TANK
MPG % TANK TANK (GALLONS)
J4500 183 15 ! 2.5 1281 4205 4.57
D4500 164 15 6.7 2.5 1099 4020 4.1
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marereoact Best Practices Guide for DEF (Urea) Handling Cont’d

DEF Availability and Accessibility

A coalition of industries including truck manufacturers,
engine manufacturers, fuel distributors, and DEF providers
is developing a network. Depending on manufacturer, you
could find 330 gallon plastic totes, 275 gallon disposable

totes, 55 gallon plastic drums, 5 gallon, 2.5 gallon, and 1
gallon containers.

© 2011 Motor Coach Industries, Inc. All Rights Reserved.
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mororcoacn DEF Availability

DEF is sold at over 2500 locations across USA and Canada.
These include: Cummins Distributors, Detroit Diesel -
Freightliner Distributors, Pilot Travel Centers, Kenworth
Distributors and Mack Distributors

—
Vaneouver s an ] e glalaary : CANADA

: ALDERTA | SASHATCHEWAN | : / )
i . MAHITOBA } QUEBEC

“giudad M E Xl ¢ o
Obregon Mo

THE BAHAMAS

US Department of Energy has a DEF locator on line:

http://www.afdc.energy.gov/afdc/locator/def
© 2011 Motor Coach Industries, Inc. All Rights Reserved.
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mororcoach 2010 Technology: How it Works

Emission System Components:

Particulate Filter / Decomposition Reactor / SCR Catalyst
Control Module / DEF Pump / DEF Valve / NOx sensor

DEF Dosing Valve sprays a fine
mist of DEF into hot exhaust stream

Diesel Diesel Exhaust Fluid SCR slip
Oxidation ~ Wall-Flow (DEF) Dosing
Catalylst Fillter Valve Catlalyst Catalnlyst
1 I

. ] ] Decomposition
Diesel Particulate Filter (DPF) Reactor Selective Catalytic Reduction
— (SCR) Catalyst

Decomposition of D.E.F. occurs in 3 steps within the Decomposition Reactor

Step 1: Evaporation : Liquid DEF vaporizes into exhaust stream

Step 2: Thermolysis : Thermal Breakdown of the NOx into simpler
components .

Step 3: Hydrolysis : Further molecular breakdown into water components

© 2011 Motor Coach Industries, Inc. All Rights Reserved. Source Cummins



Stainless Steel
Insulated Shell

_ Dosing Nozzle Assembly
/i
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mororcoach: Additional Components

NOx Sensor Assembly
« NOx Sensors (2) relay NOx level P
information to the DEF ECU )0

e ECU processes information and
determines amount of DEF to be
Injected into exhaust stream

e Supply Module receives signals from
ECU and performs injection
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After Treatment System Operation

Driver Area Updates for 2010 Engines
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moTeReoacH Aftertreatment Dash Lamps

« New ! DEF Lamp-Diesel Exhaust Fluid Low level warning
- The DEF lamp alerts the vehicle operator that the reducing
agent is low and must soon be replenished. The warning

from the DEF lamp would escalate in intensity as the
reducing agent level approaches empty and cannot be
turned off without replenishment of the reducing agent

New ! WIF Lamp- Water In Fuel Indicator Lamp

- The WIF sensor detects the presence of water in the fuel
filter. When the conductivity probe indicates a change
consistent with water the warning lamp flashes after the
key switch is turned on

« New ! WTS Lamp- Wait To Start (DD and ISL Only)
- OBD regulations require circuit continuity detection of the
Wait to Start Lamp.

- An intake air heater, or grid heater, comes standard on DD
Platform engines.

© 2011 Motor Coach Industries, Inc. All Rights Reserved.
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moreReorcH - Aftertreatment Dash Lamps Cont’d

« New ! MIL Lamp- Malfunction Indicator Lamp Emissions
non-compliance indication. OBD (On-board Diagnostics)
Requirement 2013 (DD-13 only)

- The Malfunction Indicator Lamp notifies the operator that

an emission related system error has occurred which may
result in an engine de-rate or engine protection shutdown.

- CEL Lamp- Check Engine Lamp (Updated Illustration)

e SEL Lamp- Stop Engine Lamp (Updated Illustration)

© 2011 Motor Coach Industries, Inc. All Rights Reserved.




mororcoach DEF Gauge and Tank: E/J Coach

DEF Tank Filler
neck next to
Fuel Filler, Curb
Side Only

© 2011 Motor Coach Industries, Inc. All Rights Reserved.



DEF Tank Filler
neck at #3
baggage Bay
Curb Side
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Low DEF Warning & Inducement: Cummins

DEF (Urea) Tank Level Notification* Inducement
Lamp -or - Message
>20% full ] None None None
E E
Stage 1 | DEF lamp solid Warning message | None
o
<20% full E F | 43 .
AAAA Increasing
Stage 2 DEF lamp flashing mess&?ge None
] " — duration
<10% full E . & and/or
Povee frequency
Stage 3 DEF lamp flashing Maintenance
I:F Amber warning lamp solid derate
<5% full o (12 -17% torque
£ derate)
Inducement
Stage 4 — DEF lamp flashing message Vehicle speed
E E Red lamp solid limited to 5
Empty, after the engine & mph
has been shut down —5)

© 2011 Motor Coach Industries, Inc. All Rights Reserved.
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mororcorcr Incorrect DEF/SCR Warning & Inducement

Incorrect DEF Warning & Inducement

Condition EMOy Driver J1939 Inducement
Indication Lamps D
(SPN-FMI)

Correct Reducing Agent Mone Nong Mone
Initial Warning for Incorrect DEF @ | Amber Warning 4004-31 MNone
detection
Initial Inducement for Incorrect DEF - | Amber Warning 4004-1 25% Torque Derate
@ detection + 1 hour 1569-31
Secondary Inducement for Incorrect | Amber Warning 4i094-31 40% Torgue Derate ramped
DEF @ detection + 3 hours 156531 in at 1% per minute
Final Inducement for Incorrect DEF - | Amber Warning 4004-31 40% Torque Derate & 5 MPH
i@ detection + 3 hours and the Red Stop 156531 Wehicle Speed Limit
engine has been intentionally 5246-0
shutdown or in extended idle for 1 .
haur
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mororcoact Additional Notes for Operation

e DO NOT turn batteries OFF for at 2 minutes after

Shut down
- Purge Cycle to empty supply and return lines of DEF

e DO NOT close coolant hand valves (engine
compartment) during summer operation

e DO observe specific cooling system fill and bleed
procedures

© 2011 Motor Coach Industries, Inc. All Rights Reserved.



motorcoach Drivers Cards for Your Convenience

INDUSTRIES

« 07-14-7821B (side 1)

Ite ms Driver Will Notice

T =fam
u Under certsin conditions {eold or very dry) condensalion, in e foam o
ofwater vapor, can be ssan coming Fom fie vehids ailpips. This s P
normal. Itwill dear within a few minuies of nommal vehide oparalion. ' % -
» SCR-Specific: Do not disconnect the vehide batlaries during |
Al imitial B0 seconds after turning your keyswiltch ofl to avoid ]
3 € gu, During his §me, 8 pumpng sound may be heard i Lo oo |
from undemesath the vehide. This scund & The aflerirealment Diesel _ oer
Exhaust Fluid {DEF) dosing unit purging amy unusad DEF from e Y
syziem and relurming il 1o e tank. Thisis nonmal. 3
o e o . q MOTOR COACH
a The 2010 engines are equipped with a fealure o Warm Up" he | [ | INDUSTRIES

feature can cause slight scund changes duing idle. Thess scunds |
am parfecty nomal. | :
n The electic-aciualed Vadable Geometry Turbocharger causes the | u |
engine sound 1o vary al diflerent imes. This is normal. Aslight turbo | @ . O |
|

whislle may d=o be cbaervad al idle condifiona.

s Compression brakes are quisler on engines with Exhaust | 'l = O >_< |
Aftervearmen. | @ Wt ) O |
|

Exhaust |
u After prolonged Ide, you may nolce momentary white vapor and an I |
odor. Thiz iz normal.
= VWhen e High Exhaust Sysiem Temperature Lamg s iluminated, -
you may nofce an odor. Thisis normal. f fie odor is excensive and 4300 Instmment Panel LEF Geuge on
you alen nolice while vapor, have he exhaus! syslen inspacied for RICRTES
Ik, 4 s

Cold Weather Operation fis .
n When a coach is gperalng at idle, under 140 degrees F coclan |

temparatire for longer than one hour an engine code (Z789) wil log {= A =l
and e Check Engine Light wil lluminate, thiz i normal operation 'I'I.-'j s

afervrealmen system under varous idle condlions. This “Warm Up* | ©

iracive once hie engine has peromed a ssif-chedk.

T e, o % T 0
¢ ' : - EPA 2010 Engine,
— Driver's Information Card

How to Perform a Parked (Stationary) Regenermation

n [Park vehide in an apgropriale location, the regenaralion light must
e illuminaled and just pricr ko initiale e megenerdion, the driver
musl move e coachi2-3 1) jo cyde e park brake and
ranamission, el parking brake, and place transmission in Neural,
and ensure fast idle and HVAC swilches are disabled, allow a least
&0 minutes for the regenaration. Engine must be up lo normal
operaing lemparaiure.

® Setupa sale exhaustarea. Confrm Sat nothing ison or near e
exnaust system surlaces.

m Haold the manual Regeneration Switch in the Rear Curbside D Senes Insrumant Pansl DEF Gauge Location

; T T pogilion (o allags nr
Mote: Engine speed will increass and here may be a nolceable . :
change 1o the sound of e tumocharger during e regenerlicn Fuel, Oil and Aftertreatment System Maintenance
pocass. Onoe the diesel parfculale filler is regenerated the engine Onlyuse Uit Low Sulfur Dissel (ULSD) fusl.
will automatically mium o nommal idle spead. =4 (ko ash) is the recommendad oil.

u Monitor the vehide and surcunding ama during regenaalion. I Be sure fo check DEF gauge al every refusling. DEF meslng
any unsafe condifion cocurs, shut off the engine immediately |50 22241-1 must be ussd.
Toslop a parked regenamlion, depress e service Drake or Dirolle Hever pul DEF in anything but the D EF tank {blue cap).
padal of 158 the Regenerafion |nhibit Switch in the Rear Curbaide

n I Regensration has nolstared afler 60 ssconds, move e coach Road Side and Technical Assistance
again{2-3 ) and repaat his poeedune.

| —

) For Engine Manufaciurer Technical questons, call:
Onee regeneralion & complele, exhaus gas and eshausl surlace -
ol g . =Cummins Engine: (800) 343-7357.

termperaiures wil remain slevatad for 3 1o 5 minues. = For Molor Coach Induskies Assisanes, call

Rederence your Cumming Owners Manual and Vehicle Owners -Emergency Road Side Azsstance and
Manual for complete opermting instudtions. Technical suppart: (800) 241-2047.

© 2011 Motor Coach Industries, Inc. All Rights Reserved.
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1 Drivers Cards Cont’d

07-14-7821B (side 2)

Mandated Telltale changes for EPA 2010

A stomge tark for Diesel Exhaust Flud (DEF) and the addlion of
four new dash lamps: Water In Fud Indicator Lamp (WIF ), Wait To
Start Lamgs {WTS), Diesal Exhaust Flud Lamp {DEF) and
Malfuncion Indicator Lamgp (MIL). Al2o, new are the revised graphics
for e Check Engine Lamg (CEL) and the Stop-Engine Lamg
{SELLA Diesel Exhausl Fuid Leve Gauge has also been added.
Pleass read your vehicle Maintenance and Operalors Manuals fo
Tamiliarize yoursell with localion, DEF capacily and Afterireaimant

Alterireatment Diesel Particulats
Filter (DPF) Lamp
iiurninated
The Aftedreaiment DPF Lamp indicates,
when illuminaled o fashing, hat e
Afledraatrent DPF mquires mgenerion.
This iz acoomplished by the llowing:

Diessel Exhiwest Huid (DMEF) Lamp*

An illuminated D EF [amg is an indication
fhat the DEF level is low. This can be
cameched by refilling e DEF tank.

A fashing DEF lamp indicates that the
DEF level has fallen below a critical level.
Thiz can be comecied by reflling the DEF

1.  Ensure the Regeneslion
Inhibit Switch in the Rear
Cumaide Sarvice Door & nol in
the Inhibil posifion

2. Perlorm a DPF regeneralion by
one of the following methods:
a.Changs 1o a moe
challenging duly cyde,
such s highway
drving for ai least 20

Tank. minules.
Or
Flashing with Waming ar b. Periorm & Parked
Regeneralion

Check Enging Lamp

A tashing DEF lamp comibined with an
illurrinated amer Waming of Check
Engine Lamp indicates hial he DEF leveal
s gritically ow and you will expadence a
power logs. Nommal engine power will be
restorad alter rafiling the DEF tank.

5 Ergi it Flashing DEE
and Ambar Waming ar Check Enging

Lamp

It heengine has hean shiul down oF lEs
idied for 20 hours after e DEF tank has
bmen run dry, the Stop Engine Lamg will
also be illuminated along with he flashing
DEF lamg and illuminaled Waming or
Chack Engine kamg.

Engine power will coniinue 1o be reduced
automaltically. The vehiche will a0 be
lirmited o 5 MPH (8 km/h) speed limil.
Homa engine power and vehicle spead
wil be resiored after redlling fhe DEF
Tank.,

Waltunction Indicator Lamp (MIL)

Eunctioning MIL Lamp

The MIL illuminales wien the On Board
Dagnostics (08B0 ) delects a malluncion
ralatad 1o Te amissons contol g:.-mem.
The luminaied MIL indicales thal ihe
engine neals o be sanicad althe frst
available cpporiunty and can be
Hlurrinated along with any of the engine
indicator lamps. 1L i

reguingd &b ndition .

Elashing

i a regenaration is not padormed in a
Tmely manne afler fe DPF lamp =
iliuminated, the DPF kamp will begin 1o
fash. This indicales a higher leve of sool
in Te DPFE. In addifon, engine powar may
be reduced aulomalically.

Flashing wifi Ambar Warning ar
Chedk Engine Lamp

A fashing DPF lamg combined with an
illuminated amiber Waming or Chedk
Engine Lamp indcates hat he
aftertreaiment OPF neads regeneration
immediately, Engine powsr will be reduced
aulpmatcally. Aparked regeneration is
required.

Stop Engine L SEL)

If a parked regeneration & not performed,
e red Siop Engine Lamp will illuminate.
The veniche shouid be slopped 83 500N &3
it can safdy be done undl it can be
repaired.

High Exhaust Syslem

Temperaiure (HEST) Lamp
The HEST Lamp illuminates 1o indicale
1hat high exfaus lempemiuss may
axisl due io dierreaiment regeneraton.
Thizia normal and doss not Sgnify the
need for any kind of vehicle or engine
seanice. When this lamp is illuminaled,
ansire fial he eshaus pips outel i
ot direcled at any combustitle surlace
of material.

New Telltale Symbols

lu:\ Coulant Indicator

The Low Coolant lelllale indicates, when
lurminated, fat e levd of engine
codant i3 low in the radalor surge tank.
Operators need lo redll the surgs lank up
to the specled cookant level, ohensise
the engine could self prolect lo prevent
avehealing.

Transmission Walfunction
Uumingtad
An illurminated Tranamission Lamp i= an
indication of a ransmission failure. This
condition can be corecied providing
immeadiale senice 1o he ransmission.

Water In Fuel Indicator (WIF) Lamp
Muminated

The WIF lamgp ndicates the pressnce of
waler in the fuel fillee. When the
conduetivily probe indicales a change
consistant with waler, he Waming lamg
flashes after the key iz tumed cn.

Wail To Starl (WTs) Lamp
liymingted
08D regulaions require cincuil confnuity
deteciion of fe Wail lo Start Lamp.

Check Engine (CEL) Lamp
Uuminatad,

Anillumrinated Chad Engine Lamp & an
indication hal fie engine needs ssrdce al
the frst avalable opporiunity.

Stop Engine Lamp (SEL)

The red Stop Engine Lamp wil iluminate
1 aler ihe driver of e two engine
conditions:

a. Refll the DEF tank

or

b. The coach needs io bs STOPPED

to force a parked ragenaralion.
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You should now:

« Know important facts about Exhaust Emissions and how
they are controlled with After Treatment System (ATYS)

» Be able to identify components of the different ATS

« Understand the operation of each stage of the ATS

* How the driver interacts with the ATS

* Learn the maintenance requirements

* Driver Area changes for 2010 engines

* Learn the proper handling of Diesel Exhaust Fluid (DEF)
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Questions and Answers

Click on the hand @ to ask your guestion with your voice

© 2011 Motor Coach Industries, Inc. All Rights Reserved.



Thank you for your business
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