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Presentation Outline IR N Z

= Introduction f&j /-

= DPF Control DPF#iil
— Soot deposition algorithms AR 1%
— DPF regeneration control strategies DPF 5 AE 15 ifil] 5 %
— OBD monitors OBD Il
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The DPF Continues to Evolve DPFH; A&

= Fuel Efficiency JATHI R
— Reduction in active regenerations Ji/> £ 2 54

* Better soot/ash loading prediction 58 %7 (AR Bk / 2K 43I0 2 5t
* Passive regeneration strategies #% /) f 4= 5l

— Reduced pressure dropiil/> £ %
= Achieve Cost Reduction (A [F1K

— Downsizing ] /)

— Combining technologies (i.e. SCR-F) H & H: R (UISCR-F)
= Improved Filtration Efficiency (both PM and PN) (PMAIPN) 1L JE 8K $2 15
= Improved Thermal Survivability / Durability V41788 /11T AT 5

. _ M

China VI C| WHSC 130 8.0x10"1
WHTC 4000 160 - - 460 6.0x10"1 10
WNTE 2000 220 - - 600 16

DPF Required
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Performance |+ Hge
» Filtration Efficiency i JERER
» Pressure Drop Performance JE [
PR
» Soot Mass Limit FRAR 5 & R i

»  Washcoat Compatibility 4% /=
A

DPF R&D and Application Roadmap DPFH & K W A B% 2%

Component E&{4:
Durability Ifif A 1%

» Thermal Aging #\ Ak

» Thermal Durability #4Ji A £
* Thermal cycling HEH
 Thermal survivability #E 17 fE

» Ash Accumulation K7 2
On-Vehicle Durability %%

Assembly ;2 5%,
Validation 5 1iF

» Thermal & Mechanical

TR T
* “Hot vibration” R3]
*  “Liquid spray” /i

System & 4i

Application M. [
Control Strategy 1% fil] 5% %
Calibration ¥ %€

OBD
System Compatibility £ 43
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DPF R&D and Application Roadmap

-~ Performance
» . Filtration Efficiency
». Pressure,Drop Performance
» ‘Soot Mass. Limit

» Washeoat Compatibility Component

Durability

» “ Thermal Aging
» ‘Thermal Durability

* «Thermal cycling
* ~ Thermal survivability Assembly
¥ . Ash"Accumulation Validation

». .On-Vehicle Durability | 4
» “Thermal & Mechanical

e  “Hot vibration”

o, “Liquid spray” s stem

Application
Control Strategy

Calibration
OBD
System Compatibilit
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Control Strategies -
Achlevmg Safe DPF Regeneration

1 KIS - L Z EHDPFEA
"Three Elements to “Light Fire” “mi/k” =HEZ

—Fuel #RJH: Accumulated PM in DPF  DPFH E 1 1 ki

—Ignition Source ‘KJJii: Temperature of active regeneration == 2/ F AR AE

—0,:% A Diesel engine operates lean 5% /L 1A
To prevent an uncontrollable fire in DPF, you need to control at least

one element. ﬁ/ﬁﬂﬁDPFT VEEI e, R AESH A
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DPF Regeneration Related Failure Modes
DPF AR R BRI

DPF Uncontrolled Regeneration

(Loading Level: 10.1g/L) 566 in X 6 in
1500 18 .
1400 — Controlled Regeneration initiation : Uncontrolled Regeneration .
1300 | (Abrupt Exotherm) (High Temperature) 116
1200 4 14 :
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., 1000 112 3 —>
g 900 1 10 CI: DPF-inlet
g 800 o DPF Front-bed
£ 700 | 18 DPF Mid-bed
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Classification of Failure Modes Z&3(#

Abrupt exotherm at start of

Causes J5 &l

1) High SOF content [5SOF¥ &

A regeneration FHAETHIGIT IR 2) High temperature ramp rate & Fi &
T

\%}
N

Temperature, C
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DPF Uncontr
(Loading|
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18
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(Abrupt Exotherm) 16

14

12
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f L \ 10
[ 17N \\
8

1
Engine to idle, SFI fuel cut |
\ \ :

T T T T T
100 200 300 400 500 600 700 800

Time, S
e DPF Mid-Bed - DPF Rear-Center ¢ DPFInlet ® DPF DP

T
900

DPF DP, in H20.

AR

1) Close-coupled DOC Z#h &
DOC

2) Control of temperature ramp
rate J5 il il IE %
3) Stepped regen 2% A
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Control of Type A Uncontrolled Regeneration ARAZIEH

Effect of Temperature Ramp Rate (PSA DW-10, 5.66°X6”’ uncoated DPF)

Effect of Temperature Ramping Rate on DPF Regeneration Temperature
(218°Cimin Averags DPF-in Ramping Rate)
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Control of Type A Uncontrolled Regeneration AR 5235 F A 1
Real World Application SZf7 M

= 2-Stage Temperature Ramping for DPF Regeneration DPF4:22 i

— Cummins ISB 6.7L Turbo Diesel, Equipped on Dodge Ram 2500/3500 JEHHHTISB 6.7L jn%e 2Lyl
3% FTE1E A7 Ram 2500/3500% |-

| - DPF1 = DPF2 +« DPF3 - DPF4 - DPF5 : DPFin - Torque — DPF dP |

700 10.0
T+ 9.0
600 3
‘Z: 8.0
v \
E. 7.0 o
2 500 60 o
On ’ o
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= 50 W
© 400 963 Seconds DPF Regeneration o
2 - Based on ECU DeSoot Enable Flag + 40
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° ° ° H- & -
Classification of Failure Modes KA ARAY
Solutions Y%

i i + A
The combination of 2 Fi Jii [A]: Combination Of 45 5;

1) Excessive PM loading &t EEgukidnm " High EGR rate @EG%
15 2) Intake throttle 7S T i

i et ke i R VGT TJAZ J L] Ji8 7 18 s
2) High O, concentration % & 1= 3) A AR JUAT o i 184 s

. 4) Other controls F & 4% il H
3) Low exhaust flow rate {XHEFS I &= s

Temperature spike when
“runaway regeneration”
happens 8% Ff-4= i A ISR
JETT

DPF Uncontrolled Regeneration
(Loading Level: 10.1g/L)
1500 18
U
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U
1200 i 14
1100 :
1000 i 2
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g 900 T
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g 800 3 aQ
A 1 [a)
g 700| S b g O
2 - g
600 550°C 0 L6
500
400 14
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Engine to idle, SFI fuel cut]
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Time, S
e DPF Mid-Bed - DPF Rear-Center ¢ DPFInlet ® DPF DP
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Control of Type B Uncontrolled Regeneration

EGR Rate vs. Peak DPF Temperature EGRX vs. DPF&EEE

BRAZ B HAEH|

AF RPM
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No EGR: Peak DPF temperature: 1080°C

Leaking channels observed (cracks)
JCEGR: DPFxi1080° C, MZLFIRLL

High EGR: Peak DPF temperature: 846°C

No leaking channels observed (no cracks)
FEGR: DPFii846° C, RMEHIHL

SwRI

Control EGR, throttle and VGT to Control O, Concentration.

“Closed-Loop AFR” is Applied ##iecr. 1AVt BIAWE, KA “ WA
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Classification of Failure Modes R 42K

Solutions &R 7%

Causes J?\@

s
1
c
.m
=)
.m
|
a
(]
o

Improve flow distribution &4

At

ion
2) Uneven flow and temperature

1) Incomplete regenerat

Uneven temperature

distribution during

LA Ar

7

e 2
=

distribution Y A& 43 A A1

regeneration — “hot spot”

PE R PR B A AN - R
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Control of Type C Uncontrolled Regeneration CEA S5 FHAFEH
Test Setup and Procedure A% 3 B K g

I. PSA 2.0L Diesel Engine 27l
2. EGR:

- HP-EGR (OEM HiJ B E)

«  LP-EGR (added J53)
3. DOC-Out Soot Ratefii{L 23} O

RBRIEZR: 6.5g/hr

In-exhaust | ‘ 4 .
supplemental fuel DPF-in |5
injector (SFI) 650 ‘

120°C / min

240

»
|

180 Time [min]
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Control of Type C Uncontrolled Regeneration CEA %
Impact on DPF Effective Size xﬁDPFﬁﬁRTyﬁﬁﬁzuﬁ

| Without Mixer %/uz ST

B3

DPF edge J‘Zléff i W|th I\/I|xer ﬁ‘t

B £

L

bl

» _
After 10 DPF cycles 10DPF{E¥ 5 After 30 DPF cycles 30/\DPF{}§HF 1
A well-designed mixer can reduce DPF size,
improve DPF survivability, and it’'s LOW-COST!
® @A%%ﬁliﬁgﬂ E[[ | ﬁ,l DPE Ei &E %DEEiﬁébﬁ E{Eﬁ\;‘k POWERTRAIN ENGINEERING
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Calibration 15 - ‘
Predicting DPF Soot Loading TiM|DPFER N

» DPF Soot Loading Prediction DPFAR Tk i1 Z 7l

— Integrate major elements: %5 F 5K &
« Steady-state 3-D (RPM,Torque, EGR) maps for £2453-D( #43#. 4. EGR) ¥
«EC/OC
« NO, (DOC out NO,/NO,)

» Temperatures iz /% (DOC-in and DPF-in)

 Exhaust Flow Rate Hf S i =

SwRI

PM
Temperature
Flow Rate
0O,

NO/NO,

DOC Model

fT>T,.
NO'tO'NOz
SOF oxidation

PM
Temperature
Flow Rate
O,

NO/NO,

L

DPF Model

IfT>T,
NO,+C—->NO+CO,

Soot = X(Soot;,-Soot )

NO + O,
—

] /

V NO,

DOC

NO + CO,
[

e

POWERTRAIN ENGINEERING
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Challenges Hk fi%—
DPF Controller Calibration DPFIZ§I| 2847 &

= Estimate Transient PM Rate (DrlverVarlablllty) TR ASPMER (T SR ANE]) —
Most dominating factor! = F[A £
= Establish DOC Efficiencies (SOF, NO-to-NO,) & 3. DOCAR

= Establish DPF Soot Accumulation Rate 7 7. DPFFR A%
— DOC-out rate minus DPF passive regeneration rate DOC ! [ % -DPF#{ 5)) A4 %
= Recalibrate System to Optimize NO, for SCR (NO/NO, = ) E#itr € R4t LA
SCR (NO/NQO, = 1) NO,
* Add Safety Factors - Build Control Models to Initiate DPF Active Regeneration

e 4

A

=gl E AR A A

-1 DPFA

" Integrate Controls to Avoid Uncontrolled Regenerations and Handle Incomplete
Regenerations £ W% 14,

JBE o AN yjﬁzﬁﬁz%ﬁf XA TE 4 AR

POWERTRAIN ENGINEERING

SwRI
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Calibration 13 € -
Incorporating DOC / cDPF Aging 455DOC / cDPF 24t

=cDPF Thermal Aging #Z 1k,

— Controlled regeneration 2% 4
—Uncontrolled regeneration A~ 5245 F 4=

=DOC / ¢cDPF Poisoning DOC / cDPFH* %5

— Lubricant poisoning and ash accumulation may affect /L7 H 55 1K 73 2 8] GE 52
« DOC light-off and efficiency (passive regeneration) DOCHZIAF L H (# BN FAE)
« cDPF efficiency (BPT) cDPFX% (BPT)

*Need Model That Incorporates Aging: 1% 71 H 75 22 fl A\ 22 4L,
—Hydrothermal aging impact 7K #4240 521
— Oil consumption H1JH &

0 POWERTRAIN ENGINEERING
©SOUTHWEST RESEARCH INSTITUTE Swri'org



Challenges $kik—
When to Trigger Active Regen? [l & EB1H A

= Real-World DPF Regeneration Control (example): SZFRDPFHRA #2851 (5241

— Build multiple control layers to initiate DPF regeneration: ¥4 % %2 |~ 1| = J5 ) DPF 4
* Based on fuel consumption &1 JH#E
* Based on accumulated mileage (or time) & 211 BLFE (AT [A])
* Based on DPF soot accumulation model & DPFAR fix 5 71
* Based on DPF-AP sensor (safety only) 2& - DPFII [k P& Beas (&2 &)

— “Deep-Clean” DPF regeneration i /% 15 /i DPF A4
« Extended regeneration to ensure high soot oxidation efficiency #E K 4=, #ifR AR EALHE
* Used to adjust monitors for ash loading predictions F 1% K 43 n &k Wl

0 POWERTRAIN ENGINEERING
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Challenges #kik -
DPF Regeneration Control at Low Speed f&#&DPFEE R

= Challenges: #kiik

— Low exhaust flow rate (heat transfer issue) {KHE IR E (fEH# R &
— High O, concentration (mass transfer control) & & 5 (fZmfE])
— “Critical” DOC or cDPF temperature (feed-back control) llfa - DOCEcDFPiEE (it i)

AUV (I A
Jul ¥ \»\»..:"a,: 62.21 mm
.
9 % |
Y : y !
|

15
PRI OEIEDE I .
it |

2 T " POWERTRAIN ENGINEERING
20
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On-Board Diagnostics (OBD) Z%: 2 Wr

= OBD Guidelines for PM Filter (EU Example): Fikiid 8 OBDIERS (IR 5241)
— Filtration Performanceid €4 §E = 0.025 g/kw-hr on WHTC (standard#5{f is 0.01 g/kw-hr)
* Need to target post “phase-in” monitor 75 2% “ /3P E” J5 34T I
— Soot sensor will be required 75 Bl MH1% KA
« delta P-based “phase-in” monitor not in scope APH “ BBt ” W INANTE v
— Regeneration System (HC Doser and DOC) 4 R4 (HCiHE{XFDOC)
» total functional failure only (temp sensors/exotherm) ¥ D REM R (IR EALBERRTT)
— Regeneration Frequency FAE 4%
* monitored against manufacturer defined interval %] 545 12 14 F HA R4 T I )
— DPF Clogging (Incomplete Regeneration) DPFI%%E (A 5E4fH 4D
« total functional failure only (delta P sensor) =¥ I RE MR ( APFLJEES)
— Missing Substrate A& H
« total functional failure only (temp sensors) 4= &R AEHFE  ClR AL I ES )

POWERTRAIN ENGINEERING

®
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A Program of @’
Contact Information & A :
Name: Scott Eakle
Email: scott.eakle@swri.org

Desk Phone: (210) 522-5095
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