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A Study on Optimization of Catalyst Injection Controller for
Reducing Soot
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Abstract The popularity of the diesel engine revolves around its fuel efficiency, reliability, and durability
compared to the gasoline engine. However, the main disadvantage of diesel engine is the emission of particulate
matter (PM) which is known as carcinogenic substance. Therefore recent progress in engine management and
after-treatment systems has led to great improvement to satisfy strict emission regulations. To comply with
powerful environment regulations, this study is focused on the decrease of PM(soot) as to increase significantly
exhaust temperature. Therefore, HC injection is used as the method to go to the PM regeneration temperature in
front of filters composed of diesel oxidation catalyst{DOC) and diesel particulate filter(DPF). And especially,
LPG is used because it has good chemical reactions with exhaust.

In this study, we could manufacture the test bench thought LPG injection - with which soot can be decreased-,
construct 3 kinds of database(DB) according to quantity of temperature to decide the LPG injection quantity and
develop DPF ECU algorithm.

Key Words : DPF(Diesel Particulate Filter), HC A} A]A~®RI(HC dosing System), YA} EZ(PM), A o]7]
(ECU)

1 M= 52 o Azie) Aa AT RE ofeesl, WS
o gAote AAG 2L Sl I8Y & Yok

N o AN wEeldd A5 4853 2e A Yy BAE Amme= Aads sl

BAZF A=, 283t dv|r) ktE e ua) o aa)er DPF(Diesel Particulate Filter) A]AE]o] #A1AQ] 7|43

o] 2a7} AH oz 2rtsly 9ok v AEAF AP dSHRte R ggkEn glok Tev HElo] PMoj 23
Ao zEd 850l 12 A dlare =, A Adzbz gl kel dde] ulibe] AR oA &) A &F
o] wj7|7kA FAIZF B A A2 gtk 53] $-Y I dE 20| AgEE 2] ok webd PMO]
EURO-VI(PM 0.02g/kwh), ©]=9] Tire-I(PM 0.01g A== odAR] 248 waoiF= 71&0) Basith

fohp-hr) 5 7FERE A Ao] T ik ojga FA  ©1F 8 £ ARoAE PMo| AYEE 2L WS
o] F719}8l DOC(Diesel Oxidation Catalyst)®} DPFZ
AeargdTd AE A2 Adol] YBlEAHOE LAl PME A

"RAIAA}: 72 (bwkim@katech.re kr)

278



Soot A7 AT So) A A3 WYt AT

A7\ DPF ECUS AR, A4 tolu ¢
£EZ Flo] DPF ECU ¢1el% 7jeg 1% DB 75
& 2E= g

2, HC 2Al AlAH

PM2 AutA o2 uj7]2% 550T o]itollA Aol
Qojyict, Tt o] LEE AFEHAA A2} WAlsly
opeth mebd olzah Z7olH PME A Siete]
AR 28 ST YT Wi7]&% 300°ColslojiA
T AAYo] dolg 4= A sz Tleo] AdEI Yok
HALE AR X FEU, B 72, A=
wol £AI7} Bo} SulmRA, ARW7L Sexct
4 o BgAAY So] AT ) 13T o &3
ZQ] WHS 2314 DOC gt B2 Eet=ot fHE
ool HCE 210l NOyo| 558 27HI7A We e&
HRo A A4go] dojuhA gt

o € HC Aol YoiA tdaE 27H4e da
ZAA7E 8 glo] BAFo, vi7)7fLete) vhgoel &
SJojubx] gk whol k. wlebdl HAL A sHAY
2 2j9) A=7} digtelct. o] HHH =RolM= 2
HCe] &xte} o2 7tx] HColl w2 A|E& B3to PM
Azl 71 Aol S HC A8 AR HC
o g w42 #lBH(CH,), o'd(CH), olEH(CoHe), T
23(C3He), Z2INCsHy)o] AMZ-EIGIEL NOoJ 4] NO.2
o] #gh a&o] 7P} £ AL 224, Jgd, 2%
% ol o =FoA & Gasoline, M85(methanol
:85%, gasoline :15%), E85d(ethanol: 85%, gasoline:
15%), LPG(Liquid Petroleum Gas - propane: 90%,
propylene: 5% ©]8}), CNG(Compressed Natural Gas)2]
Azl thgt w71 EAL stk AE Zat PMe) A4
2 w4 LPG7} The elmof ula] W 27| trebch.
12]3l Cummins Inc.o|A]= Pre- Catalyst®} CDPF2}2}
Z23d Helo] Metol HCE HARSH PMo| AYAbE=
A% Fstgct?

ofe] 7b =8 0 & 1|4 BEo| LPGE B dRo
128 drasm 97kt w3 3719 FYstA E3E
Ut w7t 7Rsstol, PM AI4o] HI PM AojZE

=
=
Y

=

T

b2l LPG 482 vis, olgejot 5 =29 ¢
o} ga] HeHCiHi) AdEo] £8 o|F1 deH, LPG A

5 BE%he 9AE Fe Ad wel JEuEolY
17} 4s] 2ekled, £ FH7de 94, X
Ao 30%2] Zago] EFEYE gt

I

Ol

N

279

H 1. %8 d89 43 vu
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2 C4~C129]| C14~C19 |C1~C39} | C3~C4
HC °] HC HC |9 HC
Bk 1004 % | 180~210 16 44
Ux(kg/¢ ) |0.73~0.75|0.81~0.88 | 0.19 | 0.54
HAH(0) 27~220 | 188~340 | -161 -42.1
23H4(10) -43 58~116 |-1620]3}| -73.3
AL o (0) 220 225 632 504
o|&F N 14.7 14.5 172 15.6
At ek(kealfkg) | 10,500 | 10,300 | 11,900 | 11,300
8 F8(keal/kg)| 80 55~65 122 102
Z7|%Hkegffed | 4983 | 0.1~15 - 13
Y RON | 990~100 - 130 |96~111
MON 81~89 - 125~130 | 89~96
Azt - 45~50 - .
A 3tofd Z)(m]) 0.24 0.24 0.29 -
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LPG #AboA 523t At st BAERE W8]

Aosk= Aojck Mixer7t AMSE 7AHEANE AYS &
AlEFES & 71 ¢lith 1)y LPLi (Liquid Phase LPG
injection)2} 22 WHAJo] WBYo) wie} RAke el
Aol B 47k Q7 EIcH LPGE 1. 13k o] o4
24 o) Az AIAgol Mgty PeME dael 4
Eoll it o] dY=|ojo 3, 23t F7[YET} =

o Y 94 A Bast ek

- Butan 100% -+ Butan 80%, Propane 20% ~ Propane 100%

[= S XY

Vapor Pressure[bar}

o - N WA OO N ®©

Temperature[ ']

g 1. LPG 2% F7|% FA



st & et 2a) A7 A3E, 2006

(=1}
=

3. 7Y WE

3.1 AlAE 1M

29, 2= A DPF A289) FHES Yehd Ao
2, LPGE AAE7R] Ao g TFEFE LPG Test
bench, PM& E3I A4 21718 AHar] A3t &&
Ao A A7 g2 WA, AN ASE B3
LPG 24} ¢12}Zo0] FHE DPF ECU, 25 AlM =
B Y53 YolES CAN 4l oja) myjE|yaln
AlE BASHE PC 2ZEY )2 L

H
T

=]
s

£28,

Pressure

33 2. DFF AJ2g 4=

AE

Ye} So 3 9 Aol Zof TE LPG A} Hlo17] 9]
DBE #H3}7] 9J3te] AA tho|ipmo|A 3.3 2 7|4
2] oz} 2.0 £ g CRDI(Common Rail Direct Injection)
Aol A AIEE HsTh & 2= AME X2 A9

£ vehaic

B 2 dzx A
a3 D4AL-L4TCI CRDI VGT
H17]%(cc) 3298 1991
%2(ps/rpm) 120 126/4000
Z| | & 3 (kg.m/rpm) 30 29.5/2000

3.2 LPG Test Bench

LPG Test benchi= A4 83, LPG E4), JAE], A=
#, 919 A ey S0 FAD LPG Bulol4 o)
e A5 T deie AR sl s 9
29) WAE LPG BHl2 714 Wue) AdsAT, ol o
2ol 93] LPGE: ool wlo] oy Wug muje] Ak
LPGE QHE7A e §A37] 98 A B2
15 ~ 20bar S FAL 14HO2 o dZeolele
A 10bar2 ZA3}] LPG EHo]A] ¢3-S 10bar2 G4
shm, A=t d@dolEd HFHoRE Tard)

280

Aoz AYstgi

LPGE= W2 48}t A2oX 44 7|8she E40)
QoiA Balol ot t7sta 7|stel $7) @l u
Fofl Injector= Bottom Feed Hf4l0 2 =2 ¢lgio] o}
LPGE AAMe|Z  EA}S}7| o) SiemensA}2)

DEKA-TIE Aeistgich.

s s
Ea s

3.3 EE = Hi7|A

Al @) AMg-E DOCE #MF(P)o] FEFo] QT Ato|
=7} O 228 AME3lth DPFE 3323 ARoA
WS- AQjst Aol ThE 228 2.0 F AXA 12

£ Atk

E 4. Ao A&E DOC % DPF A|¢
z % [9ao[FaH[zln] A=
DOC1 4.68 -

2.0¢ 5.62

DPF1 5.78 -
DOC2 3.8 400 cpsi
DPF2 3.3¢ 7.5 g Mixed-Oxidation
DPF3 Alumina
3.4 DPF ECU

Controller= 16bit ZTZAAE AMg3FACE 10bit2)
AD AHEHE F AMZHE ATE wobsolw,
PWM 0 QalElE FEH Wek BUEPS] Las
ABEL CAN 41 58 PCo| RUjx|o], PCojlA &
Alkg 28 4 A Wk A4 AZE ECUE 19,
33 ek,

a3 3. 4. Azt DPF ECU

1) 2EMM S2to]H]

HCE BASHs Ade Z2Asts a8 Azl w7
ks 2ES 2H7) $18) 1000T ofstel A d71HH
B4 AMA0] £& KER GAHE ALBIGT) A
tle] 23 A7|HYL ECUS AD Yoz Wg - 2%
371915 g AL olgstel URHolA 2 TAs}
qct.



Soot A7 SI% Zu) B} Mot Yo AF

2) injector E2}0]H

LPG At BALE $431 Bottom Feed H14]9) Q1A=
7hed QA= @] Needleo] 2AFEROllA] Spring
Tension2tt & o2 FAF | oje} 7F27|of g2
Ae2 "oz 3t} ujels] Bottom Feed HH412] Injector
FE2 HE 27} 942l Peak & Hold EFQ)S ARG},
o] WiA2 Z7lo] g2 4o MFE Urbst o H H
%ol ARE FAA7|E ALE, Peak A] 4A, Hold Al
1AS FAAIA Eoh

3) CAN & J|E} =210

CANE AEAje) 272) BAlo] o] Ak
O CAN 2.0BE | UsH= high speed CANLS ARR3}%
th 1232 CAN Coniroller@} Physical Bus& QIE]H o]~
8ta1, Z+ o FHRFo R Adsgch

DPF9]| Soot®] =& £A3}7| 9|3t DPF A - Jthof
A28 AAAA e dE 2715 28] Fof 1barrbA] &
H7HsshA SHT, LPG 2iel9) apbe muegstr]g]
3t A e ARE-SEETE Q1S RPM Torque: SI7 o
oJuRoA &=L AL ARSI
3.5 2LHY A Haj= o™ s/w

DPF2| LPG ARG H 2AMEE 28k ¢e Ao
e BUEH AAEE hRE ECUS A/D ZHE
oflA AlAle] HRR AAEOA YaleE FHof AMEH
c} ol2fgl HFA dnEE IS A% dolg =y
gy W LPG EARF 23& 93 =B o] d2 CAN
BAE BE ALE AT Eel= O, 49} Zt

3.6 ECU ¥1a|E

PMo| ZZ )R] gk AteollA4] LPG Ak 2lulr} ¢l
Lom, diiE PME & ooz 2y Hlou)
Hi7| 2271 WS 7= LPGE EA1EE Aigolle A
Zgo] HX gon, Z+ Azl W P 2Fe] = LPG
BAA|7|(SOI-Start Of Inject -ionm)2} BA} X< A)|7F
(DOI-Duration Of Injection)2 ZA 3}t

ARE HAIFL 2 LPGE SAMS o At w72
=5 9 Az AzAlske, 7| 2=t 218E 25
ool A} FslA, PM 23gke] AAE ol3te] At
27 go|XH AR SRS E ok E3 A&FQ)
Ao 2 PME Ald ZJEY w7j2e7t XgE
2% ojifo R HA| 3E AeE AR WAXE TAA
A 14 FY 2702 YL F £ YU=EF 2AFch

a2y AHE AL ol R AL o8 xgto] ket

2R1

= oL OFO ZFIxE 5
o dizlo] Faj7t & FeE= S FABEE gk 1
B0 Z L Z ol
2z Ao Bl A #e 3] HsiA
Calibration modeS o} PCoA] EAIFS 2EE 4= 9]
o = O e S A
L& Period, duty, DOI 5-& 23 Fof HAY £ ¢l
EE 59t}
¥ ATBCH AN Moritig &€ aliaiod TG4
E‘?.;"’.ié‘!&A’.N""..Q.......s HEestams B Butes Bath
Baugas . Boored ek § oo cenced e S
¥ i S92 0NOL0EE  ooeTaR 8 £BOCC O CBOF CADE f
P s Srrie PZ0H0LOEE D001 & £BOI CEG CB 01 CO DI
Fio B paannacd
Dl L ShOD BGOSR SENSLRD
Rl ESSE GHE b SRERgady
Sta B SEOVDI G G & oo cBOlcE ol cad H
A 0 B AZONG1027  O0OHIR 8 CADICCOr L CRO i
:.aans‘wam E
z Scalé Eagter Oftset Hewa VS | Resyl vidus |
E 30 } ;0004883 Uf 3} NS 7 SRR T
TPV L W e
Frat Date. CAR I =i BT T peingg
&m"
H S TS J 3
"ot Pinte .
i poriis: i
Cyirant Vit H
T !
Progbas Time ¢
S0
Batsdow
S |
[t A i
@ BUHY 2TEYo)
PN Cafibration Viogioearaing
CAR o
Jeme o o
Bowtee 2 SN Waite
Adbliiation g PR
E L o )
KB Ry
T venmmg 0T e
.,;r-u““”’“ BN T e e o a a

(b) LPG EA1F 23
a8 4. 2uyEY % AajEgeld

Al
=

4, & Eut

4.1 Al W

DPF ECU®| LPG £} d2]E A48 9late] A
tho|UbR A DOC 22(DOCI, DOC2), DPF 3Z(DPFI,
DPF2, DPF3)& A vf7|oll WA HE)Q] Alo]2E 2
sl AlEE skt EF A crojupmelA] &3t
Hj7] SxEo Hate) w7l emete] JdE e
3 dazAAME ZAsteich

AHgd dREZ2s & ¥R¥ 10ppm o3kl ULSD
(Ultra-Low Sulfur Fuel)S AMS-3}91T LPG AJBS Ret
(CaHio) 100%E Ag-3FGIct



ARS8 =2 A AT ABE, 2006

A EAE e AR 5 g Mol A Abhol
Ho) #7148 E45HT, D13 RE $33} BPT 43
g 8Tk 2 F GiV1LE ¥ LPG 24} § Bab geln

stk

=

glojde 3

4.2 ANE A

4.2.1 BPT Test

DPF AJAEOf A ZZEE= soot2] 3t RfAYE]= soot
o} ofo] Ela}o] DPF A - Feke] 3jero] YA &
A 5= &5 & BPT(Balance Point Temperature)2til 3
o LPG 24} AHe] H712ES etels] skl soot
of 24 o} A4 iR wob 913 BPT 24o| W4
Holc}.

BPT ZIE 2£313] B 9. 59 Zo] DOCl+
DPF12] BPT7} 744 %1 DOC2+DPF27} DOC2 +DPF3
Hr} Yotk DOCI+ DPFio| th2 ZAgof Hlste] BPT
7h 22 AL de9 29 42 9o 4 X Fe 9
Alo]Z2E kS uiFHE HoE Atg gtk DPFR2%}
Qo] th27] Y e L& Xpol7t

4.2.2 45 A&(D-13 Mode)

D-13 mode: ol AFSEE AlFHoA 2
o] =it B2 s A modeZE 0] AMS
3 Y= Aol

3% 6049} Zo| Base tH] COE BF 80% 0|42
H3}7} o]Ro]F .20 DOC2+DPF2= 72| 100% A3}
A2 HolEth THCE 60% o4 Azt=glod,

DOC2+DPF30] 79| 90%7} AstEleith PME 85% o]
Aoz 279 AgFo] BE H|%3t =52 veRith

200 L.
DPF3

DOC2+DPF3

DOC1+DPF1 DPF2 DOC2+DPF2

g 5. BPT A

282

BB8ASE
@ DOC2+DPF2
DDOC2+DPF3

12 6. D-132E9) 93t CO, THC, PM &4

3 LPG 2Al A

& LPG EA} A - 32 DOC ¢t £%(T1), DPF
A 2%=(T2), DPF ¥ 2:=(T3), DPF A - 99 X
@P), AA LERPM), A 28K Torque), DPF 351+
v} 7| 7FAE(THC, O,, CO,, NO, NO;, NOx)}& A&3}g
t}. LPG £} #7h2 DOC7F #4935} 2=9 BPTE 11
8kef 200T ~300CF7ol A AIEE sHglch

4.2,
Al‘?ﬁl

1) DOC1+DPF1

708 W7l 5ol 4 AAge] ol duty H|Z LPG
S BAE W, DPF A - Fhola o) £= s}l B
P& 2. 70) UERch AR} ZAHo) WE 7l
=7} 7K4E PME AAE] 93t LPG RAko] &

EL R FAT 57} ek

® -
o ®
- b
® 4
o 8
-
235 245 255 265 275
WNEE [T]
38 7. Aol dojubs EAFEF 9 iy 2%
2) DOC2+DPF2 Vs. DOC2+DPF3
DPF29} DPF3S 7|9 WPy BHS FUSR

DPF2= &3 AlSlEe|, DPF32  AlspdRule
(Alumina)o] R Eof gloj T3 83} 2ol w72 26
5TellAl 11% duty H]2 LPGE BAMAT 2= £4o|
A2 fe2ce g & 5 Yo S DPRYFHTI) &
=7} AeHT2) LERT} 30T © £20, DPF2 Hrohe



Soot A7 $1% Hu) BAF A3} W 47

16CTH A Yt

LPG Injection with 11% duty at DPF2 vs. DPF3
400{"_'7" I I I S D S R B st

[
! t 1 DPF2 t ' I J '
o T2 0,
%350' I S | I T T3 .
5 | ! st B -
] ) I F i i | A . |
& 1 | 4l ' | ) .
[ T A R o !
" W.@‘Jﬂ/ e e e N B
o 1 w oo FEFY R pug 1 AN M
102 103 104 105 106 107 108 108 110 111 112
Time [min)
B S S A A
i
& i I . . DPF3| , ' ! 21!
g L
§ '
8
£
5
2

Time {min]

a3 8. LPG &4t A] HE| FFo] uhd

S e e s ea e= 14
—~—DOC2+DPF2 H% 2&[T{
* -=-DOC2+DPF2 26 22T !
+- ——poc2+DpF3 Hgt 2E(n) 2
~s-DOC2+DPF3 %5t 2E(T)
DPF2 24t (g] Te10
--DPF3 2At% (g}
e

300 BAH (9]

#ri25(T]

A g 2=

1) H
% 2

a3 9. WrleEd TE b

PMo| A4E we] LPG A w727t 584
E H2 oz 4ol Yojuknl, DPF30| DPF29 |3
we w7 LEolqi LPG EARR 2ls] 400T ool
Aol Yofut uhglel, £& Hi7l Lz oA 350C of3
oAME Aol doldhg TWIE & 4 Sic

5. 2 B

Z

Tl

2 A7E oA A7) Soot AAsH] s T &
o] EAHE BT WO R A Hy|7hAd] LGS
BA}sl= DPF ECUZS A7 - A% shoic). LPG Bl
& &3] Hojsl7] $I8) LPLi WAl M8 LPG Test
benchE Ajztsla] ¢le|o] LPG HA} 27A(SOL, DOI 2
) 780l /53ES RUEY 9 Aejzdold 42
=9lol3 FHsigch

A@e 7] chotmof 7|uke

RLid

1359 Yel 2%

283

o LPG HAL HIAEE st A8 B/ dojg

2 248 53te] PM S A HY LPG BANF &

s FHd g5t
£ AFE 33t 92 Ade e 2ok

1) LPG ¥4} 270 ujebr] DPF Hthe] L7t A543t
= 527E EIF 4 9lgleH, o= DOC 43 &
T olitollA Fshe Ak, AEYY] - 2704
Aol dold 4= 242 RISt oju, LPG EA}
Pt P EE vEiEed BAE EU E 4 ol
Hj7| 27t 5848 AL LPG BAlgFe Z PME |
A& 5 Sl

2) £-AHE LPGR} 24 uf7]7hA0) 318HA vhgo
NO.7} DPF Hghojla Z71ghe wli7] Scho) 234
FHNO, H4E F53 4= Uitk

3) PM RS 3t vf712 0] w2 LPG HARFa T
9] Zd ¥h3 2%, Y= PMEF FRUAE
g3te] DB3} 319 2.0 DPF ECU ¢1eE 28 o]
aepileg
o|& 7|¥te & 3o, AT A dMe

o] DPF Ao 7|& ¥3vt Fasivn

EERL
2

Aol g3

A et

References

1) Morio Hori, Naoki Matsunaga, "An experimental and

Kinetic effect of
Hydrocarbons on the NO-NO2 Conversion in a flow

Calculation of the promotion

reactor”, Twenty-Seventh Symposium (International)

on Combustion/The Combustion Institute, pp. 389~396,

1998

Kwang-Seo Park, Dong-Inn Kim, Bae-Hyun Chun,

"Effect Hydrocarbons on the

Denox Process", SAE 2001-01-3515

3) E.Robert Fanick and Kevin A. Whitney, Brent K.
Bailey, "Particulate Characterization using five fuels",
SAE 961089

4) Bruce Bunting, Arvind Suresh, John Chi, "Active soot
filter regeneration”, DEER2002

Cha-Li Myung, "LPLi
Vehicle  exhaust  emission

characteristics”, KSAE, vol. 11, No. 4, pp. 15~21,

2003

2

of Various Plasma

5) Jong-Hun Lim, Engine

Performance and



A7 e el el A7H ABE, 2006

A B Byeong-Woo Kim) (M3

o 19874 29 : akjsta 7))
Fot9} (3D

- 19904 28 : ByEk B

| AEEE (FEAAD
« 20024 29 : Bfstn A
ASHE D

e 19949 109 ~ & - ZAE
47 AE7iedTAdE A
B

284



