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Ammonia Coverage Rate Tracking Controller Design in Diesel
Engine Urea — SCR System
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Abstract; The urea selective catalytic reduction ( Urea — SCR) system has been widely used in the
aftertreatment system of diesel engine, in which the injection quantity of urea is selected as the control
input. By the precise control of the ammonia coverage rate, the poisonous NO_ can be converted to the
environmentally friendly N, and H, O. As Urea — SCR system has nonlinear characteristics and
disturbance is difficult to model, a two degree of freedom control system consisting of a feedforward
controller and an H_ feedback controller was developed. Firstly, the Urea — SCR system model was
deduced based on the principle of chemical reaction kinetics. Secondly, the feedforward controller was
designed based on the differential flatness method. The flatness output was chose as ammonia coverage
rate, then the system state, control input were expressed by flatness output and its finite order
derivatives, based on this, the feedforward control input was obtained. Thirdly, the Taylor expansion of
the Urea — SCR system model was carried out at the equilibrium point of the feedforward control input,
the un-modeling dynamics of urea and parameter uncertainties were considered as the amplitude-bounded
disturbance input. The feedback control controller which satisfied the H,_ performance index was designed to
accurately control the ammonia coverage rate. Finally, the tracking performance and robustness were verified
by the simulation results with the engine dynamics simulation software enDYNA under FTP75 test cycle.
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Fig.3 Block diagram of feedforward-feedback controller

ZE b AR ST TR R SR R 2 A
el , S R T A E, BT DL A R i A
S5 5 TR R A O 2 — B0, B F AR SCEE
) LA B T IR A AR s At
TR H, PERE S AR 0 S A, O Ak )
RO SR A 25 T 45 2 3 25 e T 4 o 2% 2 H0M
R AR

3 hE

175 B o SR A8 1] Tesis 23wl 9 75 1 %% 2L 3h g
07 BRI enDYNA" R Sy et 0 42 3% Bk 1 DA 52
U B Ay il 36 3 SV 249 (8 A A v 4 RO ) R
) % AR ED , SR04 FIT P — A 25 1 20 30T 1Ly 2
RGRIR . enDYNA #K 1 B 4% 0F % S WL E LR 5
PRI TS R G R UGS R SHER G L e 8 7
BN R FEHATEN %5, HP AT LS A B &5
6 A5 B AT AL B A5 R S LR S, T
A5 B M i S BR kS AL A RV e i R AR A Y
TR R AT A B B A v A S I TR W6
& FHHLECU F2 B Iy RE A IT & 5 00k, R i ok 42
AR Z & S HL & 2T fE, il Dy LA R | R
R 28 B R | 2 0 R K R 7 HE RS B A
R, AXMHEF KRN LILF R
$4 T B4 DU G5 D S i B L, R B BIL B K
4500 v/min, SCH; 76 % [ A A HE R IR 05 BF
FTP7S $R385 T #EAT , 26 HUHB 4 T 00 3 46 1iF 47 1) 28 14
T A RO

HETER L TOUT , BIIA S IR &R B it 58 2 % 4k
R R AR SO 4R i 8 6 S 5 (5 S 1 B R
fiE 1. D7 E T R I R TR 2 WM S bR Y AT g
3 R B R ZE 0. 003 mol/s DLPY . S
o 5 S HIL Ak o A HLAE 5 Al ] 4 TR

5 ~8 1 £ 5 % i A A [ 9% 19 IF 3% 45
SR KA 51 0T B0 B R WE S Bron, B
H RIS H M AME S g — DA F R I I 5%

%a%%%%kﬁ%ﬁiﬁ$%£FMAoMﬁ

Wl LU B B e b 59 5 i 4 T DUAR 47 B R 2
fis, FURTED BT 20 s RS 20 s A7 869 22
mE 6 Frs, E45 BT 20 s, B4R 240 7 55 R W REAR



306 & A Bl B ¥ i

2016 4

K4 kPl T

Fig.4 Engine operation condition

T MR B LU R, {E o A S R R ik F
BRSO T AT MUY B BRAT RE T AR AR W T
R s 7RO BLAY T 20 s, A5 U B o1 2% © 245 1k
TR, ER 52 PR i =UBE 5 R OF A IR ER b
B, il i 4 b NO, HEJCRT LA 2, i T Y
RAHLEZBA NO, HEM, do w1 B A n] LA 2>
AL R WA, T UL A 2 BB o A BE St
PR R AELAY 5 DL o

BlS  wiBIE % 5 BRER
Fig.5 Tracking of high frequency sine signal

Bl 6 18 5(0~20) (480 ~500) i Jay &R K
Fig. 6  Partial zoom-in of Fig. 5(0 ~20) , (480 ~500)

B 7w R YR A e RS T B O AR
NG IE LR S, — R0 B 9 B A 4% 1l e 9
BRERROCR o iy 18] AT DL 22 B i 3 R 42 il 5 vl DAAR B
Mo R R bR

7 AR IE 5% 15 5 B
Fig.7 Tracking of low frequency sine signal

AR SCKe 2 B A5 S T AR AT Ry R B Y B
BRAE %, W 8 Jr7s ,7E 0 5,50 s #1250 s 3 > 2 i
2 TR B E) AL, BT AT ALY A BRI A I
il #F C 285 B R, R T2 1 ~2 s A REER
B FIEEE . 76 160 s.350 s Fl1 410 s 3 4 B 35 R
T R A R A5 A g 2 4845 1k DR 1 mE
S EJE T RS0 A R I AR A R, L
W EZS LA e EE IR E SR, TR
S e A U T R RS G R BRI AR S HLHE TN
DU B0, i AR SCHb A 30 00 45 1) 25 B B AR v
PR 5 R G SR T W AN b T s 4 o S OR A SR AR
OEE SRt St

B8 BrBRAR T B

Fig. 8 Tracking of step signal

TEBCTH P e i 789 5 18 T RS BUE AL FIIR
RARESS EFA M E NI, 9 T 56k 75 4 2% 1Y
BRRTE, BB AL B 2 BES) 0. 5cg ~ 1. Oc, 22 b3
Rt 5 [ IF REALBE T T — MR & A9 AR e AL R n A2 1R 1
DL, AN 9 Bz o S 1 B A AR BUAS SO T B
TN A5 47 o e 1 45 e 4 ) A0 e 4 A o 1 7 K
ROR A PID 5 il a4 i OR SEAT X EE

P10 JT 7R (S AR SCBCTH Y 42 1 4% 5 PID 425 4
A T T YR 3 g AOR X B B 1 R
Je 2 Pl de 2 A T PUHT A LAY R 22, B
ZINERY WD SO B ) R AR A5 1R 25 o I, 22 A L AT LA
I AR SCHT BT 4 il e 78 2R GEATAE S O E A



%41 Wm0 . SEPLIK R SCR R & A 7 R BB Al s il 307

09
0.8}
fen 0.7

ol
Ag0.6

=
wost
JJT\'\'L 04_
= o
i 03t
B oot
01t

0 50 100 150 200 250 300 350 400 450 500

B /s PLL 2 s o i 0 i iR 22 X L
K9 REMARFAR

Fig. 11  Comparison of tracking error for two

Fig.9 Nonconversion efficiency of urea
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