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Fault diagnosis reserch of EGR system

WANG Ke-jie, ZHOU Wen-hua, NIE Fei
(Department of Energy Engineering, Zhejing University, Hangzhou 310027, China)

Abstract: Aiming at falut diagnosis of EGR system during it's working period ,the characteristics of EGR valve drived by DC motor were re-
searched ,fault types of EGR system were summarizd , including electric fault which includes H-Bridge short circuit to battery, short circuit to
ground , short circuit overload error and open load error and functional fault which includes valve jammed error and zero drift. EGR valve zero
position self-learning was carried out during functional diagnosis. The diagnostic and protection strategy was proposed and all kinds of diagno-
sis tests were carried out on a diesel engine. The results indicate that the diagnosis method can identify the various faults of EGR system in
time. The corresponding protection strategy can work timely,which meets the demand of OBDII system application.

Key words: exhaust gas recirculation( EGR) ; fault diagnosis; self-learning; H-bridge

) P, 3 L X, T B X e e A 2
Z UIRENESEE IS KT, G EGR 1875 e S350 78 A B
D% A RO . AR LA H DR S R R 5t

0 31 "
B 0 92 R, B85 75 4 05k A

S T, T B T I YA AIL Y R R T Bk
o 2015 4R 1 A 1 HAR T 24 16 9206 FE 1V HE b
o, R HLE NOx HERCRR#E R 0.02 ¢/kW. h, PM HEjik
FrifE 3.5 ¢/kW. h'" EGR ZRZi A Ay i 2 [ )Y LA HE
TR 4 3 B R Bk R, A I B R T R
EGR W 1E} EGR £ 48 X HE P AT £, L T4 PR 5
BB ik B A= i 0 P B D BE SR, A A L SR
EGR %] (¥ i b12 Wt 22 952 R il g e

AT EGR B B2 K 2 58 B BRI TE T 3 20 1

s HHA:2015 -10 - 12

SV AR TR F A B2 T SR A SR, %
WA, Bt EGR B2 S B B 2F Ak AE A 2R i
A TR AR 07 B RS S 2 B, AT 5 EGR
ARG PTEENE MG t 34 OBD RGEH LA,

I EGR Z &g Ht B [ 731y

EGR R GE 1 [~ I 8  PID 2 Hi # 5k \ PWM fiy
B A2 ERHE 5 A BTN B2 B B 5 A
PEHLEH B, AR DI RE S AP AR AN 3R 1 fros . S8

{EE B TRA (1990 - ) 5B WIVTZ %N, B NF & ShLE FF il 5 R 5 mi A9 5E. E-mail :21327078@ zju. edu. cn
BIEBRRANJESCE, B BI#EZ, W4 4E S 0. E-mail : zhouwh999@ 126. com



42

FRHA, % EGR RATHBES Wi £213 -

H A EGR 82 DFO00 £:51], it FELHLUK Sl , AL L
AR 12 VA 0 B AL 1 AR T TARHLES Vo
H RSBl 0 R IR S ST A AR 19958 . Hoh 454>

BRI RE TR RN 1 s

F1 SIS INEE R B IEHE
LR 4R Uike TEAE s
\/T\:ﬂ 72y 2L 3] .
12 3 i Zﬁgg;ggﬁ R, TSR
EHEE S R,
WA S BR (8 45 H AR
PID #4] (HZ B8 2= ETE EarrEagissiims gk
Widk RS PID PHEREEH APERORSHI .
LT Ve
AR PID f9 (8 &

o HELVCRIPL HORRIR X M B L X e
ngﬁ B R 19958 it B £ 4k G B T B
PWM J (1 5 25 HL 3 s,

VAT ¥ ) o
g MREENHUERTIE CRR IR (55 4 s U
&f}iﬁ%;% T E I B AR B IT RS M AL e it
BB, AR
sz X EGR RS 1Tk 5
78 B2 W,

2 EGR RGLHL M2 W

2.1 H #FIREhE ST RIS LT
H B3R s TAR L EAn 1A 1 frs o

BT H IR AR
HLHLIZ SRS P A =i MOS 48 HST (HS2 FIPR
MK MOS 48 LS1 LS2 L[] gesE . Afm] MOS 4R ZS
XTI A B AR AR AN 2 IR
Fz2 FR[E MOS BRI R EBHURE

HS1

HS2 LS1

1.S2 RLHLIRZS

H
L
L

L
H
H

H 1ER%
H Suks
L R

L
L
H

H R % Y MOS & T JF, L 3278 X i i) MOS

ERWr ., 24 HST A LS2 FTOTm, EUALIERS s HS2 1 LS1
FIOFRS AL 5%
HATR I Sl F, S o 7 0 el % 0 i, UL B 972

BUEEE AT B R, TR H AR, B4 MOS A5 #R n]
REAF /X SE It , B2 Wt ZS AL AN 1A 2 B o

Decj_100 ms Decj_10 ms
RESET
— .
3 1
VERIFY+0
HEILUNG+0
v
4 VERIFY+1
> BHRSERIRES HEILUNG+1
']
| VERIFY+2 l
o i RS “E‘“iNG*Z
7 6 | VERIFY+3 l
. HEILUNG+3
[SATEIN T
VR AL B IA

K2 H ks Ens Bk S 15

SR R B AR BN T R R

PRPGT R, Mot A B4k B T8 1 L S IR )
AR 3 U2 A BT A B, 4T OBDID 23K
A L 2SS W R 1 0.5 s, 2 WS g R S ALY
ARSHEFELE 100 ms 41 55 AT, B AR &2 5 R 1
SPI H#AEJZAE 10 ms 455 A7 0, PR — Uk L 78 1)
PR A A — A o R FE AT 24 300 ms, i /2 OBDII i &2
TR

At VERIFY o TR Le TP R I AETE, o
R BRI AR B ASREST BRI AT, Zead B e iy
FRWLRI BN BRI FEAE . A BIPEIT 2R : VERIFYO
KPR B, S8 5 VERIFY1 47 JF, VERIFY2 H F ¢
1,885 VERIFY3 rf B R K &2, TR 12 B e 12 6 £
B, 5 AR B RO A e 75 LSRR

Wk &2 1 2 HEILUNG SR AN A7 AE I
S T AR S IE R B RS 2 WA e sk T D
PUBE TR AP S A5 AR B AR B, A SRR R A
HILUNGO 3 [4] 3K Zh # H, 9% J§ HILUNGL 47 FF, HI-
LUNG2 " #5¢H], 48 J5 HILUNG 3 H iRk s, Pkt
BU 2 Wi 5 B, i s 2 R
2.2 (ERRSRWREISHT

AR TR T R KA A A 5 L P S e X e et %
X L VIR J6EE 6, 5 AP il s 3 o A 000 A 0 {1 T ok )
W, ) R ] 2 i) o 2 3 e A R B i S 7k A e
24 ECU Wi 2% B (5 5 i — o W BIE S , Ja 2l
B B 25, 0 B B AT I B ) BRI, T 7 B
A AR AT BRI 2, U2 s Sk (88 & ks e, ]
H &L, ECU A b #Z B, 28 B 25 15 2 S 1F T IRk
B P BN, T S e SR I



- 214 - HL 220

™ & $33 %

Tt B B B AT A A, T2 A A A BB, AN T
A1, ECU J& SIAH N () i B Ak 2 5 W, 50 e a2 B 8 0 2
(3L, 550 3 2 B 8 e T 2 1 B i) A ok — o Y 1
{H,ECU A\ i 458 KA .
3 R
3.1 EGRBERMNEBRFY

EGR & H %> figlH & T EGR {3 B & &4 1Y 4
BV 2E | TARBI B R AS I A5 I PR B 67 A B
A SRS EGR IR HHI RS . JEA {2
M55 R R BHLAL T AfterRun ARZE | & ShHLE
b A G Running R | F5 AL HR R A& S AL
JEAE SIS, 3X 3 A SRR R B R A Sk A A 2
SPRA . K BNHL AfterRun RS JEF8 424040 _LIE K s
TGk AR I AL RN BT L , SE R — 7 A ] J5 AR E , 7E
X B E] A ECU ¢ i — SR04 PR A7, 5 12 W ) T
i, KahPlzE/b—kiEA Running IR H H B9 &0 5%
EGR i TAER O B 5 BIEA =TS HE, &l
b R R S ML AR A B B 2 o T ARIE 22 )
SuN e Sb QTR DR

T E H %% & A W Open—Store—PullDown—
Close i, Fi H 7RSI WA 3 fin, 3
T T AR AR . A2 R

it Store, fifi {71 Open—=Close “# > JFI
Open ARZSFN Close IRAEMALEfE . i FE Open IRAS(L
B H AR ) Close J5 a1 8% S (190 B 5%

AL PullDown, FEIR — 3 B[R] DR 6 £ 2856
XM,

FraGIRAS

Bfri AL

AR MRS

Success

3 A RS

F RS Plausible, K805 —KIY¥EHER S

B, PPHERE RO B R EOR SR MEZ RIZE(E R G R T
— B, AR NEIH, IR AU A 2> i T

KImAZ KA Long Time Drift, H 2 F1W7 EGR
LR Open—-Close 27 ) s FE 2 Ak, ITFHIbR
IR R ) i R B ORAH 5 B/ IMELZ 8] B 22 (2
INTF—A B,

R ALK A Short Time Drift, H 2] EGR
WI7E 24T Open—Close fF ¥ h 2 1584k, IFHIBRIESE
HHEI AT bR S Z ) 22 (R A7)
T
3.2 BEILREMEFHNSH

EGR 7 A % > 1 # v il T Bk 5iH & Jit R AT g
BRI S  — AN IR A G 1
FE—NBCE R I 18] J& 31 N AN BRIt /2 H bR B 225K
BV e 1%y S s (L A0 0 45 o L =2 ) A AR — A i A Y g
2 R B TR AN P 4 BTR o

i)
[T B K 4

1%

/E_‘
E|H bx
fE?

w
gt

A

4 WRHEAZETE

TERIAFT T S OC A B A v, 2R ECU Al 21 Y
TE— & BT TA] R IK 2 A AR B, ECU R 7R X LI
PRAPBR T it — DB 1 o s L PR R 48 A R
BL AR — B i, B 8 A1 31— A~ B AR 11 7K
V-, EGR R B B R 77 11 Rl M 4 230 U R 22 B
3, ZAELER M 22 B (B0, 3 UGBS 2210)
JO7AE e A [ A 5 B 5 AR [ B4 05 1) A% 3l T 2R 1
Rz el R/ N E T DR VA BN C=rin g
B BE R R AL, AR 2RSS EGR Rk J2 R fE
IBE FARLEL R A WA i A s 2 (80K BB A o

4



42

TR, % EGR RAHRS TR £215 -

4 W B R b

FESE L AR EERT -, ARDFFEX ERG 421 &R
GUASC R Rt A T I

EGR 7 A% Je s Az W e it 9 HL T A 5 22 A 4
KS Fs.

R LR
R
01 i) | (PUSHESGEIIL
\ XS e 5
S 1
B o i —
= / P
=
g 3 !
= — J R e S \
0 : t
o [T]
.
0.0 50.0

t/s
IS  EGR { B LR s Wi 7

EGR {3 & 1% 28 1IE W TAER {5 5 H7E0.9V ~
4.4 VZIal, 4 EGR i B & B af vl i 5 B e & A=
I, A% B L A5 5 SR KB IR L RS VA A (H
WA RIS ST RV DA B & 2, 28238100 ms 1) 25
Bl 5 7 A AE A, WA DI 85 B & A 5 24 %o H Y8
T S B O ) I W 2 AR ST RIRR DAIZ R T Ok
28100 ms KHLZ )5 G BERE U5 E R WAk
BEMR A o YA IR S A X i i s Wl e s, LAk B e
5% e VR R e A P R A ]

24 EGR BIEH TAER, B HlS H BroR 3l iE %
HithRAE R 5V, H Br SR s s (i ok 12 V., PWM %
JE R 1 ms, (578 AR Rl - 10% ~17%

ECU JF i B2 Wil B an &l 6 s .

: v .

UN“ o RS AR '

el BTFREEEE 0 e
low/ﬁwmﬁm ,,,,,,,,,,,,,
0 20 40 60 8 100 120 140 . 1/ms

6 EGR [®JFHH 12 Wrid 72

24 ECU £ 2] EGR & I B 8 i, H 5 3K 2l s
AR T ERIABORAR A R W b 4T I OC P31 9K 3 i i 5
HRBROIRA B AN I FERFEE 10 ms, 10 ms Ji5 FF B 9l 1
N, BB G I AN ST B OGP 3K Sl i, S50 — o B[]
FHUARG I S 2 A5 0T DA, (81 6 v Bl /s 179 S 3 45 2R
Ut T3 e e 1) 1] [ 300 ms Ji5 R R AZ., B 3 i 14
K o

ECU s i 2 Wrid B AN 18] 7 pros . S i
T AL AT AE 100 mv/A Y,

UV e RBARI0A
: : k : : = 2 HEFBRE4GH 10 V
P R R s A
T

D AU M
fisaossig [ 1 b
o e
3 = H .ri H E - 3ﬂ o o
O 2Rt

K7 i sEs Wt e

2% ok R I, ECU 3 a5 R HORF R
MOS A& HIFT I/ 5 PR DA AR 320 X Pl D50 il o i
RN ML R, 18T 7 b 2R ECU SCW{iki MOS
ZJE F RG] TR 12 A A A, U R R IR
X R R AR, ECU ARSI B L U 37 2 R B A4
fEite , S HLSC AT

EGR [ & R Rz Wi B &l 8 Firs

00| PMW i ZS k% EGRIGHERIFE  EGRIGSCFRIFIE
. 60
N
X
B WM 7
= 30
-4
Q
m
0

60 68
t/s

K8 EGR izl 2

EGR {8 i At PID # i, Se 56 i # EGR
W HARITIE D 75% , PWM 5 23 AR RS A9V T T Sz /P
THEE) 12% 585 AR B A bME. TR
R BUME A Z 5 PWM 5 25 ORS¢, 16
[F1)J5 1 8 (AT AR 2, ECU Ak B0 - 9 g s
LS H ARl — R R 23 L 16% , I FRF S00
ms , W5 RRARE)— N AR A K-, s i A o 25 R
HTBHELRT 30% , A2 T 3 1R, 3 RS AT R A
PR 3l , AR R, HBROCPHIR S

5 ZEHRIE

AWFFEARYE B LIRS EGR 1 TAEFEAT,
SAHTIEAN T EGR RGEnTRE S AR B2 Y, Ik 11
TR IS W R o 56 UE BH , AH N 912 W 5 W RETE
500 ms N ATEEHBIUN— R A0 BB, AL 4G H A 9K S % 1
Rt BRI T P AR R B A B B e B A B R
TR S i 8 B, I >R BORH B ) FR 37 48 i, 49 75 S Tl L
OBD II B A 2EK



e Boowm T R 533 %
PR AT g T B ALK S ) EGR tion engine[ J]. Applied Energy,2011(8) :2900-2907.
i i B2 TR0 55 RH N B2 W R B, S FL 44T AIL ERG ] [6] # W, JScHE, s, & ST 4% OBD R&WHETE
MRS S T S22 K30 RSB WIS (1], 42 % 3hHL,2012(4) :90-92.
(7] BCONKZE M T4 R Al ECGR W) bH A1 & [ 2 2 7 ik
2% 3L 1k ( References) : H1[E ,201110078147.9[ P].2011-03-30.
81 W Wk ZEHHLEGR R B Br [ 1], Bl TR
(1] Bkt EGR G EHUE B R D] e s (e 10001 BIHTRSEL] =
MO U TR, 2006 $R 2013,42(6) :199-201.
: e (9]  WiITAe. TRT HLALS2E Yot I b R S0 ] W
[2] %R, % %k BOSH SEMHLE IR [M]. deat b st pﬁ;lﬁﬁi 20141;4 5o LBy
BT R H ARk, 2010, B 5 HE,2014,34(7) :18-20.
’ . [10] % . i HLukEh ECR il R4 0B D . &

[3] NISHIO Y, HASEGAWA M, TSUTSUMI K. Model based
control for dual EGR system with intake throttlein new gener-
ation 1.6 L diesel engine[ R]. SAE,2013-24-133.

(4] HAWIVL. SEMAL EGR WALR AL R 0 et S5 S BT . AR
R ARGE L ,2011(10) :103-106.

[5] AGARWAL D, SINGH S K, AGARWAL A K. Effect of ex-
haust gas recirculation (EGR) on performance, emissions,

deposits and durability of a constant speed compression igni-

A5 A
TR, RS,

B PRR A R4 B, 2011

ZE 3. SR BRI B B R G e s [T ]
FARPLIR,2014,42(7) :65-68.

ZHENG Ming, READER G T, HAWLEY J G. Diesel
engine exhaust gas recirculation a review on advanced and
novel cocepts [ J |. Energy Conversion and Manage-
ment, 2002 (43) :1027-1042.

[4miR. 9k 5%

K. EGR R E2WiirsE[J]. WL T72,2016,33(2) ;212 -216.

WANG Ke-jie, ZHOU Wen-hua, NIE Fei. Fault diagnosis reserch of EGR system[ J]. Journal of Mechanical & Electrical Engineering, 2016,33(2) ;212 -

216.

<<H1%J;ﬁ':>>%#§:http://www. meem. com. cn

(&% 168 )
BRI o FFAR TR TR AR R AR B, 2T
SRR B, Vi B BRI AT 3k 3. 1 °C, A il B 4 il 77
65 CLLF .

(2) 38 3 o8 20 KU ¥4 20 S A VA 20 52 56 %o
Lo, S5 SR R LS R GG, kAR AT B
1370 B L TSR 98/ T 50. 27% |, 13 3 XU v 2
/N T 25.73%  [RISE 98085 1 A Xo BAGAC ) 2 1 o
PO T IR RS2

(3) ZARGEIEABETE A LT KU 2 45 057 A3
BRI, R — 25 n] ARG A A B CTE 43 M R B 3 R
AR SR Sl S P 0 4 0 5 B 8 XU R H
DA, B8 3 A M P T AR XU 5 3 SE R 584D

5% 3k ( References) :

(1] iy, UK, B AE A6 M flisHoR I R LT ).
TS5 HE,2012(S1) :20-22.

[2] 5ot 2. S & (3D 3TED) BeAR K JELT]. MUK
il 5 B3k ,2013(4) .14,

[3] IVANOVA O S, CAMPBELL T A. Additive Manufacturing
as a Disruptive Technology: Implications of Three-Dimen-
sional Printing [ J]. Technology & Innovation,2013,15
(1) :67-79.

[10]

[11]

A SR S TR PR I RS AP 5 R i 8 ok P A
BRI D] P5r : INACR = B RR 7 5 TR A B ,2013.
WRAAR. WA ZRAEAT FDM 220 K 45 J5t i 9 52 mi iF 5%
[D]. K% : K TR AR 2B, 2014,
LIU Xin-hua, LI Sheng-peng, LIU Zhou, et al. An investi-
gation on distortion of PLA thin-plate part in the FDM
process [ J|. International Journal of Advanced Manu-
facturing Technology,2015,79(5) :1117-1126.
ENGE. 3D FTERmEK i I 3 B 2 il S mg AT 5E [ D]
Kb R I A B S 5 B R AR, 2014,
JIA Yan-ting, XV Chang-gui, YAN Xian-guo, et al. Semi-
conductor Refrigeration Review [ J]. Refrigeration,2012,
31(1):49-55.
ZHANG Hui, Fan Kuang-chao, WANG Jun. System design
and simulation of constant temperature box using semiconduc-
tor refrigeration device [ J]. International Journal of Com-
puter Applications in Technology,2010,37(1) :146-152.
M. XS BHAK S AR v 2R G RE 23 BT B 2 S0 B
FELD 1. B E B REEHLR TR B, 2009.
H oA, AN, BEFLMRATBHE S TR Y 3D 4T B (4 B
FWFFE[ ], ML TR ,2015,32(10) :1344-1347.
[4REE: 2 M)





