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Practice of diesel engine fault detection research
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An overview of fault diagnosis

> bR RGHER oA I RER RN 3 B R LI RE AL ) FH A

Fault : The event that the function of some components in the system fails, resulting in the A I 0 S B RG vHE
deterioration of the system function: HH RGNS, 2
> W BRI E RN RGBT R E R OUE B A, ERIE R R, N RS AR 2 W Al

WAL ik A FR AR Fault diagnosis realizes

Fault diagnosis : Fault diagnosis is to judge the operation status and abnormal conditions of the accurate identification of
system, and make judgment based on the diagnosis to provide basis for system fault recovery ; system status, which is the

> WS MR ORI, WO B R R pass offault diagnosts
The main tasks of fault diagnosis are : Fault detection. Fault type judgment. Fault location and
recovery etc.

1% %46t CRCA A
(Expencence test) (Dutelligent detection)

SRADBEN LW FEAEARISATI I CAR I, AT SR R 2
: Offline diagnosis: It is mainly detected when it is not running, so as
to realize fault diagnosis.

ezl FERBARGIETN A8 2W, T EZ LIRS R
Ji A% (OBD)

Online diagnosis: It mainly refers to automatic self-diagnosis when
the system is running, mainly by means of fault code transmission
(OBD).
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The key to online diagnosis

ELEE R AIWT, FEHED T RGN .

Through quantitative judgment, accurate analysis of system status.
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The state of the system is represented by the characteristic quantity.
Key : What characteristic quantity is chosen? is the characteristic quantity obtained quantitatively?
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Practice one Identification of fuel injection quantity based on rail pressure
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Questions raised
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> XFTEEMALR UL, WA R B E 1R sh L H

For a diesel engine, the amount of fuel injected directly determines the engine output torque ;
> AT ERAARD), WK E B A

If the amount of fuel injection changes, then the engine torque will also change ;
> BT BON Tyt AN AT AR, s IR B 7 2CE 4 e R TR AU ok Wiy, ER X R ) 75 B DLORUE I 2% Y
Ui AE SRR G i AN R AR AR O TR S

At this stage, there is no closed-loop identification for the amount of fuel injection, which is directly determined by the power-on time and
rail pressure by the way of open-loop, however, this control needs to ensure that the flow capacity of the injector throughout the life of the

Jor e B ] r A
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( a) Fimsihas (b)) FIREsihes 1 (c¢) BB HhaAS 2

> SEPRPmTh SR IRIERE s AR, W, BB DRI i A B B 1 HEAT IS I AR R 2
SEVIE-B )

In practice, the flow capacity of the injector will change, such as wear, carbon deposition ;  ( Statutory requirements )

premise does not change ;
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Current scenario (peps ’/‘J’

> FETBRSRE. HIRE D TR RGN 2 B IS o T%
Based on transient speed: the moment of inertia fluctuates due to the addition of the transmission system : “

> EETHPREMREE: 32 PR TR RS B TR R SRR R A% SR IR s A q - e
Based on exhaust oxygen concentration: limited by the accurate identification of intake flow and oxygen (1+4a+b_20-<0mj- M‘;" “®w 0, Air
concentration sensor high-frequency response ; P o, air _%’OZ‘E:h K

> T ZRUEAE BRI GLIAR S, (BRI EIF e Ry, Bkt Tl £

Based on cylinder pressure: an instantaneous cylinder pressure sensor must be used, but it is not available on the engine and therefore can not be measured
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At present, the method can identify the dynamic deviation according to the response after the change of
combustion caused by the change of fuel oil.
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Based on the principle of rail pressure detection \ 208
H BRI T AR AL 5 B B B 03R4 > WAL o i S A R AR B
The change of rail end pressure caused by the change of fuel flow rate The injection velocity will affect the rail pressure significantly ;
M S 3 5 P AT v s T P )AL D > A IJB BN, AR 5 AR A R A NI R) 4 A A I
During the injection process, the flow rate of fuel in the high-pressure Because of the superposition of the pressure waves, the response time of the
fuel pipe is : v = Mo /Z(PA—Pr) pressure change at the rail end will be delayed ;

s P e AP 4 = AP + AP’
ﬁkfsrfiﬂl{}ébr% ﬁgiilﬁﬁgﬁgéﬂiizgi%fe%ﬁange of fuel flow velocity is %ijj Apmﬁg%ﬁ :

o 50 ts ¢ Bnpdy 2P APD Define K as the derivative of AP to t :
satisfied : AP =Pg — Py === = [/ v,Adt = [[ = f ot 4P Brudy [2(PA— B
e 735 51 S 0 U B A A & v P
g, Cusea by pressure wave ST LT, PP B 5 s ] 2 0 B % SRR B LG (70 0
iﬁifiaﬁﬁljﬁn?/}iﬁAfﬁjﬂ o AT [ I 3 28
The formula for the velocity of water hammer in an elastic pipe is MR AIAT YU, BUHIEA Y-
y PIPEIS : Based on the above analysis, the fuel injection rate is identified by using the
U, = VB/p function relationship between rail pressure drop and power-on time :
J1+B D/E o) t t KV

4 FEEK i I AR A, DL el TR BLIE Jo et 4 33t Quy = [ mvosode = | ae
U IR TRVGESR , 38 AR K o P 0 B P S ) 73 0 0
SRR 2L o

Considering the periodic change of water hammer pressure wave and
the time delay of water turbine pressure wave propagating to common
rail end, the piecewise periodic function of water hammer pressure
wave effect on rail end pressure is obtained :
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Experimental Analysis

2 Tnitial rail pressure 40MPa 6 Injecticnlpulﬁe 1ms
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ENEIEILE NS IR AN TR S 77 =X
Under different initial rail pressure conditions Under different injection pulse width condition Under single injection and multiple injection with
s T HE i o o e ot A2 46 different pulse width combinations
> BEAEWIUG R AN K SE 3G 0, B BERG P

The rail pressure drop increases with the increase of initial pressure and injection pulse width ;

> PURBEASZ AR .

»  The rail pressure drop is not affected by the injection mode .

-14
R
—iEr e, KESHIEEH K.
| | The K value is related to
M-l - M - —_—
g the initial pressure.
19 a6}
%0 7 12 *i0 u 12 17 s s s
. Time (ms) 2.0 2.5 3.0 35 4.0
Time (ms) Time (ms)
ENEEILE NS AN TR g ik ik B AN [R5 77 =K
Under different initial rail pressure conditions Under different injection pulse width condition Under single injection and multiple injection with

different pulse width combinations
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Conclusion
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FFKE, $RH T P EEr i E R EL. s n%i%
W, WA AR, el AT, A AT PR ) S5

WHAT NI T &

Based on k-value, a suitable algorithm for fuel injection
quantity identification is proposed. The experimental results show
that the algorithm can identify abnormal injection behavior and

estimate injection volume when the initial pressure is constant and
the injection volume is changed.

Il

FE M5 ik B A0 ELH AR AR BRI, 1207 48 S R
TAE.

When the injection pulse width is longer and the pump speed is
lower, the method works more accurately.
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S SRER R UL
Comparison of injection quantity between experiment and algorithm

Ma X, Lei Y, QiuT, etal. Investigation of fuel injection rate identification algorithm based on rail pressure fluctuation characteristics induced by injection:[J]. Proceedings of the
Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, 2022, 236(6):1101-1114.
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Practice two Identification of soot loading based on DPF time constant
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Questions raised
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> SRMBLRRCR S wEME, TN T ERMERL AR, PLERUR FEL

Diesel engine is widely used in heavy-duty vehicles, ships, locomotives and generators for its high thermal efficiency and high reliability ;
> SR I RURL) HE TR R N SR RN IR B A AN R
High particulate matter emissions from diesel engines have adverse effects on human health and the environment ;

> BB ESR HokifE A2 %S (Diesel Particulate Filter, DPF) SRS 1Bk

The diesel engine mainly uses the Diesel Particulate Filter (DPF) to control the particulate matter in the exhaust .

RLUEBE FL B ™ HE b FE

Serious "Clogging" of pore in filter wall

SIS
ORI RYSE1L: l
C+2NO,>CO,+2NO
IR 79200- 550°C vy, N — ~
e x DPF I i e fid =, SRUMALIE REEAL
e o DPF upstream and downstream pressure drop is too high,
diesel engine performance deterioration
H-T A Lhi{Las l
NO@E#ENO: : 2 NO + 02> 2 NO:
HA

Regeneration

HAE 3] DPF P A0S B A A0 S

Accurate identification of soot loading in DPF is the key to regeneration control.
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Current scenario

L - 157
Online Offline
‘ . e J& Iy
A Ll B Sensgjfdiitﬁrfz;éiiment ELEFR R
\Y[iglele Pressure drop method Model method method Weigh directly

WG BRI N IR ) 75 2
s s Bk IR 2 A B AR BT SR R BRI A%
DRI EEHIRI  Corpme it 0. AR R . KFHE
LA i B Tlin\e S o:% t loa di/n\ i; The soot loading is identified The soot loading is The scales are weighed
Basic principle identified by the ?essure according to the soot loading identified by a soot particle
dro Ofy the DFI)DF obtained after internal sensor based on the
P ' combustion minus the electrical principle.

regeneration.

Rk ERA TR
The lower limit of soot 209/L 2-3g/L 3g/L

i A
: " Accurate measurement
loading recognition

!

/KB RIFELR A ?

Online identification of low soot loading?
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Identification method based on dynamic process

> DPF—/ME PR G 454, w] LASE Ry H BER H 25 - 1BG L
DPF is a combination of cavity and flow resistor, which can be equivalent to resistor and capacitor parallel circuit .
> RN LA, DPFRJEEH DRsh NS fE, 1 A2 ml DL I s [a) 5 #ee SR VEAT
When the engine is in dynamic condition, the flow of DPF is a transient process, which can be evaluated by time constant ¢..

Engi T N ~
ouhaust — APBAR AT HAN R RIA K H -
Diesel engine = = Joukcavy — mb  amonpere The gas resistance R can be derived from the following expression:
- — dpP 2u(d+6,,)% | & 1 d\nLp 4FL?
Inlet section “k — — ! Outlet section R= E HTIDTIYV [k_‘,‘:i + 2_ks n (JanT—Sm) 3d4]
w S S
Filter carrier APt —— | 1F§_&DPF?ﬁiﬁﬁ%%jgé@%ﬁ%%7 /_:\‘%?C%if_ﬁﬁD‘F:
f Assuming that the DPF flow process is adiabatic, the gas capacity C expression is as follows:
AP | : dm V
. C=—=—
Exhaust gas from exl;!tuesr;[edas 0 L Lt _ o dP  kRT
Ge - | the diesel engine g Changssq;grrlizsurfhdtr_?npeof air DL #T DPF B 8] & % e, -
‘ i with ti !
5 l = Gascapacity b The time constants for DPF are analyzed above t.:
| | i . . T|—— 5
0 & & t V=V+ wi air resistance I B1+,821n< f >
Change of inlet flow " T : t.=CR = VBa~mms
with time inlet outlet T 4F L2 Tu(d+6w)zv

_2u(d+6y)?V [ 8y

C
l 0L Lt H BB N &, pr = wwa T ‘),ﬁz = mpiikr B3 = AVnLps, By = nlpsd® .

Change of air resistance
outlet temperature with time

1. t SR Bm ORI EETHIE, B, = f(T,my), He, «In ( #f%m) ok

]

I

IR, (LR t. is related to the amount of carbon deposition mg and the inflow temperature T, that is t. = f(T, my),
| | B 1
|1 3 -,

BAC, (AC) and t o In (\/ﬁzl_ms) X7

Rk, 2. S AR RIAIETI Mt b
When m is constant, the inlet temperature T increases, then t,. decreases;

R 3. BRI ET AR, BREmJIGM, t 3K,
(OPFETHIZAP) When the inlet temperature T is constant, the amount of carbon deposit mg increases and t. increases.
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Experimental analysis and conclusion

Mass flow (kg/h) Pressure drop (kPa) 60 -@- State B1
— = DPF outlet temperature (K) — DPF inlet temperature (K)

§ 750 T T T T T T T T T - 6.0 55 -:-2:::2 Q;
> T m=2.5g/L < | = -4
< o0 700 = g State A2
g 600 650 5 145= 50
ot © _
2 450 600 & 2 I
= £ 4308 45+

300 550 & o L
£ ®
= L = . 240k
E} 750 1002 7] 6.0 s e

[<5]

E 600 650 % 145 i, 35|
2 450 600 & 3.0 @ -
= =] jd 30

300 550 = 135 %
< 750 189 |
g2 ML {1 B 25 -
3 600 650 & 145 % 3
S ‘(—6‘ &L 20 1 1 1 1 1 1
g 450 600 2 |30 3 0.0 05 1.0 15 2.0 25
= g 0g

300 550 (& T Soot load (g/L)
— 415 . N
g 750 . R IR T35 R R T BRSO 25
< s 145¢ The variation of the time constant (¢t.) with incomin
= 600 [ c
= 650 2 e temperature (T) for different soot loading (m;)

o S

@ 450 600 & 43.0 7
= £ o

300 550 = ~

d1s
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
DPFE M e 33 H VIR 8 T ok H 101 e Z2 B T U] 1) 424k € 1500rpm ) 2
DPF inlet flow rate, inlet and outlet temperature and inlet and outlet pressure difference ﬁ3

Exhaust flow
meter

change with time ( 1500rpm )

power-
measuring —
motor

Diesel
engine

0 DPF

Ms = '84 B tcT—P1
e P2

Exhaust gas

I —_

Inlet temperature

sensor of DPF

Pressure sensor

Outlet temperature
sensor of DPF

DPF I 8] 3 £l ] LA R iR B2 A I 2R AL

DPF time constant can be characterized by temperature delay.

70

60

50

tc (s)
B

30

20
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ms=0g/L
ms=1g/L
ms=2g/L
ms=2.5¢g/L

—eo— o o

0
620 (State B1) 640 (State A1) 690 (State B2) 700 (State A2)

3.0
@ State Bl
State Al
25 @® State B2
' @® State A2
d
220
il
E
=
15
=
10 ¢
0.5
0.5 1.0 15 2.0

Temperature (K)

ARV AR ik e 7 N T ¢ R BE T A2 1
The time constant (t.) changes with the soot loading (m;)
under different working states

SRR (0/L)

HERAIE

7% -0.6%
5%
° & -15%
|

25 3.0

Algorithm validation

QiuT,MaX, LeiY,etal. Study on estimation method of soot loading under dynamic working state (£.4%)
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Summary

> B EENSERARE, WOREH By, WFHER M EWRE 5 HET2 0
Select appropriate variables for the model. If there is no direct sensor, it IS necessary to
use the virtual signal for diagnosis ;
> T 0 E PRl s R 5 B ide £ R AR 2 [A] B SR IE S R
It is necessary to determine the clear characterization relationship between the tested

object and the selected variable.
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Practice one Hall sensor gap detection
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Questions raised
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> ERTUIF I R BUE AU, 5 ke B OR KR F BT AR I #h =

» The sensitivity of the Hall element is low, and it should keep a relatively close
detection distance from the gear ; il
> WL MRS I TR A R385 16 2 W10 AR U 51 R 5 = A
FF Y o /R L !
» The essence of loose tooth plate and sensor is the abnormal signal caused by the H fﬁi "EETH? -
change of working clearance between sensor and tooth plate. FRLBL 4 ) 25 %},
ADREMR F

&

DA IRA R B RN, SREEAS [F] 8] B A S AR5 5, ABEDLER] [R] B
AR AL 51 e IS A

Change the gap size of the sensor, collect the sensor signals of
different gaps, and simulate the process of failure caused by the gap change.

AP =@l —pB = AE = Eyr — Eyg = m Schematic diagram of experimental device

m§E+h)’

[A] PR S S M AR /1N, Bl TR B3 G PR AR G OK, Wil & S5 /K L R B 2 92
Gap § affects the magnetic resistance. As the gap increases, the magnetic resistance will also increase, and the magnetic
flux and Hall voltage will decrease.



ML rb s f)

= B >
‘;t,%gg Jz)"‘}/f*‘%

BEIJING UNIVERSITY OF TECHNOLOGY

Experimental Analysis

n(rpn)

> BEENRREK, BEESRERMLEEINEMN, REES HIBKIEN.
As the gap increases, the abnormal characteristics of the speed signal increase and the frequency of abnormal
signals increases

120 3=0. 2mi
108

96

84
120

108

STV WMW QEWM;TMW
ottt Torptmoien, Jrnrtivicitn

i
1
1
1
1
1
1
84 84 |
5-0. 8mm 126 5-0. 9mm 126 5=1. Omm : 250 i/ijifﬁ grpm) A
. . I 5-0.8m 8 0.9 : &1.0m I tiEZ (rpm) A{ l\‘,A\
. | W W\MWM AR UM LS AP A e oow) A A
—H 40 —40- > AN N Mz \
s y ' : : 2004 | v PR RN B AS ) x
&=1. mm 135 5=1. 2mm S-1. 3mm 1 e 1 A
120 189 %: 0 &=L Inm. : :43 &1 Inn - &1, dnm ) ““
105 126 H 0 LIS o “\
" . g:qWMMM:;WM\W %QW 150 4 |
5 Al L - |
5=1. 4mm ” &=1. 5mm &=1. 6mm R L A v V\A‘
” | A
ALY 1004 -

I
1
1
1
1
l
U o 8 !
150 [ : . |
. ] 0 0 0 ]
” [ 40 40 1 | \
° [ = . 1 | \
S=1. 7mm =1. 5=1. 9mm [ ) . 1 | o\
225 225 207 | | 50 A | .
5 5 : [ &=L T P 31 B “ =1, 9nm | AAAA L AAALAAX X
150 150 138 \ W \m ! pe ] v
s - o ) N \NWW ¢ Ty e 1 s AN
0 0 0 [ - s [ oo 000000000 ° ¥
_ _ [ &1 3 1
225 . Omm © 2mm | |
1 N N . 1
150 | @ =4, Q£ . @£ . |
75 v v !
o 1
1
1

85=2. 0 5=2. 1 85=2. 2 0 T M
138 :(: 3=2. Onn. &2, 1nn &2. Znm T T T T T T T T T 1
— ‘_ﬁ_\_‘_i—‘\__——ﬁ_ﬁ
T e e B S I ; L S . 1] BEE ()
e U ;
%ﬁ%ﬁ%?ﬂlOOkHz%ﬁ?ﬂlOOrmeKﬁI‘Eﬂ Kﬁ E@Eﬁéﬂiféﬁﬁ Normalized frequency(Xn radians/sample ) ’f%’%ﬂ%?ﬂf%
Instantaneous speed of different clearances at sampling frequency of SRR Signal characteristic quantity
100kHz and speed of 100rpm Slgnal power spectrum

/NTEI RO 5 s X, HE LB A 7 VR T R )
Small gaps have differences in signal quality and are difficult to identify by analytical methods.
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Analysis based on BP neural network
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*F02mm 0 6=03mm *5~0dmm *6~05mm *&06mm ®5~07mm F0Smm ®5=09mm ®&=010mm *F0llmm 5=0.12mm e B o .
— 5 HahE K BET2
10 *e ’ ] ] [ ] L L] @ EDENe ¢
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o 8 "t EmmenEm—S ¢ 00 0 ¢ ' e =
27 ’ ' o — ' ' "0
U 6 N se 0 s o0 uDEEENES o ’ 0
g 5 e ’ O IEIEEEe Y N b ' . [ HEI K (18, 36, 54)
£ 4 0 - o oo ) " eeee
£ 3 ' rooe . . .o o R 7218 = 72-3% & 7254 v 7277 [=72-16 o 72-36 & 72-58 v 12-72]

P - 100

U 1 ' 1 . ’ ] "e 0 . 1
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Number of samples

\ . ER 2™
T K J361170.2-0. 12mm a] B 5 31 45 =
. . . . o i n i
Identification results of 0.2-0.12mm gap with window length of 36 3 & g
"
601 - 60
0 5=02mm *5=03mm *&04mm *5=05mm ©3=06mm 5=07mm ®5=08mm ©5=09mm ®&0.10mm ©3=0.1lmm ®3=0.12mm
40+ 404
10 (] . . " e . . » L ) o8 000
.f_ 9 . 3 . - e nn o + omese eme 304 304
@ 8 ” . . e o e W w e "' e
:-:- 7 » " e " e * ®Nee e o L . . ! T T T T T T T T T
S 6 - w v EmEmms s000s @ . ee v ee e 0.2 0.4 0.6 08 1.0 1.2 0.2 0.4 nE_ 0.8 1.0 1.2
v 5 "o wm o ne 0 " o L D . [B]F5 (mm) [B] P& (o}
s 4 U U T2-18 —»—V2-35 —a—T2-54 7272 -
; 3 : ° .I. ' -"- .u.' .t" e “w . . . o" ’ 100 ‘+ — | 100 ||:|72*18 [ ra-36 254 :[72*72|
z - . . ! . . ) . 00w

I XY X IR RN 3 . . 90 il | ] ]
0 »e—ne—es « . . e * - . 30
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 80 | ] ] ] ]

Number of samples

704 = 60 o
& FKE 24721190.2-0. 12mmia] BRR 5 45 R w e = — — — —
Identification results of 0.2-0.12mm gap with window length of 72 oo T

> FHEAESANEIZ K NT2R () RS R
The recognition result is better when the data does not overlap, i.e. the  *1 | | | | | |
Sliding Step iS 72 (One full CirCIe); 0.2 0.4 Dhimﬁ’?[mm)ﬂﬁ .o L2 macro-Recall macro-Frecizion macro-Fl1 arouracy
> /NEBEAHE S B SE A] AR A, BERFAEAS B B AR IR AT DU R ]
The effect of small gap on the signal can be recognized, that is, the feature
can still be recognized if it is not obvious.
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Data fusion in different ways
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Data fusion in different ways
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Methods and data quality have a very important impact on the results
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Questions raised
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> AR A H BEEEE KA
Occasional anomalies should not be directly defined as permanent faults.
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Summary

> YA ELE N S 1E AR, A RE A BIE 5 #E T2

The physical model should select appropriate variables, so as to use virtual signals for
diagnosis;
> MK BEERE SRFEA Y RALIZ W, PR M 2% S PR T A 455

The neural network can diagnose where the signal characteristics are not obvious, and
can combine the neural network with the physical model,
> G T A BRI AN, NI e B ] g b ) B

Abnormal signals do not necessarily represent permanent faults, and transient fault

management should be carried out.
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