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A Study on Fault Diagnosis for Chemical Processes Using Hybrid Approach of
Quantitative and Qualitative Method
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Abstracts This paper presents a fault detection and diagnosis methodologies based on weighted symptom model and pattern matching
between the comming fault propagation trend and the simulated one. At the first step, backward chaining is used to find the possible
cause candidates for the faults. The weighted symptom model(WSM) is used to generate those candidates. The weight is determined
from dynamic simulation. Using WSMes, the methodology can generate the cause candidates and rank them according to the probability.
Secondly, the fault propagation trends identified from the partial or complete sequence of measurements are compared to the standard
fault propagation trends stored a priori. A pattern matching algorithm based on a number of triangular episodes is used to effectively
match those trends. The standard trends have been generated using dynamic simulation and stored a priori. The proposed methodology
has been illustrated using two case studies and showed satisfactory diagnostic resolution.
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Fig. 2. Weighted symptom model.
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AT OPERATING
CONDITIONS 1
Operating duration(d1): 10%

Fault requency(f1): 50%

AT OPERATING
CONDITIONS 2
Operating duration(dz): 70%

Fault frequency(fz): 30%

AT OPERATING
CONDITIONS k
Operating duration{dx): 20%

Fault frequency(fx): 20%
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Fig. 3. An illustrated calculation of wj;

4. SR P o] 23

Aztel @t ¥4 diolelrt wEE AL 2ARelA A9
A 34 54 A%E T 2 AFE AFE, 4L 4
H Az fR37] 43 71z AEE o] Tk o] Ao oW
Heog yehlad £ o 24028 g4 44 349 =4
AHE stet, A Aojox o8 & Utk

o]z

41 HFY Jy2=F o]§¢ HEY

Cheung B{1]1& 373 W59 AL 7749 449 dni=s9 o
18 o] #3149 fé}?-fzi_cii R oq, AT A AL T5
AbgEte) ¥ W] S FEIPD AAE Y ZEY
4& 2ok :14 iy —% [oksld ohg3 P

() oizEi= B/ A
T x 8 AT Y g

37HR9) AAHY @ Aelaked W
 A4H el QSxHE AT

QS = <x@Lx®)ExOH> 3)

2 o9 AR G 5 S [abl oM QS x, 97} YA F
[x®) , [x®], [6ax@®] 7b WA om, o A7zt
, ) E A1ZHA H 9l (temporal extent)2}i2 310 oA A== AZH
A goish AR A 5 ((.4),QSk.y > 2 EHATG
@G) A7 Jdvasi g Zol 47bx) el o3 Edarh
Cloax] L g, < x(e),x(t) >, < x(6),x(4) > >

A2y olaEe 2P4AY AF AN AR Auoz PR
g 5 gon) ¥4 Wso AYS oE YU A%z Age
o ¥d + Ao

Concave Upward
Monotenic Increase

Concave Upward
Menotonic Decrease

[ax(e)] =+ [ax(t)] =-
[BaX(t)]=~ [aax(t)]=~ €
y < (ax(w) -
[#0%(1)]=0

Concave Downward
Monotenic Increase

Linear Dacrease

F
fax(t)
{aax(t ] 0

Linear Increase

Concave Downward

Monotonic Decrease Constant

G

A 8
[ax(t)] =- [ax(V)] =-
[aax(t)]=- [aax(t)]=-

{ax(y] -o
{aax()]=0

a9 4 A4Y d3a=s] JH

Fig. 4. Triangular components - geometrical basis of episodes.



4.2 JE gy By

328 o8 gargoz MAY 9AFER thatd £ o}
2} 2} 8.9 olio] ottty A st FAHRAIE A B
A B FFEEY A", & oAAZES Fild Y H4E F
% diolele] A vnE o} oju) Y AE dolel HY
I 7P 2 AX7F S HY S vk o9l FRE AA A
ojddRI e R HE A = YA g A} oj4gd Fr
©917F BAEE ol 7 o] FF R Ul 71 E ol 27
B FAEALE 3t =39 459 d®lo) g 2 A EHAY
ARt 7HF HoAXE IR gAgo] & Z+ o4 F
B9 o] ARl A7IE #F5Td o) =t KFHY 7} IR
9] o]l AV ANA BALE WMo AHiknt Y A& A
ol thate] o] AR QA F3H A DH M) ddFih=E
& T8t olE Hlwste HE FRE AAFc)

otk

5.1 gSmutzruigs] 7

ol BEALE 98] AEE FAHL Kramer T[4]0] dAE ALRF
Ao 2 §kgr)ot Audy], WX, Aojr), ¥y, Folx Foz FA
ol Aok wkgIlE dE mukE werIZA 13 Bk e A
— Bol Yojdrt WrEr9 2 YA B ARE SHAH R
Astedl, c#Ee A4ES JugrE 5§ Jzdet o) FHL
3709 HeYd AlojFZrt et ZAle] A€ Aolr|= Pl Ao
7iolth. Zt Aojz)le w719 A, HAHEL <3 3 ¥2 ]9
2EE 247t Alojdtch o] AMHATE Bt B AFoNA Y} o)
ARG oz AAE WSM T 71E FAA oAz uhHE
Q F4 Ef ELET™M 2 B3" FAT ol BA(extended
symptom-fault association, ESFA) E@[S5]el] 2]3t 1A A HE vlugro
2R ARE 7 T4 B9 gl tistd AEstch

(D cR I
N NN okt SRS
! ' Fw )
(e - RN SO S LV
Fo To Cao J VR FR R
! [ R
I P
o~ + Y — ey
- - hAn AR | Do
Lo L\ L s
ES - T P
iy Pa — e R
st ! Lot {PRODIC
N ) passs
—F T T
< TN N Sy
Pr N AN AN

a9 5 AFagENgy] AT
Fig. 5. Flowsheet of the continuous stirred tank reactor system.
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Table 1. Selected faults for the continuous stirred tank reactor system

No. Fault Fault Designation
1 Input pipe partially blocked IP_BLK
2 | Level controller output failed high LC FAIL
3 Recycle pipe partially blocked RP BLK
4 Input concentration of A high CAO_HIGH
5 Recycle flow set point high FCSP_HIGH
6 | Fouled heat exchanger FOULING
7 Deactivated catalyst CAT_DEAC
8 Temperature control valve stuck high CV_STUCK
9 | Leak flow in reactor TK_LEAK
10 | Malfunction in pump PUMP_FAIL
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Table 2. Ranking of fault candidates for level controlier output failed high

se]| 202 204 244 341 354
Pj RN| Pj RN| P} RN| Pj Fj RN
K K K K K
1P BLK
LC.FAIL | 0.515] 1 ]0.049|-210.985] 2 |[0.6161 |[0.616] =
RP_BLK [[0.245| 2 |[0.957| 1 }{0.996| 1 §0.564] 3 [|0.564] 3
CAO_HIGH 0.239] 6 [[0.230] 6
FCSP_HIGH || 0.126] 4 [[0.358] 5 1[0.358] 5 || 0.358] 4 || 0.358] 4
FOULING
CAT DEAC 0614| 2 [0844] 1
CV_STUCK 0413| 4 |[0.500] 4
TK_LEAK
PUMP_FAIL|[0.147] 3 [[0.713] 3 {[0.753] 3 | 0.253] 5 [|0.253] 5
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Table 3. Diagnosis results for level controller output failed high

time| ST™M ESFA WSM
(sec |f accur | precis [perfor || accur | precis [perfor ]| accur |*precis| *perf.

-acy | -ion |Index|| -acy | -ion |index| -acy | -ion | index
202f| 1.0 [0.444|0.444)f 1.0 | 0.83 ] 0.83 | 1.0 [1.0/.67[1.0/.67
204} 0. 0444} O 1.0 | 0.87 ] 0.87 )} 1.0 |.88/.56].88/.56
244| 1.0 |0.444]|0444f1 1.0 | 0.78 | 0.78 || 1.0 [.88/.56].88/.56
341 1.0 1044410444} 1.0 | 0.84 | 0.84 || 1.0 |.88/.44].88/.44
358|| 10 |10.444]0.444[ 1.0 | 0.84 | 0.84 | 1.0 [.88/.44].88/44
avg. 0.356 0.83 *0.93/0.53
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Fig. 6. Flowsheet of Tennessee Eastman Challenge Process
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Table 4. Selected faults for TE Challenge Process

No. Fault IDesign
ation
1 |A feed loss (stream 1) IDV1-
2 [A feed (stream 1), control valve stuck high IDV1+
3 |D feed (stream 2), control valve stuck low IDV2-
4 D feed (stream 2), control valve stuck high IDV2+
5 [E feed (stream 3), control valve stuck low IDV3-
6 [E feed (stream 3), control valve stuck high IDV3+
7 IC header pressure loss—reduced availability (stream 4) [[DV4-
8 IC header (stream 4), control valve stuck high IDV4+
9 [Reaction kinetics. No.| reaction rate slow drift IDV5
10 [A/C feed ratio low (stream 4), B composition constant  [IDV6
11 [B composition high (stream 4), A/C feed ratio constant {IDV7
12 [Purge gas (stream 9), control valve stuck low IDV8-
13 [Purge gas (stream 9), control valve stuck high IDV8+
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