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Design Analysis of Fault Detection and Diagnosis Algorithms for
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Abstract: Aiming at the problem that the fault detection and diagnosis software of a certain type liquid rocket

engine lack the function of fault detection in the transient section ( start-up and end-up) and fault diagnosis can

not give the degree of fault, the fault magnitude is quantitatively determined by introducing the fault factor zm;

on the basis of the original software fault diagnosis algorithm -cosine similarity classification, which realizes

qualitative and quantitative analysis of engine fault diagnosis. At the same time, designing and developing the

envelope algotithm based on statistics by Python language so that the original software can realize transient

section fault detection function of rocket engine. The algorithm of software is validated by simulation test

data. And the results show that the optimized fault diagnosis function can calculate the degree of fault and the

fault detection function based on envelope algorithm improves the efficiency of rocket engine fault detection.
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Tab.1 Relation between fault factor zm; and fault vector

modulus M

= 4 R

b Rk s
ml o 0.95~0.85  0.98  0.80
SRR ) 1
y &k
m2 T 0.95~0.85  0.98  0.80
IR 79 ) 4 1 i Y
A AL
m3 D 0.95~0.85  0.98  0.80
WA DRSO TR
md D 0.95~0.85  0.98  0.80
WA TR AR
PR e
m5 . 0.95~0.85  0.96  0.80
A B
m6 AL I s 0.95~0.85  0.99  0.80
Rl
m7 e 0.95~0.85  0.99  0.80
TR 5 s
m8 R I8 1 28 e itk U 0.95~0.85 0.99 0.75
m9 o 0.95~0.85  0.99 0.75
FE R E I s

m10 AL 32 VR 4 4 58
m1l BRBEHR 327l A b 98
m12 A R VR i 4 4 5
m13 AP R VR 4 4 28
mld BRI U W b 2E
mlda WRBE =

ml5c SRR w3 5

1.10~1.30  1.05 1.80
1.10~1.30  1.05 1.80
1.20~1.60 1.05 1.80
1.20~1.60 1.05 1.80
0.90~0.70  0.96  0.60
20.0~40.0  1.20  4.00
4.00~8.00 4.00  8.00




52 [T = | R N N S S %51 %
gk
fes e 44 e LE L o
HUAA ‘
m16a Yok e 2 1.10~2.00 1.20  2.00 R b, (2R
ml6c  HRIET T 1 A8 2.00~4.00  2.00  4.00 i
m17a o 1.10~1.50 120 150 VAR Fam,
m17b ‘ 1.50~3.00 1.50  3.00 | zm<1 || zm>1 | [ zm<1 || zm>1 |
A AR TR T I 1 S -
m17c 3.00~4.00  3.00 4.00 2y
22
m18a 1.50~3.00 1.20  3.00
KA A |zm,.>zm,.,m| |zm,.<zm,.,“i“ | |zm,.<zm,.mi,, | |zm,.>zm,.,m|
MIBD e e e 3.00~5.00 3.00 5.00 — = - -
mige 5.00~8.00 5.00 8.00 R e, T
m19 BB EMRBSECR T 0.98~0.90 099  0.85 AR B, AT #ik
|

m20 EHERBEACR T 0.98~0.90  0.98  0.85

m2la SE A 4.00~10.0  2.00 10.00
m2lc  FWRFFE AL 10.0~18.0 10.00 18.00
AL
m22 . . 75.0~200  75.00 500.00
il 1 T J S A0

m23 ST i ORI
m24  JRBE I BRI

0.90~0.70  0.98  0.70
0.90~0.70  0.98  0.70

R EnE R
m25 - 0.95~0.85 0.98 0.75
PR R %
PRIER S I 1
m26 . 0.95~0.85 0.98 0.75
FEME TR

0.90~0.70  0.96  0.70
0.90~0.70  0.96  0.70

m27 AU AR i I 1 2
m28 ARSI 40 I 1 b 5%
m29  HEJ) E R BEh 0.99~0.98 0.995 0.985
m30 EfbFIFELTsEMEEZE 1.10~1.40  1.05  1.60
1l BRI DRI R% —0.08~0.24 —0.08 0.24
2 BREEFIARE R —1.50~2.00 —1.50  2.00
3 EAFIADJE S RE —0.12~0.20 —0.12  0.20
rd FEARFIATRE 2% —7.00~8.00 —7.00  8.00

1.3 #ELHE

MR8 AR L AH oy R B s A b 1S 1 B2
W 2 B4 1) S 55 s A e A 2 ) i R AT AR XA T AR
R 5 5 1 2% 5% (L o {2 A7 30 R A R DE B i 2
A A B B B A K K B a2 B S k) S
B H 1 il A 2 ) a4 BRAEL A G R R AT i s
Fem AR R 1 2m, 5B, G0 SRl B A
[zm,(min), zm,(max) | WA R & Az 8800 5 G0 7N
TR BB R 2, (min) D)) 7 A & A BB m
SRR T R EFR 2, (max) DU A Sk s 2 5

BN T

AR 1.1 B 1.2 795 B 3& , 35 5 i 4 K & 3
MU S BOb B2 Wi 72 I an i 19w o IRl 1)
A2 475 L A2 50 X T S A R A Bl e Ak
A7 S A9 43 B FVERUE , I 38 3 A 52 B2 W 45 R i (8]
BT AL R .

(&%)
P ke is Wi
Fig.1 Flow chart of fault diagnosis

AR 3 TR 5 9 T R s ML 4 B dl e F 5
S5 AL PRAZ WA A5 UL R I e DR 3R A
OUF L2 W SR 224, % SRS T B 44
PRULZE 2.

k2 SHER

Tab.2 Parameter name

(=2 E2) 5 EAN
Kt A% A AR
Gr b 58 i ik Ply %%Eﬁ'
Gy AT S Pk AP IR T1
PRBEF BB
Nwr . Pol
e S AR
AL il
Nwy . Powr .
W HE A e WA AT ES
BHdeE AL
Pel Powy |
R WEEA K
R0 T I
P AR R IR H R P
eo  HALFIF K JE 1 wp ALES
Pyl PRI = AL
Per Py o
HHEET W5 Hif & 1
BH &
Pevy 4L B I OE S| Tel ;Dﬁﬁ
AL AL
Pewy . Tewy | .
WA ) W H
A AL il
Pey Towr .
RS WA R
KA AR AL
Pfr o Towy | .
WY H 1 NEE NN RN

R XoF S AR e 12 W S B 15 O e A XA
10.7.

55 1A < R F 412 W 1) d ok O K 2 B, LA
ZHUH WL 3,



) fil W % R T R B AL ARG I 32 W i B 43 53
®3 F1AHDHEE LA RS R A 3, 4R .
Tab.3 The first group of diagnosed vectors 0.7r
" ; 0.6
ey e HfH FE o R Bl 0.5
1 Gr 000400 | 12 Py  0.00650 @ 0
m .
2 Gy  0.00036 | 13 Pk 0.007 80 & 8%
3 Nwr  0.01090 | 14 Pol  0.000 36 3(1)
4 Nwy 0.00490 | 15  Powr  0.002 69 -0.2
5 Pel 047100 | 16 Powy  0.048 83
6 Peo  0.00378 | 17 Pwp  0.008 61
7 Per 0.002 38 18 Py 0.140 64 (a) Contrast diagram of m14 and test parameters
: 0.7
8 Pevy  0.01704 | 19 Tel  0.005 31 07T o Test
9 Pewy 0.02234 | 20  Tewy 0.000 10 gi_ —— m28
10 Pey  0.01967 | 21 Towr  0.001 39 2 o3t
11 Pir 000124 | 22 Towy 0.00260 & O
0.0
0.1
IR R 75 By RS 1L T . 75 > B M
,lﬁﬁﬁ%u&ﬂWwéﬁﬁWﬂﬁﬁﬁﬁs?ﬁﬁ, mgéé§§&§££8§§§§§§§§§§66
A K R 0.294, /N T A , 12 Wi &5 1o Bk ~ TR R PR TR R ZZ
B 12 W2 R S B L K A sx B TR AE A A 2 e E

FIs o
0.8
0.6 ° N
0.4} °
2 o2t oo, L ° ’
Z’;{. 0.0‘. Y ° (1 1Y .. °
_0.6 1 1 I. I. 1 1 1 1 1 1 1 I. 1 1 1 1 1 1 1 J
THOUMETN 83 8000 S OT\O0ON T
EEEEEEE oSS ® =598 g
REEEEEaraanRE
[EE R
2 5 LA RETH

Fig.2 Cosine value calculation results of the first group
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Tab.4 The second group of diagnosed vectors
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Fig.4 Cosine value calculation results of the second group
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Fig.5 Instantaneous fault detection process
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Fig.6 Test results of start-up fault
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Fig.7 Test results of end-up fault
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