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Fault Diagnosis of Laminar Cooling Roller Motor Based on
Morphological Combination Patterns Mining of Multi-Current Features
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Abstract: Aiming at the problems of excessive maintenance and fault omission of laminar cooling roller motor in
the manual inspection layer, this paper proposes a fault diagnosis method based on morphological combination patterns min-
ing of multi-current features. This method selects six key current features related to the fault, calculates each upper and low-
er quantiles of the features to form the boundary, and the Bayes-L-BFGS (Bayes Limited-memory Broyden-Fletcher-Gold-
farb-Shanno) algorithm is used to automatically fit the boundary morphology of each feature. For the problem of few mor-
phological samples, a SCNN (Spetial Convolutional Neural Network)-Transformer model for morphological recognition is
proposed. By training Siamese-CNN, the model accurately identifies the boundary morphology, and trains Transformer to
identify the boundary timing relationship and the degree of morphological change, and combines the recognition results of
the two models to determine the morphological type. The paper uses the morphological type as the gene segment, and the
genetic algorithm is used to mine the morphological combination patterns of multi-current features corresponding to differ-
ent faults. The fault morphological combination patterns is used to form a morphological combination patterns library for
fault type matching. The proposed method is verified online on laminar cooling roller motors in a steel mill, and the accura-
cy rate exceeds 90% with no missing or false alarm of key faults.
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(b) FFIVEARIL G5
K5 PSR

S-T(SCNN-Transformer ) iX 6 R B 27 2 A8 i PR RE , HC
1 GRU I LSTM 4351 1 97 )22 64 HLIC 1 GRU 2 Al LSTM
JER I, S-G S-L A1 S-T 73 5j1|3%7R Siamese-CNN 5 GRU
Siamese-CNN 5 LSTM . Siamese-CNN 45 Transformer F{ 7
GEA ARG EACY PRSI IR . LI 12
FIE A M AR 1 43 FEUER RAE A PPN 6 b5, 104758 X
IO UE PSS R an 2 2 s . ] DU 7R PRI R T
25 3 v Transformer 76 M08 &S 206 48 R A4, iR
THER R T 5% LA L, 3X Ui B Transformer 7640 # K
730 $E U S R A1 L HE A% B8 Y RNIN AR R 50 T 45 1
TR B 578 L B AR R T 4, A SCNN-Transformer HX
197 S5 e B IR A R X T B AR ST SR B B AE AR 18
SCER AR TR RIS . 3 oh , 45 FEBETY 1 Zade A
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ANTE], PO PR ASE AR I A 55 A 1 35 AR B, LR
ME3Pros. ATLLR I, L MR RY (Y 38 47 3 B Jme b, i
TR 27 2] A5 AU B o Do) 2 A5 B ) 386 o, 3 AR 2 i T
[% , {2 SCNN-Transformer 7E475 44358 43 1 B A5 50 S 158
T R IR, HORG R ey

1 B SCNN-Transformer il 1 45 5 f5c 4 10 458 19 222 1]
el 6 fir /s R VB FELRE , 7] WL SCNN-Transformer £5 5 Ht
AR LT i A B — 2B AR Wl R B B AR
SIER . G3Ah WAL Y B fe — )2 i AT T-SNE 7]
AL, S5 R 7 B, AT DUE 12 Rl FOE 2 00 i i
FBR , UEBH SCNN-Transformer 2% > £ T AR OB A X 43
FHAE

X} SCNN-Transformer 15 51| H [ 4% HL i FEAE 1) 55
JEAS T I il R S AR 0 k3R R e 5.
TRAZIRAS [ 1) e DT S 2B AR . W i Pl e B
1000 M™MA, BEAAMEA 6 D FE N 7 B, B 36K Be
A8 R 6 ML TR SRR R Ben (A CRAN R 268 1y
RIS | AR SR R AR [R50 BORT 10 1 i B 12 W
TR A5 RN ER 4 o, 25 3 R 214X 500 46 B, 12 W
ROR I WU I — IR G R 1248 B S G
P — i MR () B R S A B AR I 3R 5 TR
L SCNN-Transformer PR 5 (IEASAE A, 7R 4L A

F1 AEEBSHMEMNESIRFERERERR 0%

epoch batch_size
8 16 32

100 63.67 67.89 62.36

200 72.67 73.58 72.61

300 88.63 90.23 89.67

400 98.34 98.86 97.78

500 98.33 99.17 98.89

F2 BHEAESAIEHENILER Hifi:%
WM GRU | LSTM | Trans | S-G S-L S-T

i 1 89.79 | 87.38 | 93.13 | 94.17 | 88.13 | 97.71
i 2 88.33 | 86.89 | 97.29 | 91.26 | 91.26 | 98.75
M3 88.75 | 89.81 | 93.54 | 93.20 | 89.58 | 97.51
i 4 88.54 | 87.38 | 92.50 | 90.83 | 90.29 | 98.76
M 5 88.83 | 88.35 | 93.96 | 92.71 | 89.32 | 98.34
M3k 6 91.04 | 88.83 | 96.46 | 91.26 | 90.78 | 97.93
M7 93.75 | 90.29 | 95.83 | 91.75 | 91.25 | 99.17
M 8 88.35 | 87.86 | 91.25 | 90.78 | 88.33 | 98.33
Mt 9 90.29 | 86.04 | 92.92 | 94.66 | 91.75 | 98.96
ML 10 89.25 | 86.71 | 96.67 | 90.29 | 89.32 | 97.29
FHE 89.69 | 87.95 | 94.31 | 92.09 | 90.00 | 98.28
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AR F A 100 200 300 400 500 600
WERRR/% | 23.63 | 52.62 | 66.54 | 89.25 | 98.33 | 98.06
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