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Abstract: [Objective] Under deep and rapid load changes driven by power dispatch and coal quality fluctuations,
pulverizing systems of coal-fired units frequently operate under wide-range variable loads, easily inducing coal
blockage and coal interruption faults. These faults are concealed and evolve gradually with hysteretic observable
parameters, so traditional fixed-threshold DCS alarms cannot provide accurate early warning, and diagnosis and
closed-loop disposal lag behind. To address these problems, an intelligent diagnosis and self-healing control method
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for coal mill blockage and interruption abnormal conditions is proposed. [Methods] For a medium-speed mill
positive-pressure direct-fired pulverizing system, a key state parameter model is built on material balance, air-coal
transport and motor load characteristics, describing the dynamic coupling among internal material inventories,
differential pressure and mill current. A nonlinear state observer with prediction-correction feedback is introduced
to estimate the unmeasurable internal inventories online via the measured mill current residual, and model
parameters are identified from healthy operating data by the particle swarm optimization algorithm. Diagnostic
criteria integrating virtual material states, model residuals and parameter directionality are then constructed based
on differential pressure, current, outlet temperature and instantaneous coal feed rate. Four feature quantities are
fused through fuzzy quantification into a continuous comprehensive fault index, and a hierarchical warning
mechanism comprising early warning and fault warning is established. Self-healing sequential control procedures
for the two faults are designed, with maintenance personnel notification and manual intervention links introduced;
a cloud-edge coordinated closed-loop diagnosis and self-healing control system is developed, with modules
deployed on a hyper-converged server and linked to the DCS via OPC UA and Modbus TCP. [Results] Validation
on a 4 h independent data set shows that the reconstructed current and differential pressure track DCS measurements
well, with RMSE of 1.12 A and 0.04 kPa and mean relative errors of 1.9% and 0.72%. Field application on a 1 000
MW ultra-supercritical unit shows that the system identifies blockage and interruption trends at the early fault stage
and achieves self-healing by coordinating coal feed adjustment, hot/cold air regulation and vibration device
activation. The blockage and interruption self-healing processes take about 10 min and 5 min; the disturbance to
main unit parameters is small, and key mill parameters are smoothly restored to normal ranges. A model degradation
monitoring and parameter online updating mechanism based on sliding residual windows further ensures long-term
model effectiveness. [Conclusion] The proposed method supports the transformation from post-fault alarm to early
trend prompting and immediate disposal, providing a reference for intelligent diagnosis, risk suppression and
reduced-manpower operation of pulverizing systems under bidirectional disturbances from power dispatch and coal
quality.

Key words: pulverizing system; intelligent diagnosis; self-healing control; state observer
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Fig.1 Schematic of a medium speed mill, positive-pressure,
direct-fired milling system

PR A RE S N . ZE R R
St U RE T R WSRO A rL AN 22 )5
TR DR T R . Bl DCS R —
RASHL 2 IR DRSS, (B N R
Wb A B L ROk A e LA LR B, #1120 1
SRR WO SIS
1.2 ERIRHF ISR EY

VB P TR AT ARE ) A7 fik 8 70 ) 3R SR AR A B
W JE RO AR SRR, PR RH N« T B A g
1B B A7, FesBBE . Wi is Wi e R as A

=

Ho
WRAEBURFIECR, BN A s
N
M,
kM, 1)
b MO AR IR, ks W, 94 kAL
IR, Kalss kM A JEUREREIT I DK H ) o
&, kglso
R PR R A f B el ST I 7 B ARE AN — TA
Wi B AR, K&
dm
dt
Ar: MR RIEER Ak, kgs W, N BEBENLE
HEEkLE, kg/s.
H PO U B 5 B P RO A i B AT — R
WHESTH K, FIRANN:
W, =k,M Q, 3)
A Q NEANH—INE, kgfs, Hi DCS SElll—
YR B2 — ORI FE R TR A B Rk, o
BEbr s A IR YR BE ) e b S A S
REvko BEIL, B P SRRSO 7 5 P R A A |
T EZ T A% 0 R DR S &
13 EESHRVNRE
PEE R 22 1 S5 WA IR REL 7 R A i
A IEFIBAT FE 22— IR MY 7185
Wi, 3% I R OB A, AR R XURER %
JETb e NRAESE B R Pl L RE /) 1 R R,
FINAROBIRGESIF T A, B 7 LAY

kaQe K < 4
:T+ »(M+M )+¢g,, 0<A<1 4)

P = k,M, -W, @)

Ap

m

A Ap, NEEENLHEH O 2K, kPa; Q, NEEA

http://rifd.cbpt.cnki.net

D YOREE, kol k J9neBRE N 28 kb
DRSO R &, 0 e, DITRIRTS KA SRS
B A NESHAE RO IE T . ER TR, A
BRI 1o 4B LBUAUR) . HEIESB AN, 1
N, FTARA R R RR, 2R
e

o}

JE R L I S W = AL A A, A X b
S I . A R R A R R R R AR
G IR, AT RN A
=1 +k (M +M ) +¢ (5)

b | ONBEEHLRET, A I NS EET, As K
YR B — IR BUR R LG & NI R R
BRI, AR T ] 5 22 . R R R
PAERDIRZS I | T X 4 28 B8 5 W fi
1.4 {RBSHHHR

IR SR R K, BT R
Hok, KR Rk, RGBT Rk, L
ORI | TR U R Ak, SR, XS R G
TN RIRRE . B AR SRR . IR SRR 4T 7
EYIADE, MELLsE @ BT s e . R,
A SCF ML Ak JE 32 AT D7 50 H08 5 A R S 400 AT
HEH

KRS RO A:

®:[km’kp'ka’kb’|01kl] (6)

ASCKFERE 1000 MW HRKENLZE DCS 1y 58 4
B, EEL D BN RS AT AR E R A,
TEBATEE . SRS Wikl R N Tom+T0n By, KR
R 1Hz. NEERNAIER SRS SR, RA &SR
5] 7 5 Bl [ TSR U s B B N g 45 AL B B
By AEA R E T RO ERIE
NFRERE) , fr B ENLE R SRR . FEAE
FEHLLH f7 300~950 MW, BRI Bi& 25~80 tth, —
A 90~130 t/hy — AR EE 180~250 °C. /&
2.2~5.5kPa. HiJil 30~55 A, BEMNS [z LR FE I T B8
JENLAR 51 BRI ATHRFAE -
FRUN T S5 038 N pR 2L

& = \/% Z [Apactual (k) - Al:-\)model (k' ®)]2 (7)

& = \/%i[ Iactual (k) - IAmodel (k’ ®):|2 (8)

k=1

J(®) =ming ,lgf, + sl 9)

Rt N TR SR AD () AT 1 (K) K




4 #A% e

ZIRIS PR ZE IR S s AP,y F1 T e JIAE TR T30
BH: o NHRIMIRZENEZRL, HT V2R
RZE I TTHR -

Ext ik 2 A7 SRl A R AL R R, SR
W FREC AL 532 (particle swarm optimization, PSO)
A RRRRRIIR gy ER TR 50, ORISR
200 k. BIPEACE H 0.9 LIS E 0.4, MESHE
P2 SJ R FIE 2.0; JEGs DCS B RFEAF A 1
Hz; BRI SR 8 h fif Feia AT £l 14 24 s ARG 4
BB IRE, L3RI 1 200 AMFEAS AT, 3& N FE R A
HMERRES BRIRZ B . FRE IS5
HRRAE R WK 1, PSO itk ARt f i 2 fir
No

=1 TP REBENPIRRB X ESHIPHALER

Tab.1 Key parameter identification results of the physical
model of a variable-load medium-speed coal mill
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Fig.2 Convergence curve of PSO optimization iterations
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Fig.3 Comparison of model-reconstructed current and
differential pressure with DCS measurements
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Fig.4 Linkage logic of intelligent diagnosis and self-healing
sequential control for coal mills
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Fig.5 Self-healing sequential control process for coal
blockage and coal interruption abnormal conditions
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