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Intelligent decision-making of start-up and shutdown for coal milling system in
thermal power plants based on deep reinforcement learning

CAIl Jiachen!, LI Jun!, GAO Ming? GAO Lin!, GAO Yaokui!, CHANG Peng'
(1.Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China;
2.Shaanxi Yanchang Petroleum Fuxian Power Generation Co., Ltd., Yan’an 727502, China)

Abstract: A comprehensive evaluation model for the start-up and shutdown decision-making of the milling
system, taking into account the energy consumption and tracking performance of the unit load, has been proposed
to address issues such as subjective decision-making based on manual experience, high labor intensity in
operation, and difficulty in exploring energy-saving optimization potential. This model safely incorporates the
grid load scheduling command signal as input. Furthermore, a milling system start-stop intelligent
decision-making method based on deep reinforcement learning has been studied, and a closed-loop control system
for the automatic start-stop of the milling system has been developed. The research results have been verified
through simulation and successfully applied to a commonly used coal milling system in a certain
ultra-supercritical 1 000 MW unit, achieving energy savings. The findings of this study can provide effective
reference for the development of unmanned or minimally manned operation techniques for thermal power units.
Key words: deep reinforcement learning; milling system; autonomous start-up and shutdown control; intelligent
decision-making
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Fig.1 Schematic of a medium speed mill, positive-pressure,
direct-fired milling system

FESCPRisATIE R, B G B NS EL /

RIS AT, T T/ B dR <, BRI RE
IR, K TIEIRES M AT 52 RSB i

RIS, HRREE LRI 2 RENE SERT IR, 17 3L
AR ZE X IRE, Joikies Xk m X, A3
R IR 0l 1) 75 308 X R T il 8 2 BN 2 42 7]
SEMETIX, Ak R YE LAl AL TR 5
bR A7 4 B IR 5
1.2 HIM R R BIFRKER

N T RPN SR R SR 15 R TERE, AL
BRI R AR AF PRI, iSRG R
T REE A B ERRE ) 2 MERE, Kz
AT LB B B S BRI BE 0 A8 T R BV N PR
A 2R G0 15 R RRCR I B4 R 5
1.2.1 & 5-H R 5

HH, R SRRARR E BVP A BTN
St REES TS AMBIZB T A AT A, B
HUAERIE T B AT, P S B R T B AL L
JIIBE T REAR, BB AR s 2
IR T N T Baer I, BRI 5 R AL BT




148 kAR

2024 4F

FEE, NI SRS A 45, X W22 Gk bRIFE A
AR BN LR 7T Buer N, BEREHLA 52
MBS, [FIREXS N2 VR R PRIE FRAG; Bah, P
RAUBR 5 e 45 R 1A 26 PR SR A A R A X5
RARBetR . KL, N2 G R AT om0

Q, P
Q.(B) 0< B, < Byex
ri(Bi,Ci): Qz(Bi'Ci(Bi)) Buer < B, <Bycr @
Q3(Bi) BiZBMCR
R(B.C)=35(8,C) @

X BiAH | GERHIGIERE, th, CONEI R
PESRRLRR B AR RERR I, I PR AR PP 16 T 2 5
v NIBATEERHLI 65 Q ATk RSt RERER) )T
— R E.

AN RS R Ry SN DSE S|
bR, XHZATHETE R AGEAT TRt BR—fs
DRk AU RIE AN

Q=0

Q)= 5 - Bn €. () [

QJ&'Q(&»Z(EWX—&-Q(&ﬂ/EWX 3)
22 =Ky (B = Bycr ) -

\'
e
BMCR 'Ci (BMCR )

KA Emax N 6 G EEEN IS TH FIBKRERE, BRES
Je 4% FPRAS ORI R AR Ge A0 R 4 205 24 BifIK T
/N Baer B, BEBHLINISAT REREBR S N B/
77 Bner INFIRERE; 4 Bi =i T8 K H 77 Bmer B, BAR
KH I IREFERIZR kv BATLZRIEY . MEAh, T
SR B JEATL 5 K HE 3 RN B /0 HE T S R T s A S
RSH AR AL R, AR K
g/ NESE IR — B L e
1.2.2 5 Fr 3R IRAE 71 48 3] B 4K

MHTIR BRI GEEor B vl 0, B B iR vt
AT RUSLZN BN LR H 70 R, AHEE LA B K
o R ATI, AR T g B8 ) 32 380 i) PR Bk
K, EFEENHRIRT AT, K FEOZE RN
VEIE— 2D i W 0 BRI LZE 57 A ()3 — 2P 4 Tt
TR AT ERERRE S A s R AR BN 430
AR EISITH, FEfaTae /R sz 2IRRE] . [ ]
K F G 3 PR TR B YR ML A7 AT o e 1 9 gk

E

Qs(Bi):

http://rifd.cbpt.cnki.net

AT MITA, AR AT RE eI it AT A RS
JEAE AT, BRRED A S W L 1 755K, SCREHeBTE
BENL B A IZ AT DR

i Pk, R R GR A R SR AL
AT ERERRE T A R BEAT AR, TR 2853
FERFENIHIN AR

SR, SEBRHLAH IR AT BRER RE 0 S BRI
S R IR O T BRI T, A
PABESRENL S 7 i 4 #2382 o e K i AR T
/N T RIRE EEAE N AR iR B AR

Gl ( Di - BNCR ) ’ Di < BNCR
p; (Di)= 0 » Byer <D, <Byr (4)
Gs ( Di - BMCR ) ’ Di = BMCR
P(D):zpi(Di) ®)
i=1

b D AR AR ST E BRI | 18
6845 Gi NARYEH— &5V oR Bk B0 & 51 i
2, AN TR IR AR 32 6132 A b St 1Y) B A
B, RALIELRIER, Gi()=ki(x), *TRIHLL4FK
FHI s B, B ki=ks=0.5,

77 AR SEBR VPN G5 AT RO AT B, R
IOAS R 5 O s £ 110 [l 41 R 2 -

return =¢,R(B,C)—c,P(D) (6)

A e o NIIBUAEE REL, B ci=co=1.

TXAEAS [ 45 4 T 2 100 280 3R T A FH 465 o 1 ) T
1% R BRI AR 23 14T e SR AR AR 5 VA
2 BT RERIESIHIM RS

BREREREKAE
2.1 RELH

Bl 2 g5 TR TR B R I I RS E B
1SRN, BRI S 2RI, Tk S5 H
JA A5 3 o 2

BEN GRS H, ET WA, iz
ITIRAS . HB RGEEH (S BT AT, B
HLBATINELSEINE: HAR, d560 BIREE S J7 se s,
AR ERR S BA R, BTN %L
SRR AR T, N LR N2 (B IZR
BReR), HT DRL BETIISR, ARt 2405
PR B, BBIETHRIE AN BN, g6tk
ARG ANF RPN IS T, RIS
RNGBBEIRIIA RS BRI REMR 507 IR
Bk H, BEHSHETIRE.




Bz 5 BT S ST I K LA RIR 2R 4t E A 15 B BE 3

SRR H Y

5
fia

( smsagn
s
N

e

R

E—

T RAT

149
}”}—{%ﬁmmw]
EdpmERE | | WA RS
AHLZZ A }
i 7
4 i
i p
; Hi
§ &m‘ﬁﬁ]

Fig.2 Deep reinforcement learning-based self-start-stop decision architecture for milling system

PR R R S DS EHE R ECY AT R
WA BEFE A AR BT L & S 5 i
BHE TRALEE, fan N AT 2R SR X 4% (FE 28 UL ok 0 e
7, AERSCHEPRES N R BRI, &
BN IE N BRI T2 BT THRI . BRI 2R Rk
SRR R ReARAE BT

R P R # 3 @it AMLAE By KL ik T
BATAG, BITANREGE T EER 5%, X
L RV SRS, IF R4 R RE
A, AT SR A 5 24
2.2DRL BE%

DRL3 1 SER KRR L 27 > R 2 I 2 06 2
P AR BB RE ) S5 F ST SR RE 145 A —
FhJ7. DQN (deep Q network) FyER718LE —Fhif{:
RV DRL B, H 3 BURE SR A58 [ B L AN
AL 2RI BB, 7 AR FEA 8]
FHSEME, $EmElgritfae . T HARMZE N TE R A
PR IR 2 R B 7 — N5 e AR TR 45, DA
BN R S R E M. SR, DON HkAfeE
MTESEE R, I HHINGSIOE ERE .

TR FE R 1 SRS 6 B (deep deterministic policy
gradient, DDPG) HiEM-2LE7E DQN 5y (1) 2 fi
AT T R OB A B O E B
&, I THER-TPFREK (actor-critic) W 4522281,
AR 3 Fron, (R REk R & — e MIRR R
DDPG i tH4k A& T DQN Sk 22 56 [m ORI Ak 57
H AR MZ AL A, X BT SR AR oG, I
AR LRI

http://rifd.cbpt.cnki.net

it as

Critic
A7-fif 1% I
(SttF 8,1} -
sy o, NEG.a.r.s.)
2z Y ith Tk
mini-batch
P TTQI £ e 1
THQIM 45 1) B4

S IS4 1 B
7 G P 2 1 B 5

actoriE 25 {a,
IRk B 5 e,
actor{rfif M Ei 1Y

R A KR

[l 3 DDPG &%
Fig.3 Deep deterministic policy gradient algorithm

s DDPG 5532 H Tl hy R 505 15 P 5AT 2 X
s B IR 2 8] R A2 LR JEE 55 B SRS R 2%
PR 2 RS 2 T (A AR O R ., SRS -
SRR, KA S BEONTIEIINALIRE S, 3h
TE ACEZENHIR RGU 775 0T A . DAY
RS-SRS

()

RS M EAT RoR B R AR IR, &
FIFRTRE RER BN, FERE IR TR RN AT
Ziffa, RS SR ZEIRRE .

DDPG HE MR ZAAL H brod L SEns Ak 27
ORI R JERL ISR, RS T SRS R £
AR IS HL TR T Actor IR tEN T,




150 A% 2024 4

B S e A A5 B R
ku@ﬂ;%vaqgwﬂnQ@ﬁwﬂkmd
0% 0% + (1-1)6° ()]
0" «— 16" +(1-1)6"
b RHEIENESHG RN QMESEL ul
FHE: N AREEHR P IIEAN G « HFSIE,
3RZFASHERIE
31 RGEH A
LW NiE E SN R I E VA R
R, FERT Sk RGEE JF PR A ] R g
Kl 4 FiR. RGHMEEEAZ L. BRE RS &
BB 1) 9 S5 1A 25 2L A

TR

| i

720 7 ~ ﬂ
(oM 08

l; 0 200 300 3 Eﬁ}ﬁ %Hl}i %%&
R Tt — -

..... _@’ hg
D;]CSH)(M (= - - IR
DCS e

4 B ARG B RIFRRAIMES R
Fig.4 Reinforcement learning-based closed-loop
control system for self-start-stop decision in milling system
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