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Abstract : In order to improve the combustion stability of pulverized coal fired boiler,a furnace explosion protection strategy based on Sup-
port Vector Machine (SVM) was proposed in the paper. The state vector was constructed with key parameters of the boiler; afterwards a
system state classifier was generated by training off-line history data of boiler with SVM, applying radial basis function and grid search al-
gorithm. Besides, the oxygen content factor was introduced to regulate the training model. During running time of boiler, the classifier pre-
dicted pre—furnace state from on—line data then executed protection program through PLC ( Programmable Logic Controller) module. Re-
sults show that when the oxygen content factor takes value of 0. 4, the maximum cross validation matching rate of the classifier is over
97% ,the maximum predicting accuracy is over 95% ,and mismatching rate is less than 10% . The protection strategy is able to identify the
pre—furnace explosion state of boiler effectively as well as keeping low error judging rate under normal working state ,and enhance the ro-
bustness of the system
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Fig. 1 System diagram of furnace explosion protection system
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Fig. 2 Trend curves of flame intensity,,oxygen content in

pre—furnace explosion state

HIP 2 mT AR e TR B B, 5 Rl N B 4

] XS Al A 4 [l T, A R 20 ~
30 ASRAEMS ], F9 b BEAE Z2 A8 YK 52 2 1E H (R T 4
MABERAS o SR1iIT SVM 79 24 HUBEXPIRZS B EA T 70
0 ACRA 5 AR B FRAE 2 08 (015 0 2K 405
TE X 4 A BT AN 1] TR S SOt A2 7 4
125



2017 455 4 A

E A A H K 5523 %

PRAPHRAEIRZS R N BRAROIR S | (l 1542 1) 2 4 &
52D, AN SCE S AR BRI T f HAE
T—FHESEL 5 St IS ZIREA ) Ry
n(t) = T(f(d,) .f(d,))
d, =0(t-A) -0(1t-247)
d, =0(t) = 0(t - 4) (3)
P, A REARBAE R RAE T 0 () o 20805
it sd, d, YIONHTIE — B 220, FOWRBE ¢ I 2050
] B N AR R O 5 /(@) (T (o, B) 30 BT
KA,
0 lal <=0
fle) = o lal > 0
(aB a>0,8>0
T(a,B)=4a +8 a=0 B=0 (4)
-1 aB | else
A, Q O BEH R T, A S R AR RS X 4%
il ,0<Q<1. 0, FH LABE RS i (E/NE A2 S i)z
AR Ede sl , RIEK(3) L (4) (o) KRG « 2]
HAEUS B RREL TG DU SR S AR, AT AR T3
FAA A AR TN

4 IZRE TN ER

AR HL 800 4H 44 iz AT i s R s A A
A% e 400 AR I ZREE , 400 ZH AR S 5000 6 i
e A libsvm BPFELHEFT SVM T2, Ik id
HH R, R ERE SRRl P A0 248 A 8 18 428 1) 5 o B (radDial
basis function, RBF ), K («,, %, ) .= exp ( -
y o=, | 2) 1517 RBF A% ok 06 T A 8 2 R
AT BT BUAT R e, S Ak B AR e /MR A 2R 1Y
HHBREC X F A (2) ARSI TR R C L
S RBF R R &y, 75 208 58 00 J7 0k
A5, Tibsvm {5 F PO A% 48 2% B0 12 S fifp T 14 e e v IS
BARAL(CLy)

N T i S PR o 2R HORS B AZ AL RE T, A K
2] Flid 2% 21 ARAS  libsvm SR 58 LB AIE J7 3 2R 1
T PERE . A SCIEER & 738 R R4
WIGHEARSE 530 kAT, BAF £ 0 58—k
RS , Ry k-1 2 EEIRIE IR &l k
VNI BN ZA 3 A Z AR 7 4 UL i
BTN AEAR T A (C,y) BRI R LR T
MHERE

F2 NESERT P Q REF & BORFEE, 8
i AR R AR RAE (C,y) MR 70 JEBE T I ST HF

126

T ek AN 5 95 2 SURRAIE DT i A< (IS PERE) |, DL
0 FHT 2 AR X S5 o 00 A A 1 S L0 8 0 % ( S B
PERE)

£2 OBARERGIIGRTANER

Table 2 Prediction results as a function of 2 values

0 B! 5 1R 38 SUERIE T i

EA VERCR/ % 1%/ %
0.1 34 97.25 66. 83
0.2 50 97.25 90.27
0.3 50 97.00 90.27
0.4 61 97.25 96. 01
0.5 37 97. 50 66. 58
0.6 30 97.50 64.59
0.7 33 97.25 67. 83
0.8 33 97. 50 67.83
0.9 33 97.75 67.83

PG 2, 2=0.4 WF 900 o 5 R B,

96. 01% , ot #5538 LB IE VL B %y 97.25% , Tl

FIREA I ST R AN 3 s, MRS 8 R B

C vy 53 BIAE— 72 3 il P9 B — R 81 i U o0 AR AR

Fe 0E AT U0 2, LLAR 15 1000 M AE B s BB S 80
Xﬂ.[ls—la} .

10.0 92

0.4
Bk A ERRA
3 ks
Fig. 3 Mismatching rate
FRAEER 2,0 S B0 28 A A5 405 /N L D
SEF ,m Atk & A AR A R T AR S ) B
HR A F SO AR | S 0] 42 AR B2 v o7 1 9 3 28
AETN AT AREAS | X S PR 4325 M - THT Y 3
W MR [] Ao 10 B 40 5 o 1Y) 78 A b 3 5 i g
TIURRAPRR A A TR H AT 58 DG I 1 5 PRI I SE PR i
A7 IR B2 KRR Z R LU X Bk J R 1 0 (2,
AR AR VI ZA 1
R4 2 Bk S 45 5, SVM Y11 25 B e T
WVERf 1T 95% ARG E] 3, X T TR BRIR A S S
POERARZS BUBIAEA R LR <10% 5 1E W 1517
FEA SRR <1 % , 73 JE 4 X6 T PR PR IR S W D 2




W ST SVM Y SRR 9 AP BRI DR SR F 5

2017 4F565 4 W

A BORGSE T , (R Is t BE A8 RAIEAE 40 7 1E F IR S
IR AR

5 &

=A

MEEFE T LU AT5 A B 3 A A Bk 21
HB TR | % T PO AR 2 ) T 2% P R 200
10% A F5 TR BB R HE 47 70 & A U 25 A &%
ST, AR B TAES LT JLD5 T 2547 583 -

DB AR GERAESHL, 275 5 I8 MG SR E
JEE SR B SE S RO AL R T AR i) 4
BE LA a5 25

2) AN ZRAEA R AL KL , 45 Fp iE S HAE A
AR [A) A SR 2] BN e~ 16 T e RS
BEAKCR AW i TR T A i i U A RO

3) K SVM B FE -5 e P kb s il R 48 e
LRSS ARTHR M R TR E 1
SR ARG

2 % LK ( References) :

(1] . SRR Tolk s R GRS LR R T[T ). i v
JEFA ,2013,19(3) :89-92,101.
Feng Xianhe. Application of efficient coal powder industrial boiler
system in urban heat supply[ J]. Clean Coal Technology,2013,19
(3):89-92,101.

(2] RFEM, KE, ZE WAUER Y HE R EORYOE 5
REROTHT[J]. R ,2015,21(3) :98-102,106.
Song Chunyan,Zhang Xin, Li Ting. Technical and energy analysis
of replacement of layer combustion boiler with efficient pulver-
ized coal fired boiler[ J]. Clean Coal Technology,?2015,21(3) .
98-102,106.

[3] FEEN. RTm IR Tl B AR B R[]
Flar 541 ,2015,35(6) :66-69.
Wang Yugang. A research on popularization and application of high
efficiency and environmental protection of coal industry boiler tech-
nology[ J]. Science and Management,2015,35(6) :66-69.

[4] REM. SBUER B RGEHOARR TRACN )], WaEs
A,2015,21(2) :89-92,96.
Song Chunyan. Industrialization of efficient pulverized coal boiler
system technology[ J ]. Clean Coal Technology,2015,21(2) ;89—
92,96.

[5]  Kod B HE TR0 2 2% 1 i b R 45 5 TR R 9E (D ]
T KK ,2004 :14-46.

(6] TR AR vh uali 55t 140 R B A0 A B AR B 5 B0 12 g FH o 52
[D]. BN WK, 2011 :19-40.

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

AR BT Sk ) S ALY e KOG R BE S I s 5T [ D). &
JIE A3 B Tall R, 2012 :26-55.
KPR B FMREE 15 . BE T A R SR I B R NO, A
e R AL T]. #1407 K HL,2014,43(9) :60-64,70.
Zhang Zhenxing ,Sun Baomin, Xin Jing. Adaptive genetic algorithm
based low NO, combustion modeling and optimization for boilers
[J]. Thermal Power Generation,2014,43(9) :60-64,70.
ST UM, IR, BT WLS-SVM-SFS B8 iy i 64
PURBEIAL[ 1] $140,2014 ,43(5) . 7-12.
Niu Yuguang,Sha Chao,Meng Qingwei, et al. Combustion optimi-
zation for utility boilers based on WLS —SVM —SFS Model [ ] ].
Thermal Power Generation,2014,43(5) .7-12.
A, B 2T 2 1.S-SVM S A B AG A4 4 NO, HE il =
AL T]. BT i S (R4, 2016,30(10) 1037 -1044.
Zhao Wenjie, Lyu Meng. NO, emission modeling of coal - fired
boiler based on multi LS—-SVM ensemble model[ J ]. Journal of E-
lectronic Measurement and Instrument, 2016, 30 ( 10) ; 1037 -
1044.
THER, FEUkA  ARAEAR, S JE TN SYM Y HL B B P EOR
FrE TN ) ] BEUES T AE,2015(8) :120-123.
Yin Jinhe, Qi Yongsheng, Li Zhilin, et al. Prediction of the un-
burned carbon of utility boilers based on wavelet SVM[ J]. Energy
and ‘Energy Conservation,2015(8) :120-123.
FIERR, TR b AR AL A B By 1k [T ). YL
11,2004 ,28(2) :19-21,34.
Lu Mingqing, Zhang Lixun. Mechanism analysis and prevention
for boiler furnance puff[ J]. Jiangxi Electric Power,2004,28(2) .
19-21,34.
AR, B, S 300 MW R 2 31 A PR 5% J7 B AR I IR S
PERIHHAEL ] . #0HAR ,2008,39(2) :38-40.
Dong Zhiming, Liao Peng, Yuan Dengyou. Reasons and count-
er measures of the explosive combustion in a 300 MW CFB boiler
[J]. Boiler Technology,2008,39(2) :38-40.
VLUK, REBR. B I A 660 MW HLALAL 57 fif 151 T R I P
BT[], BEVEHE 7 ,2016,44(6) :85-88.
Jiang Bo, Xiong Zhong. Analysis on furnace explosion of 660 MW
ultra—supercritical unit under low load[ J]. Shaanxi Electric Pow-
er,2016,44(6) :85-88.
Chang C C,Lin C J. LIBSVM: A library for support vector ma-
chines[ J]. ACM Transactions on Intelligent Systems and Tech-
nology ,2011,2(3) .1-27.
Haridas N, Sowmya V, Soman K P. Gurls vs libsvm: Perform-
ance comparison of kernel methods for hyperspectral image clas-
sification[ J]. Indian Journal of Science and Technology,2015,8
(24) :1-10.
Gu B, Sheng V S, Tay K Y, et al. Incremental support vector
learning for ordinal regression[ J]. IEEE Transactions on Neural

networks and learning Systems,2015,26(7) :1403-1416.

127





