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Research on Current Estimation Method of Single-phase
NPC Inverter Based on State Observer

ZHOU Hao', WU Jun', ZENG Jingyao®", CHEN Qingping', ZENG Lei',
ZHU Weibing', ZHOU Zhicong', DONG Weihua'

(1. Zhuzhou CRRC Times Electric Co., Ltd., 412001, Zhuzhou, Hunan, China;
2. South China University of Technology, 510640, Guangzhou, China)

Abstract: Taking a single-phase three-level NPC off-grid inverter as an example, a current estimation method based on
state observer is proposed to solve the problem of high cost caused by the need for current sensors for traditional double
closed-loop control. The topology structure, mathematical model description, proposed current estimation method, overall
closed-loop control and simulation test results are introduced in detail. The proposed current estimation method based on
state observer only needs to sample the output voltage to estimate the inductor current and load current, which can be
used as the feedback quantity of the three-level NPC inverter (3L-NPCI) current inner-loop control system, reducing the
use of current sensors, and lowering cost and volume. Finally, the simulation tests are carried out on a 10 kW 3L-NPCI. The
test results show that the proposed current sensorless closed loop control scheme based on state observer can enable the
inverter to obtain good no-load or rectifier load operation capability, power quality and dynamic performance with only
voltage sampling feedback.

Key words: three-level NPC inverter (3L-NPCI); current estimation method; state observer; current sensorless
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Research on the Multi-factor Insulation Aging Characteristics of
Insulating Paint Films under New Curing Processes

TANG Ting', QIU Shaosheng', WANG Yanmingz, HU Bo*, BIAN Xiaoqiongl, LI Yuanjie',

LI Shanping®, LIANG Wenrong®, LIU Hongyi'*, ZHENG Yanling'"

(1. Dongfang Electric (Fujian) Innovation Institute Co., Ltd., 350108, Fuzhou, China;
2. Dongfang Electric Machinery Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: Infrared curing, as a novel method, offers the advantages of low energy consumption, high efficiency, high heat
transfer coefficient, uniform heating of the product, excellent quality of the final product, easy control of process parameters,
and environmental friendliness. It is particularly suitable for heating and curing materials in thin sheet form (such as paint
film and adhesive). However, the impact of infrared curing on the aging characteristics of insulating paint film has not been
thoroughly investigated to date. Therefore, in this paper, three kinds of insulating paint films under infrared curing and room
temperature curing processes were selected for aging experiments, and the effects of different aging factors and curing
processes on insulating paint flms were compared. The results indicate the anti-aging capability of infrared-curing paint
films surpasses that of those cured at room temperatures. This research provides a theoretical foundation for widespread
industrial application of infrared curing.

Key words: infrared curing; generator; insulating material; aging
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Multi-objective Optimization of Flow Channel Structure and
Operating Conditions for Air-cooled Fuel Cells

. 1,2 1,2 1,2 . 1.2
KONG Hongbing"~, LIU Yu"~, HU Jun"~, ZHU Ding"
(1. Dongfang Electric(Chengdu) Hydrogen Technology Co. , Ltd. , 611731, Chengdu, China;

2. Hydrogen Electricity Interconversion Key Laboratory of Sichuan Province, 611731, Chengdu, China)

Abstract: The performance of air-cooled fuel cells is comprehensively affected by multiple parameters such as the size of
the fuel cell flow channel structure and operating conditions. This article constructs a multi-objective optimization model
combining ensemble learning model and genetic algorithm to optimize three performance indicators of air-cooled fuel cells:
current density, mass power density, and cathode catalytic layer oxygen concentration uniformity. By using the trained
ensemble learning model as a proxy model for calculating fitness values in genetic algorithms and conducting multi-
objective optimization, a three objective optimization Pareto solution is obtained. Typical reference points are selected and
numerical simulation methods are used to obtain the numerical simulation solution. The optimization results of the two are
compared and analyzed. The results show that the multi-objective optimization model constructed by combining ensemble
learning model and genetic algorithm has good predictability and accuracy, and can be used as a design and optimization
guidance development tool for air-cooled fuel cell stacks.

Key words: air-cooled fuel cells; structure parameters; operating conditions
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Research and Establishment of A Method for Determining the
DissolutionRate of Limestone used
in Wet Flue Gas Desulfurization

TAO Weitong ">, CHEN Hong" ", MA Jumei"*, WANG Xin"?, WEI Geng"*
(1. Clean Energy Low-Carbon Thermal Utilization Technology and
Equipment Key Laboratory of Sichuan Province, 611731, Chengdu, China;
2. Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China)

Abstract: This study aims to address the issue of the lack of a unified method for determining the dissolution rate of
limestone powder used in wet flue gas desulfurization in China. Based on the power industry standard DL/T 943—2005
Measurement of dissolution rate oflimestone powderused in wet flue gas desulfurization, the method for determining the
dissolution rate of limestone powder used in wet flue gas desulfurization has been optimized and improved. This study
used a fully automatic potentiometric titrator to improve the calibration of measurement system, the establishment of a
constant pH titration method, the operation control details, the operation sequence and steps, and the data handling
methods. Based on this experimental method, the influence of the maximum liquid addition rate of the fully automatic
potentiometric titrator on the titration experiment results was studied. The results showed that the best titration performance
was achieved when the maximum liquid addition rate was selected as 1 mL/min. Subsequently, the established and
optimized titration experimental method was used to measure and analyze the dissolution rates of five types of limestone

powders collected from different regions. The results showed that the order of dissolution rates for the five types of
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limestone powders was: SHS05>SHS04>SHS02>SHS01>SHS03.

Key words: limestone; wet desulfurization; constant pH titration; dissolution rate; measurement method
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1.1 EWHEMETL
1.1.1 mE R

TESEPR TR A R AW SO, i 2 —1
B AmfeE K SR SO, B, IF it —
FRIWMb A A N e A O R . O R, A K
AR T 5 K R AR R RS RS B S
5 AR R A O BR R B, AE A RAE
N WARRRES i — 2D g A A W IR IR S , B A, OF
WY | = R S Y ST A7 Y Y P SV
PR BV B A KA VA SO, Wi, AL
FOWAR RS E AL 4 A A8, SRR

S0,+CaC0,+1/20,+2H,0—CaS0, -2H,0+CO,

FE AR P, A KA/ A 8 i WA e 224 4l
HHW pH Al , — M pH EHEHIE 5.2~6.2, R
&, pH {ESZ 0 SO, (IR, AR FRES I Ak, REE4s
i JE R ABR RS F st fk, pH (&, A AT S0,
YIS il RIS WS, B 8% s {HL pHL B, 2 B il
CaCO, FiF2% H 4l Ak, 1 i 4k 2% By 47, AN F1F
CaCO, MR MO GRRRER 1584k, PT ARSI 5L T
DL/T 943—2005 ¥ % A1 KA =17 AR R 19 pH R
Fee 5.5 JHATIHE .

fifi FEE pH % 22 BY 5 12 3 6 0 A K 5 R B SR
BTN AE , BVAE B — 45 i Be N IR KRR &R pH
ETEE, R R AR RS FER) H AT DGR pH
PR BRI 3 Bk B T AE Y 1T LA 2 43 Sl
VS N — 2 S 0 1 >k b R, P e ok B LA pHL (EL
TERE T 2 0 00 8 0 38 238 55 0000 R o 79 sz 7 T 3
BOE L, TESERRERAERL TR T, 2 I DL/T 943—2005
PR I7vE 250 mL 9 0. 1 mol/L Y CaCl, K
WHR 0. 15 g A KAK, AERFIRBE R 50 °C il 1n) A
KA I M AR RIS WOR 4+ pH=5.5 &~
A5 DI RATH 80 %% 11 B R 45 5 TR 119 5 7 it ]
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(t1=5.5) VERIZAT IRAT B SO SR A BI85 .
1.1.2 SRS

4 F B E (U H 72 E AR RS A PR A
FA Y DLS0G BU-5 4 [ 3 HL A TR A 25 48 an
K1 FR A s BB R E R4 B TGRS,
T2 28 R 3R e AR AL B R G DU BB 43 2H R

ISR :500 mL BEAR,500 mL

HAAES KB (RERZE 1 C) ;TR
FOREHAEE 0.001 g ) s IR CREBREE M 0.1 C) 5
i (250 H, W 2 B Z bR ifE GB/T 6003. 1—2022
CRISTH FARZERFRGIS 25 1 357 . 48 22 G i I
IR )
1.1.3 S RAS XA

SO TR ACEL T2 Ml UK A K A JRRE
10 250 H (745 %) A KA R . ARSI P
B Ml 0 B A SR T R A K A B LR
AIRATHE IR 5 4 SHSO1 , SHS02 , SHS03 , SHS04 |
SHS05(# 1),

RIS 22—/ NRIBEFEAR ; 3—HL A ; 4—T
B 35— E AR 6—I 8 8 5 T—I 2 I ; 8—
TEAE SR O— RS SR 10— IRV

B1 £BzRLEENEZEMBS

F 1 SHSO01-SHS05 X 57 it X

BT SHSO1 SHS02 SHS03 SHS04 SHS05
X YRSy PG TS HH HeR
Bt TR A8 MG RN REN YREN

SR ¢ AR 5L 58 BT FH R 3 R 43 A 4l ]
JIT I 7K 48 75 18 /K 5l B A (] 45 4 B8 1Y 25 15 1K
SALES A M R 0. 1 mol/L 5 ALES (CaCl, ) %
W, WEIRH 0. 1 mol/L fER AR (HCL) b e &
AR
1.1.4 BREBRY D

W 771k RS % E R bR GB/T14506. 1 ~
14506. 28—93( kMR ER A A AL 2E T k) .
1.1.5 MEFEeymids

(1) 08 2R 4 A A o

DL/T 943-2005 4 FI] & IR S 56 /i B R FH 82
TP Tt P o T (L 2 o S R T P S 3 )P
Mt R0 AR A MRk AR RE ik, ARFR
YA i R G R HEAE RN . DHERS pH H2N 4. 01
F16.86 (1 pH 2% th 5 W ; @ g 37 ALl 7 ik s R 3k
PRORCIE” | TEPRGE Pl MBS L DL R 2 s WORT 1 1)
pH {E, M A BE 4 Pl AR Fe VR S

24

A“90 %7 T REFREIA 110 %7 ; @ T #Hr 1)
WEE 7 VA TR M S 50 (R R 46 02 v IS MR 2 AT B
XPHAR BRI VTR T s @B MR EE
DSE 3 Y, M AR S Z 1, B pH TR 4T
Bk

(2) 18 pH T ik B ST

fifi F1E pH 78 & 3%, 5T DL/T 943—2005 HY
JNE 25, TRV AR i 4 1 sl el A7 378 43 1 156 B 45 A
KWK, ARG E pH i ki @ sr &
BRBFELUT 7 A28k E. O e FikksF
“Stating” (1H i & 77 1) ; @B 1Y B2 R
“0.15 " s @B FE AR L H B E N “21 %" (800 1/
min) ;@i E FEFE R “HCL” , ¥ 0. 1 mol/L;
G 2 W il X A1 pH”  ©TH I 2 B B2
HL(7 5.5 pH” 45 X BEE 0. 2 pH” | EaFi ik
PR MR (R K) B A “1 ml/min” (1.2
H B B S5 R VR R A A R ) R R (I



ANVEIAT pl/min” ; QLR BEE e KRR 2 H
“20 mL” , e KBS [R5 E M “60 min”

(3) pH THHLH R DA KA P i ik

ARSI AR BE A AR 2 FIER, SEER IO &
L, pH THHUAR 5B R 1 I 57 X
SIS EE SR AR AR K, — BURCE L BN Al il
9 R S0 ) 2 BB R I G o L v TS
5, FTLL AR T pH e BRI LA K
PEARACE O B (W 3 TR ) OpH T B R
A RE LA R BE Ml AR A CaCl, WP ; @pH 1
P S RS AXS OB R (I 1)) 5 @R A
RS A5 8 7 A YRS e B ) J o (AR ) )
DB PR BCE TR E B (IR )

B
il

B3 pHitef BEEMEEENELE
(4) 18 pH ¥
T E SE I B ST AU PE pH I E D B A R AT
#24E . DL/T 943—2005 {42 3] “ K pH i1 H A
ABIA AR TR 1 A AN Rl B AR,
BOE A 3hi 2 pH 4 5.5, 0. 1 mol/L ERRWF

BOTIRIEE” , B I RAN A Lo B ARk .
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SCAE SERRARAE I R rf fE pH R AT T A
T R S I PR R A BT 4 SR VA Y EE 2D Rl ad T
T 5 T AR R i R AR R R EE R AR A
FEIAT 4 B A I 2 S R A T Y A
X S0 7 A | ASAIE 5 2 HH AE T A2 =22 A TS R
mh, T R 25 WIS, R G HRIA, H2 7R U AR A9 s
i, PR IR & SRS HEFE 5 min,

Zi b 1H pH e SR R ES B E . OF
BT SS ; QT & ; @M AKE N @ ; & 1E X5
@B, B EDER 3 WK,

(5) B b2

DL/T 943—2005 HLE “ A 2L (1) #1(2) 355
G KA K AL ECH 80 %o bt B i 12 Eh IR A AR AR
W2 A7 IR AT A AR A3 R F) 0. 8 BTl AR TR] ¢ =
5.5, DL s[RI Sk FAE A7 K ARy S I T R 1) 8
Fr™ o BRI, A WF 5T W R B ) P 00 S Ak R AE
AT RAT R TR R BTN FE AR E R B 4
P — R B - RIS B e % T — A I ) A R 4k
BA KA SR PRI B 8] 5 B AL R H A 3] T 100
% , I T FLEE, B DA LA S sk 18] () 5% £ SR X6 Eb
YR 0 5 F8 A5 X5 A KA B i ) LG A8 R A — S Y
PR, AW TR A KA Ry e A 2R IR B 80 %o It T i
Ry s T 1 Ay 8 e 28 A5 7 4 T O 0L 8, %o AR
WFFERYIEIE] ¢ = 5.5 BURL, Bd B A7 B A0 B A9 5 1
ARAT

Horp A (2) H Ao B IR 5 R R 6 A T i A
PR E TS % GB/T14506. 1 ~ 14506. 28—93
(REFRER AL i k) o

Mo MW
cacoy MPwgco, Vi

- = (1t
MCaC03 MMgC03 1000

Vt 12
X(t)= %100 % (2)1

100 %
A

m—A KA, g5

@ oco,— OV RATKY TPBRIRASG B I 1 3%, 5K
DEL 5

Dyyco,—
DH 5

M ¢,co, —RPRAG Y R IR A,

Mo, — PR Y EE IR L

N

AT IRAT R BRI BE ) SB35, g 5K

A 100 g/mol;
A 84 g/mol ;
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c—TRAYHE , mol/L;
Voo o0 AT K53 42 T 5 AL 22 BT T AR 1Y R 14
L, mL;
X(t)—t BP0, A KAk 5 A 7 i, 0. 85
V,—t I 2 i 5 T IEAE R ER AR  mL,

i Ea]s S

FEEEMERN 95 %4F T, B A5 A RAXHELE
5 % LAV, B 15 A RA B (3) A

A=+(1.96xCV)//n

X

CV—IRAE S 280, CV = (bpifEfi 22 SD /-1
{E Mean) X 100 %

n—idFE N =3,

A 5T 4% B8 DL/T 943—2005 X} 4 F A7 K A1
AT T 2/ =R EE S, R IE pH i 25 1Y
HEWRZE, NHHLRE R R, W EE%
JE A ERAR R XE , DL SHSO5 B3 2 25 58 S 491 ( 1 ]
4~6 K2 fiim) . MIEIHORE ,SHS05 1Y 3 KA
25 R T T PR R AT 00 o RS (O R
KB BRI 8 % , AN EAT FBRARXHEALE 5 % LA
W51

(3"

+R2 ARA SHS05 B =5 SEIGE1E

FE ST Vioo % (mL) V,(mL) t(s)
SHS05-1 11.5 9.2 649
SHS05-2 11.5 9.2 661
SHS05-3 11.5 9.2 768

7.5
204 SHS05-1
-7.0
B 15-
I - 6.5
o 104 %_
W Vi=9.207 mL,/=649 s
o - 6.0
s
# 5T
-5.5
0 -
T T T T T 5-0
0 500 1000 1500 2000 2500

BHE (8) /s

4 SHS05 £—XxMELR

26

20 7.5
1 SHS05-2
15 4 ~ 7.0
| ||
E
N 104 Vi00%,=11.5 mL 6.5
= =
] V=9.204 mL,t=661 s =
5 6.0
& 51
#
5.5
0 -
T T T T T 5-0
0 500 1000 1500 2000 2500
BFIE () /s
5 SHS05 FEXRMELR
20 7.5
SHS05-3
154 -7.0
=
E
g‘ 104 Vio=11.5 mL -6.5
=
i 2
W V,=9.203 mL,=768 s
s - 6.0
& 51
#
-5.5
04
T T T T T 5 0
0 500 1000 1500 2000 2500

I () /s

B 6 SHS05 E=RiMELER

JIr LA AS B 5% 4 HY — b AT 43 B 0 2 By Oy
Peo B, BRI T pH (A Bl B ) AR Akt £k 09 0% B
FlR 5.5+0.2, SRS, FRARE LA i Ze 4k Hh AL
XFT pH 24 5.5+0. 2 2K, 28 6 L T SHS02 1Y
PRZE A . — A s 2 pH 7R A SE I o 2 v R
TE 5.5 MEE, e shiR 0N ; o5 — A 8 2 pH i e A i
Je B B ARG B e e A IR B pH = 5. 5+0. 2 /E M I
TR CZHBARAE B s e B AIRRR ) .

XTI 2 S AR R RN S R A KA R Y
T E 1Y, BE T A IR Y A R R Y TR A
FERURNE: | R T AR B B R 1) A2 AR Y i 2 2R LT 4
BRI AT, il 7 ~8 B KX P 2 E i
PG HIRBRBOE A y=A, - EXP (x/t,) +y,0 HIE
TR — B[R] (o) FERCEWN T TR, A, R pR%L
TEWIIRISZ (24 =0 W) A HR IR , RISl B T 45 i
() 46 e Tl B 5 JECX 7 380 o S 360 1) i 2% R
R W) G 0 RN B, FE SRt sE T, R (R-



squared ) & — Ff i 5 [0] SRR TN B8 T I e
R VPG R 005 [ 2 ) BRI R i B A 0, &
WRRAHE AL, B2 o Bl 2 0K E R X
TRl —HR 4R B i R? H R I s S5 A1E
Z IR 2 8N . BREIEFEITE 0~ 1 Z 8], £y i 8
RS WL ES A 55 400 (8 1) 22 S8/ 0N 0 38 AR i
SESLBGEE T R AR 1, BB S I0 45 SR i 2k ko
M, R 3 MY T LA, SF i R =
0. 997 i, %A AT L HUM T
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EXP (x/t,) +y,, NI HY R2=0.997, WA~ Ryl s7 i1
BRI 2, 4507 R — W, MR TR 2% 18 7 3=
T EWRERE, TR AR A ]y

E S

R3 AKA SHSO2 EHRHIEHMINEGHFESH

RS 14,1 Iyl Yo R’
SHS02-1  17.3612  914.13376  17.35756  0.998 99
SHS02-2  15.6300  926.80298 15.91763  0.997 69

1.2 RMEZRHMRL

TSR TE pH A 5 1 B R R
XoF {7 S S0 B AT X AT, e R Al T A
JRATTE R W KR 2, AR AT T 5 i
S A KA R SHSO1 BEATIE pH i 2 S0, ek
JRGE 24331245 0.5 mL/min .1 mL/min 2 mL/min
4 mL/min & 6 mL/min, HoAH E 55 (35 — 30, 25 1
K 9~13 3 4 Firm,

75
SHS02-1
204 1
-7.0
E 154
g‘ Expﬂr(:; i - 6.5
~ [ Y = Aitexo G/ED) * -
mEH 10 7 yg;’)E 17. 35756 2: 0.01923 =
Kg A1 -17.3612 £ 0.01592 6 0
z Y
Z T —
= 5 R (00D) 0.996%
£ RBERFR 0.996%
-5.5
0 pH=5.465
T T T T T 5.0
0 500 1000 1500 2000 2500
il () /s
B 7 SHS02-1(Fid)H pH EaEE R G %
20 7.5
SHS02-2
B 154 7.0
£
g‘ 10 vy = Alzrp:(:{o/lu) 1| 6.5
u]m 0 15. 91763 Bm E
A1 -15.63001 + 0.02215
Sﬁ t1 —926. 80298 + 3.9665 L 6 0
= Reduced Chi—Sq 0.03448 .
- 0.99769
g s O — L —
%
5.5
0 -
pH=5.3
T T T T T 5.0
0 500 1000 1500 2000 2500
BFIE] (2 /s

B8 SHS02-2( 55 )# pH iEETERE RILE &

AR ESEHE T pH {H Rl A (] 22 £ it 26 19 %
S, P e LR 1 T R 1 B B () 22 b B S5
LA AR R BN AL B DL, B2 Bl 13 3
BRI TTER T % — (DL/T 943—2005) :3 K
T SR 2E O R S AIRARXE <5 % EEK 7
2. (OpH BES A1 AR b 28 . B 5 — A pH i i a5

20 7.5
SHSo01
0.5 mL/min
15 7.0
[
E
IS 6.5
2 10- -
iz} 3
ﬁ - 6.0
& 54
b
5.5
0_
T T T T T T T T 5.0
0 500 1000 1500 2000 2500 3000 3500 4000
FF1E] () /s
B9 HmAMBERZENRNO.5 ml/min BiFELRE
20 7.5
SHSO01
1 mL/min
15 7.0
-
E
S 6.5
2 104 =
i =
£ 60
& 54
£
5.5
0_
T T T T T T T T 5.0
0 500 1000 1500 2000 2500 3000 3500 4000

WFE] (o) /s

FR AL ATE 5. 5+0. 2 i [l N ; @ER R 1 #E it Fifi i+ 1]
A 2 FEA S M 2o 18 MR BOE X y =4, -

10 RAMBEZEA 1 mL/min WHELER
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20 75
SHS01
2 mL/min
15- W r7-0
|
E L
IS 6.5
2 104 =
] E
% L 6.0
& s
#E
5.5
0_
; . . . . . . . 5.0
0 500 1000 1500 2000 2500 3000 3500 4000
e () /s

B 1l BAMEEZRA2 ml/mn WiHELER

20 7.5
SHSO01
4 mL/min
154 ‘ 7.0
g .
IS 6.5
2 101 -
iz} B
:E 6.0
& 54
48
5.5
04 ]
T T T T T 5.0
0 200 400 600 800
I () /s

B 12 BRMEERA 4 mL/mn BiHELER

20 7.5
SHSO01
-\ 6 mL/min
15 i -7.0
| -4
= .
It u - 6.5
2 10 H =
u
il H E
5 : L 6.0
& 54 H
£
(] 5.5
L]
0 v
T T T 5.0
0 200 400 600

I e C(8) /s
B 13 SmAMKEZRA 6 mL/min BIiFELE R

R4 BAMBEZEIT SHSO iFE LI 4 RAY 220N

5 T E FeWnik#) pHS. 5 i pH £y
(mL/min) ARSI EFR] (5) e it T
0.5 1111 %N
1 315 /N
2 126 N
4 75 x
6 64 X

28

WE 9~ 13 Fiom , B K fe KON R 23 (1145
A R IR AT IR E] pHS. 5 71 Bl S5 1% A5 00 B 18] 4 4, 3
AH e N Y T 38 R 2 T A S 56 A PR 3k )
pH5. 5 B SOWAR R IAEE . I HaxX Beif ] 0. 1 mol/L
R S) G R AR, B KON R K, i)
W4 4 mL/min F1 6 mL/min, pH 1#h 2% 183 SR X,
BRI G, XS g0 45 R A v U R IR 25
VN B KNEGE 2~ 0.5 mL/min, 1 mL/min F
2 mL/min( & 9~13), &3 pH il £R i3 sh /MR
2%, HZAR A RN | RO AR R K F] pHS. 5 1Y
] Sk K % 20 A pH TR SE | T LR AT e 4
AN AR ZR IR F] pHS. 5 AYRFIA]

ZHTIRRIF 5 25 SR R B0 o i) Ry 2 200 ~
2900 s 2 [a], FRATTHEMZAIE T 9T R FH 0430 2 TR 4
/N, 5 0.5 mL/min (925 5T, (82 K 0 B K
FE RS pH T R B 48 AN REAR PR IA 3 1E 17
EARAS, 5 TREPRAST,

H F1E pH I BER S0 o A2 T Y pH B AH X
R, T AZLRAK R pH (E AP SR T BB/, IF HLAE
pH5.5 it Z5A RV AR Rk H] pHS. 5 BET S
A pH 0% SR A BN BLR R ASBIE 5 4
O K A S Y SR KON VR B R B
4 1 ml/min,

2 AMARAHERNERNEFE RS

2.1 ARBBSSHER

A K AT SHSO1-SHS05 14 B 43 40 B 45 R L 2% 5
M T A 3552 MgO Al CaO & &, A 4T
HI AT IR AT MgO T CaO B &, SR 5 AT L
F i, SHS01-SHS05 A kA5 & i AR LL ik &, AL S
T ETE 48. 11~54.09 % (50 % /ity ) s B ALEE &
ARG, 3 A ST B A A R 1) R A BT A
AR A Bl TR S R B R BE R BB AR B (R S)
SHSO01-SHS05 (1) % Ak 45 7 & 5 Al i J37 4 . SHSO01 >
SHS03>SHS02>SHS05>SHS04 .
2.2 ARAMBELKRERTT

BT B AE pH T E LR Tk, B85 A
WA K SHSO1-SHS0S J2 I 33 58 [ R /N, 4% HEA 5K
(D FIAF(2) 75 B ARl K ARE S Vg, Fl
V, SRIGAETR A LI 2 SR i 2 #R 2 v, X R A s



] 1, SHSO1-SHS05 AYfH pH JiE 4 gk 5 LK
14~18 Fii/n,

x5 ARABDINMER %
B G5 Ca0 MgO CaCO, MgCO,
SHS01 54.09 0. 90 96. 59 1.89
SHS02 53.76 1.52 96. 00 3.19
SHS03 53.83 0. 66 96. 13 1.39
SHS04 48. 11 2.73 85.91 5.73
SHS05 52.05 1.82 92.95 3.82

WAL 14~ 18 JiR , BE 0 il £ 3 7 IR i e (R
B[R] A2 1k, 88 €0 it 4 3R s A0 KA = PR W pH {E
Be 1] A2 1, A 6 AT, SHSO1-SHSO05 FY 1), =
5.54354 1000 5,987 s,1 189 5,697 s Al 661 s, LA
ton=5. 5 VE MRS B A 1 A0 I A B o, 8 38 14 i
b, U3 0 Fh A K A Y 3R K /NI Sy . SHSO0S >
SHS04>SHS02>SHS01>SHS03, M A 14 ~ 18 & Ji,

TEIH E ER TR Vo o, Z 5, pH (ELRE N ] (9722 10
£ Sl R B
20 7.5
SHS01
15 1 7.0
-
E V100%=13.8 mL
> . 6.5
> 104 V~11.013 mL,=1000 s
” Z
g 6.0
& 59
#
5.5
04
T T T T T 5-0
0 500 1000 1500 2000 2500

a8 /s
& 14 SHSO1 HyELERIEFEEFN pH FERT B A9 T4 #h 2%

20 75
SHS02
15 1 7.0
-
E Vi00%=14.2 mL
S‘ 10 V=11.400 mL,t=987 s - 6.5
i E
ﬁ L 6.0
& 51
b
5.5
0_
! T T T T 5.0
0 500 1000 1500 2000 2500

WFiE () /s
B 15 SHS02 KEhERIHFEEFA pH BERT BRI T (b th 4k
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20 75
SHS03
15 -7.0
)
E
g‘* 104 Viww=12.5mL} 6,5
W ¥=10.001 mL,=1 189 s Z
ﬁ 6.0
& 51
i
5.5
0 -
T T T T T 5-0
0 500 1000 1500 2000 2500
wFEl () Is
B 16 SHS03 KIEhERiEFE 2 pH BERTE R0 2k
20 75
SHS04
[
E .
N - 6.5
2 10
nﬂﬂﬂ V100%=9-9 mL z
% - 6.0
fiy V=1.902 mL,t=697 s .
& 51
8
5.5
0 4
T T T T T 5-0
0 500 1000 1500 2000 2500
HF1E (o) /s
B 17 SHS04 KIEhEREFE2 pH BERTEIA9TE 1L dh 2k
20 75
1 SHSO05
15- -7.0
q | |
£
g‘ 10- Vyo0=11.5mL -6.5
=)
] V=9.204 mL,t=661 s &
£ 60
& 59
£
5.5
0 .
T T T T T 500
0 500 1000 1500 2000 2500

B () /s
B 18 SHS05 RIEhERHFEEF0 pH BERTE B4 M 2%
S5 SHSO5 1 SHSO04 11941 B A J52 o 1o 14
ey, WP BREHL T B A SO PR A, B R H
T A RS Mg 2%
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®o ARARMEEBRERRK

EETE A= Vigo o (mL) V,(mL) t(s)
SHSO01 13.8 11.0 1000
SHS02 14.2 11.4 987
SHS03 12.5 10.0 1189
SHS04 9.9 7.9 697
SHS05 11.5 9.2 661

3 4HiE

AR SR X [ PN T 9 T A A A R s R
(I 2 AR G — 1R R 1 IR R AT T RS, Al
FA4 B 3h o 07 3 2 AR T ATk AR o DL/T
943—2005 XA KA A3 S I T3 000 5 i iE AT T
oAk, e A 45 T4 5 5L 50 10 S50 | S AR I
¥ SCIBE R U R A IS S R R R
T R S0 25 S (R 5 W), 45 65 Tk s BT[] R 2 it 261
P BN X PR DR 28 U A 1) e KONV i %, 9
R 7835 J5 W SE 56 7 1k 58 A T R F R ) b X1
T A A3 118 57 T o, A5 B LA R 4508,

(1) B& A A R o S 00 ) AR P e B 2
PN R, HRE—3 REE LR EEFER
FRAHRHE <5 % A9ER ; 775 —.. OpH (R R 251k
2k . eI Y pHL R 2R A0 o A B IR A 7E 5. 520, 2
TR P 3 @k R T A 1t B st ] 25 1k i £k . 4014 il
LNIEBRBOE K y=A, « EXP (a/1,) +y,, XN 1Y
R*=0.997,

(2) BKRIMAEZ K 1 mL/min I BE AT L R
AR FRINE] pHS. 5 (IR B, il 2 T pH M4k
W/,

(3) ffi FIZ 256 7 vk 5 2 R ) i IX A b A
JRATKY SHSO1 ~SHS05 #E47 T 18 08 1% AR 119 )52 1oz

30

TR | 25 S F W PP A A R 8 A= I
J2 I /NI K. SHS05 > SHS04 > SHS02 >
SHSO01>SHS03, SHS0S5 £l SHS04 A1 K A1 1) 5 1 1%
PR, ELVG SR T A R P A, B
ML A KA SO T P A 25

S 230k
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Test Bench Control System Based on Digital Cylinder Tube Valve

TAN Shuai', JIA Xiaoping®", GUO Lie', WU Tingjun®, DIAO Hejun', LIN Yuxin'

(1. Xiluodu Hydropower Plant, Three Gorges Jinsha River Chuanyun Hydropower Development Co., Lid., 657300, Zhaotong, Yunnan, China;
2. Dongfang Electric Autocontrol Engineering Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: In response to the current lack of means to test the performance of cylindrical valve relay products and the
problem of only simple product load testing, this paper designs a measurement and control system based on a digital
cylinder cylindrical valve test bench. This system can control a single relay test group or synchronously control all relay test
groups. By controlling the load conditions, displacement, loading time and other parameters of the six relay test groups on
the test bench, and analyzing the pressure, displacement, load force and other data collected from the experiment, this
study aims to explore the synchronization characteristics of the cylindrical valve under various working conditions and
avoid card sticking faults during operation. The cylindrical valve synchronization method of this test bench system adopts
digital hydraulic synchronization. The control system stores and reads experimental data through a data exchange
center. The data monitoring station reads data and transmits control commands through Ethernet. The operator only
needs to click the corresponding operation button on the control interface of the touch screen to simulate different
experimental scenarios.

Key words: test bench control system; digital hydraulic cylinder; relay synchronization control; control interface
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Study on Operating Characteristic with Back Pressure Change
of the Ultra-supercritical Steam Turbine

1 2
YUAN Peng', BAI Kunlun”"
(1. China Resources Power(Yichang) Co., Ltd., 443000, Yichang, Hubei, China;
2. Dongfang Turbine Dongfang Turbine Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: Back pressure change is one of the main factors influence the efficiency of steam turbine. Based on an ultra-
supercritical steam turbine developed by DEC, the operating characteristic with back pressure change was studied by
numerical simulation and performance test. The results were compared with a same type foreign turbine. The following
conclusions were obtained. Back pressure change has an effect on the efficiency of last stage and little effect on the
efficiency of previous stages. The last stage efficiency reaches the highest when the back pressure is 6. 7 kPa, and the
farther the back pressure deviates from the optimal value, the lower the efficiency of last stage. The DEC turbine’ s
operating characteristic with back pressure change is better than that of the foreign turbine. The shock loss in last rotor
increases when the back pressure reduces, and the flow distribution uniformity in last rotor deteriorates when the back
pressure increases. Back pressure change also influences the outlet Mach number and exhaust angle, which affects the
residual velocity and residual velocity utilization rate, and result in the change of the low pressure cylinder efficiency.

Key words: back pressure; efficiency; flow distribution; last stage
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A Processing Method for the Modification of the Cylindrical Valve of
A Large-scale Hydraulic Turbine

QIU ]unchengl, HU Xiangjiel, LONG Chao', SU Xiaowen®

(1. Dongfang Electric Automatic Control Engineering Co., Ltd., 618000, Deyang, Sichuan, China;
2. Deyang Licheng Machinery Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: In order to enhance the processing efficiency of large-scale hydro turbine inlet spherical valve modification and
reduce the processing difficulty, while ensuring the assembly accuracy of various components, this paper proposes a
modification processing method for spherical valves. By improving the processing technology, designing special-purpose
auxiliary fixtures and optimizing process parameters, the automated processing of key mating surfaces is achieved. This
method ensures the dimensional and positional accuracy of spherical valve assembly. At the same time, it greatly simplifies
the processing procedure, shortens the modification cycle, reduces the traditional reliance on high-skilled manual scraping
work, and successfully solves the technical problem of on-site processing of structural modification of large-scale thin-
walled hydro turbine inlet spherical valves.

Key words: tubular valve; processing technology; dimensional accuracy; geometric accuracy; on-site processing
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Research on Testing Platform and Testing Method of Pitch System

YANG Kai, LI Yumeng
(Dongfang Electric Wind Power Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: The driving capacity of the pitch system is directly related to the power generation performance and safety of
WTGs. In order to simulate the performance of the pitch system, a test platform needs to be established. This paper
analyses the deficiencies existing in the traditional back-to-back test platform during the testing process of the pitch
system, designs a new type of test platform, takes the dual-drive pitch system as an example to design a test scheme, and
verifies the feasibility of the test platform and the test method.

Key words: pitch system; test platform; test method
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Design and Development of Fiber-optic Acceleration Sensors
for Wind Turbine Blade Condition Monitoring

GUAN Xuemei', WANG Yuxiangl’z* , JIANG Enchao', WANG Liwen',
CHEN Xudong', PENG Fan'

(1. DEC Academy of Science and Technology Co., Lid., 611731, Chengdu, China;
2. East China University of Science and Technology, 200237, Shanghai, China)

Abstract: Large-scale wind turbines are becoming popular for onshore and offshore wind farms due to their low average
power generation cost and high output power. But this also puts forward higher requirements on its matching long blades.
Vibration monitoring is a common method for blade condition monitoring. However, with the increase of fan height and
blade length, the traditional piezoelectric acceleration sensor is also faced with a higher and higher risk of being struck by
lightning. In addition, the acceleration signals of low-frequency vibration of wind turbine blades are very small, while the
small charge signals of high impedance are easily disturbed. Based on the above background, this paper designs and
develops a low-frequency high-sensitivity optical fiber acceleration sensor for blade state monitoring based on the cantilever
structure. The sensor has the advantages of simple structure, good low-frequency response, sensitivity, lightning
resistance, and electromagnetic interference resistance, which can effectively evaluate the blade state and protect the safe
operation of the blade. It is expected to play an important role in prolonging the blade’ s service life and reducing the later
maintenance cost.

Key words: wind turbine blade; optical fiber sensor; cantilever beam structure
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Analysis of Risk Perception and Mitigation Technology Framework for
Distributed PV Grid-connected Operation Under
New Electricity System Development

LEI Yu, LI Luyao ™, CHEN Benkun, LIU Zexin, YUAN Mingli

(Dongfang Electric Power Engineering Consulting Co. , Ltd. , 611731, Chengdu, Sichuan, China)

Abstract: Under the accelerated development of new electricity systems, the large-scale integration of distributed
photovoltaic (PV) generation has significantly increased the risks and challenges for transmission and distribution networks
in terms of secure operation, power balance, and renewable energy accommodation. This paper proposes a comprehensive
technical framework for risk perception and prevention in distributed PV grid integration. The framework establishes a
foundation for state awareness through multi-source heterogeneous data integration and fusion technologies.
Subsequently, leveraging fault risk feature correlation analysis and failure mode and effect analysis bridges the logic of risk
perception, feature extraction, and quantitative assessment. Finally, key technical directions for risk early warning and
coordinated decision-making are proposed. By reviewing and analyzing existing research, this paper aims to refine the
logical structure of the technical framework, providing a systematic theoretical foundation and practical guidance for risk
management and proactive prevention in high-penetration distributed PV grid integration.

Key words: new electricity system; distributed PV system; risk perception and mitigation for grid-connected operation
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Analysis of the Effect of Wind Speed on the Performance of
the Concentrating and Collecting System
in Tower Solar Thermal Power Plants

XI Zhengwen"?, DING Lu"?, LIU Xiao"*

(1. Energy Cleaning and Low-Carbon Thermal Conversion Utilization Technology and
Equipment Key Laboratory of Sichuan Province, 611731, Chengdu, China;
2. Dongfang Boiler Co., Lid., 643001, Zigong, Sichuan, China)

Abstract: The site selection for solar thermal power plants (STPP) requires high direct normal irradiance (DNI) and low land
costs. However, regions in China suitable for STPP construction are often characterized by high wind speeds. Strong winds
not only reduce the performance of heliostats and receivers in solar power tower systems but also pose safety risks to
equipment. This study investigates the coincidence between wind speed and DNI, as well as the impact of wind speed on the
performance degradation of heliostats and receivers. On these grounds, design principles for heliostat and receiver equipment
are proposed, along with operational recommendations for high wind speed conditions.

Key words: solar power tower; heliostat; receiver; wind speed
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Application Research of Laser Welding in Welding
on Tubes and Tube Plates

YUAN Hao"?, LI Zhanlei®, YIN Runbang®, ZHANG Shuwei’, LIU Guohui’, LI Yong"*

(1. Clean Energy Low-Carbon Thermal Utilization Technology and Equipment Key Laboratory of Sichuan Province, 611731, Chengdu, China;
2. Dongfang Boiler Group Co., Ltd., 643001, Zigong, Sichuan, China)

Abstract: The tubes and tube plates jiont were welded by beam weaving laser welding and large spot laser welding,
respectively, and the surface quality and microstructure and of the joints were investigated. It was found that good
adaptability for the assembling clearance is obtained using beam weaving laser welding and large spot laser welding. The
surface quality of beam weaving laser welding’s joints is better than large spot laser welding‘jionts. And beam weaving laser
welding can remarkably restrain pores. At the same welding depth, the laser power consumed by beam weaving laser
welding is lower. The penetrant testing, microsturcture and mechanical properties of the beam weaving laser welding’s joint
was investigated, the results show that the hardness and strength of joint is higher than that of base metal, it proves that
laer welding is suitable for tubes and tube plates welding.

Key words: tubes and tubeplates; laer welding; beam weaving laser welding; large spot laser welding
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A Design of A Straight-hanging Energy Storage System Based on
High-voltage Cascade Technology

TAN Jianjun', PENG Wei’, WANG Yang'

(1. Dongfang Electric Automatic Control Engineering Co., Ltd., 61800, Deyang, Sichuan, China;
2. Dongfang Hitachi (Chengdu) Electric Control Equipment Co., Ltd., 610000, Chengdu, Sichuan, China)

Abstract: In view of the fact that there are many equipment in the industrial park, which has the characteristics of high
power consumption, long load time, and large energy consumption of equipment, the industrial park is prone to power
outages during the peak period of electricity consumption, resulting in shutdown and production reduction, thereby
increasing the economic losses of industrial users. In order to solve the above problems, this paper studies a cascaded
high-voltage direct-hung energy storage system, which can store the excess power generated by the photovoltaic power
generation system and release it during peak hours, which can not only ensure the stability of power consumption in the
park and relieve the pressure on the power grid, but also provide backup power in case of emergency to ensure the
normal operation of the park. At the same time, the electricity price spread of China‘s industrial parks is relatively high,
which is suitable for peak-to-valley arbitrage of energy storage projects. The high-voltage direct-hung energy storage
system can bring certain economic and environmental benefits to the enterprises in the park, and has a good promotion
prospect.

Key words: casced type; straight hanging; peak valley arbitrage
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Energy Efficiency Analysis of High-voltage Permanent Magnet
Synchronous Motor Applications in Water Supply Pump Stations

ZHANG Jiancheng

(Foshan City Gaoming Foshui Water Supply Co., LTD., 528000, Foshan, Guangdong, China)

Abstract: Water pump units were the main water supply equipment and energy-consuming equipment in the water supply
pump station of the water plant. This paper introduces the principle, development, and characteristics of permanent
magnet synchronous motor technology. It takes the renovation of a water pump unit in a certain water supply pump station
as a practical application case. After replacing it with a permanent magnet synchronous motor, the reactive power loss
was greatly reduced, and the energy-saving rate could reach 9.3 %. The energy-saving effect was significant. It could
provide reference for related new construction or renovation projects.

Key words: permanent magnet synchronous motor; asynchronous motor; water supply pump station; water pump unit;

energy saving
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