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The Analysis of Dynamic Correlation Between Neurons Based
on State-space Log-inear Model

SHI Li, XU Kun-eng, NIU Xiao-ke

('School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The research on correlation between neurons is the foundation to understand the mechanism of infor—
mation transmission and coding of neuronal population. A novel method called state-space loglinear model was
used to estimate the dynamic correlation between paired neurons, and data sieving methods were proposed to
improve the accuracy of model results for the effects of input data characteristics on the confidence interval of
the model estimated values. By extracting the characteristics of dynamic correlation curves, changing charac—
teristics of paired neurons’ correlation was analyzed and then the effect on information coding of visual stimu—
lus from synchronization between paired neurons was studied. Experimental verification was carried out in the
primary visual cortex of anesthetized rats. The results show that: the accuracy of the estimated value of the
model can be improved by removing the data with small firing rates, and synchronization between paired neu—
rons encodes the information of different grating stimuli.

Key words: state-space logdinear model; dynamic correlation; information coding; synchronization
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Parameter Optimization of Control System for Back to Back Converter
Station based on Genetic Algorithm

JIANG Jian-dong' , WANG Yi', ZHANG Ling5uan®, ZHAO Yu-hui’

(1. School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. State Grid Henan Skills Trainning
Genter, Zhengzhou 450001, China; 3. China Nonferrous Metals Processing Technology Co. , Ltd, Luoyang 471002, China)

Abstract: Parameters optimization of control system for back to back converter station is a effective way to im—
prove system operating performance. This paper researches the work theory of control system, derivates mathe—
matical model of control system mode, such as constant current mode, constant extinction angle mode, con—
stant voltage mode and constant power mode. Choosing ITAE performance index as genetic algorithm ( GA) a-—
daptive function and the value of objective function for parameters optimization, also is the process of parame—
ters optimization. Parameters determining method for GA is provided in this paper. Basing on this method, u-
sing Lingbao back to back converter station as an example, the results of final optimizating parameters ara giv—
en. Accodding to performance in transient process when AC side is in fault, genetic algorithm provided in pa—
rameters optimization for back tp back converter station is effective and feasible.

Key words: back to back converter station; control system; opitimization; genetic algorithm
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Application of Invasive Weed Optimization Algorithm to the User
Equilibrium Problem of the Urban Traffic

ZENG Qing-shan, LIU Wei

('School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Based on the evolutionary character of user equilibrium of the urban traffic, a new method which
can solve the user equilibrium problem is presented. This method ensures all paths which have the minimum
resistance are used by adding the shortest path step by step, and realize the user equilibrium of the urban traf-
fic by distributing the flow of paths based on improved invasive weed optimization algorithm( IWO) . The effec—
tiveness is verified by solving the user equilibrium problems of one complex urban traffic network. It proves
that the new algorithm can get better solution of the user equilibrium problem after comparing it with the meth-
od of successive algorithm( MSA) in solving the user equilibrium problems of some complex urban traffic net—
works.

Key words: urban traffic; evolutionary character; user equilibrium; invasive weed optimization algorithm;

method of successive algorithm



20154 1 A
$368E 14

Journal of Zhengzhou University ( Engineering Science)

O K == (T2 ) Jan. 2015

Vol. 36  No. 1

XEHS: 1671 -6833(2015) 01 -0015 -05

e & DGS I i iK ss H)i& it

T ow, BRANGE
( Mgl R B bS5 H A TRE2ERE, Hlr 221 730070)

OE RBT AL DCS P KT BT AR R DCS, 5 T F A b RALR
HATRHE T A THEAN T ZEH0M A TR DCS MM F4H R F A BB LK GH A, i
M) B TAKGE R ok B3kt , 4 A A HEFSS F= MATLAB 3735 T sT4% 3t 69 08 ok 28 A& 3h 5 2 A A it
45 B, AP sk ey R R AR ARAF O — Bk R AN, IZ M TR I m sk T @ AR 69 M 0L T 4E 3

FAKAY ZRIR A0 S W I IRIA R
KRR HFibdH, Fae®k, KEREE
HESZES: TN817 MRS A

0 35

AR S, AN A 45 #4 7 PBG ( Photonic Band
Gap) & T 7 B 45 #4 I DGS ( Defected Ground
Structure) B[ $2 #4544 11 1T 58 © 28 A #A
FIUREL FDG T BRE5H ( PBG) 6L, Bl f He b 45
F4( DGS) &1 43 i 422 P 1oL ok 20 e ) Pl
8. I PR L B AR R L R O A
TTT AR B 28 0 A 205 rL AT R 25 il A5 Pl
DGS S5 44 B A Sy 22 5 AT 1% I8k 4 1 A0 B 4
£ H PBG 5 LAk, DGS Z5H {1 >k
BE BTG B, B B Bt O RS R I BB H T
GERULRE 1T PBG 4544 /2 f 5 T BB BTG 2 A
AR BE B 1), B A It o 00 23 R o 2 471 [ B8
HEF T XU 2549 5508 22 I de g . A, DGS
SR EA SR 5, 5 T RGBS 43 B RN AR AL
H, AR AT, TS T G P B S B I FH 7 f
Posi. © 7 2 W H T i Az oK i iy et .

SEE TR e Y DGS TRy 42 114 45 34 i B AR
FIH HFSS F1 MATLAB 43 51 %} g 59 DGS #50 K
H AR BB AT B A, 9 e AU DGS
TS HL A X A F R ) 52 ).l DGS
SERE ) ety D U 25 R TR UE B AR B AR AR
IR

i

W= B H#3: 2014 - 09 - 30; i&{THH#A: 2014 - 11 - 19

doi: 10.3969/j. issn. 1671 —6833.2015.01. 004

1 #eB DCS BYSTER 1 K S 20 B

1.1 %3 DGS By L5+ 2 B A5 2R 4 i

w1 s, kA DGS S 2 MEIE A ER]
ZIHY 1A TR A B O e HRSCk (1] A
(7 PR Y DGS PRITAH R A S50, A T Ry
h=0.787 4 mm, M HLFEEL &, =2.2, RT3 &
w=2.4mm,a=b=5mm, n=6,g =0.38 mm.
FH HFSS Xt 1 Hr i) DGS Z5#4 #4705 5., I 5 3¢
ik [1 ] PR EA4 7 DGS {5 HLZ5 5T H &l 2 fifs.

E1 3 DGS B RER

Fig.1 Schematic view of snake DGS unit

XiF BEIR] — 0 PR [R) G548 i 15 B4 2R nT
0, g DGS S5 S £ P ) RE T ke e 1o AHUF
FEARFR S WAL 7Y DCS 548 — 5, e HUR 48 B ¢
1 &0 o ML A% 1Y DGS A% A 287 A IR
FR T B RO R T R R SE T R I 7 AR A IR
PR £ g A DGS 2544 530k [7 -8 1421y

EE&UE: HEARPIEREE R B H (51167009 /E0703) ; ki 78 # £ % B3 H (2011X008-D)
BIEVEE: B/NiR(1966 —) 55 HR KK, 22 Al R 2 2082, 1 b, RS LR~ T H R AL B S 450 05

AT , E-mail: xqchen@ mail. 1zjtu. cn.



16 KB R 2 2 4R (TSR R

BRERY DGS £ LA, 1R B BT ot B T RS 22 19
UL T TRRERE ™ A5 MBI R, H 324
R AN L7 N | R

b o
R

- IETEE21
e A ES21

W AEMS, 4B
!
Y

B I T T S S R S T
MR O Hz
2 3 DGS 5448 DGS BT ELER
Fig.2 The simulation results of snake
DGS and dumbbell DGS unit

1.2 g3 DCS £ EN B BIRE K SHN
$REL

WES4 7 DGS 4544 5 LC FFIE iy B A B, BAT
P U D S A R 4R Y i 7
DGS HTTHAT WA 9% 495 5. B ik, 1) P 1
LC JI rit [ F) 3 Ik rht [ 0 25 4 S v g 8 DGS B
TC AN IR A A LC I L B ok k. 5
BRI 28 R AR B8 A5G B P B e A S5 R 2%
B IETE N, LA~ RLC 881K iK% ke 255
P 3 Fs. BT L (2) TS S5k K Y
S8, B R st (3) 4501, i DCS HIT Y
HL 0 2L 5 A R ) 7 LA TR 4 RS

g 10

I, Ly
[LC: m
{ P
Zy B, Ry

B3 #pE DGS B TH SRR iREs

Fig.3 Equivalent circuit model of snake DGS unit

FABHs R
i
prd

Wi § 45 6
W IGH
B4 @3 DGS BTRUITESEHERNHTERE
Fig.4 Simulation of electromagnetic and

equivalent circuit of snake DGS unit

C= I . (1)
w, w,
w208, (wi - uT)
c 0

2015 4F
L=—y (2)
4 f,°C
27,

. (3)

R =
1 1..°
= (2Z,(wC -—)) -1
«/Su(w) E (2Zy( wL))

2 BB DGS ST XINREFE RIS

P SCHik [2,3,5, 1143 1 T %0, 520 DGS filf iy 48
BEAT R ) S BOR SO 2 PN TE B K 58 b
I RIBE BRI 98 g U JE 355 A58 n. T THI T S g A
DGS ZHUE A XS W AR A 52 . 228 DGS Hop
(ISH SRJG FI A HFSS = 2k o 15 {1 A4 T 5
FLMAT Ll T B AT A B A A A 1 3 dB
L A RT3 T SR X 7 1 45 258 F, J (T
FLZEAEL L AT S 008 Al ) A8 AR P
2.1 AxtieE DGS KIS

FETE 1 FRiiei DGS 454, BUS 4 58
w=2.4 mm.J5RE I TE b =5 mm. g HY 4% B AG v R
g=0.38 mm U JEH % n =6, BB IrE K o,
I3 @ =3,4,5,6 F1'7 mm X )47 B4 R0
Bl 5 fis. BEE TR o B3R, BUEAIR AR IR
WA IO Ml R /)N, L A R ke 0N, A 2 3K
(1) \(2) AT A5 R0 H i 1) LR AL B @ P38 KT
R, FAH AR FF AN AR, o S0 B L
e

e g
el gy i)
e 6] ==
ennpenne. g T

)

ARS8
8

w3

5 ¢ 7 & 3 1o
B O

B 5 FAigK a3tieE DGS HIF N
Fig.5 Effect of square long (@) on snake DGS

WS w=2.4 mm. FHEAK ¢ =5 mm.
ISR i g =0.38 mm Fl U S5 % n =6, 2
ITHERITE b, 3 b =3,4,5,6,7 mm X L H
i ELE RN 6 s, B A& e b i3 K
IEAFTERFEAIRAE R H /)N, 25 — A BHAT BEAR AL,
FEZW BT R AL (2) HHEAR
SERUCH B Y PR S (B RE O (8BS T DR/ )N L A I L Je%
{ERE 2z 35 O, Horp Bl L, M 1{H C, 28
1L .

2.2 SERExTEEE DGS BIRNE

ST 1 FRAEE R DGS 2548, US4 55>

w=2.4 mmFEHEK a«=5 mm.5 b =5 mm Flig

v 2 3 4



514

T, A5 bR DGS i BRI RS I T 17

BRI U B n =6, BRI RIAY 58 g, 43 T HL g
=0.2,0.29,0.38,0.47,0. 56 mm, X} Jj [ 1) BEL 45
RANE 7 R, B g B3GR, B AT AR R AT
FEAE R M 3G O, F P R AR S, YGRS B S R
(L) (2) RS SFHCR 0 AR g 1Y
I/, LA R g 38 MG s R, Ho i
ZMH C, WIRP.

0

10} b=}
15 i fy=d

b=l
e fF

5 6 7§ 5 10
S AT He

E6 Fig3%E b xtipE DGS KM
Fig. 6 Effect of square distance ( ») on snake DGS

1 2 3 4

7 HEREEXTEER DGS BRI
Fig.7 Effect of gap distance on snake DGS

2.3 BAHITERE DGS BRI

W N w=2.4 mm. K ¢ =5 mm.
Vi, b =5 mm FIERIGE g =0. 38 mm, BUEHEHY ) U
e n, 3B n =2,4,6,8, X W 915 E4%5
WK 8 s, BE U B85 8 n 3G R, AR A
SRR HRAT 3 AH 0L %) Il N T W8 5 /0. R 8 =X
(1) \(2) THEEAS R i B A HL A L, BE n Y3
KMt/ , B 288 AR A Bl =2 38 K, o L A5 (B C,
S EERT

A S, MR

E 8 UZEGSH n 3taeE DGS RN
Fig.8 Effect of U-shaped inflection

point number ( r) on snake DGS

Zi LA, al LGE i 2 g DGS S5 12
Wa,b,g M n ASLIHA R ZER A B DR,

TEJG T P BE P AR BT F R AT L A B A E Y
ZH0 a,b,g Al n, SCILUE B AR O PLAL BT, DT A
€ DGS-LPF 1 DGS fy R~}

3 DGSRBREEERIZIT

LPF 5 DGS 4544 1) 55 5500 B AR BL, P 0 H 4R
SEEROTIF L. A, T DGS S5 44 1 55 24
BRE TG LPF Al gEAT Ay B o0 i o g 4R
S A DGS (A 45 14 1 AIGE U8 3 & LPF SR 50 iE
SRR TR I IE PR S T AT, AniEl 9 PR fKGE
Je AU Y8 0 i E R O K P 7 R 5T B, 2B IR
THIEPE AT, B 6 f B DGS 4544 ok S8R, 1 IF
WK FRL 28 Fh RS FEAMER AR S Z ol S B, RITET 10 vh
w, =15 mm. D) DGS-LPF A 55 3iE 35 3 77 i 19 1
Pk, R TR 1 82 e e DGS 4544, 240053 %)
WHa=b=5mm,n=6,g=0.38 mm,w, =2.4
mm. 8 2 S5 E AT ) DGSLPF 1 45 % vy, % 4
BT fizs. Hor, 4 By LPF (9 55 2% r B b (9 P
FREXAY LC R I L % ] DGS 2541 8R , T Bk L 2%
C, F1 C, HARBABLAL fin 2 A8, M 45 i1 DGS-
LPF {2547 B & 10 Jr7R. AR 4 SCak [8 ] o
UE AR A BT U R R LPF A% Ak i 4 oo
Fon JFFIRAK(4) (5) Tl B E SR A
(B Hoir Z, 9 s BT g, o 0T S A e 4 1Y
RIA—SH8(n=1,2).

L, =" (4)
w(‘/l
gll
C = ; 5
=T (5
1 1
——=—(w,C, ——).
- (w wL) (6)
Lif g, ol g}

:[ Clg,)

9 DGS-LPF [FAIHE K
Fig.9 The prototype circuit of DGS-LPF

FHEL 1 R i B DGS 250 (081K 9 rh
HURE L, Ly R 4) L (5) AN 6) 15 Hh AR ST
Hw,,L,,C, WM. H2A(7) RHETEH 15 mm,
HLZAME 08 €, Fl C, BARFRTGZ K £
=4.732 4 mm.l, =1.460 0 mm. K Ag Fl Z 4>



18 KB R 2 2 4R (TSR R 2015 4F

S 15 mm 1% iy 26 X R ) B RE R BB (R TR
i, B T RAFTERA NG R s L, L R, R
o 3X(8) HEAT A i L IR TR R AE AL Y LC H
B B 2 SR B 1 4 S S U, 7E HFSS
F1I MATLAB R5EF 43 5% &% 4 DGS (%) LPF #£47
FL B0 £ LN A58 L O L, S5 SR AN 12 .

l, = /\fgarcsin w,ZC,, (7)
21

S
=~
S
-~

o
B

—
llil'
s
K

-

7
i

E 10 DGSLPF R~EHE
Fig.10 Schematic view of DGS-LPF

o m H Can o

J— j—

11 DGS-LPF &35 F8 B %A
Fig. 11 Equivalent circuit model of DGS-LPF

=

%—

W

8 s

oy o LT

ﬁn—zo- 8

B3 1 4 s 6 7 & 8 10
BECH:

12 DGSLPF MEHFESEHREHE
Fig.12 Simulation of electromagnetic and
equivalent circuit of DGS-LPF

P T 12 A] R0, 32 10 BSR40 B L 5 s T
g7 DGS FATT Y WGV %, o 56 S50 Ha
() LPF [T A5 & SE PR, X U8 I A7 7F 3. 2 GHz
ﬂn 5 GHaz 4k y=Az AN BHLAT , fEA S 11 7 7k

TR DGS {138 U8 I 2% 1Y S5 20 L % 1) F S L 5

FL G AT FLAS AR B IR wo, Z RIS R4, HitH 45
M, =2.202 GHz, 5H7 B 5% w, =2.247 GHz
MHZEWARIR K, IEH Tﬁufrﬁﬁéﬂﬁﬂiﬁﬁ V. 7]
B, FE S T AT AR B8 A [ 0 0 23 2 5K 35 X
ke DGS f AR S %K.

4 &g

SEETEMES AL DGS Z5 4 (i Bl B4 il 1T —
Fofbe R BE PR MU A5 AL, R4 Y T LA A A Y.
GG A DGS ALY , 45 F 76 A3 ke e 1o
BT UL T 2RAS (9 208U R AR 77 2B (9 I IR A3
RS 2. GRFRW], B 74 R R, ik
PR A1 Bl SEBR TEBE g ISR, L R T
s BEE U B 580 n B, O EIR AR AR R
Jig R DGS Bt LPF 2520 ) MATLAB )5
L5 HFSS AL 5 HA5 R AW 5. WEB 1%t
Tk IE R

2% Lk

[1] PARKJI, KIM C S, KIM J, et al. Modeling of a
photonic bandgap and its application for the low—pass
filter design [C]//Asia-Pacific Microwave Conference.
Singapore, 1999: 331 —334.

(2] hif, SKAEPT, $6H5. DGS Rey ek deas e it (1]
AR 15,2005,27(6) : 52 - 54.

(3] XU S, ZEAEWL, PGB , 55, — 0 700 1) ) B 2%
BRIz s M o 2k (D], 204 5 2 K P
2004,23(6) :431 -345.

[4] DAL A, PARKJS, KIM CS, et al. A design of the
low—pass filter using the novel microstrip defected
ground structure [J]. IEEE Trans on Microwave The—
ory and Tech, 2001, 49(1): 86 -93.

(5] Ak A — K, AT, S5 7 b 2 b 4 A Y i
TR ARATST [ ] M B TR 4 AR BHFA I,
2009,32( 6) : 763 - 766.

[6] PARK J-S, YUN J-S, PARK C S. DGS resonator with
interdigital capacitor and application to bandpass filter
design [J]. Electronics Letters, 2004, 40( 7): 433 -
434.

[7] KIMCS, LIMJS, NMAS, et al. The equivalent cir—
cuit modeling of defected ground structure with spiral
shape [J]. IEEE Electronics Letters, 2002, 38(9) :
2125 -2128.

(8] HHL, IMRME. DGS 2Rtk 43 BT K HC e e ik
KA [T A0 Tl K224 [ ARFE 2,
2007,29( 11) : 1380 - 1383.

[9] LIMJ, KIM C S, AHN D, et al. Design of low-pass



514

T, A5 bR DGS i BRI RS I T 19

filters using defected ground structure [J]. IEEE

tional RF and Microwave Conference,2013: 184 — 188

Trans. On Microwave Theory and Tech, 2005,53( 8) : [13] KUMAR A, VERMA A K. Control of stop band using
2539 -2545. spur line resonators of DGS based low pass filter
[10] INSIK C, BOMSON L. Design of defected ground [C]//1EEE Students’ Technology Symposium. 2011:
structures for harmonic control of active microstrip an— 61 —64.
tenna [C ] //IEEE Antennas and Propagation Society [14] LIMJS, KIM CS, JEONG Y C, et al. An advanced
International Symposium, 2002( 2) : 852 —855. equivalent circuit of spiral-shaped defected ground
[11] TH. 3T SCS iy UWB jEikasikit [J]1. T ot structure [C ] //34th European Microwave Conference.
5k1kF,2013,32(9) : 42 - 44. Amsterdam, 2004: 1357 - 1360.
[12] KHAN M T, ZAKARIYA M A, SAAD M N M, et al. [15] LIM J S,KIM CSLEE Y T, et al. A new type of low

Parametric effect of defected ground structure ( DGS)
on frequency of a bandpass filter [C]//IEEE Interna—

pass filter with defected ground structure [C ] //Micro—

wave Conference. European,2002: 1 —4.

Design of Snake DGS Microstrip Filter

WANG Ke, CHEN Xiao—giang

( College of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: A snake DGS defect structure which uses snake-ike gap instead of rectangular gap into the dumb-
bell DGS is introduced. An equivalent circuit is built, meanwhile, the relevant circuit parameters are derived.

Control variate method is used to analyze the influence of parameters variation to frequency characteristics and
circuit characteristics of the snake DGS defect structure. Furthermore, this kind of structure is put into the de—
sign of low—pass filter, simulation of the designed filter and its equivalent circuit model is done separately by
MATLAB and HFSS. The results of these two methods are coincident.

has lower attenuation frequency and more resonant frequency in the case of maintaining the area of the defects.

So it can be drawn that the structure

Key words: defected ground structure; equivalent circuit; low—pass filter
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Ant Colony Algorithm for Solving Continuous Space Constrained
Optimization Problems

JIAO Liu—¢heng, SHAO Chuang-chuang, CHENG Zhi-ping

('School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: With ideas of ant colony algorithm and penalty function, an ant colony algorithm, which can solve
continuous space constrained optimization problems, was proposed. We adopted the penalty function method of
adjusting its value of adaptively to transform the constrained optimization problems into unconstrained optimiza—
tion problems, and then combined with the continuous domain ant colony algorithm of adjusting its global selec—
tion factor and the value of the pheromone evaporation factor adaptively to solve the continuous space constrained
optimization problems. And through programming solution of one benchmarking function, we compared the re—
sults with those of using fixed parameters ant colony algorithm, it was verified with correctness and effectiveness.

Key words: continuous space; constrained optimization; ant colony algorithm; penalty function method
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Tab.1 the main components of the crude phenol
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Tab.3 The results of material and energy balance
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Tab.4 The process parameters with three columns
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B1 49 4.81 35 30.943 0.340
B2 25 5.23 16 7.508 0.132
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Fig.4 Flowsheet of two-columns distillation process
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Tab.7 The streams results for DSTWU and RadFRAC

e fRi B3 JERE A
DI D2 DI D2
F NI 0.915 0.054  0.857  0.013
A[8 1 iy 0.081 0.079  0.098  0.047
X H iy 0.004  0.861 0.045  0.850
Z 9x10™°® 0.006 6x10™° 0.090

RadFRAC #EHORAL AT LT R AZ T3, o m]
LT 1T+ 5, B i@ i Design Specs % #i i 1&
(B EEESR , 0 3 A D b s T ES) 7
SHERHG R R L ( D/F) 1R/ R 3 67 i
WEOH G, AT E B BL rh R W 9 T o Al R
99.0% , [nlift AR AL Bl E 9 1 ~ 10, &5 2R Al
153, I A 2. 87, 7= S 2 2 5 225K L il i Rad-
FRAC ST [ IR GE , B 2 T A WU i 24
BT LMSHOLER 8, Je Bl A I i 73 A h 4%



514

P, A5 BT Aspen Plus BB R WIkLE 9 70 BORS il 31

Bt SRR A T B o B UL 5 A 6.
£8 EMTHIZSH

Tab.8 The simulation process parameters

BI(R=2.87, B2(R =2.44,
ZH N =29) N=31)
BT IR F T B
SELEE/C 113.81 134.25 126.10 143.60
WAM /KW —16.79 21 -14.90 15
it e/
B 28.44  71.57  30.06 41.52
(kg-h™)

S S E S TR ¥ R TR V|
Pl

5 ¥ Bl R EEETUME
Fig.5 The variation of the temperature

for each plate in column B1

. B - 1. 2
P03 G, —m— 3
@%K‘wmwm
—a— 3 5- " HiE
0.759 —
e,

B 6 5 Bl B2 ASHEREAMS Lk
Fig.6 The mass fraction of each

component in column Bl

4 g

HIHT Aspen Plus it B LUK, 41 3B AL
R UL B 2 23 R 5, W AR BT T RIS
HELEI AT 18 T2 A DSTWU faj S i 5 5
X L ASBAT O, i s T2
SR I B S SRR G Y BN T L
TR A RUEAG . 2E—22H ] RadFRAC A5 #%
BRI BETHAE R A AT REAZ SR, - 2555 10 A 22
OIMT T e AT 8] 1 R B BRI T A 24L

N ETAR R TT RS T A

S 3
(1) 57, Sk, Wk, % Bk mas

(4]

(5]

(6]

(7]

9]

[10]

(11]

[12]

[13]

[14]

[15]

B IR G Ui R i (). TR 4k T, 2012,29
(17) :50 - 52.

FEE BTGRP WA Y R B A B )
(1. HEBestqk, 1997, 20( 1) : 14 -19.

NI, ThmE, MK, 4. BRAE o IR AR
A RIS S BT L] RHAE T,
2013,42(4) : 713 -1716.

SKAT, V. LT Aspen Plus (% TR 2% 1 24 B R
fefk U], dEatfb TR ARREART, 2000,
36( B11) : 109 —112.

2. Aspen Plus 7ERE AR AE 2007 iy Rz LV,
RO 5 0 ,2013(26) = 32 -32.

MORE R K, BULASARA V K, UPPALURI R, et al.
Optimization of crude distillation system using aspen
plus: Effect of binary feed selection on grass — root de—
sign [J]. chemical engineering research and design,
2010, 88(2): 121 —134.

FIRCE s, EADR, 45 GRS A R
BRI ) 0 B I S RERLTE B (D). B e R,
2011, 36(4) : 660 —664.

PG, ORBE . R BEh & 25 A U R
PERE AR e (D], R R, 2009, 28 (8) : 132
-133.

SKRIIWT, HIERE , QKB UM Gk PR % )
H o ], ebS4ET, 2012, 42(6) - 50 -51.
WEBER L. Gas chromatographic determination of uri—
nary phenol conjugates after acid hydrolysis/extractive
acetylation [J]. Journal of Chromatography B: Bio-
medical Sciences and Applications, 1992, 574 (2):
349 -351.

PNILE, ZE6ET7, RE-bhR, 45, PUARAS iRIE i Rt
W] AHEAR SR, 2007, 25(2) : 147 - 151,
P22 S0 A T AR AL S I——Aspen Plus #(Fi
(M. gt b2 Tk i, 2012.

RN, TR, ACSCRH, A, ) BORS 1R AL
FIRESRAH ], AT, 2012, 41(11) : 1990
-1992.

VETERE A. NRTL equation as a predictive tool for

vapor — liquid equilibria [J]. Fluid Phase Equilibria,
2004, 218( 1) : 33 -39.

Wier, MPE . Aspen plus BEAUIER T HAS UM i 4
T LR U] SPaaihfe T, 2009, 37(3)
182 —185.



32 KB R 2 2 4R (TSR R 2015 4F

Separation of Gasification Byproducts Crude Phenol Based on Aspen Plus

LI Hui-ping', LI Huan=xin', LI Xue-ping’, ZHANG Dan', LIANG Shu-gin', LIANG Xue-bo®

(1. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China; 2. Yima Gasification Plant,
Henan Gas ( Group) Co. Ltd. Yima, Sanmenxia 472300, China)

Abstract: In this paper, the three towers and two towers continuous vacuum distillation process were designed
preliminarily according to the component characteristics of the coal gasification by-products of crude phenols.

The separation process was studied systematically by using aspen pus with the NRTL property method. DSTWU
simple design model was used to calculate the required process parameters firstly, and the appropriate process
for the separation of the system was determined by comparing the obtained parameters. And then, RadFRAC
model was used to carry out the strict checking of the results of parameters, the process parameters ( i. e.

numbers of the column, the feed stage number, and the reflux ratio) of the two towers was obtained eventual—
ly, and the main operating parameters and working conditions was also determined. It was designed to estab—
lish a foundation for the process development.

Key words: crude phenols of coal gasification; two columns; three columns; reduced pressure distillation;

aspen plus simulation
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Analysis Of One-Phase Short-Circuit Performances of Dual Three-Phase
Permanent Magnet Brushless Ac Motor

QI Ge, BAI Zuo=ia, LIU Xiandin, SHI Li

(* School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001 , China)

Abstract: The electromagnetic performance of the electromagnetic field distribution, flux linkage, current,
and output torque and so on are analyzed, when dual three-phase motor is in fault condition of short-circuit of
one phase winding. At the same time, it is compared with traditional three-phase motor. Results indicate that
coupling between phases of dual three-phase motor is very weak. In fault condition, the fault phase of dual
three-phase motor dose not affect normal operation of non-fault phase which makes it can still continue to work
within the acceptable range. So dual three-phase motor does not have to stop on the way, and has a certain tol—
erance, and is applicable to the occasion which has special requirements for motor.

Key words: dual three-phase; permanent magnet machine; fault-olerant performance; one-phase short-eir—

cuit
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Preparation of Carboxymethyl Cellulose ( CMC) Using the Waste Liquor
of the Viscose Fiber Industry

ZHOU Cai—+ong, XU Min—¢giang, WANG Xiao=song, WANG Hai-feng

( School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In view of the actual problem and the characteristics of carboxymethyl cellulose ( CMC) synthesis
process, the waste liquor of the viscose fiber industry as main raw materials with wood pulp was used for pro—
ducing carboxymethyl cellulose ( CMC) . The effect of gradient heating in ethrification process, along with the
addition of urea, sodium silicate sodium in alkalization process and the addition of tetraborate in the etherifica—
tion process on the properties of the modified CMC were studied and explored by single factor test. The results
show that the modified CMC with the best properties were obtained by third-order heating ( first-order tempera—
ture of 55 °C, temperature of the second order of 70 C, and third-erder temperature of 80 °C) for etherifica—
tion reaction. Meanwhile, 3% urea and 5% alkaline sodium silicate were also added in alkalization process,
and 6% tetraborate was added in the etherification process. The viscosity of the product CMC was up to 2486.

7 MPa © s, the substitution degree was 0. 65, the acid-viscosity ratio was 0. 416, salt-viscosity ratio was 0.

547. Compared with previous modified CMC, the indexes were promoted by 97.17% , 23.63% , 57.53%

and 45.55% for aboved-mentioned performances, respectively.

Key words: viscose fiber; spent caustic; CMC
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Tab.1 Regression analysis and detection limits of benzothiazole and 2-mercaptobenzothiazole
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IrESEIERE 3 R B R INEE 2 R, FTLLE Y,
AT FIGEIR T 255 3 2 I WE MR (14) e K AH X Ao 1 i
24358 0.45% F10. 63% , P B AT 52 Jy e 11 &

2.4 [EELIE

WARNR T2 500 B SO0V ol 3 A0, 433l
T — 22 B 18 248 F- 1 1A 1T 23550 56 4% - 1 A s
b SR IE 7 R RE R R g 2 F R E e , b4 T
WIS S0, B VA AR 3 IR TR R, 45
R 3. ph R ] 0, 2R T R M L 2 55 5 OR - I
BN A |1 e 43 G 98, 20% ~ 101. 03%

SR BUSBSEREES, 3 4043 IR, XF AR S 98.78% ~99.706% , it AR AL ) €3k 4444 R il

BT 4,5,6. G5 RRN] SONRAES BOREERETE R AVRAGHER R RS , n] T AP EM S i T
G A 5 JRE S L N et B E A RS .
R2 EFEM 2ZREXFRU A ERN
Tab.2 Detection of the precision of benzothiazole and 2-mercaptobenzothiazol
FEh I WEME 2GR
£ e/ (g L) P/ (g L7 RSD/% MsEfE /(g L) FI4fE/ (g L™") RSD/%
0.048 2 0.094 7
1 0.048 1 0.048 1 0.12 0.095 2 0.095 1 0.38
0.048 1 0.095 4
0.227 5 0.148 0
2 0.228 3 0.228 1 0.25 0.1479 0.148 2 0.25
0.228 6 0.148 6
0.416 1 0.270 8
3 0.4199 0.418 0 0.45 0.267 6 0.269 5 0.63
0.418 0 0.270 2
0.143 7 0.112 4
4 0.143 0 0.143 2 0.31 0.112 8 0.112 8 0.35
0.142 8 0.113 2
0.172 8 0.201 2
5 0.1729 0.1725 0.35 0.199 8 0.201 0 0.58
0.171 8 0.202 1
0.217 8 0.249 7
6 0.216 4 0.216 8 0.40 0.248 6 0.249 9 0.59
0.216 2 0.2515
F3 FIFEEMFD 2-SFE R I v [o] I Z 4G
Tab.3 Detection of the recovery of benzothiazole and 2-mercaptobenzothiazoc
. I 2SI
gﬁg iR, WE R RSD/ TS VR i{a/ EIE] RSD/
(geL™)  (g-L7h % % (geL™)  (g-L7h % %
0.361 2 0.226 9
1 0.360 0 0.360 4 98.20 0.49 0.226 3 0.225 8 99.52 0.36
0.363 8 0.227 4
0.450 3 0.407 3
2 0.450 0 0.4529 98. 60 0.29 0.407 2 0.408 4 99.76 0.14
0.4512 0.407 5
0.507 3 0.3159
3 0.500 0 0.5117 101.3 0.45 0.316 7 0.316 5 98.78 0.22
0.508 2 0.3173
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(4] IR HHESE, FRIEE. 2 - HUEFIFUEM: A AL

ks B BRIEE [J] AL T A= 55K ,2012,19(3) : 8
4 # ] Hypersil C18 %I iz #H 0% 4%, DA V -9.

(I : VOK) =50:50 fioitianine ki ) SO BIRAE TR A
VESAREY pH 7.0 ~8.0) 37 T IS £ Jb T AR "

2ep 2011,
N S 34 19 >e 34 158 Wk 14 S I\
PO VEWE AN 250 AT IR RRIGHRA T (1 g om0 2 - s

Mr 7. %07 i B BT (ARG % B FIERR B, I AE S [ J7 1 o [ ON102435685A [P 1. 2012 — 05
7 min PN 5EREA AR W ) 428 4 B, TR FOR —oo.
FFWEME G B T A K AR SR . (7] Zef. 24 0F 168 M 1 VAR €0 3% 43 7 7 e b
. CN102435686A [P].2012 - 05 -02.
SE 3 (8] s Zzmi. Talkge/k AL AR M ) HPLC 4347 K
(1] MG T3 1, Bvk, 5. 5 e e 3 A 0 9 A B B W R AT ¥ (D). P L ER B WS, 1996, 12( 1) : 24
R ERETISE [J]. 74 HF B 45,2009, 31( 13) : 20 -25.
-23. (0] FALFy RN VT SC R, 45, 0 0 kE R X 126 4 T
2] WEHR, deazde, SO A FEIREEM KRB A W i AR AT MR A (D). B Tk 2 B 2
PERFFEHERE (1], ZRUR R 2, 2005 ,33( 7) - 1254 : AAARLAART,2012,27(4) : 65 ~68.
~1257. [10] g, 22 35, T . B0t (i vk ] i ol s
3] BRIT. B8R S R e K KR M A R T2 DRk AN (3. SN K2 4R T2 R, 2013 ,34
WF7E [D]. 75 %: 7 SRR T2 5, 2012. (4):73-76.

The Simultaneous Determination of Benzothiazole and 2-mercaptobenzothiazole
in the Reaction Liquid by High Performance Liquid Chromatography

ZHAO Jian-hong, ZHANG Mei-mei, CHENG Xiang-din, WANG Jian-she,
WANG Liu-cheng, SONG Cheng-ying, ZHANG Jia-i

(' School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: A method was presented for the simultaneous determination of benzothiazole and 2-mercaptobenzoth—
iazole in the reaction liquid by high performance liquid chromatography ( HPLC) . The analysis was performed
on a Hypersil C18 column (150 mm x4.6 mm i. d) with 50: 50 methanol-water as the mobile phase ( mobile
phase with ammonia ,pH =7.0 ~8.0) at a flow rate of 0. 9 mL/min. The samples were detected at 254 nm
with an UV detector and the column temperature was 30 “C. It was found that benzothiazole and 2-mercapto—
benzothiazole could be well separated under the chromatographic conditions. The linear ranges of the mass
concentration were 0. 047 ~0.426 g/ and 0.059 g/L ~0.273 g/L respectively. The recoveries for them were
98.20% ~101.0 3% and 98.78 % ~99.76% . The maximum relative standard deviations were 0.45 % and
0.63 % for benzothiazole and 2-mercaptobenzothiazole.

Key words: high performance liquid chromatography; benzothiazole; 2-mercaptobenzothiazole
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Tab.1 Industrial analysis results of coal sample %
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Fig.1 Temperature trends of different coal samples
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Fig.2 Core temperature curves of coal sample
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Tab.2 Relationship between critical ignition temperature and size
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hk/ -
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Experimental Research on Inhibitors of Coal Spontaneous Combustion

WANG Yaoing, CHI Ji-an, CHEN Duo

('School of Chemistry and Material Engineering, Henan University of Urban Construction, Pingdingshan 467036, China)

Abstract: Coal spontaneous combustion is a serious problem for coal mining industry. The use of inhibitor to

prevent coal spontaneous combustion is one important measure. To identify a high efficient inhibitor to sup—

press the self-heating and spontaneous ignition of coal, the inhibiting effect of CaCl, inhibitor and MgCl, inhib—

itor, NaCl inhibitor, combined inhibitor was investigated by H,0, oxidation test and activation energy test.

The results show that each of four inhibitors is efficient and the combined inhibitor is best for preventing coal

spontaneous combustion. In addition, the combined inhibitor is nonpoisonous and convenient in use.

Key words: inhibitor; coal; spontaneous combustion; inhibiting effect; activation energy



2015 4
%36 &

1 A
513

KBOMR S e (T 5 )

Journal of Zhengzhou University ( Engineering Science)

Jan. 2015
Vol. 36  No. 1

XEHS: 1671 -6833(2015) 01 —0045 - 04

AN

03
00N

900 MW JE 7K HEFR

A,

ny

T/RAFEHEHE

IR, HLE, RBwp, hgE

(L ARAEK K B FAEE TARRBFFE G i S 4500115 2. b ARdA TR BT R B b 7 %< 050000)

i

A3t B RS IAT AR R 3G A A

2 5w

BR) . &R AW EGAFHNE R GHEAE

YN
WE R

ik 338.2 C; 35 koH

E: 4900 MW R, 32 5 THGHBES A T oA XA COBRA - IV #4704 5K TR

B B i J o e s 38 18 AR B 2647 9P I Yo ( DN-
%5 R ik 1 350 °C; A iR kA 6

R ey o S

e S B MR S 0 AR th LA s M b 00 4 B G 0 WA 69 M B R O
7% TS o B, B ) DNBR 1A 9048 3 7% P o0 B
EE: HRR Y TR AT A DA

hE 4 %S TI331 XEkFRERD: A

0 5

S HE S B AR AR 1 A A T e 4
SN R T K J1 % A R L A Y e R
FLORFR. RN HE IR T K 02 LU T 5T ok A ,
SEARRY I R R SE I T K S350, i@ T K
TR R RN HEAG IR 128 4, RIS HE S
NG RN R 1 0 AT  RAG R T IR R
TS0 B 90 4% 1 1% HL( DNBR) |, BT Ay 52 107 3
YA TP SR A A R .
TN HER TR S350 M — B E N A F 5
S IE T BEHT SR B SC B Y A4k
HESE T — BRIV BRI, I R T $8 TK 343 #r
FERe. ENANE A BARMERLIT & T 23k L+
T K S4B R DY, v 26 [E COBRA %
51" Fil RELAPS 7 /K HE R 2543 BT R 1 107 e
1. AR S £ % APLO00 3 [0 f4 & G T &
T RETAC #4 T 7K J7 BRZS 20 B 72 Fe. e ik A 45
F& T Na {2 tRHE ATHAS 3 T My, £ L
900 MW JRZKHE M X4, >k H] COBRA -1V F-if i

|=

BRI, 00T 1 K MERR S IA TR Ik
1 s

AT 18 S8 20 A R ) 1 R — R
A8 AN ] A A T 1 R B A B DL R R B N

Wim B EA: 2014 - 10 - 15; #&{THH#3: 2014 - 10 - 15

doi: 10.3969/j. issn. 1671 —6833.2015.01. 011

A 5EIA 2 5.
1.1 EAREHARE

% H] COBRAV il I B AR Iy 1A AR A A
TR FIRFPEIS K S S M 8 A 2 1) RS ] 53y
TR RIC. — MR IRy — A,
X BRI 18 38 1 2 ) i A el 4, 91
PR DT AR BE B ST 1E 7 R LA K Bl v AR 1] 14 3
HESPE R
1.2 RIS ERRREEE
12,1 R HIG AR

BRI, A HI R R KA (Re >
3 000) B/t ( Re <2 000) B, X7 A% #0531k
FH DittusBoelter £ Collier JC &R,

Nu =0. 023Re"*Pr"; (1)
Nu =0, 17Re % £7)" 7 g0 (2)
u =Vu. e (Prw) T .

1 Nu,Re, Pr, Gr 73 53] o %5 ZE R 80 R w8 &
FRPECRIAR LI R T AR w RS BETH.

X it i O A IR DRI/ O i X4
FH Jens-Lottes FI1 Rohsenow J& & =\

0.26

-t = 9 -Pp\.

non=2s () ew(gg) )
vt s o ]‘* e(pi=p.)

(T, -T,)10.013 2 ( C,u/k) L7 - .
(4)

EEWA: E R ARBLA G BITTH (51406026) ; 07 B4 AR A1HT A A S 50 H (2012 HASTITO18)
EEREN: TAARC972 ) 5 FEPRIFE N ARIOK AR B R 20  1, E 2 NF Z M sh 5 A R i E -

mail : wangweishu @ ncwu. edu. cn.



46 KB R 2 2 4R (TSR R

2015 4

AP o, N BE TR ¢ O AR AL EEs ¢ Ol BT
JE:p R T1s h N BEAEEG 1 AT w
J&; €, 5E He LIS kb O R R pp, 7000 H
TORRIAR N %

S M RE A I % BA A R B S
W3NG 2, (B E Y DittusBoelter 5 R

k (GD
hypy =0. 023 —g( . ¥
D My Xifm

K 6 BT i D, oA Y i HAR oy, HAL
4.

N AR AT H 6 A% W 1 e A oA RS BT
77 T 9 I A ) AR 2 RO I B AR
COBRA &7 R F s S i 2 A i 1
TR B IR RA W -3 A
1.2.2 PIARTE R

XoF T R X 6 11 e AT B 8, 7 4
S i M3 o I 1 s -1 O
COBRA -1V SR 45 i A A

-0

8] B ) o
Kz s v MBS R
steps = [ 1o (20 10 (2]

Oy T A JEE A IR 1, B A YR I T Y
2 FEEXMSSITERE

P Bk L e 178 M it X k. [
12N ¥l A AR B — MR A O — Tl
26 >TaEIE. K 2 MRS TR R R

)O'XPrZ“‘. (5)

R

D BRI TEH

5| 20
0 24
£l s 26
3 a7 [ il 16 21l 25
X
B1 FEEXNS

Fig.1 Subchannel division

=R A h: QOSR H PAD 3H 3 1v) )
TR AT AT AR, B e St A AT AT 5

RRREAT, AR TR
l N
i
A B B R
gkt S O RERIE
!
- — IR ZE R,
WEN R, REEGAR e
o ARUBRA A R A R BERERR
S BARE A E 4 !
R, P
l 5 L 1 R

Yy SR

HREIHAGRSH

T4 HE O S 43 A
AT R T S A A

RN, A%
IS O
THA R, REHO
RIS, FEESH
i

F B, A sh
HRBIENORMES

£
Y
HER
(&5 PYTRL S A
KA TR A AT
) B EHER (b) — AR

B2 REFRiEE

Fig.2 Program flow char

QI PR ) BE B <11 -5 sl sy fE O BN T
JEHATIRACKRAR  RAT A Tl I A TR Y
B FEE: O BT TR 9 B R
RS EATTIR B RS A S A Al 1] 4 .
TIEA2E B 38 R e AR e
J, B2 2Z %l A D RME BEA T8 IE 5 R AT
.

3 HEERSHH

WG ER ST HE RS 100% TR, B3R5 T fr ey
T I AT AL TR B RS A SRR R A
Fe A 3 TH IR BE R A RE O B R RE DL &
DNBR 14.

3.1 RAFREHNELIVRE

A IHIE A 4T 2 i i i 112. 87 kg/s 4y
B, FH 38 3 T FRAS A [R] , O -38 E v H )
HEY TR  HIEAT R G BIFE  R: E HEES
(1) 388 T8 1 T /DN T S T 2 () 38
T R PR, ¥ AR I Y [ oy e iR
JEE KBS A T S 5000 5 Y 3 I 1) A TS 4k
BB AE , B pR T O 9 38 O 1) A
NG A .

K3 g HEs 4 i A S H (B 2z =
3.66 m) AbVAHIFE BE A ) o3 A AT R
BB T NEA SRt B el by NI A NS R S a B
TEHECTHE ) O B/ MR TR 29.3 C.



514 TR, G900 MW HeK HERR S I T K S Rt S B A o 47
- | —— FifiE]
fadi:C P 331 0 320.1 —— FliE2
------- HESE
P 20
35772 336. 8| 9358 326. 5 % i ‘;2 R oo

© 337, 9| 337. 6| 337. 2| 336. 8| 334.5

"/‘
‘ 338 1| 337.8]337.8]| 337. 4| 336. 5| 335. 11325. 7

337,./8" 338. 2| 338.0(337.7|337.5[ 337.0[ 331.9|326. 3

Fig.3 Temperature distribution of coolant

flowing in subchannels at z =3.66 m

VRS AN HoA7 Mg i, anfEl 4 iR,
PE] 4 Sy 3 S0 ML 7R~ 3 T 94 005790 L Y MO v 1Y)
A, ¥ AR I v B v, L TR RS
g, HER R L R AR T R 454
O3 A REIE SRR 0 A 4R T R R R TR
Tk 3 PR T v ) 2 Ty R AR /N L R T
M. R AR = IR R A A 2 Sl
JEEE TR 338.2 °C, BB YR 7 T A% i A A R
344.79 CA 6.95 CIREEWMIE Ak,

L3330 e TEERID
£ e % LY

1.8 2.0 24§ 30 38 40

o3 L

0 05 10

B4 ABFEELAFEEMESSE
Fig.4 Axial distribution of coolant

temperature for subchannels

3.2 BFNREERESTRHPGEE

PS5 DAy 3t SR e S AR PR G e A 3 T i
JEUTHES R B AL, BT R B L 4% T B AR
PR AL TC A T 2 0 Ul 1) 22 v 1 5 7P 3
S, EL AL fid 1) 385 100 5 1k ( B 2 = 2,379
m) . B R AT — 2 1 T PN ) AR Bl 1) D R
O3 TR THESR A A HIFIE AR, S0k
FUSEAN R 22 (E K, AR HE S 11 BR AT ¥ 20
FIE g, 5 e reild B B 22N AFPRACR
ARFE , DRLHE AR B e v L B2 P 0 £ v 1) 85
17 [w)..

5 330}
325+
% 320+
a5,
310

0:0 0:5 I.IO 115 210 2:5 31(] 3;5
[0 40

ES5 MAAFREEGFIMREEEMREDS

Fig.5 Axial distribution of cladding surface

temperature for subchannels

[ 6 Rk B A 5 A1 2 1T e e i BE (B 2 =
2.397 m) Ab (AR ) 53 A, FR P AT AR 4L
A7 T e v TR BE A 5 EN SRR 4 A B — 3K
PE: 2 530 18 1AL 58 A 3R THIR L fe e, A 3473
°C 5 W HES rpCs 1) HE 0 0 % 0 1) 738 38 1) A 58 A1
T B AR

HfEC ;i;;g':'z 3371

3467 3| 345. 7| 344.7| 336.5

347, 0| 346. 6| 346. 2| 345. 8] 343. 2

: l%__l-?:"Z 346. 9] 316. 9| 316. 5| 345. 5| 343. 8| 333. 3

L 3 lh‘il 347. 3| 347, 2| 346. 8| 346. 6] 346. 0 340. 3| 334. 0

E6 HFFHEEEz=2.379mitE%
SNRENREEE S
Fig.6 Temperature distribution of cladding

surface for subchannels at z =2.379 m

7 A MU A3 T R B O TR T
O AR B EIAT RN, 25 38 T U RRL S R Y
HhC R [RIRE S22 e ) g s PR K 3, LB %
HEAE 2 =2.379 m [ B

P 8 Ay M A% 38 S R U B O f e VL
( BP z2=2.397 m) AbAyRE ) 4340 AT DL H 3 HE
AR RS B ) B IR E A R 2 B iE
1350 °C, BEIABEISHOAH R BRAFE T () Al Ak L (A
KT 2650 C) , HIRKML M.
3.3 HERREEZEELE DNBR

& 9 S HEEF-3E 8 H i DNBR Wy HES = B
ARAb: 3 B A7 A AR A S A RS
Wb LY, 1 0 5 DNBR #R 45 /N. BT AG 38 1
fiw/)N DNBR #HHUAE 2 =2.013 m &b, S80S



2L

Fol (O TE ) 2015 4F

48 M K 2
—— FiEE
1400 —— T2
13001
1200
21100
mE 1 000
S00 |
800 1]
70%.0 05 15 s 0 2s v i
i
E7 BB FEE RS AR B B 4 T

Fig.7 Axial distribution of fuel pellet centerline

temperature for subchannels

BT .
L2211 196

1318 1297

1398 | 1323

1291 7| 1327 1307 | 1286 | 1145

1325 1314 1154

1327 | 1332 1238

B8 &EFEEEz=2.379 m4t
BESR PO EEED S
Fig.8 Temperature distribution of fuel pellet

centerline for subchannels at z =2.379 m

HRC i et B B 7 DL BB R L 52 A
T e ey Y BE Y9 LB AT LU A —E IR S . X 2
1T DNBR F{R/INE 18 J500 3 B2 SRR % 4 7 41
I P LR i) D AR A 255 VR T 45 2R 1
Jirf ¥l IE L 2 5 7l G A DNBR /N,
2.37 R T BOREBE T E N BT 25K A 1. 55 X 45—
AT IE  HEE R 20 A9 DNBR 205 i T H
AR Y A WIHE LR AR 1022 A B e T
oG S0

40 -

§ 10 1.5 20 2§ 390 35
Filin

B9 HAEFEEREDZEELMES
Fig.9 Axial distribution of DNBR for subchannels

RUNE (N

3.4 XLLEBITHE
Fo 1 HERH TV S5 R T RE S
PRI TR X
R1 900 MW EKHETHLER S AHEIELLER
Tab.1 Comparison of calculation results and
published data of the 900 MW PWR core

WEHRIE () HONERE/ R AREREE MR T

URE|

1) /MPa MPa (FE/ ) /°C C
WA 15.5/15.398 0.12 296.4/335.0  38.6
Bf7 15.5/15.3 0.2 296.4/327.6  31.2

H1% 1 AT, R4S 2 A B0 5 52 Pras A7 4K
PE2E AN, B AR T R /s , T A e =
B PRJR AR TSR h O B 23 I 2 PRSI H A5 4 i
R R ZE.

4 Hig

(1) BAMER P PGEE N 2 57, g
HIFRRE R IR T DA R AR A 0, e A 2 1 A
A H U R B B, DNBR 245, 515 1R
JEIK 344.79 °C. HEL BB = EEE K 1 300 C,
TEAK FRRRE IS e gl A i

(2) 45T B A HI0 0 R R e e W i Ad
TEAXT 284S , EHE O PR B B T, B i
TE BRI 7 4 D 3 TR R B e O ) B R
A A S O D _E A4 B

(3) A>T IA )85/ DNBR {H#F H 30 7E HE
UL BT HEES TR " e S T

S22 3Lk

(U] . i 39 3 4% F R i IR B 3 S5R39
[J]. FfediA,2010,28( 1) : 60 - 64.

KRS, ZEARL, i i, 45 K HEAZ Ll fR TR )
RGBT R BUIR s (1], R PRk R,
2009,43( 11) : 966 -972.

CHENG Xu, LIU Xiaoing, YANG Yan-hua. A mixed
core for supercritical water-cooled reactors [J]. Nuclear
Engineering and Technology ,2007,40( 2) : 117 - 126.
TR, VAR LL, MR, BT SCWR HMES 51 1 1
WEBFIF RS T 55 Rk # 8 AR, 2011,
45(3) : 345 -350.

VG, kB, RF, 45 VRIRAZ L ST A T
KA HTREY [J]. %42 ,2012(3) - 70 - 74.
STEWART C W, WHEELER C L,CENA R J,et al.
COBRA IV: The mode and the method [M]. Washing—
ton: Pacific Northwest Laboratory,1997.

(4% 53 W)

(2]

(3]

(4]



20154 1 A
$368E 14

MK 2 (T % R Jan. 2015
Vol. 36  No. 1

Journal of Zhengzhou University ( Engineering Science)

X E4HS: 1671 -6833(2015) 01 —0049 - 05
RV RN = EHERMAAN

BRA, L, IR, ZZEHK
RS LT 15 BRI TR 5 450001)

7 OE: 25 MW st A KA R R et 1 B R A+ %, #1 I ANSYS Workbench -7 & o 64 % 5 AUk 5
MR GATIZ R R AT T # S BEA S A AL, 45 R R A AL G et B R R S A BT, TEAK
Tt R R B@EEZNSS AL R RO ZRARK; EERKRBLAI R, FHEERK ZMER] %;
IR R W R R A9 92.099% 3 FH £ 93.157% . kALG T R BIR 5 T A bkat, BAK et AL MK,

¥ T AL E.
KB ARSEAL; vT A ASh MR SE AL
FE 4K S: TK26 XHEkFRER: A

0 3

FREC LR —Fh LU 3085 3 1L 0 289K
HI SRS AL AL Bl B e BLBR. 1503 s Pk R Y
FEVRHEHL, 2 F T I 58 AR ST B AR B % 1 7
FAR. VA HLZ 4R e 32 A I LR 451 26 I I
o IR SR EE R e A

T YA LIS b R 22 000 2 17
CFD #5049 3, il L 2 (1) S 3 %) A5 I 4 7
DAL BET L MTHT 5 48 22 9% 09 20 WF 1 6 /). MIFD
OANFEIFIFT CED #1F %5 165 MW Y46 LI F- F1Y4
AT, B 245 5 PE RE B AF 19 G JE S A
B R AR 0 P B R A R4 AR A
A B AT R A KR, 4 SR 3 B e R
M I % A R BRVC I Y 1306 B o 5306
B BE A, W7 LA b/ B — R A .
E256 ™ FIFT CFX Xf 300 MW 3546 HL i I 2%
WA HEA TR, IR 40 BT 7 I M 1 R
RIBREL B TR SR ML AT
T S HEEUERTL, AR SRR LS S i AT T
ket

25 F A B ANSYS Workbench F- & 71 1
TREAR LR A3 9T 28 G A 8, 43 T b 1) PR 7 A 4 3
1, BIFE I X PR AR B S L WA S B 75
oAl /b2 R e 112 L 4R B IR ALK,

i

I F5 HHA: 2014 - 08 -07; 1&iT HH#A: 2014 - 11 - 10
BEE£WB: BR QAR FE LTI H (51276173)

doi: 10.3969/j. issn. 1671 - 6833.2015.01. 012

1 = iEiEsy

1.1 4ERfREy

R S iR K 25 MW BE PR PLA
U T PR R N R [ Ay v
1O BT TR SR, I L AR bLAS
.

B 1 REHEN

Fig.1 Structure of steam turbine

1.2 HiRa

PR HLIT 60 9 2038 38 1A 1 0 9 AL
B I A ISR 7 7.

GRS RV

p 9 - 1
at +axj(puj) " .
ST
a( pu;) +a(puiuj) = —§R+%- (2)
ot 0x; ox; 0%,

] 2

TER®A: ARAN(1974 ) 55 T RBR AN 2 3, 1, 2SR5 5 o) BB 3B MO A 5 s

AR 4 A, E-mail: zhoujj@ zzu. edu. cn.



50 KB R 2 2 4R (TSR R

2015 4

K p B ¢ OS] w, w530 R i J5 Il 5
o] b R 7, RN .

Ae

9 9 ' gc T

(o) el _ 6 uhdsTy 6 (3
Jat 0x; 0x; Pr 0x;

AP €, W T ORI RE: f ) — T s HiAth
AR BER.

1.3 Mgkl RinREE

SEH PR LGN 1 W sh M RE L A T BN
T J5 GO G BE A 2 00, PRAIE 3 1 R e 1k
G3 DR Sl S s AR 0 I AR B R
FHH/JIC/L = Grid Fri4Ma5#8 , A 5l A% 5 10715 15
SECH 120 000. 18] 2( a) Ao s =4 A A,
P 2( by A X sk A 7 =

F1 MHEZRESH
Tab.1 Parameters of blade

WG, TTRE  TREK/ KA/ W/ LR
uf s e - A B
mm mm mm H mm (°)
TC - 1A #H 1299 160 61.2 46 88.7 34.2 0.79
TP - 1A Zhit 1 300 164 30 202 20.2 78 0. 66

(a) TR IE = ZER A (b) HE X A% R R
B2 HERMEEE
Fig.2 Computation and Mesh model

9§ P-Total Inlet P-Static Outlet A% 5 [1{) 11
41+ Frozen Rotor 28 FIHI AL 2, A it 77 ) 3 B F
HECEE. HAR SRR E D #E 0 B R 0,088 9
MPa, H} O ## % 0. 050 99 MPa, i 17 55 369. 5 K.
1.4 ITHREBEM

Ry S AR AR, S BRtR B, 3 B R FH P A A 1)
TKZER. B SEAE CFX rh 3 i) A1) 2 2R AH 7K F1 K 25
LRI FRE T SO O S A A Y K
25750, 18 SCHAHZK AR 28 Y die i3 500 K
FIKE S 0.01 MPa, £ 5 £ /18 0. 45 MPa,
R EECH 100, 7 SCHAH 7K S AR IR BE 2 250 K, 7K
2R BRI EE Oy 273,15 K.

2 HEERSH

2.1 MEREHBERBSW
R R T R B AR A
¢ = LiTPoute (4)

! P:ue‘ ~ Poutler
o p, B R AR — S AN A ER R poe 2T
A VRS pre 2 IR B DA 1R R ).
Bl 3 Rlstld TO0 R # st i i & 1 R84
e, KT LI ) FEF I 0 ~ 0. 8 Flim) i

EAL LA R g T _E s T 5 R A
— B, W 7 Fe UG RO, A )
BIAE O ~ 0. 8 Al i) 5% R AR e T s 22 kN A H) T
YRR A FEAR; 0. 8 ~ 0. 9 SZ R AL, Bt i 7Y Il
JIih R A BN R BT s A A 2 B T
JE I3 21X A A it Y Ty T 69 1 g b s i
TUMEATHE I 0.9 ~ 1 b ) 5% KA A Al it 2L 5
ol et N B B 1A SO A (T WA WA B N

1.2
1.0r
.8
0.6
0.4t
0.2 _m e
0.0 g A B
-0.2
~0.4

EhLEE

00 03 04 06 048 10
R
(a) BOFEARK

1.2[
1.0
0.8+
0.6
0.4]
0.2|
0.0|
~0.2
—0.4|

AES o

S X i
—a— R

0.4 Qk 9@ 95 6.2 1.0
Efepd
{8 FHELRE
3 MRREEARESH
Fig.3 The pressure coefficient of blade



514

AR 45 PRAS LI BY A = 4R ERL UL R A 51

G- BT, PUAR RS i R T Y O RO
FeBOF- 22, A R T it 7 s g i/, 48 e
HLRALE.

ek st 7 T i R ) RS R IR i ok
SO BUEA I s W L RAs R
FREAE 0 ~ 0. 45 flim) 72 K AL B AL T Rt #,
HTE0.45 ~0.55 g2 KAFARFEAG, AR5 S 3Ly
JEIRGE: SRALIT 7 i b 176 0 ~0. 8 5% K Ak
PR TS AR R 0.7 IR 2 0.8, /N
. XX, A ) T o I i A 2k
2.2 BMHEEEHSH

Bl 4 g5t T PoAR R a3 A =
Bl AT LA ), DAL 5 i e 2R 10 A% e 7 L s
G 7R e ) R e R e T A R v AL A N
AR TR INE ) IRk

Pressure | 7

Pressure
85 000 85000
£0 000 80 00
75 000 B
00 63 00
63 000 2000
60 000
55000 55 Q00
30000 30000
15000 45 000,
40000 40 000:
35 000 3500 %\‘,

() B
B4 BHBAELEDSE

Fig.4 The pressure distribution in the suction of stator

2.3 MAFFEEESS

KIS 2 it T AL RIS M R A T R A
. N AT LU L DA IR i 3 A A 4K
RRIEI T v A i s ey, B BAAe s , shit
Tt AR AR /N T S v R, AR T
AR R Y RREAR.

(b) PR
5 MAFFELEESTE

Fig.5 Meridian velocity contours in meridian view

2.4 BIEBMKRREW
SRR RECTIE LA N RE IR R B
— XN, PRI AT LR T Wk 27 il ) fE 45

— p*inlct ~ Poutler : ( 5)
Poutter = Poutlet
ﬁ]:;:l: Pi*nle[ ’P:mlelé}f’uy‘jnfﬁ]ﬂﬂ\ l':l:ll l:] &t‘z%ﬂ:}j_-{jj
&1 6 R A S A5 2k R A R oA
B N AT LU i S48 2R T i iy 2 P
KaH, PuAb s it AU S 5 2R 7 S i 3 LAk
P UG L /N, E 50% i 55 A i 78 FE B R B
B R 6. 5% [ 5. 5% , i WA MBI AL 5 1%
PR NIR I
0.080
0.073
0.1074%
0.063
0,064
0.0550

0.05
~{.043

4

HEHRRE

i BT
e {EALOE

00 02 & 03 L0

14 O
W
El6 mitEEMRRRHEMHSIHEE
Fig.6 Total pressure loss coefficient in stator

along span normalized

2.5 EHERBE,

SERRCRINBR T RNAATER T A R LR,
FNE T RN AR SRR Re T, B

n; = Ahi/Ahf . (6)

X Ah JERNERIE I Ab; SRR KGR

L7 SR 4 I 1) A3 o A it 2.
7 AT LAE R DLAR i R AR R AR iR G
AI—FL TR 0.8 ~ 1 s KA FIr s fin; SRR
Bl HT S AR, BB 2k 32 2k A 7 3 i i 2%
b, 23 Ak, B TSR AL SRR R G AL
FIERE I MAE 0. 3 ~0. 5 gl 52 K AL AL 45 5
U B SR KR ST e L 22 0 SCA B, i LR
AR5 A5 0 0% R TR K Y 92, 099% 4R 5 &

93.175%.
1.0, sesesesg
4

1 1
0.8 i

0.7 if g

BESERE

0.6 e Al v 8| é’f‘
0.5 W74

0.4

7 EREFEEFLES T
Fig.7 Distribution of isentropic efficiency

along streamwise location



52 KB R 2 2 4R (TSR R

2015 4

P 8 DAy S AR R M I e o AT 2K, MCTET R R]
VAR H B A S5 20 R A AR T AR A1 15
7 AR I T Ak i A48 2 K. G A i i 28 45
TSR AR AR AN B oy v B ARG (R AE 0.2 ~ 1
IR AR SRR ASCR KA B N sl i S5 R
/I UL bt 2k LA™ o, AR AR A5 A
RORAEMAR 2 0. 4 M4k FE R R/ T 7E0. 4
I TRAR HoJEUR R AR O, AT L iR A2 i
TSR/ MR, i UGR89 R AlAk
FifJE X .

0,993 75
0.993 60
o 0990 4s
g .99 30
3.589 15 e AR
$.999 0o
0998855557 04 06 0.8 1o
-8
()}
.54
0.8%
% 074
=

R

oy2i e iLACHAL
9.69 . L
G 0.2 0.4 06 08 1.0

R

() Zhnt

8 ZRMYEEHELMELE
Fig.8 Distribution of isentropic efficiency

along span normalized

- A
{ &) gt

B9 fMRinrEis%k

Fig.9 Blade line before and after optimization

3 &ig

(1) PoAbrt AU 71 b i ) 5 5 s A
AR —F, M T 7 B s AR {H AR R
TIRERIN; Bl DI R B R G R, Sl T i 1
AT YE-1 VAN B G i S LI N S
R, B e A e

(2) i T4 2R 22 0T W v 3 W 1 i
Ak, w SRR RECT % 1% .

(3) ¥ A S5 00 R0 AR I A T Ak AR
DAk it Y 200 R0 38 A I R Ak A i 0 it UG, 1L
JETE0.2 ~ 1 M ab ¥ hn. - mt BULA0 I S50
RUCRAE 0 ~0. 4 0y =4k e SR AR I RL/N 1776 1 3 Bl
Z AR TG AL A IS 90 SRR R ok
[ 92.099% 34 /M2 93. 157% .

S Z ik

(1] B R, IEC LA G AE T 00k I 5 45 il el o 34
THIDT . KR KR4k T AR~ B ,2010.

[2] WATANABE E, TANAKA Y, NAKANO T, et al.
Development of new high efficiency steam turbine [J].
Mitsubishi Heavy Ind. Tech. Rev, 2003,40(4): 1
-6.

(3] mEwE, 2= WA, T 4, % B ki
s i Y (1], $AESh 1 TR, 2005, 20(2) :
125 - 129.

(4] BEEOE. VML KA A EE AL (D], 55 4k
ARACHL T R 24 RBIR 5 8 1 TR P ,2012.

(5] 4R RECHL A TR B A e i ikt Ak
(D], K3 R34 HL TR RRIE 5 8 112 B¢ , 2006.

(6]  FEbn, T RUBK, 3R, 55 IR MUK 94 T = 4
BUEASL S ARG T () ] M R 22 4 T2
}7,2010,31(5) : 1 —4.

7] FEARZE ERMAS 2% 00 ML Jea: ek
AL, 2004.

(8] P SCiR. BUH A (M. PG4 P2 5838 K
*t, 2001.

H

=

4k



514 JAMRAS A5 RS HLIM LB = AR E A KA f 53

Three-Dimensional Numerical Simulation and Optimization of Steam Turbine Blade

ZHOU Jun-ie, WANG Meiding, GUO Peng-fei, WANG Ding-biao

(' School of Chemical Engineering & Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The three-dimensional numerical simulation and optimization of the last stage of a 25 MW condensa—
ble steam turbine are conducted by using ANSYS Workbench, a platform of analysis system specially for the
rotating machinery. The results show that the modified blade has a better pressure coefficient distribution, re—
duces the differential pressure distribution of blade surface, effectively controls the radial secondary flow los—
ses. Total pressure loss coefficient is reduced, and the average total pressure loss coefficient is reduced by 1
% . lsentropic efficiency increases from 92.099 % to 93. 157 % . After optimization, the aerodynamic per—
formance of the blade increases obviously, the energy loss in the blade is reduced and the efficiency of steam
turbine increases.

Key words: steam turbine; blade; aerodynamic performance; numerical simulation

(L% 48 W)

[7] KALIATKA A. Benchmarking analysis of water hammer 23 A ,2011,45(10) = 1185 —1190.
effects using RELAP5 code and development of RBMK (9]  FFEAE, S22 g AR P A M FE I ATHAS —
—1500 reactor main circulation circuit model [J]. An— LMR (@i [J]. JFFhER 2 5 A ,2012,46
nals of Nuclear Energy,2007,34(1/2):1 -12. (6) : 695 —700.

(81 Effifl, 7R HE, HI3CHE, . AP1000 = Al % 2 4t #4 (0] FoP22. RN T AP (M. 1 Figssmk
TR IBRASHRLF RETAC TR % (1], 57 RERH “F L, 1980: 34 —44.

Numerical Study of Thermal hydraulics Characteristics of 900 MW PWR

WANG Weishu', GUO Hui§un', LIANG Cheng-sheng'*, XU Wei-hui'

(1. Thermal Engineering Research Center, North China University of Water Resources and Electric Power, Zhengzhou 450011,
China; 2. Hebei Huare Engineering Design co. Ltd. , Shijiazhuang 050000, China)

Abstract: The steady-state thermal analysis model of reactor core was established for a 900MW pressurized
water reactor. The steady — state thermal-hydraulic of reactor core was calculated and analyzed with COBRA-
IV. The temperature of fuel element, coolant flow distribution and temperature and the departure from nucleate
boiling ratio ( DNBR) of the reactor core were obtained. The results show that the coolant in the core exits lat—
eral flow from the center to the around. The maximum temperature of coolant in the core outlet is up to 338.2
°C. The maximum temperature of fuel in the core is up to 1 350 °C. The maximum temperature of cladding
surface and fuel pellet appears above the center. The DNBR near the inlet is much higher than near the outlet,
and the minimum DNBR appears near the center.

Key words: nuclear reactor; subchannel analysis; heat transmission in the core; thermal hydraulic
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7 1.63%.
KB Tk 7ok 5LRAN R AR IR
HESES: TS744 XERFRERD: A

0 5§

VeV — B A HORIR AR e LA IR
PRI B A ! TR LD e S B
I T TR 15 5 B 5 R
VR 457 T T B S AR

(AR AR BT ) LR 4 e
LB A M TF  E IR  F C  R  BORY
S AL B A P B A
AR HCE.

BT R T A BHE HE PR
43 2 6 F T 4211 6. 2 060 901 0 6 1
WEVE( GECT) e 1t o PR TR EAORT) 4%
PRIE ] 0 RERE. %4 T BEOFAT A e
XEBAL SR 71 27 2B W,

1 LIEE4H

1.1 RS

1) AbFTEE: 20 ~23 t/d.

2) B HRE: 45% ~49% ( i1 EY) -

3) 25500 (AR T 549355847 - B2k 10 ~
12 g/t; MMM 45 ~55 g/t.

4) WAL FE: FLEE R 0. 750 ~ 0. 820, A5 ik
0.400 ~0. 600.

W= B H#3: 2014 - 09 - 20; &{T H#A3: 2014 - 09 - 03

doi: 10.3969/j. issn. 1671 - 6833.2015.01.013

5) fEM A TAEE J3: MLkl 0. 18 ~ 0. 21
MPa, ¥531% 4 0. 17 ~0.20 MPa.
1.2 [EH#H WERK

T E R R B RN SR 1 TR )
PVBER 0 3, O BRI, A o i R 22 FnfL
T R ARG R 3, RO 22 8 Fl B R
L R . Ren il w oy ik a8 P LALE =
B KA A bl A gl a h £, HIRE T
AT SIS A S A AR, kAR
& 5k 0 A, By 2R 2o, et AEf
A VERER AR T AR

®1 TYHERBMESHE

Tab.1 Minerals composition %
LR/EAS s URZEAS iR
B 1.90 BhE 25.17
B A 0.16 #HA 14.15
i = ik Fof 16.15
flLeEn i Vg 11.29
37308 24.48 N 3.02
/37 0.14 T4 1.18
TR 0.24 He 2.03
PR i

1.3 KIEEMRE
ISR AR LK 1.1 % 1 238 H— & H

EEWA: ER ARBA GRS B0 H (51404076) 5 )7 P H T 53 SUEIHE B 5T H ( ZD2014005)
PEZ A KA 1978 =) xR AN, T YRS B 8, 1k R 07 1) 9 e A T 2 R L AR 3 ) 272 , E-mail:

scetmin@ 126. com.
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SKAEC, S5 T B SR AL — # A e R A IS 55

PR S — B R R e A T AR, B
ML AR SR EAZ A 1 1. A FC-
SMC400 mm x4 800 mm.

BT

SRR

Bl 191 REXREEKRE

Fig.1 One to one experiment equipment

1.4 SIRFTENRSH

it 2 BB i fL B A2 18 mm, FFfL %
90% ,fLIEIHE 2 ~ 10 mm; de— )2 itk 51 REER
40 mm,BEE 1.0 mm, & 500 mm, FFFL&E >90% .
SR = PVC MR IE S i s R 54, v 4E
BYIEIRNADRAR , [ 58 76 PR AT e it 3 2 138
FEVREIE 3. B 2 &5 A AR .

B2 SImA MR E
Fig.2 Guiding fluid packed media lateral view

2 HREIWE

2 SRR - SRS UL TR AT AR S A |
TS 5 IR 45 SRS A B I 45 28 T LAKIGE , 78 5
Wi LA ) 1 00 1 1R & ST B T Al 78
BRSO a8 5 T 1. 88% , MR m 1
1.63% , 733k id TR AN T HE HEARATAS 21 02 Pl

MRS BE o, 51 B e PR e A
JHVRIEARE R SEL A4 X e O i e 2647 3 0, Y
B AN B TR R BETH % i AR fe i AT B
b T R AN S R 3 — R TRAL R Z T

MBIy A B o3 M ml UANE , /N BLAR A
RARE I/ N T R BAR PR A T R TR O S
TR AL A T REIA B R, R AL R0 3l
WA AS BSR4 o R e PR 52

R2 BHIRFEMBAETEMEANSER

Tab.2 Mixed packing separation and sieved packing separation %
[ S BUE & SR i Al FEIE
RN KiH~ =L i LS R il =2 SR OES
1 0.650 25.08 0.044 2.48 95.69 0.724 25.15 0.063 2.63 91.53
2 0.852 29.93 0.055 2.67 93.79 0.752 25.72 0.050 2.73 93.53
3 0.720 29.07 0.056 2.29 92.46 0.672 24.33 0. 060 2.52 91.30
4 0.745 25.40 0.046 2.76 94.10 0.79%4 27.25 0.069 2.67 91.54
5 0.728 28.69 0.050 2.37 93.40 0.693 26.72 0. 064 2.36 90.98
BARNEY  0.739 27.60 0.050 2.50 93.38 0.727 25.83 0.061 2.58 91.78
3 & PRSNGSR Vs 2 8 s v R il I T

1) IR A B FE SO0 7 e AL A B I S A £k
WEEHAT T RS M PR S BEAT 1 590 38R
HIHOF, AR T PR AE R AR o i k)=
AT, IR B T AR E I R B 4R e R RCR Y
F .

2) 51 ELAE SR B /N S i 2 1] L 5k Ak
o . 5 1 AR 5 A B e I U 2 ( TR
RS ETHZFC IR AT o v LA Rk

3) BIRA B HR & FE B e IR - # S
MLPF AR S B T IR X B RS .

S Z 3k

(U] PR BRI — #i A It 7 e A R i v B o 4 A 72
(D] dt ot a7 lp K2 B0 S % 4 TR
B ,1998.

2] LIN Jiong-tian, ZHANG Min, ZHAI AF, et al. Dy-
namic analysis and optimization of flotation-column

packed separation zone [C]//Proceeding of XXIV In-
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ternational Mineral Processing Congress. Beijing,2008: 1991(2) : 8 —12.

940 - 945. (90 UMK, kG XA, 4. 7 b TR IEIF RE AT 7 2
[3] WANG Yongian, LIU Jiongian. The initial study of REEREE 45 A ()], v E &L k2253, 2007, 36

fluorite with column floatation [J]. Mining and Metal—- (5):578 —581.

lurgical Engineering. 2002,11:227 —230. [10] wtH B, T, sk filt. TR FHAS TR it S H 4y
(4] ZHOU Xiao-hua, LIU Jiong-tian. The study of fluorite e A S ()] e AR ,1999(2) : 11.

with microbubble column floatation [J]. Mining and (11] siefg, xR, Bk e & T A [T]. & @6

Metallurgical Engineering . 2005,14(2) :21 - 24. 111,2008( 7) : 96 —99.
[5] GUO jie, LIU Jiong-tian. The study of reclaiming zinc [12] SCOTT AI, JOSEPH. A. Fjtzpatrick, JOHN CS. Con-

from lead and zinc using column floatation with inha— ceptual design of packed flotation columns [J]. Indus—

ling gas by itself [J]. Metal Mine, 2005( 1) : 63 —70. trial and Engineering Chemistry Research, 1990, 29
[6] MA Zidong, LIU Jiong-tian. The study of magnetite (6):943 —949.

with Microbubble column floatation [J]. The technolo- (13] Z=& 3, 2857 0. 7m0 i w A ke o U],

gy of reparation for mine in foreign countries. 2004 FrET Y ,1999,8(3) : 58 -61.

(11) : 19 -20. (14 ] s, MR A TRk A 78 8l 0y 240 b7 (0]
(71 0 K. W8I — & 35 O AT 43 5 ik ROv (=2 AL R SA 241, 2008 ,37(3) < 343 - 346.

=) ARy B R S AL RO sy 2 ()] e (5] T—RFI, 2 5, RIChK. FEHF AR XA %

A ,2000(4) : 1 -5. Hsege FgE [J]. 46 T9 R, 1996,25(4) : 13
(8] ke i s eAt (J]. HANG 0 s, -14.

Research of Guiding Fluid Packed Media Enhanced Cyclone-static
Flotation Process

ZHANG Min'?, SHEN Jia-hua', LIU Dong-yun'

(1. College of Resources and Metallurgy, Guangxi University , Nanning 530004 , China; 2. Guangxi Experiment Centre of Science
and Technology, Naning 530004, China)

Abstract: The medium filling can improve the flotation environment effectively. The traditional sieve trays and
fillings could only partially inhibit the cyclone flow and usually generate pulp jam. So we put forward the guid—
ing fluid packed media to solve the contradiction of strong cyclonic flow and static separation in the cyclone—
static microbubble flotation column. guiding fluid packed media is filled between the cyclone separation and
column flotation. while stabling static flotation environment, the upward scroll ( negative effect) is guided and
become stable upwelling, and the easy floating mineral is rapidly rised ( positive effect) , and make product
concentrate layer more thicker, more stable. / Based on the test data, it was found that the sieve packing has
the potential to yield a product of approximately 25.83% copper concentration with 91. 78% recovery from a
feed concentration of approximately 0.727% . If mixed packing was used, the product concentration could be
further increased to 27.60% from a feed of approximately 0. 739% concentration with 93.38% recovery.

Key words: flotation column; mineral separation; guiding fluid packed media; cyclone flow
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FeSiCP 2 #IFME SRR

1

ZR, 5w, FHIE, RS
CHMAE B SR TR0 177 H5H 450001)

W OE: AARREAREASIEL RN (AFA) ¢ Fe A0 b T 2B A F, LAY
W& L SEARRR R0 00 3 B R AR R T B 3SR 1) FegSisCs_ Py, (v =0% ,1% F2 2%) &4 %, FF R
F AFA AL E A B A, 4R A Fey Si; G P dE dh &2 LA &89 AFA, LR AR F o SR A
Had AR AR T AT ik 42 K, e femb B 5% & B, %38 1.35 T, 145 A5 & ik 2] 6 960 F=4570 /1 H,
1% % 2.82 A/m.

K FeSiCP &4 dEdh &44; Bt gk I b B R Ak

FESES: TGI41 XERARERD: A

0 5|&

Fe FLAE FH A FORE M BT 78 R 28 b B AR A%
G RE AR AR AT H s R B AIS 70% L) I, Bk
T A SRR I 4 ST 2 R “—TRAR A A 2R B
1RSI RN W H AR s 1 H Fe JEAE A 4
(4 B G e 1 U R 4 TR S R L HOlA
AR L I, PR A S i S LR 3R
A S Fe FEAE LA 4, SR, 3R B 2% Fh A
AT SR AN SZBRAd FH 0 AU R 2R, 7 e 40038 T I
I EE R 2 — WA A It S = A
REAL SRR A RBR (BT 8 Fe SRR A4 H
ARARACK2EZF# Makino HR A Inoue Y = 2 450 I
WBEt 18 Fe( =80%) & 111 FeSiBPC R AL
mA A WA S RN R KIF A RERAEMN B,
(=1.6T) 77 fHIRAS 4 R LA 7F — e 1] 1 Gk
A0 BRI ARA FEHE DU KGR RN, X LA 3 Tl Ak
137 . MetglasIne ™ BfF % [ Feg, ,Si,B s Co s LA K H 57
ZlE ) Eﬁ?’iﬂ"] Fesz Sil B16.9C0.1 %B/E\jﬁr%ﬁj 1.6 T
() B, XA = TR AR &, HOGHE T 2R £
) I 12 L ] 5 Ak s 4 T R A5 VB 6 79
T R S IR ) CO B CO, AR, i T I 4
AT PN IR TP 40 K 9 RS B9 3 Pl T B € e
JE = B R 2.

FHE AT, F & i 2 S B TR 2K, B B,

Wrs H B 2014 - 09 - 13; {£1T B #3: 2014 - 11 - 01
ESTE: FH5KARPHER SR IIH (50871105)

doi: 10.3969/j. issn. 1671 - 6833.2015.01. 014

76 1.30 T DL b B9 AFA DL K B 43 43 1 Fn A=
PR AR T S Fe LR S S G M HA &
B A, EH T R T OB A FeSiCP & 4
mn A, IR Y T HEEPERE A AFA 2S5 S R A
AUTRA: S AG8B TR P(P=12% ~
14%) %, P E W32 s A F T2 5 2R T S R
TERRHE s 55 = AR B G T SOl FegSiy Cs
Py, (x=0,1 F12) Syt i 3 df a3 dh s
RS E S, AR TIERAERESES8A
A R & 5 = ARG & AT BT K,
AHXTF Makino J- & 1 FeSiBPC R G4, HAT41 0
AN oy NN I R S S U N oy EPO RS
MetglasInc i & [¥) Feg, ,Si,B,C, s LAN H L & R T
KIW Feg,Si, By o Co BT, BA CHEHEY
P T 0 R 5 R C B A E 3% Db 3 iR
it C 1) SR

1 SZEWMBETE

W4T 5 4 Bk 99. 99% (1) Fe J5i 2 42 By
99.999% () Si MR 99.9% H & C s
BN 4.23% 1) FeC G4 MU 2400 99.9% H
P RN 19. 6% 1 FeP &4, 3144 LS4y
FeySi,Cs P, (x=0% ,1% Fl1 2%) fir & 5250 5
PR SRS AR A R A i E R R T
VERRTEG & IE R B B0 i 52 64T 6 3, LA DRAIE T

EER N BARI(1963 —) , 5, WEg RN ORI 2 22 11, EENFAER S S SR, E-mail: address: fsli

@ zzu. edu. cn.
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B Ea R ST, O Je 22 o5 s PR RE A E &
AR

BRI E R i RS B T A8 L TR R
SARIE SR FH vR AR N s R 8 R R B A
B AR BE T, 29 150 C( Lhrifb =2y 1
200 C) ARG TEA S TH PR R R T FEES 1 mm
$20.03 ~0.05 MPa W i 22 9 45AF T K A5 Rk i)
5 VRS v LT 1 R AR R T T o R
25 ~30 pm MFEEHN 1.2 ~ 1.5 mm HYZAF

FH X BFEATHHY( H A FE % Ultima IV dif-
fractometer % X —ray diffraction, fijF# XRD , % H
Cu — Ka 77§75 radiation source( A =1.540 56A))
Xif b3 B iR AT A5 AR RS D i B a7 S R
(JEM - 2010 %! Transmission electron microscope,
fATFR TEM) X R A9 et b4 FIE S 2547 W8 R0 4
s FIRBIE S G aR Y ( Lake shore 7410 A Vibra—
ting sample magnetometer, [&jFK VSM) Il iZRE )
B.; FH H A SRBIF F 3 i (9] 2 243 ( BHS - 40B
— Hloop tracer) MR H, s FIBHGT BT A0 ( 55
[ ZZHEE Agilentd294 A #I Impedance Analyzer)
FERAERY i, 2278 $9 4 5 #A40% ( NETZSCH STA
# Differential scanning calorimetry, f&j FX DSC) k&
W G W DRSS AR IR B T, M) ih S AR IR EE T,
Wi 3L AT =T, - T,

2 EBERSHE

2.1 mHigit
TETF R FWF ST 98 Fe JLIE S ARRE & 4 ot T
H B B A I 2 A T R AT A 2R
19580 AFA SRS S 4 T H BT 2 & a4l
FHEEAMSE Tnoue 1Y 3 KA EN: (1) 54H3
Ak 3 AL BT R (2) ST R
PR 2R T 12%; (3) S HITTZ AR KT
TOREE. PERFE &I, (LS B Bk 3 25200
AR MERT Z2 0k S & HEA T T T 5. st
A G SRS A 4 AFA A REETR,
HAESEIT VRG4S e AR PR R Ak
T, BE 5 50 25 by ke T 45 b T A3 B JE R S A
41 R % 454 Tnoue 1 3 S 22 TN A
Fe — C A s 4 A2
CE% =C% +1/3(Si+P) %. (1)
¥ CE% B #8363, Horp, PO Al
FHE Fe IR AKRES 200w, F P BIVE GG
BICER PR P( =12%) Fe JLAE i ERBE G 40

‘\+

N

R AMT AR BIE AL, T L& R R RT3 % 5
2 C<3% W, %4G 4 706 U] A 2 2k 5 s, Jf
HMR T SEBRAE ™ ERTEE4E S C yhn A, 20K
HE8E=3%. i, BH BT T Fey,Si,C5_ Py,
(x=0.1F12,%) Fe Bty 4z, Hr, TR G 4
(9 AFA il e BT 5  3 i o0 2 o 2 it ol
PA L)
2.2 ZEMENSSH

Xof SR FH-BPLBEEL 12 o 8 114 B IR R 9 0l Ky 26
pm Al 1.3 mm [ Fey Si; Cs_ Py, (x =01 Al
2,% ) PV Al #EAT XRD 7S A I, 28 R A
1R AT K& 4 & 19 XRD A7 55 3%
TE20 Ky 44. 4°If, EEEUH T B 0 0 18 U e, R
W ] 5 0 A B R Fe AR R ASZERL. AT
PE— R SEA B g B E f AR R AL, 2B AR
TEM X Fey,Si; C; P, &4 B ORA M #ET 1 AR,
H1 [ 2 Fr7n i TEM JESAHRT A, %6 e R B T
SIS B S G AR I BT 2
e )4 1 53 oM 12 6 4 B R X AT 5 B e, AT S 45
RERIUA FEOT G230, i — RS T B &
FEARSEE Y S5 TR T AR 2 W ARSI ] A
PRV Sty S T LAY i Al S A A, O IS Stk AT
IFSE PHEANRE 27 RER AT B 1 LA

AT SR

o @ 0 @ 0 80
20/C°)
1 FeySi,C,_.P,,,,
(x =0.1 70 2) BRi%ELHH XRD £75EE
Fig.1 XRD patterns of as-quenched Fe,,Si,C; _,
P,..(x=0, 1 and 2) alloy

B2 Fe,Si;C,P 1RiFFHH TEM H 5118
Fig.2 The as-quenched TEM image of Fey,Si,
C,P,, alloy

2.3 RREMESH
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AL, 25 FeSiCP R LR i i 2 9 BE 5T 59

AR SRR E T AR S AR, 75— iR
DR E S WSS AR AL, — B AR R
AR SRR B 5 A D0 S R RERE 2 %, T B
PR, T 38 PER R e g B R — A L
A REFR AFA BT DUITSE AR A 2S8R0 PR X
TV AT EEL R, ABIFFE A T DSC
I3HT T Tl 4 B Fey Si; C5_ Py, (v =041 F0
2, %) AR E A PARE VR W 3 B, i &
MLVE Mz G RAERAT R T T S G 4
IR S B — s MR 284k, RIBEE TR
PR U 12% 35 K2 14% , Feg, Si;Cs_ Py,
(x=0.1 F12,%) kS 4G T, 70 T 468 1601
T, FUUA O P s TS 5 5 #58 k JU R AR 46
B S IR AT, — SRR RUOCTER B A 2 S 3L
B A AL RE AR 1) IGEL, (RIS ads mT LA B
BEHE P OCR &R AN, &40 AT 858, AT
AR, DI 34 0 P OC 3R BN AR REBS 4
Fe JEAEfh & G O PERE P, TR 2 3R 105 2 —
PR LA LR 1 AFA, HLrP Fey S, G, P AR A5 42
AT 3521 42 K. ART, 9810 AT Br S 205 ) G2
TESRPEAR L —E R H H ) AFA, NI, EE A
AT A 095 2 B B et et i i 3
A ] AR A RE PRAE AR A AL E BT A
X 1] ( BB A T F) AR [ DXCTRD) DA T e R A PR
1E R P RETT 45 A X, B SR R TR A R R 4G R
AR BE I LB L, S5 A AR BE ST S PR 345
M TER) AT, R %G G HA BRI AFA.

t

7.

500 600 00 8OO
RETC

11 ]
W 300 440

B3 Fe,Si,C,_,P,, (x=0.17%12)
IEM KT DSC fhZk
Fig.3 DSC curves of as-quenched Feg, Si;

C,_P,,..(x=0,1 and 2) alloy
2.4 WEMEBESHR
) B K AR H 23R A R RA 5
BRWEVEBE 1Y PR B, 28 8 XS 5 38 T 1Y Fey, Si; Cs_,
Py, (2 =01 F12,%) k4 257 2t 4T VSM 2047,

FRBNAR N A (1 26 P 4 O IR0 58 B A 31 Y
AR i ASE P ML LR J1 1 B 53 9 Feg Siy G5 Py AIE
ARACF Y VSM HiZk. M 4 B md [nl Zehn] LU
Hi s Feg, Sis 3Py AR dh 5 4 BAT S8 (1A i S 0
A RFAIE , R 101 24 BRI 508 23 A B R ¥R 58
SEH A, BB R g, e B AR 1.35 T.

1.57

0.5

Q.0

REMAIME B, /T

~0.5r

~1.0+

-1.5 ' ’—'—““‘““.‘“‘/{ : : . '
—B00 600 —460 200G ¢ 200 400 600 800
BFIREL Bl kA - m™)

& 4 Fe,,Si,C,P,,
EZ/AELH VSM HEiH E £
Fig.4 Hysteresis loop of the Fey,Si,
C,P,,alloy measured by VSM

H A 25 46 AL 7 FIZ5 A8 BB 9 U S
B, AT T A0 & 28 TR A Rk
B 1 SEAERIE N L A 2 e (E TR S
4 IR AR DR B e T 25 b SR S BT £ 1
A AR R B AR 7 30 6 A i B 0 AR
RES A ARSI , N T 5800 ARG 4 5
AIARREPERE , 8 X EAT T £ BT3B K AR HE,
PRAFEE ARG Al , 250 708 JOIRBEE R T, 1729 100
CRI345 C IR KINFE] 7 8 min. 1B K 2 Jm A5
A4 FegSisCs P, (v =01 F12,%) AR
fEeAITEREIN R 1 B, 3% 1 2030 nl i, Fey, Si;
Cs_ P, (x=0.1F12,%) EMEEEM B A u;
HRBEE P OCER &S A, i H BEE P&
AT, e Fey Siy P AR S 41
B~ 1.35 T,u, "6 960 1 H oy 2.82 A/m, L
AP AR A P OCER AT B T A B
T4 () Fegy,SisCs P, (x=0,1 FI2,%) 542
Bs‘/-Li s Iﬁjﬁd‘ﬁ%ﬂ& H(,-

#&1 Fey,Si;C;_ P, (x=0.17%02)
ERESHHERESH
Tab.1 Magnetic properties of Feg,Si;C; _,

P,,..(x =0, 1land 2) amorphous ribbons

(EE AL Wiy

BJT p/(Hem™) H/(A*m")

Feg,Si,CsP,, 1.28 6 385 5.35
Feg,Si;C, Py 1.29 6 576 4.01
Fey,Si;C, Py, 1.35 6 960 2.82
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(1) AT i 3k S Bom At f iy 4 4ot
Feg,SiyCs P, (x=0% ,1% ,2%) &4 5 ks
PRV VLA RE 8 il 35 IR Fh 4500 L R F, G C &
WATE 3% VAL, OB Pl W SR Tolk A ™
Hh ) A T 25 ESRAR XS SEAR.

(2) b E Pﬁ%@%ﬂ‘]ij][[,FeSOSi3C5,xP12M
(2=0%,1% ,2%) S G0 T,M T JZHK m
IR, AT BEE P& & A9 39 0 34 i,
Feg,Si,C,P B A &R B AT 155 42 K,
ABIFFE BB 4 3 R FAER R AR i AE ) A
AR R R

(3) d ik xf 3 Ak 5G4 0BG RE 23 BT R
W1, AR A SRR T 0 ARG R RE L L
By5M 1.28,1.29 F111.35 T, MifE %M S11E k
ZJ5  FeySi,C P AR & 4 1Y w155 6 960 F1 H,
fIRZE 2. 82 A/m, ARSI K& 4 b P g
T R Y J O3 R

S E 3k
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The Research of FeSiCP Soft Magnetic Amorphous Alloy

LI Fushan, LI Xing<ui, LI Yuduo, JIAN Cheng—hi

( School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Fe-based amorphous alloys with excellent soft magnetic properties and high amorphous forming abil-

ity have been a hot research point due to its wide application prospect. In this paper, the amorphous formation

ability( AFA) , thermal stability and magnetic properties have been studied for the deliberately designed Fey,

Si;Cs Py, (x=0,1 and 2) alloy system with eutectic composition. The results show that the amorphous alloy

of Feg,Si;C; P, has high formation ability and soft magnetic properties. The saturation magnetic magnetization

( B,) reaches 1.35 T, the initial permeability u; reaches 6 960, the coercivity H_ low to 2. 82A/m and the su-

percooled liquid region AT reaches to 42K.

Key words: FeSiCP alloy; amorphous alloy; soft magnetic properties; amorphous formation ability
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pology optimization of frame structures with flexible

The Inquiry of Tension Method for the Beam String Structure

LI Jing-bin', HONG Caiding', ZHANG Zhe', LI Su-jie’

(1. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Department of Building Engineering, Puy—
ang Vocational and Technical College, Puyang 457000, China)

Abstract: The beam string structure belongs to a kind of pre-stressed steel structure, in the pre-stressed im—
port process the cable must be ensured the safety and completion of the construction process of stress state must
meet the design requirements. Therefore, the tension cable tensioning process cable force optimization analysis
and research is useful to guarantee for the safety of the construction process control. Two-way beam string is
used as an example, to compare the three kinds of the applicability of beam string structure optimization meth—
od. Through calculation and analysis, it is concluded that the tension compensation method is suitable for a
optimal method to determine the tension of string structure. Combination of Hebi city stadium pre-stressed steel
roof space truss structure, the tension compensation method is used for the analysis of structure construction
stage , it is concluded that the development of internal force variation law of high strength steel wire rope, ten—
sion compensation method is verified in actual large the applicability of the pre-stressed space steel structure.

Key words: space structure; beam string structure; tension; tensioning sequence; cable force optimization



20154 1 A
$368E 14

Journal of Zhengzhou University ( Engineering Science)

O K == (T2 ) Jan. 2015

Vol. 36  No. 1

XEHS: 1671 -6833(2015) 01 - 0066 — 04

RELAUBEAEFBERBAR

EEA, FAE, B A

(L 2MBET R ARTARR AR, HOM 22 7300505 2. (HARHL ) TR MIBe A IRAH] L 7R PFRd 250013)

i E AR RE LT AR A @ R B TR L0 n, BT A R 6 A R £ 0K
WHBATT A BT HEML. RDEB T ERIZEN AT E G R TTZR 69 B @ AT . 4T
TR A A PO LA 6 ST IR A R R B B T AR L, P B AT AL B B AR TR
HLBAT R AT AR5 RA R LA TR R @R B THELFRA Y0, KOAETHiE
E &b BLUER A K xR 2T R 6 B IR O AR T A0 UL, xR 2 A K 6 B

RAHEZW HEHNE.

KEE: RaL, AU TELRE; B THE; RBATR

HES S TUS02 MERER SR A

0 5§

SRR 2 R AR TR P R R 2 1Y
FRE, DRIt , 50755 L - (1 T K 2 % 5 AR L 1.
S5 ol S B AT TR - S AT A T R 1 B
EEER AT R A A T, T
(o F5 b U SO A 4 ok i i R R 2. TR
Ve U5 R REE T S P R TR I IS, GBS
TFAEIRIE L TF 207 (1995 B PERE SR AR,
I, BFST TR - 2L 40 S 1 15 3 17 )
B HEE.

S TR 1 S 1 G S T 10 1835 WL, BF
TN AR B AR ) i s R
Ve i A SRR S B T BB B A4 L M
BENOAEAEINGR T SRS FEIRIE - rh iy, JF B
SR IO B B 7 S S () 18 T 4
b PR S R SE T R AR T R R N A T s
B HISE L [FVRE A5 ) GBS T T R i %5 S 5%
FEE BRI TR A B9 256 7 /MW JTANG. Yu-chuan
AU DB T AT A5 T A TR S
TR ARG N S I/ 5 R0 B 2538, SEBR B RR
Vb 1 PN I TR S AT AT T BT R A X s
T HOR B SR 20551 WIBF 5T T 9 55 1o 4
RPIR I 1 T S ES T R B R SR AT

WS B H#A: 2014 - 08 - 01; f£1T H#A: 2014 — 11 - 19
ESTE: 5 ARPHER SR IIH (51168030)

doi: 10.3969/j. issn. 1671 - 6833.2015.01. 016

S5 TR L TR 1 X S T R B
4. MU Song 257 3 5 FFSY 2 B0, i 45 2455 55 i
9, 408 F 1P B0 BOR . YU Bo
AU SO PR SR B 0 TR A% R AN B Y GBS T
PHCRBEAT T 400 8L T HC I B 7
HCB s AR

DAL X TR B - S S B TR B Y
B, BB S DR 2 1 e LR AR I S, IR
T BB RIS, B N L5 00 58 1 IR B 25
R R B TR B I . R, 5%
TN i — 7 T, BF 9T VR - L% 1 T RIR
KRBT BIB 2 A .

1 X ERSHR

L1 {eBE

BrUETREE T2 e GE T 2 R B T
BB S REETEEMIRE Z MR A TREE T
SERITE A B T IE R AVERE RIS 25 LA
1.2 5 #ts
1.2.1 &4

AR (Y AR S AE AR T AYAR IR BE £
B A 19 228 , 1A RE 8 100 mm x 100 mm
x 400 mm, 7552 $71E B - — M FEH H A4 6 mm
AORNAT, WL 1< 8T 2. 258 vl R, s A A )

EF R BT (1972 -) B IARTF TN BT R 2 R Hd , 11, F2 2 s 9 38 e 1 15 9 28 i A 1P

S )T T AFSY , E-mail: 695913483@ qq. com.



514

JR G A IR EE T R A B T B B AT T 67

B 50 P ANRE ] phy U A0 T ) SR 578 P AR E
UL LR I ATAHE S EA IR R vp L kR
il 3 AR R B PR AT TIRAG 3R, 45 Al
B2 BRI  — S THRAHER R IR 1 48 . fixt
T 48 h (7. AL BATE R U 73 R 3%
5% WIRPHE , Xt T B 7 K0 3% 1) AL gl
AR S F K0 4 10,20,30,40 A1 50
MBI O RIS 0 B 8Ok 5% WAk
PRV, AU T 30 AR IR I, LUE S R
BN 3% 19 S A B R I 5 4G R 2t
X .

U Lk
mh%
T
vl
- A
T ~
]
B

E1 #atm#ErsE
Fig.1 Component Load Diagram

B2 MEmnfrEEma st

Fig.2 Components under Loading

1.2.2 X% &%

Xt FIREE+ N A T A I, H AT 2
A3 BTk TE TR AR TR bk HL AL 3k AL S
W R LA 3 A 2 T R 2 R TR B
B A AR A7 fY YR B 1 B P A, SRS T
VR AN P T AS R 0 R YR OB - SR R T
BT A, U, AR 6 R R R AR e

TEIRB L AR, T TR 45 - 24 4% W i =% T A
SR S R AR A R T A BN
JIr ISR A FRAR AR X 5 558 3R i Sl B 1 1 B i
WL X BIE AT L R A8 BR AT AR R ERC 45 18
PRI A2 T oG B IR BT 45 7 7] , S5 2R
B AZ i P A R R 9. U 2R 3 i g B
e, RICA RS RRAR. h T 58 7 5 e 1 S Yy
AE ST BER TR 1, DAL, SR Rt 1 i 2
L BIAET A 0 AR, IR 7 vkl e 4k

NHE T BB R e UL 3.4 4.

7 [T
o TR

B3 i E N SRR s

Fig.3 Add potassium chromate on the sections

WS
B4 HBREETRANNERR

Fig.4 Add silver nitrate after potassium chromate dry
PSR A B, SR i 20 8K 2. 5% B BK TR
PFE7RFL A0, 1 mol /L AEFRAR VAW 41 {35 0
FNAI A E USRI 28 T e
I HURE A DAL BT T TT L 98 K 50 A 4T
A A R T T 5 R RS PR R Y 7 ik

T 5 SRR T S B T B B L.

2 ARERSSW

Sha e H A, B P A 1R R 1R BE
TREER WA E T B BT 0T, LURAIER
15k 1 ZRBE 1 GEE PR FE X S B 1B B Y. 3L
PHR BT T AR S O UL 5 ~ 4] 8.

2.1 RABRENEA 3% [UWBER 10 TR
{EEN

WPFBERT T 10 ASHRARER. X — 1 Fm il i)
285, — K 7 om, i1 TR 28 4% fe i Ak o
1. 80 mm, fR7= Ab B4R R R A2 5L ) O 0. 08 mm;
73— 8 em, I THHREEE £ SEAL D 1. 90
mm , B 7 Ab BLEE R Ui ¥R 0L 58 BE O 0. 06 mm. 4%
W THi Ak S AR Y A OO UL IEL S, IR B AT AR
L 7R AR T 2L, W b A R S AL R
L MAE TR B R X, 24 1.3 em FEAY
DX, RA I S AR AT W7 i 2040 5 K

4 !



68 KB R 2 2 4R (TSR R

2015 4

. X 2 R AP [, A T R TR
REE T NS BB A K.

Bk 10 N FIRERAR G
Fig.5 Specimens after 10 dry-wet

circulations of 3% sodium chloride solution

2.2 REARESH A 3% [INWER 30 Tl
(EEN

AT T 30 A FHRAER , X — I F I Y
24, — M L 8 cm, 11 T00 3 R4 4% d 5 Ab
1.07 mm, H oW 7» SXOREE , f 78 A SR I il 07 5E
& 0.04 mm; 55— EH 8 em, {4 T
GERGEAL N 1. 04 mm, fi %% Aib A8 g AV i JEE
90.25 mm, NREEISm B LAF R, KA T
IR, JCIE I 2R AR I T8 2, S P LA 25 Tk — ]
(1 L A% T DL B . R4 W T Ak S AR AR AT HH 19 2
ULPE 6, L nl LAFE Y A i O SR 2 A
BRAAT I W . T AR TR B 1 R 2R
DX, BIPE EARE AR ZY S em, 529 1.5 em (9 =
i DX RA B R0 SEAR AR AT Y DB IR 6 S K
. A=A XA R T A, © LA
AT B, WIS T e B AR X S
TR AR A —E KR,

6 RARENEHI%INH
Bk 30 M TIREIRAR
Fig.6 Specimens after 30 dry-wet

circulations of 3% sodium chloride solution

2.3 RARESH A 3% [NWER SO TR
{(EE
AT T 50 ASFHRAEIR. SELEWT ik S Ak

BT R OL UL 7. FEE B 4 S, S
AT 55— TRRAE PR 50 R4 3% —
TP AL LR 8 em, IR T 22 4%
FEAL 43524 0. 35 mm<0. 38 mm, fx% 75 4b 2L 4% I
FROLTERE S 0.02 mm-0. 03 mm. &5 MKy %t
Pk i, X —ial i — R, RiFAT TR, =
YIS 1] 5 A 8 SO MG PR S [RI AR TR]. 28 —
AP B 5%, — M EE R 9 em, X THER
ST ST A Ty 0. 73 mm , d5e % Kb B4 R v B 07 i
JE0.04 mm; 55— ML Ky 8 em, 124 T & 44
Ze JEAb 9 0. 63 mm , d5 % Ab BLEE IR v v A 90 S
7 0.01 mm. PRI AE ZELE AL R B 56 3
5 4 AR b AR ke 1 2B AL, H T T AL 1Y
FACERAT AT LA x5 T 22 M ey w1
R IEAER R 2, JF B Wm BH e & s
AAE T XU R T AMEBE B 24 i, 1
S8 vl ) R AR EE 83, KB B X
B S ARIT AR B s X 2 4%
b, 3X 5 50 YRR BRI I ] S A G
I X T A2 PR AR, O 4 e T, R
HOR A S TR PR R Z (R A S S S
2 25 0. XA S, R IR o Ak
BB B, h BRI A AL X P
HREFR AR AR B T

B7 REARESECH 3% KM
B S0 AN TFIREIRE IR
Fig.7 Specimens after 50 dry-wet

circulations of 3% sodium chloride solution

2.4 RABRESEA S% SHMER 30 1~FiE

OFEST T 30 A THRAEE X —i P F Y
2455, —MIH FEH 8 om, iK1 0058 24 4% fie vi ib oy
0.80 mm, fR7=Ab REE IR HR A FE 9 0. 01 mm;
73— MR EN 7 em, i TR 48 e SE Ak 0.7
mm , Fe A Ah REEE R i (0 GEJE O 0. 01 mm. 5¢5%
W T Ak AR R AT A AR 0 UL R 8, IR L ml AR
H R AR T R IX R, Wi B AT 6 ) S AR R AT
H TR TR BE L 1 AR TT 2 DX, AT /e S Ak



5514 JR G A IR EE T R A B T B B AT T 69

HRATH XU T AR B R TR X %%t
AR RS T A — R 275 SR
; S rch (] g, XUhnF , 2 B 0%, Yo S iR it + s 7

3 s (1], BUUHE Tk 22 i, 2011, 33

il 3 : (6): 90 -92,143.

2] SR ARRTE, BERAE, 45. Wi dn 4 xR Bk + &
BTSSR ], EAREN SR T
F.,2011, 33(1): 7-11.

(3] kb3, X hnSF. for 2 244 3R e + S8 79 1L
g U], JREEL, 2011(11) : 24 - 26.

(4] J3/Hg 58, B Ak A, S PR A7 R TR 4 A
BEREE FRAME (). AR HE T 7,
2013, 35(1): 104 - 110

[5] JIANG Yu-chuan, HUO Da, TENG Hai-wen, et al.

Testing and evaluation on the chloride ion penetrability

B 30 N FIRBEH IR
Fig.8 Specimens after 10 dry-wet

circulations of 5% sodium chloride solution

3 #ig of concrete under compressive stress [J]. Key Engi—
neering Materials, 2012, 544:415 -420.
XA IR RE RE SRBE TBIE (6] 24, #AkE, TA, % WoiE RS L

DA TR LM T A o T TR BE - ) SR AL, 2R AETFY A MBI ). Wi+, 2014
BITRERIN AR THEBES]. h T LA, 244E (1):31-34.
%ﬁ%g%ﬁg{%ﬁﬂﬁ%g@ﬁg%%mk’ ﬁﬁ'jj%é@ (7] MU Song, LIU Jian-Zhong. Transient diffusion behav—
VREE BRI, I, AN MR EE + S8 AE 45 FE T 10 ior of chloride ions in concrete with a macro crack [J].
ﬁﬁ%?ﬂ%ﬁ%ﬁ%?ﬂ%ﬁ%%?ém’%%%%ﬁﬁ Applied Mechanics and Materials, 2013, 405 - 408:

2671 —-2676.
(8] YU Bo, HUANG Zhong-Hui, WU Ming, et al. Con-

centration distribution of chloride ion in cracked con-

149 INTRE 25 AR A PERIFSE 7 T 5, AR FR
TEANRIFRE A6 1F I 14 2448 2 I Wi RE (L, T 25 S

s E RV E S AU TR B I 22 A8
J%Jﬁ'_,&ﬂﬂ{%&j@%%%{f‘ﬁﬂﬁfm m}?éﬂrﬁ‘l' crete [J]. Applied Mechanics and Materials, 2013,

(LI T AR AR T T 5 B 51 5 1581 - 1584
BUL A FEE M AR RS MBI T A, (0] phar. datstie. W ek, R0 £ 4088 TS0
R I R T 18 B R LRI, 45 10 BT AR T (0], B SR, 2010
G IV 1% M IX B 7 TR A T I (10 : 73 -76.

Experimental Study of the Chloride Ion Penetration on the Crack Parts of Concrete

TANG Xian=xi', YIN Yuesyou', GUO Wei’

(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. Shandong Electric Power Engi—
neering Consulting Institute co. Ltd. , Ji’ nan 250013, China)

Abstract: For the study of the effect of chloride ion penetration on crack surface by crack width and depth,
the reinforced concrete specimens with cracks were made and the chloride ion penetration experiments were
carried out. The transverse sections of specimens without crack and cracking while soaked in Chlorine ion so—
lution were used for experiments. For the cracking specimens, the analysis were carried through compared of
the crack width, the crack depth and the chloride ion penetration of crack surface, and compared with the
transverse section of specimens without crack. The research results show that, the crack width has negligible
effect on surface chloride ion penetration of concrete cracks, surface chloride ion penetration was mainly relat—
ed with the crack depth. The new viewpoint of concrete durability research on the cracking parts were put for—
ward, which has important reference value for the study of the durability of concrete structures.

Key words: concrete; width and depth of crack; chloride ion penetration; experimental study
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Abstract: By using FEA software, analysis models of seismically isolated and non-isolated continuous bridges
are established for Zhongning and Zhongwei Yellow River highway bridge. And the effect of LRB for seismic
response of this bridge is analysised by consideering force, energy and displacement under the function of the
reasonably chosen seismic motion. The results indicate that the natual period of seismically isolated bridge can
be prolonged to avoid the principal period of ground. Meanwhile, the seismic energy of structure can be effi—
ciently consumed by the hysteretic energy dissipation of lead rubber bearing. So the response of bridge struc—
ture can be reduced. The decrease of the structural force and moment is benefic for seismic design by
using LRB.

Key words: beam bridge; LRB; aseismic design; elasto-plastic displacement; nonlinear analysis
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K2 RIHAHESEERERE
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Application of CEEMD-FFT in Roller Bearing Fault Diagnosis

LU Sendin, WANG Long

( College of Automobile and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Modal aliasing problem exists in nonlinear and non-stationary signal processing through Empirical

Mode Decomposition ( EMD) ; Ensemble Empirical Mode Decomposition EEMD can suppress modal aliasing

problems in some extent, but added white noise can not be completely neutralized. So, complementary Ensem—

ble Empirical Mode Decomposition ( CEEMD) is proposed, which can reduce the reconstruction error and ex—

tract the best Intrinsic Mode Function ( IMF) . Then, fast fourier transformation is applied to the IMF compo—

nent to derive the characteristic frequency of the fault. Analyzing the vibration signal collected by roller bear—

ing experiment proved the superiority of the method and it has some practical value.

Key words: roller bearing; EMD; EEMD; CEEMD; fault diagnosis
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Tab.2 Factors and levels of orthogonal test

AS[H KT BN REIRE TR
T4 J1(A) (B) (C)
iR IKFE 1 I 15 2
K2 H 25 5.08
5 KFE1 T 0 1
IR K2 H -10 2
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Tab.4 Orthogonal test variance analysis

ENCIRRL % BT A HHE Bt FAE Foos(1,4)  «=0.05
e | 64.928 71 1 64.928 71 340.742 1 ITE>
R R IR B 7.894 351 1 7.894 351 41.429 1 7.71 BE
ik i 4.661 931 1 4.661 931 24.465 55 e
B FENH 6.137 256 1 6.137 256 52.391 2 ITES
EE5fE R 50.778 1 50.778 433.470 7 7.71 3
ik % 9.761 571 1 9.761 571 83.330 47 ITE
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5 2 1 1 1 1 1 1 10. 893 9.261
6 2 1 1 2 2 2 2 13.431 11.757
7 2 2 2 1 1 2 2 9.735 14. 676
8 2 2 2 2 2 1 1 10.930 16.112
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phalt pavement rutting model from experimental data
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Experiment on Strength of Asphalt Mixture Based on Second Principal Stress

SUO Li4un'?, WANG Bing-gang', ZHENG chuan-chao'

(1. Key laboratory of Highway Engineering in Special Region of Ministry of Education, Chang’ an University, Xi’ an 710064,
China; 2. Civil Engineering Department, Luoyang Institute of Science and Technology, Luoyang 471023, China)

Abstract: Both strength theory of Mohr-Coulomb and testing methods, which are used to value strength of as—
phalt mixture in specification, do not include second principal stress. In order to study influence of second
principal stress on strength of asphalt mixture, strength of asphalt mixture in different condition is tested on the
base of orthogonal experimental design, which includes three factors, such as temperature, loading velocity
and second principal stress. Experimental results show that strength of asphalt mixture with the second princi—
pal stress is obviously larger than the corresponding results without the second principal stress when it is posi—
tive temperature. However, there is a little difference in strength between asphalt mixture with second principal
stress and one without second principal stress when it is negative temperature. The results also show that, for a
given significant level, orthogonal experimental design significance analysis in positive temperature shows that
second principal stress has the most obvious influence on strength of asphalt mixture, as followed by tempera—
ture and loading velocity. On the other hand, orthogonal experimental design significance analysis in negative
temperature shows that temperature has the most obvious influence on strength of asphalt mixture, as followed
by loading velocity and second principal stress.

Key words: road engineering; asphalt mixture; strength; second principal stress; orthogonal experimental de—

sign
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Fig.1 Relationship between viscosity and time
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Construction of Multiple Composite Layer Type
and Mechanical Model of Engineering Retreated Tire

WANG Qiang, QI Ying-ie

( Traffic College, Northeast Forestry University, Harbin 150040, China)

Abstract: 26. SR25 steel engineering meridian retreaded tire was regarded as study object, basic structure
composition and dimension requirements of retreaded tires were analyzed and designed in order to lay the theo—
retical foundation for further improving use performance of engineering retreaded tires, engineering retreaded
tire multiple composite layer type mainly composed of tread layer thick-wall cylinder model, medium cushion
rubber layer thin-wall cylinder model, belt layer thin-wall cylinder model, carcass layer thin-wall shell model
and tire side layer rotating ring model was constructed through theoretical analysis. Polar coordinate mode was
adopted for analyzing and discussing construction of multiple composite layer mechanical model and meso-stat—
ics equilibrium equation based on ground mechanics theory. Stress-strain relation matrix of engineering retrea—
ded tire tread rubber layer, buffer rubber layer, tire side layer, belt layer and carcass layer was described.

Key words: engineering retreated tire; multiple composite layer type; mechanical model; meso-statics equi—

librium equation; relationship matrix
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On the Effect of Testing Conditions on the Apparent Viscosity of SBS Modified Asphalt

XU Ou-ming', HAN Sen”, NIU Dongyu', LIU Yamin®

(1. Engineering Research Center of Transportation Materials of Ministry of Education, Chang’an University, Xi‘an 710061, Chi-
na; 2. Key Laboratory of Highway Engineering in Special Region of Education Ministry, Chang’ an University, Xi’ an 710064,
China)

Abstract: Viscosity is an important property of asphalt, and has a close relationship with the construction tem—
perature and workability of the asphalt mixtures. In order to evaluate the effect of testing conditions on the vis—
cosity, the apparent viscosity of SBS modified asphalt under different times, different temperatures, and differ—
ent shear rates is studied by using Brookfield viscometer. The results shows that the apparent viscosity of SBS
modified asphalt is tending towards stability with time increasing gradually. The higher the temperature and the
greater the shear rate, the shorter the time for viscosity stabilizing and the smaller the difference between the
initial viscosity and stable viscosity. When the testing temperature exceeds 150 °C, the variation of shear rate
has little effect on the viscosity. The shear rate should be no less than 20RPM when the viscosity of SBS modi—
fied asphalt is measured at different temperatures.

Key words: SBS modified asphalt; apparent viscosity; time; temperature; shear rate



20154 1 A
$368E 14

O K == (T2 ) Jan. 2015
Vol. 36 No. 1

Journal of Zhengzhou University ( Engineering Science)

X E4HS: 1671 -6833(2015) 01 -0092 - 05
BT B a0 B 55 B\ SR RGBT 3%

WEEE, KO, BRE, T X
R A (58 T R85, TR 5 450001)

B OE ATYMFFN ARG T R P ARG RE & 5 FRE, LR AAT AT A i
BRA, FAKF LD TRA P ERGMER K. HFE LB P AT A EEA Markov 342, & U & A R
BR3P R AT AT A T AR AR e Bm, SR AR BN R, Rk — e N T O
M IR IR i S AE I, Kok = A T k —agile BolkhL, H BB B R BUEL K, AR DR R A B AR,
F ik BN, L T B R R PR A AR = AR R T SR R

KB NI ALK B Markov 33 42; SRIEAE ;SR N R A P BT AE R

HESES: TN43 MERERERD: A

0 5|&

BB TCLR A 0 K J | A% ' ol ) L iy o 7™
i, TV S R R A 3 5, LA 250t
X AF AR R 2 IR T 46 % AT, BB R T
IEEE 802.22 Hpi " 3. b 32 FH P Bl AL H 30
[ JCLR 22 v 15 4%, BEAL 5 /B IR AU 36 ]
FHB TS B8R — ZR A 7 3% S5 18 2 L i
F oA 28R G A il v MR AR AT B R PR 2
RN TE T A4 AR T B WA R
SR 7 HE T Pl 4 S A o R A e e 8 S i
W i ) A

SCHk [4 ] 5T k — agile $2USCHL A e IR % S 1k
[ R0, (HL 208 T 5 40 T e, SCik [5 -6 ] LAdE AR
PORAT B 77 B T BR B T ER R ke AR 4 4k
P LA SR R 78 43 5 1l % 2k S s A T 3R
[R) R, H 220 1 A 4 4e) bl 3 FH P 0 sh 5728 4k, ff
PR A ) AL PR 9 de =2 30 305 . A G 2 3
T MEERE Ny Markov , 3 13 935 o FH JBE AR H JEE 4
HrHT R Go vk G 0952 R, I % Al i 2 K s A
P e A, 48 L R e A SR 8 ot e T2 Hh T
SRR RE.

SEF A B L Markov £, 0 = H P AT R
ot B S8 A R B, I LA I B 1 R R A S L
FfR RS2 B R A R ) R, 2 v O DR FH .

Wis B HA: 2014 - 08 - 25; &{T HHA: 2014 - 11 - 03

doi: 10.3969/j. issn. 1671 - 6833.2015. 01. 022

1 REgEE

1.1 AN g iEE

FT TV A iy o3 A 2O M 28 R gi b, Ik
F P I IS £ AP( Access Point) 42 A 321
( VHF/UHF $infy) ,—A> AP "l Z I -
FEAEBAE T ORIt AP SRR 2 1 B K% IR
FUR SR T FARBE , K 2 R A H  H
Bl 2 R O AR A S R NI

M T EH PN, TR dzsiE TV
T B B O — R AR B 1 oy —Fp AR S A
WIEEBHN N, XHFHER D TV FiHE
(6 MHz) , n] IS IE ( Ag EH 5 ) 1.2 F1 3
RIS —A0 . T2 N A 3T
W, ST I EAAE SR B LB IR 45 (15 i
HIF SR

| Eaiiess
ol T3 L ! N
e
el N
%

E1 skl
Fig.1 The structure of spectrum
H I S IR P 5, BRT A a0 A
B4 o5 I He 3, HCAETT ply SIFT BA g7,

EE&UWE: HEARPIEREG R BIH (61271421) 5 Bt 220075 AA S B B 5 H ( NCET ~ 12 - 0699)
EF BN BEEMF(1972 ) 20 TRVFE N R OR 22 20852 1L, SR RS T ) 2 JO ki {5 AR 48 U P, Email:

ieyhlu@ zzeu. edu. cn.



514

i 2, 26 BE T B HICR AT RO BRI e A SRS BF 5 93

Al HHFIE I AR

1
) = 1 -A,—). 1
pule) = max(1 =475 (D)

Forf: A S A5 n ANINAR A T RIS E o, (28 A
FH2; B R, BT SoABHAL BIEAL = 1,715 55
nSEFIEA L EAREEIE 1/CB) + DIFIIA,
TEERAERD ¢, BFEEEER AT IR R Ky

1 N
M,(C) = g( len( ¢) “a; cx * W-6(C) )

(2)
N N-1

G(C) =( 2 a; *x; = z @ * @y % %y) 2B
= =

(3)

R CHHABEE Y p,(e) + o, *x, 4 C 5

LR W IR EIE 58 6 MHz, f5iHIREA = {q,
aZ"”’a[V} 7ai = 1 Eﬂrﬁiﬁ Ci ﬂ‘ﬁﬁ’ xi S {051} ’

x, = 0 BIAHE ;. zai T za’i Sl XX
A CHREREL G C) R I FE  Ferh PR 377
JE A T R B T A A B A i R B Y 2 1 0
WA TR 4 KD B, A RS
He LB S0 5 — AL BN R M, (C) .
1.2 SiEEE iR a

1 R — Rl o3 At 00, 100 S PRyt i 25 44
E AT RS AR A RE VT S i
UL ¢ FIE R BE

{:1—%, nzl—%.

A N R SRR K O n] AR S e v
B VA5 R AR A BT B R R
SRR MIAAR A BIA R A BT B4 Koy
A s BTN e K2 i KO B Markov , HR
ABE 0,1, Ny PR F AR RN

min( k,[) k
R, =

(F)er=n = (5 Fu
i=max(0.k+1-N) \ T [ -1
(1= """ 0<kil<N
&i%ﬁ*%%yg T = {Toa T, TN} ’EE TR =
", T, + T, + - + T, =175:
T® = BA™'. (4)
Horf, R ARSI, REUEE A,B -

Roo Rigtl Ry+l = Ry,+1Q
ERO.] R, -1 R, , Ry, g
A= ER(?,Z Rl‘,z Rz,z‘_l Ri\./,z E
ERO,A Rl N Rz N RN,N - ID(N”) “(N+1)

B = (1,0,0,-,0) (v, .-

XTI A2 R R, WA e —47 0]
HATFOR BRI PSS 7 AR FR,
WMRAFAE—HIAE R 0 [9{ by, by -+, by} % AT
FOLR W LTS R o R R, B
by *Ryo +b, * Ry, + +by* Ry v =0,MHKAT
TCRZMA 1,045 by = b, = = by =1 {HiX
YUEIEABEMAT P BRI C R Z Fh 0, RIi%AT
RREE I AR TFR M FE A R 44T T]
A TR BB ST, 7 [ A SR, WL FR
X (4) AIEF(N + 1) Fi i T ME—fi.

S ={1,2,,K}) N KA0] FHEHE A5
B e R E AT S STLE 2 N = N
JEREF RN S = 1N E P 7 R ARG A S e 2
30 S AT SRR R L RIAR K - (S - 1) Mk h
RSB M( S + 1) 4Ll ARG R 25k, 2
apon( " 0T e LT K AT
FMEE N S 4L, &5 R 4y Bl LR T IS 65K
%ﬁeﬁw@‘:)wﬁiﬁaﬁKmﬂmﬁﬁ
AT S AN R RRER

(N—K+1). (K—l)
Pr{S| K} = S o S-17 (5)

H L AT L & ATy Sk 3 P AT X s 4
Ky, A A3 s (4) FI(S) B,
1.3 [k

B4 AP AS[RIRHEE A, DU AT o B RO 3
NSRBSYERE 25 DRE A BE B FHE R 00T 28
MG IR P R

N k L

P =3 S ST pi(SI K -
L k=1 n=1 [=1
Pr{M,(C"") < M} . (6)

FH M kg 1 B RO U P R R
sk €O Sk MRS G54 T B T A 8 4R A
Pr{ M,( C"") < My} 4] AR 25 Pt
W) BB TR MR

SRIEREF L S A Y B AR e/ ME
P BOIRE T 558 AW, R SCLUR /NP,
o FUR , 45 HH W Rl AR L3R 25 R e MR

2 BhISIE N R

2.1 ETESEENRI R
SCHk (6] Hems 584 o AT RS I8, e 1




94 KB R 2 2 4R (TSR R

2015 4

FLER K0, 6, 2 FEEE 0.3 B )i 2L F ok, W 5E 4
o7 P25 3 BUREUR 0 ™ E IR 2, ORI — A B S
IOV AR Y A S PR R, S AR A S R,
EIRMEE 1,25 0.3 A R AT 2 R, 0l
PREZAFIE [ 0. 3 MyFL=2 308 T — 5 5. Mo B
RS AL I AT 7 B MK AR B B A IR
dHEE B 2 e 3, B e e i I 75k Y
/DS

Felg— BRI T

(1) #fE BFIEE N5 80 L 338 B T
BN KB - B FEBEFIERE A

(2) (1) . (4 F(5 14 pl(e) T F
Pr{S = n}.

(3) X" 545, A BRI R 4 L2
A, IFREN(2) Wi 3 s A, W45 BT o i
LGN EH /ANBIRHE T MRk i M B
BC,, =1{C,C,C) AR M, 5L
SE—IR AW Lost( ) = 1.

(4) BHHfFHEREACC,,) =0.

(5) BTy B ARE My i i T

while( (M( C,,)) - M) = )

time = time + B, p(c¢;) = time,
ACe) =1
M(C,,) =M(C,) -B
end while

(6) &l=1+1,HH3 ~5 FmA(6) IHH

(7) PEER2 ~ 7 IFALRP,, AL RIS
2.2 ETFIEELRY B R R

WA 2 PR, ESEHE ATE T 1-aigle HEUk
Pl HAEH A — B S5, SR Ig —JE T k-agile
PEUCHL™ TR B A o A 3 D i ke
1 1) A

18 k-agile HUHLIFAETCIR K Y, H = ZHEIR
BHEEA kA AEESFIE b BN R, HEEA
LRy I AR EE S TS AL RUN IS A& 1 e s PR
s N B, R RE LA S /MR T T AR T 2
WAE TR AAREL, /T IH 44
mXin:G(C) = ( Zai *x; — Za,- Sy X))

i=1

2B a3 (7)

guar

st M(C) =M, (8)

N N-1
( za’i X - zai C@ X X)) S ke (9)
= =

1

Hor B R R X = (x. 1 ie {1,2,,N}.

AT (7) RO — 20« , f Ho i 20 R o
PEEITRI , BT R A RGP B/ T ) U T4
PR T, SR P 3t 13 48 2R 1 2 E A 7oK A

I 1

(a) 1-agile

' (

b) K-agile
B2 WWHERILEEE
Fig.2 Comparison of two kinds of receivers
Smg — BRI
(1) B BB N1 U8 L Bs AT T
R KB i E R B5E A.
(2) R (1) (4) F(5) B p(e) Ty
FPr{S=n}.
(3) MU LAY s BRI 2 (7) BISREL.
forl=1:1L
TEAH(9) T AR A R4 &2 8 F &
SAFIEA A L B/ NBIRHES i MK
for k =1: length( MK)
if MK( k) =M}
BehIFics C, ez Lost( 1) =1
end if
BB E EIRAS A(
end for
(4) 3 PAEFIE Lost, #ak(6) HEEP,,
(5) EFR 2 ~4 FFICRP,, A A R (E.
25 B o0 SR — IR Ak B Y $2 T2 LA
SR AR Y, g — LAk B T RE 5 T, AR
IRESCHEBE B AR 0 T K, B 5 SRR SR AR 22 6
NREYGRR Z. SR AR RUE R BRI T, % &
JIA T REARIEZH G BN 1 48 R AR, P A o
W AR A T TR BAR R T H A RE Y
Th A 52 2% BEAR M LA Y.

3 (hESH

ST B R AL =3, S RN =
10, RN 5, 2 W 2 Bl AL AN A7 , 45717 15
SR N IR — 2 5 43 A5 My ~ U(0.5 M™,
M) LATF S5 222518 1 000 WABFRG s
3.1 RIpEANT RS AE AR

Bl 3 SR A4 Ko/ Xt 2R 45 M RE 1 B L 1%
B W{0.1 ~1.1 MHz) , LE SRR T ¢
il B GE SL= AE  , BO ETA TRE I € I

end for

C) =0




513

i 2, 26 BE T B HICR AT RO BRI e A SRS BF 5 95

) LA LU .

BEE B (RHE K, JL R I BT A0S 55
W, SR P S EL A A
i, G B A5 B0 1 AT S RO, AP,
RS ST o X P RIS ORI AL 2. £ TS W A 0
SR 9) AL e 2 A A S, MO
e —PERERE , M — I A R R T B IR S
PN SR B PEREA T — % 22 1.

e JCHRT 6] FHEE( 2 =0.2, u=0.T}
100 & -RR 6] PHEER(S =0.3, p=0.6)
R T A=0.2, u=0.7)

. ~{i=0.3, u=0.6)
—a- -~ 502, u=D.T)
¥ - - —( 2=0.3, p=0.6)
=
"
- 107
& |
w. 4
i
&
10"1 L . . . L . ,
0.1 0.2 0.3 8.4 6.5 06 0.7 08 0.9 1.0 1.1

R B MHz
3 RIPHFRNREEREN I
Fig.3 The impact of guard-band width

on the performance

3.2 S & P RN RS AL A0 BL 0

Il 4 g & SHERERYSZIR, Y 5 FEE € 0, N A
EE AT 3 RGP, SRR B £
A SRR P, 3B T T £ = 0.8 FF
G, P S ULT 40k P, 3 R o g
P, T 1.

'y P
% /Afl/’ - ic B E sl g
Wygnl &0 B e =k o
& Py -

g Uy

& ¢ 7

E-107 1,7 10

4 & -A-JCHR[ 6] RS

® emwm— 0.5 0.6 07 0.8 05
10

-3 U SO T SN O S
102 0.3 04 05 0.6 07 0.8 0% 1.0 11
Wi

B4 ¢XFRGEEREMRIT
Fig.4 The impacts of £ on the system performance

3.3 TRHEERHEXREEEMFMm

MIELS FLEL 6 TR, HY T 5K W — AL SCHik (6]
TR IR TS , MOR U X ICR . T3
W R O AR 2 H AR B R R,
RGP M, P, B, IS B 4515 (9)
LAY SR, K () 18T SR W 14 B R D

55, 0P, W RERAR BB W AR 2, 2 b K4 F 5
(SN N R L o N g @ N IR E 5
PN LIT(9) AT M P, S — S LR T Tl
1 I SR — W S5 350T SCiik (6 ] 5Rms.

- - UHRE 6] I HERE L =03, u=D.6)
~ o -BEEE T A=0.3, u=0.6)
gt -~ - =03, p=0.63
- SCHRE 63 ATIERE( A 0.2, p=0.7)
- A =0.2, u=0.T)
—a- {4 =0.2, p=0.7)

G e o e e B o e e e e e e e e e e e b
-

s
ﬁ P g e - —e- & —— 8§
i 107 T T T
O SN o
B-
+=
®

1

R

5 RYENRFEREHTIE
Fig.5 The impact the agility on the system

il
1t
=
E3
‘:."'H}w:
#
-
oy
# seslf [ S 6] R 302, 0 T)
Howrd et S e{ 102, 0T
f werl{  —e-BE(02, =0T
P U Lt @ I 1 S A S R S —
- % - il 1 403, 0.8) 4 5 6 7 8 8
'.'m_ﬁiﬁ'a’jﬁuﬁ) ‘ | ! i ‘

1 2 3 4 5 6 7 & & 10
TR

6 T RHN RS ARG
Fig. 6 The impact of the number of nodes on the system

WRBO LI, i T oA R A ORI
— VAR T XA R TG M. YT 5 22 I e —
PR IR TOL A5 LA L, PEREOL T3¢k (6 1. X5 T
SR BRI, HER S PRI REAR L
BN, T ERE R E AR AT
2, LRI

4 Hig

EH MBS BL Markov , 18 i 45035 it FH B2 B e
FrRESMAT P BEAILAT b7 A B A TR AL
e P RR 3 A SRS, SR — iy A 9 B IR R 5
PR IR SR TE , SR T k - agile AL,
el e R BUZ A RARE S g AT AL



96

KB R 2 2 4R (TSR R

2015 4

HBRAES R LI T A SR (R A A A 8
THAERE R IR THE (AT

S Z Rk

(1]

(3]

SHIN K, KIM H, MIN A, et al. Cognitive radio for
dynamic spectrum access: from concept to reality
[J]. Wireless Communication, IEEE Transactions on
Wireless Communications, 2010, 17(6) : 66 —74.
NAVID T, SONIA A. Modeling and analysis of cogni—
tive radio based IEEE 802. 22 wireless regional area
networks [J]. TEEE Trans on Wireless Communica—
tions, 2013, 12(9) : 4363 —4375.

KANG K M, JEONG B J. TV band device for TV
white space field trial [J]. IEEE ICCE, 2014, 10
(1): 450 -451.

LILI C, LET Y, HAITAO Z. The Impact of Frequency

- Agility on Dynamic Spectrum Sharing [C]//In Proc
of the IEEE DySPAN. Singapore, 2010, 6(4): 1
-12.
HOU W, LIN Z, LE1 Y, XIUMING S. Guardband A-
nalysis for Distributed OFDMA with User Heterogenei—
ty [J]. Tsinghua Science and Technology, 2011, 16
(2):83 -289.
BAHL P, CHANDRA R, MOSCRIBRODA T, et al.
White space networking with Wi — Fi like connecivity
[C]//In Proc of the SIGCOMM. Spain, 2009: 27
-38.
BRUALDI R. Introductory Combinatorics (M].
son, 2009: 128 —136.
WF SC, 605 B A TC e v A 25 RSP % OFD-
MA FEUE Tl SR (I ], A K 2E 240 T 28R,
2014,35(3) : 55 -59.

Pear—

Dynamic Spectrum Access Strategies in the Cognitive Radio
Network Based on the Discrete TV Band

LU Yan-hui, ZHANG Shuai, MU Xiao-min, YANG Shou-yi

(' School of Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The unused TV bands are discretized by the behaviors of the random presence of the incumbents,

considered as primary users in the cognitive radio network. The spectrum discreteness is ignored by most of the

existing strategies, resulting in a mass of spectrum fragments that cannot afford the user’ s demand. In the pa—

per, the primary users are modeled as a Markov process, and the spectrum occupancy degree, fragments de—

gree and the statistical average outage probability are defined to analyze the impact of the primary users on sys—

tem performance. And two strategies are proposed in this paper. The first strategy involves adjustment factor

and selects the fewer continuous channels. The second strategy based on the k-agile receiver involves the con—

straint of agility and guard bands, and selects the minimum non-contiguous fragments to solve the fragments

problem in the physical layer. The simulations show that both strategies are superior to the existing strategies.

Key words: cognitive radio; Markov process; spectrum fragment; spectrum access strategy; outage probabili—

ty
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Fault Detection Based on Improved Wavelet Kernel Principal Component Analysis

ZHANG Duan+in, WANG AiSuan

( School of Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The problem of fault detection for a class of nonlinear systems based on kernel principal component

analysis is studied. The improved wavelet kernel principal component analysis is proposed. Firstly, the pro—

posed method is applied to denose the data. Then, the preprocessed data is transformed by wavelet kernel

function to map the nonlinear input space into linear characterization space. In the feature space, principal

component analysis is applied to detect faults for nonlinear system, in combination with SPE statistic and T*

statistic. Simulation results show that the method can improve the fault detection performance.

Key words: kernel principal component analysis; wavelet kernel function; wavelet denoising; fault detection
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The Research of Power Cable Cyclic Heating Thermodynamic

WANG Guang-bin', YANG Hai-ma'?*, YANG Hui',
LU Ling’, JIN Zhiyong’, MA Sheng', HUANG Ying-ping'

(1. School of Optical¥lectrical and Computer Engineering, University of Shanghai for Science and Technology , Shanghai
200093, China; 2. Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, Shanghai 200083, China; 3.
Shanghai LANPO High Voltage Technology & Equipment Co. Ltd. Shanghai 200245 , China )

Abstract: In order to study the temperature characteristics of the voltage power cables current carrying capaci—
ty thermal cycling test and influence of ambient temperature and dielectric loss on temperature rise of power
cables, in this paper, we improved the cable lumped parameter model equivalent thermal circuit in the air,
We established the heat flow equations of the real-time correction for the conductor loss, dielectric loss and the
ambient temperature under transient conditions. We simulated the temperature rise of cable conductor and the
metal sleeve when applying a constant current to the cable and the influence of dielectric loss on temperature in
the working state. We also simulated the transient temperature rise and natural cooling curve of the each layer
of in cable thermal cycling current carrying capacity test and fitted with the actual temperature rising curve
which had been measured. The results show that: In the high voltage power cables thermal cycling test, the
dielectric loss has greater impact on the cable temperature characteristics. We need to correct the conductor
loss, dielectric loss and the ambient temperature in real-time.

Key words: power cable; dielectric loss; differential equation of heat flow; temperature rise characteristic

(4% 104 W)

Troposphere Radio Waves Propagation in
Duct of Parabolic Equation Method and Error Analysis

YANG Ming-shan', QIU Zhiyong', DU Xiao-Yan®

(1. School of Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Information Engineering University,
Zhengzhou 450002, China)

Abstract: The main error which is introduced in the process of the Narrow-angle parabolic equation derivation
is analyzed. Then,the relationship between the approximation error and propagation elevation and atmospheric
refraction index changes is established. The established expression ascertains the value of the error brought by
the two operators and verifies the reliability of the derivation of narrow-angle parabolic equation in the condi-
tion of small changes of propagation elevation and atmospheric refraction index. Finally, the loss values of e-
lectromagnetic wave propagation in standard atmosphere, evaporation duct and surface duct are calculated.

Key words: troposphere duct; parabolic equation; propagation loss; error
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The Research of the Early Warning System About the
Geological Disasters Based on GIS

LI Xiao-gen, WANG An-ming

(' School of Resources and Environment, North China University of Water Resources and Electric Power, Zhengzhou 450011, Chi-

na)

Abstract: The GIS technique is used to investigate the statistics of landslide geological disasters, and the grid
limit equilibrium method and finite element method ( FEM) are used to analyze stability of the landslide, and
the gray system theory method is used to forecast deformation trend of the landslide, and the early warning sys—
tem about landslide geological disasters is completed. System operation results show that: the stability of the
landslide is good, the influence of water on the stability of the landslide is bigger; the early warning system a—
bout landslide geological disasters which is developed realizes unified management and forecast of the related
data of geological disasters; the constructed 3D model of landslide geological disasters can accurately reflect
the geological and topographical feature situation of where the disaster happened; the system has laid a solid
foundation to realize sharing of the WebGIS of geological disasters resources.

Key words: geographical information system; landslide; rigid body limit equilibrium method; finite element
method ( FEM) ; WebGIS
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Research on Chaotic Vibration Characteristics of Nonlinear
Half Vehicle Model under Quasi-Periodic Excitation

YANG Zhi~yong' *, LIANG Shan',ZHOU Tong'

(1. College of Information Engineering, Chongqing Institute of Engineering, Chongqing 402260, China; 2. College of Automa—
tion, Chongqing University, Chongqing 400044, China)

Abstract: To overcome the problem that the vehicle suspension model of the single periodic excitation road
does not truly reflect the nonlinear dynamics characteristics of the actual vehicle, the paper establishes a quasi—
periodic dynamic road excitation function, and builds a four-degree of freedom nonlinear half vehicle suspen—
sion model. Using the Poincaré map, phase diagram, power spectral density to analyse the nonlinear dynamics
characteristics of the four degrees of freedom semi-active vehicle suspension model on uneven road surface, we
obtain the amplitude of chaotic vibration and its vibration characteristics which is quasi-periodic — transition
state — chaotic state as the vehicle through uneven road surface. At the same time, the occurrence of chaotic
vibration can be inhibited effectively by adjusting the spring stiffness coefficient. The results show that the sim—
ulations of the four degrees of freedom nonlinear semi-active suspension model under dual4requency quasi—pe—
riodic excitation is more closer to the real situation, which helps the design of vehicle suspension and pave—
ment.

Key words: quasi-periodic; nonlinear vehicle; semi-active suspension; chaotic vibration
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Grinding Fly Ash Process and Equipment with Vertical Milling Machine

MA Sheng-gang, HE Zong-hai, LIU Xiao—ui, Dong Pan-hui

(' School of Mechanical Engineering,Zhengzhou University, Zhengzhou 450001, China)

Abstract: A new ash grinding process was proposed, with the application of vertical grinding mill systems to

grinding, sorting, and collection process. The process by designing a new type of vertical grinding system to

solve the small particles of fly ash in the state is not easy grinding problem, significantly reducing the grinding

costs, footprint, investment costs, improving grinding efficiency and degree of automation. The technology and

equipment have been put into use in Shougang Jingtang Iron and Steel Co. , Ltd.

Key words: vertical milling machine; grinding system; fly ash
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Design and Application of an Automatic Page Turning and Scanning Device

PEI Dong+ie, QIN Ying-zhou, ZHANG Zheng

( School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to realize bound paper books turn pages automatically to facilitate reading and scanning, a

device which can realize continuous pages turning, scanning and outputting electronic document is designed.

Through decomposing, simulating the action of pages turning, and using the mechanical structure and control

system, the device achieves the design goal. It is shown that the device can fulfill automatic turn pages and

scanning by making prototype. It has stable performance, simple operation, and can reduce the labor intensity

of books scanning greatly, which has important practical value.

Key words: book; automatic page turning; scanning; design
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Fig.2 Grid model of wind field computing
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Fig.3 Wind pressure distribution on spherical surface
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Fig.4 Diagram of the shell center cross-section
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Fig.5 Wind pressure distribution

of shell center cross-section
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Fig.7 Single point displacement curve with

load value
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Single-Layer Spherical Shell Structure Analysis and Experimental Study

MA Yong-tao, CHEN Tian-yue, LI Wei, YUAN Tao

( School of Mechanical Engineering,Zhengzhou University , Zhengzhou 450001 , China)

Abstract: This paper studies the structural design of the singledayer spherical shell. with the wind loads of
shell bearing for design load , using FLUENT software to get the shell surface wind pressure distribution . The
calculated surface wind pressure is applied to the shell structural analysis model, with unidirectional fluid-solid
coupling ( FSI) technology. Through the nonlinear calculation of structural analysis, we the stress distribution
and deformation of shell under the wind load conditions. With minimizing beam section size of shell as optimi—
zation goal, we obtained the size of beam section which satisfies the design requirements. Through field tests,
we got the shell node displacement load curve, and compared the results of the experiment with simulation
curves under the same conditions to verify the correctness of the shell structures model.

Key words: singledayer spherical shell; FLUENT; fluid solid coupling; dimension optimization; experimental

analysis
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