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1.1 & EiRMILE SR B F#E

% BARE AL ) B 38 78 3l R — 2 R A1
T, R — 41 H AR 22 8] A B b 2 i e K el
Fre/IMELF 7] 5.

Z HARMEAR IR R A H 1 3 R
min:y = (fi(x) ,,f,(x)) ,m =2,3,--,M

g(x) =0,j=1,2,--+,]
s.t:{h(x) =0,k =1,2,---,K (1)

X< w <w,io=1,2,,D.

Kb x g D YR As it y S HbR R MR AL
HbrSEG S, (x) B m DT HRREGg(x) 5
h( x) G353 &R AR X X Ry
R TR

1.2 BB HiR#ELEE

1.2.1 A FGA®SRAWFEE

(1) REPEHRZA D VEGA) . R PEHr it
f£45 4 ( VEGA) i SCHAFFER T 1984 4F
W RS T BB E S £ AAR AL
[ 254 R R — A B AR — AT
T, 70 A — AR Ak 3 B AN A B DA AL 1 3 PR
FAFPEEN , A JEIAL B AR, AR ERER
AL HLE.

(2) % B b5 % 15 5 3% ( MOGA) . 1993 4F,
FONSECA il FLEMING $ MOGA"™ %8 ik 75
B AW 2 (s IO K S S B o 37 | S TR
SRR 1, ARG R R 3Bz A AR 5 H
I L, A — AR R 3 R R AR A 75 20 T

(3) 3L F /A BE il B FE a5t 1% 575 ( NPGA,
NPGAHI) . NPGA J&/NMEBEH LS GA BAHAH L,
AR AR E TR 2B £ H AR
4k 1] 5. 2001 4F, ERICKSON %8 A #2 T
NPGAHT™ . 3% 32 I AE B e BEHLA L R /DS
SR EAR BRI A T — R .

(4) 9F 3 e HE ¥ 5t % 53 1 ( NSGA, NSGA-
1) . 1994 4F-, SRINIVAS #l DEB % T Goldberg [
Jf % i AR B NSGA ™ A S e AR 9 H 1k
S AL I R A AR 7 AR BT IR
23 [A], SCER Y 2 BE . 2002 4F, DEB %5 A 7F NS-
GA B ¥k (K 2L Al 1 42 1y NSGAHI™ . 4f L T+ NS-
GA ,NSGAT (¥ fft A A 4 D4 H ek JE S e HE
FPO s BRAR T 0 52 4% s Q2R FRG B SR I

(RAEA BL A7 AL AR PR 2l 2, T
P TRALSS RS B QR I LA T,
(AR BRI ZREE.
1.2.2 AFDE®W%BAEE

1995 4F, Sciik [19 ] Wi T2 2 F FR AL
[ Y T 2549 3 4k ( differential evolution, DE)
Bk, DE B E R 5 38 5 5 AR R A8 S 38 L
Filtd. DE w18 S50 43 5 JH B e #6748 AN A
AR 2 43 6] 4 7 A 7 A 2003 4F, XUE 45 A
BT AE TR SR 2 RS
( MODE) ™ | 3250 3 1675 S 38 43 i A 46 301 43 351,
e B A/ Al P18 R T U6 /0N, T 5
S SR AR (38 - o T Rk 25 AN B b R A
SR F CR R 5y ¥ £ (¥ 17) B, 2009 4F, WANG 45
AR £ B R [ 3E B 2 4 553 ( MOSADE) fiff
Z AFr AL Y. B v DE BiZ%k FLCR R
Y 03 I 1 0 T 515 2 14 9 P P BB
1.2.3 AT PSO#® % B iH ik

KT B AL B 2 1995 4F i KENNEDY Al
EBERHART 32 [ $K it o 5 BE £ RESS 1 7 2% 4 11y
) % B R B . 7R PSO 36 B0 £ B4R
DAkl B, QAT 32 FH 4R LR 38 B B 7ok
T 5 AN T B B4 2% G Bl IR L 2004 4,
COELLO % A48 ! T £ H ARk T BE 5 3 ( MOP-
SO) ™ BRI AT E A AR L, AR S
Sy AALAL i Y BT REAS PR 38 25 B B A
TSR P 2R LI 5 e A A 3 P A
948, 2007 4F  TRIPATHI %5 A 4R A5 1 %2 H
Bk TR AL B ( TV-MOPSO) ™ Bk i
TS P TR0 R O B 2 R A
&AL A AL R T R B AR AR 25
B 7 AT HE R , LA 4 S A
FREE A O ELR 3 T O AR 1 2 R
B A BB NE BT AR 035 1o BEA.
1.2.4 AFAIREZR%N S AWFEE

N TPt 2 552 52 G0 P et e R0l G g 2
YA D 2 AL 15 R B0 B 5 N T
B WU R L AT Ry 1 R R T R .
2004 4F, COELLO 48 A$8 11 £ F A7 60 2 55
( MISA) %, 325 1 SR R 24 S O /& L3 B
RSB e 245 A1 R 4E 45 Th B AN B, O ELx
AR AR 32 T 1 AR [ () 75 S S WS 2008 4E,
GONG % A 2 H4 HF 32 Fe 4B 4 % i 3
( NNIA) 2 NNIA % — e Tl S oM 4
PRI, AR A A B R HE A T LL 191 s e
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HRW L4 2 H ARSIk SR SR 285 B vh i B 235 3

b5 8 T R AL A SRR, LAt
ST Y I Pareto [ ¥ 1T A 1 X A48 2% L 1%
AR AR e 2 B ARG ) B0 TR B
i,
1.2.5 A F MOEA/D ¢ % B Ar f ik

ZHANG 554 2007 A4 552 30 77 vk Ak Ak
BEsE AR R T T £ Adr i
P RIS Pareto S LT U A4 I U (7] R
Gk — i 1) S B AR AR ) L 8K 05 Ak
A [ S SR i ok S ] 1.
1.2.6 Hie%AtFix

BT LR 2 B RL Z AR R £,
s B A 2R HCEfL 575 ( SPEA L SPEAH) 7E
I RGBTy T BN 32, D AU — 3 AT
A 48. SPEA 1 ZITZLER 5 THIELE 7E 1999 4
P07 SPEA SR FH A A SR A7 i g — 7 A
(AR S ECE  FR R AR S ECARAE | AN RAR R A A
HCE 1 (RIS, DU SR 2 AR R M A 44k
ZITZLER %5 A\ F 2001 34 SPEA Ay ok i B AR—
SPEAL™ 7 SPEA {4 KLl 1 X3 1b7 B 43 fic ~ 4>
PRI R T 1) LA SN A B 7 184 3 Jr il it
Freatt.
2 SHRHAUEEZEBARELFRAE

( EED) ® iy 5z A

HLAE 1994 4, TALAQ 45 A48 )[R B % j8 2
T T ERBE B4 AL SR s s D95 Y ( NO, - SO,
85) HEm s e ME S P H AR B SAAE B 2R
Mt OB A EME AL B R 15 G PR
AR NS QW15 Y W HE LS AR 1 AL
FE RO B AR 4 WS 107 1k AR RIS 5 18 T
ZF SR E A RAES  —H AR E T
FIRE 28, I Aok, B N A E % MOEA L H
FTHNRGEAIRA TR RSP, S TIRZ A
WHAE R RCR , T4 R B MOEAs 7E Hi, 71 2 5t 1 & 40
S B I YL A8 BED [ BB S R A e
AR 7R R R 2ok 5 — @ AR A
T R T BT R BB B AR 15 )
Hemc s A AL H AR, SR MOEAs #E473K fift.
BEARALNTE Frs.

(1) AL Hbr

O3 % R

N
Fcost:;(ai_l-bipgi_l-cipii)‘ (2)

A N R RGE T K BALH B EG @b e 3
HREHLA @« BT R REG PR | B
ML A D ).

@5 Ykt
E.. =Lﬁ]( d; +engi, +J[£Pzi +exp( )\ng,:) ) - (3)
s dive ofis AL KL @ 175 Qe <Ak
HECR A LA B oAb i B G Ak B b BRitb 2 Ak
W ADEA DRI RGBT A S A
Fete A s

(2) At

ORGP R MK (4) s, Kb Py
KA DI P, RGN

N
ZPgi_PD_Ploss =O' (4)
i=1
QLA S 25
Pi" < P, <Pi™. (5)

L P PN B LA B TR K
H.
@ Bty A 2y

S, < S™i=1,2,,N,. (6)
S S, BRI i (L R R I
FR: N 2R A% BR DL B LR 23140, 8 A HL4
J€3 3 % HLATI5 4728 1k X ] AR OE < £ i £ H
gt Y gy S
2.1 MOEAs &84t 89 EED ja) & /i 52 F

T MOEA 75 #E RS -5 W H 77 1 i FR il
1997 4F SRINIVASAN % A $82 H 5% F — FHE A 8
KL B 0 2 F AR EED ] B8R4 75K i
AT v fige ) T A 3 Rl A5 e )

2003 4 ABIDO #2 46 NPGA iz i F £ H#r
EED [a) 51, SR SO 5 JEE e S 3 e e 4 v
fife. b5 ABIDO X435 NSGA ' (SPEA ™ FF*
fiff e [) — [n) JBU, X F PR SC 2 R Oy . SCmk

(36 =37 ] B A AL 26 6 1) 28 4 k29 3. A3 3
TR ECEREE LR RIS SR AL LRI AR T
SN Bn RFCARLE.

[F)4F, HARRY ¥ 7 45 K 95 £ B3 SR W& 11 NS-
GAHI [l Ttk EED [a] 81" . 75 % A% i oy 340
IAGULT L1 e DA K A ML ) T R AR 2y o
ZAF T AR A K% 07 155 BIE = R bl
AT G2 REE SR RS 5HH
Pl 51 ( FCGA) 1 b 45 R R AN
PR ER SR (1) NSCAT FLAT B DRy oR figt il 12

2004 4F ZHANG 25 A4 T —FIBR £ H br
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AL FE(FMOGA) ™ SR JH = FARHL IR i e
EED [R]85, H b5 73 il 2 BB A S 75 e Wy R ik
B DA R HTBORIPE A D 5% 3 17
FEHATINRE , — 5 I RIESRAG 45 2R 0 2Rk, 5 —
5 T ] LIS ERANTR] HARE 1320 522 e X 45 R i 52
mi. [a]4F ZHAO S5 A Ja)#Eiz HILA B 3 Fh B A5k
MOPSO HEATSR A ™ 1% SCEE oA T 2R £
P55 s 42 R R BRI AL LB i

2005 4F-, 7 3CHR [38 | 560t I FRRGE F NSGA-
L figpe EED o] 80" 76 BEAL S5 8 i 9RO 35
PEATSRAFE. TERA 5E (R O T 23 0 RS : 22,
W JR G D) R R AN SR )RR TEREL T T
Z IEUIFRBUR M R S 53 3 FF il D&
A HLE D) AR 25 A RS O T BEPL A1k
R e Q&K B 1R 5 R
T EITE 40 58 P YA RS O T BEAL A k; @44
Bl 5 3 ZR 46 1 far LA KT G W ki & 09 7E
e BN O T BENLZ L. FEE TR 04 T
T3 FGEVH B[R] AR < AR T 0 52 R A8 I 74
(B JEL IR, 245 B (AL SRS 1 1 DR SRR 3

2006 4= ABIDO [m] 44 3 Fp 22 H Ar ik A 5 12
NSGA ,NPGA Y5 SPEA F-J-fiff v, ) 5 G 14 2 )
YO LR B4 2 bR Ik P R I A
AR IEALAE 3 U5 TN 2 ORI FS 213k S
fiff 55 00 SR T A L AT T [R] 14 B 25 /N i s P A
) fife 1y B 53 A s AR SCC AR 1) 8 S
T IEBRE R IS AN [ B ) B PP A SR 4 T A
AR [F4F GUESMI 558 A\ A ffkt EED fYFER [H]
YRR T PR E R R L B R AT NSGAA
Xof AN ) ST 5 AT 0 B ) A A 7 SR A, AR
FHEE— 20 B 45 5 R A 28 I 265 1) 5 1245 3] 8 B ke
W, e Jr MAZ TR R A BT T RAIE.

2008 4F VENKATESH 28 A\ 42 15 EED [a) 5 1Y
2SR R D2 U ER B A Bk A U4 R IR A
( combined economic emission dispatch , CEED) 2
—XCHBRCAC L, 5351 A 5 NO, HETi
1 Q% T 5 & 0] 151 ( economic emission dis—
patch ,EED) Jy—~ 3 HARLAL R R, 7351 A i
AR NO, LK SO, HEjif . 14k Fl MOEP 4331 %
DL L IR UHEA T 5K A O 55 NSCGAHT #E47 L #4. 45
F W] BRI B 2 [ R R A ERE,
AT BRAG I3 AT T2 A Y IF SRS FTT. AGRAWAL
SENFR HRE TR 3R 26 Y kL B B 1 ( FCP-
SO) B INA T RAE B R 2K £
REVEORIFAFHILIR R AR AT B )2 2 S A i 24T

HIVA.

2009 4F SUN 4§ N £ X 322 w3 th—Fh 3
FARI AL I8 B 7 1 3 BARS 3k RGiE
A7 DRUSE ~ A (A ok ALY S < 457 2% FH 25 S8 A
W) HEVS B SR 2 B AR AR SO HE Y 22 50 SRk
( NSDE) #4735 fift 71 55 NSGAIL #E47 AL, %55
P T AR HE Y 5 22 Bk g A, OF BT
AR EEEE B AL 5 728 S VR AT T ek,
B TEIEM R S RAY, 45 K W] NSDE A
AW Sk B SR ARG

2010 4F CAT 55 N 42 13 22 H A 8 bl WO 381
(MOCASO) ™ ,iZ553 R ] Pareto S e ik £ H
FRAOGAL I, 32 FHASORI B 38 7 B L AL DL &
PeahA 72w Bk vE e WU 28 AR 5 3Ciik
(32 [4H[F (g 3 H 4% 5K W% , iz il MODE figt g EED
)AL S v ) AR 1R B R W 5 T 1 4
BRRETHR A i, SEBL T BT RS A S MER TR, DA
M — SRR L3 TRk ae.

XFT EED flft[n) @i, BASU Sk F§ MODE #47
fifepe " SIVASUBRAMANI 42 H 5% Fi —Fp i 1) &
4775 48 2 5% ( MOHS) 4Tk 3 PANI-
GRAHI 453k FH Z HAR4H b4 76 & 5.9 ( MOBF) X [a]
AT AR

2012 4 ZHANG %5 A%} EED ] 8 3R B —
gt MOPSO ) BB — MOPSO( bare-bones multi—
objective particle swarm optimization) 3% %8
o BB - PSO i J2 2 2 BAntiifbln @, Jf-H 45 %
1833 23[R 4E % ( spacing metric) DA & S H & E
( two-set coverage) 5 H'E ZFh 2 H AR H L AT XS
LU 45 SR 38 o o B DA R S SR 1Y
YO, SR B R RE T 5 R e R A A 4
NIKNAM £ A48 i —Fpaf o i sz K dUfE( EFA) 55
VR IR A RS EED [T R AR
SR PO 35 I ARE 2R 11 28 S SR LA KR R
B0, T 4 FORR S IE T 55 KOR A
B FA) B2 K BUTE( EFA) S840 LR Sk H:
AR

2013 4 GHASEMI & i — e i 2 H bR 28
TR S 1 (THBMO) PSR A 75 el
BRI 3 AR AL w25 i & F AL 1R
RN AE LR, 7F IEEE30/118 &4t 5 MODE,
MOPSO %5E47 AR, 45 SR = B Bk i R e
B3 s AFZALAN 5 JOORABIAN #2H—
FIHTAG o5 0 22 B AR A 5115 ( ev-MOGA) ™. 7E
Oy ES PRI PRI SR IR 5 NP ¥



52 1

HRW L4 2 H ARSIk SR SR 285 B vh i B 235 5

FLAILARS 11 DX ) 45 B A0 D0 5 S92 B 15 B0 F) 249 o 2% 1F
L R 2 P A A DL K5 G HE R o H
PRI B ARG 7 v FE AT 5K M. NIKNAM 45 AR
FH—Fl 43 B RE A 25 3 55 1k fig ke EED ) L 3%
VLA 3 AW B, 4% B Bt A ARy O okt
ARELY 173, 15 e R RE Z A S k4L, o
FREZ ) EAHSS U B B, B Je A2 2% RS 0 F — 2
LB B

2015 4F WU 45 N3 i — Fl A 2o o 8] 2
H ki T B 3E 1L ( efficient co-evolutionary multi—
objective particle swarm optimizer , ECMPSO) &
WY B AE PSO B HLRE b A Bh A5 i BE B
AR G R LA K AR S AR G i BEBR SR
DL E i P BE. 7Effsk EED [R)3 | 5% Hix A
THEREF 2 ( MOABC) 2 HARZEG 7 TR HEIL
5L ( MOCLPSO) H1R F 22 73 K W 4 35k T 701
2 Hbr L5 ( MOEA/D-DE) #EATXLE.

HI T HL ) R G B 2, ARk XA 48 EED
[ TS WA X 2 (H e EED [a] B 1k
H bR AR ARIR]. K2Rk A5 15 G Wy HEE
XUH BRI AT 5K A%, Bt 6 35 A7 2 2l R 4
K/ NEE R /A 3 B ARG AL LB 293R
A B R G R WL A RS AR Y
SR )4 B AR AT X B) AT D B 3 e By 3 R
PR ~ o5 PR 2 i 55 S5 SE R R 29540 X
22 FAROCA IR L, 530325 BT SR 7 T 2l 72 0 )
IBFY SR FE S C % 1) AF SCRCHR R 3 T 0 B 07 1. A
TR AR HERA P, ShAS A BLAL AU B
e OEiE 8 MR RPN LTI AN
2.2 MOEAs ZE & & #8EiR EED [8)3 A i) Kz A

BEA PR PR U 5 LA KB 2 ) 2, 35 XL
HE ~ A PH B 45 ] FFA= ¢ €2 BR Y5 1) 7 B2 3 W 12 45 A
T TSR 45 37 37 i 5 42 A TG B ok
THL ) FRGEA B () R RE

2006 4 WANG 45 ACKp XU ARE 1F 4 fE I =2
— PSR MOPSO S5k 4 T i & KUAE Y
WU 5 07 1%, 1 P XU 55 A o Ak H b
KSR EED [ I8 1A R A A KU 42 A
T OLZ ) RS LG, Has T 4 5% KU,  iiAs 575
PeHER R 3 B AR R

2009 4F BRINT 45 A K5 XUAE K BH RE & RLAL
A REIRR H] SPEA 5535 %) EED [n) g 473K
0 DA BRI 2 I A — SE AR b SIS
T RGP

2010 4, KUO Kr KURE % H AL A Ry A1 4k XF

% R AR S 15 e o B BRIk Xt EED
[ REFEA 73K Mgt SCEE R HBT g i 42 R 1) SPEA 55
IRSZEL T RIPRIKBEZ AME 0T A i B, B
TEAREMF AT A LAY EE (FiZ 1T X 8] &
R ML 35 5ok 23 PR i 55 24 R 2% AF

2014 4F MANAIM 25 A& A KL 32 A
EED [r] @1 £ t 5% A 3E 32 B HE P 096 7 BEAG 1k
( NSPSO) AT ™ . e XU 5 A A i
A B AR, 2E AR HPoin A RUH T R 22 S 58 43, 72
38T WA RGE L 2R 0. ZHU 55
NKH MOEA /D B34 X354 W 3% /9 EED [1]
BHEATSRA ™ AE# R T £ BARHLS L4
R, &7 S KU 3% BEED A8 FE ML AL AR AL, 3] F
IXGEE HE 7 R 3 A bR BSOS Y 3E 47 A 1k B Ak, I
TEAREN L R 48 |5 NSGAHI.MODE. Bifj fb £
Hpnhi 5L ( FMOEP) (4L A4 SR 47 4] L.
ZE W] MOEA /D B33 T 0 i EED [n) 5
AT ARt I B 58

[A4F DECKMYN 25 A £ X & A 489 A& H L
R L It SBAR L KULE % DEED [ g
PEH T — il e R G0 e B B 2T /A EE SE R
MR R L R Z Bin it kit A oK i
Fa 1 LR 0 SR SRR FE X 42, Rk iR O &
AR . ADHVARYYU 28 AR H T — e 45
A BRFE( krill herd , KH) S50 fif o 25 A XU B 24
HLTR A ik o 2R e i v
2.3 MOEAs ZEZZS EED jal 3% o ) Rz FR

ARG E LR, TR RS
i fay (AR A M L B IR BE 2 3 7 ( dynamic eco-
nomic emission dispatch , DEED) 5,32 #7 1tk T WF
FE R

2007 4F: BASU #$2 H — b 3 RO 6 = R 1Y
PEAL ' O DEED [, WA 5 4TS H
HEr A R8T, 2 77 15 0] LUAR B8 A ] i) 32 A 7tk
R E R R A A B %, [F4E, DEB 45
N H R R T AP o B% ( DNSGAII-A, DNSGA-
11-B) 2% NSGAT' 5 i pfe DEED [ 51, fi%
BT AS b 5 76 B 1k B AT — AR A s 1] o9 AR 4 AN
ARLVETERE W TR TE — R L] R UL SE R Y
DEED [a] .

2008 4 BASU 42 H' 42 F§ NSGAAI f## ¥+ DEED
W8, PR T LA K e R 55 24 h (i i
_L_HZIJ [65] )

2011 4 LEE 282 H 8 Tt (5 5574 ( QGA) fiff
Ve A IR 5, A5 47 IX ] PRl 2 B9 DEED [a] 35 4



6 KB R 2 2 4R (TS R

2016 4

BAEARG K AL B FE AL AT KU RE IR, 34
BIFEAR R H S5 R S5k ( EP) ek
( GA) 2577 1 BEAT LA, 45 J 35 I BT 42 92 T L)
SCPLSA A v DEED 0] f, ELAT KL 4 A 52 H 4.
ABARGHOOEE % A 7 ff# ¥t DEED [ Uit " | 4
XA REE A Bl ATL M [R) A, 45 i 35 IXUH, Tl ()
% HARMIEAL R FHFE TSR 2 B 1) PSO Bk ik
FisRfig.

2013 4 BAHMAN % A $52 ) —Ffoir A AR
T B 2 2Dk TR ( FALPSO) ) % 35 A1 X
FL3 1) DEED [a] 8 iF 17 3R fi. FALPSO B3 o
AR [ 38 107 7532 RS [ T IO R R I 5 1k
A 35 SR FH Bifi BL AR ) g A5 78 ke ik e XU HRL 3 1 B
BLIE.

3 &ig

UEAER BT X5 L ) R G847 I L TR, “ A ]
fifets YA SEBR A BT OAR Pl Rz i 75
ePR 2R, SR IBCPR I A8 47 B2 AR 4l v I 170 77 175
O, R MU 2 SR B DR FL I A2 oK, R
WS I A R #e o P 25 e 98 385 (D% v 190 7
PEHEN  SRIBEE T 10 B ML 2 2 RO LR ; D4R
Hi: 2 R I )R] E S BT L B T P B RRBR A oK i
5 DX L KB Bt 5 SROBUTT B4 9 BT SR G s (@R
PR IR I, i € T A0 T AR RE JR A 22 M ST
A L YRR SR

Wt P X ) AN W L ) 5t A I
PP X v B BTk 19 28 5 o st g, 7396 2 i o4
FAABATHITE LT, Bk T 450 FREE R Ah, it 1
A AT IR SR ) A A 1 A DR FL ) R ST LR
JAS RS 0L H BRI A A i D A 35 Tl 345 2R K
8 L KR 1 A i v 3t F iR 1 2 F AR A,
WAL & BLSE 26 B 2R R] IR, 51 T8 BE
AL SR SO H ) 2R ST 2 IR R AR A AN & 2.

Z HAREAR S T HAE R 7 Gl Tolk i
THEFE 2 Uz B A5 B T S PR Y &
JE N A 22 LA AR VEGA 1 ik Sk briz HY
FIBANA25 R BAT LA RE Y MOEAs 595 A Wi
B, A5 2 R i 24 R 48 A s 2K, ELIY
AR L A ) R GG B T O
B R 19 A P in AU 6 A B BE R 9 EED,
DEED [aJ3, i1 T X~ ' L fE 52 o P B BRI [
R AR SR R, AT A R X Ol L DR LA
L DEED (AN RE P2 BLANAS R T AR & B I
KA, % BT U7 L [R] phe 35 4 15 e ol i 9 JE

[n] A Rt — 20 RO 5T
S22 ik

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

H AR o, AR L 45 22 HARDIEAL IR R A F 52
fEsd [ ], 35 HLRL A #F ¢, 2011, 28 (3): 805
-808.

GAMARRA C, GUERRERO J M. Computational opti-
mization techniques applied to microgrids planning: A
review [J]. Renewable and sustainable energy re—
views, 2015(48) : 413 —424.

LIANG J, QU BY, Large-scale portfolio optimization
using multi-objective dynamic mutli-swarm particle
swarm optimizer [C]// IEEE Symposium on swarm in—
telligence. Singapore: IEEE, 2013:1 -6.

ZITZLER E, DEB K. Comparison of multiobjective
evolutionary algorithms: empirical results [J]. Evolu-
tionary computation, 2000,8(2) : 173 - 195.

QU BY, SUGANTHAN P N. Multi-objective evolu—
tionary algorithms based on the summation of normal-
ized objectives and diversified selection [J], Informa—
tion sciences, 2010, 180( 17) : 3170 —3181.

FIR, 20wk, AR, 5. B TIR ISR IR S AL E
TR IR G fr PR AR A BRI EE (] b e AL AR
247 ,2006,26( 11) : 128 - 133.

JKAVL,CHEN T K, 552, 4. BT/ i 2 B bn i
PFEREAE TAAL PRI [T]. 8 R 2 4R (T
ZAR) , 2015, 36(6) @ 38 —46.

FIRI 253030, BRARTT, 55 B T ok B 3 N 3 A%
S oA A AL IS E D). S AL,
2015, 52(5) : 30 -34.

BERIZZI A, BOVO C, INNORTA M, et al. Multiob-
jective optimization techniques applied to modern pow—
er systems [C] // IEEE power engineering society win—
ter meeting. Columbus: IEEE, 2001, 3: 1503 - 1508.
MOUSA A A, KOTB K A. A hybrid optimization tech—
nique coupling an evolutionary and a local search algo—
rithm for economic emission load dispatch problem
[1]. Applied mathematics, 2011, 2(7) : 890 — 898.
ONGSAKU W, PETCHARAKS N. Unit commitment
by enhanced adaptive lagrangian relaxation [J]. IEEE
trans on power systems, 2004,19( 1) : 620 - 628.
KM, AL BRIBH , 55 SR TR0 £ B Ax
PSR R IR 2 pr R (], A R,
2014, 38(6) : 1577 —1584.

SCHAFFER J D. Multiple objective optimization with
vector evaluated genetic algorithms [C]//In Proceed—
ings of the first International Conference on Genetic Al-
gorithms. Hillsdale, NJ: Lawrence Erlbaum, 1985:93
-100.



52 W BRI, 55 22 B bRk bR SR L ) BREE 48 R B vh i g R 253 7
[14] FONSECA C M C, FLEMING P J. Genetic algorithms tive immune algorithm with nondominated neighbor—

[15]

[16]

(17]

[19]

(21]

[22]

(23]

(25]

for multiobjective optimization: formulation, discussion
and generalization [C]//The 5th international confer—
ence on genetic algorithms, San Mateo, CA: Morgan
Kauffman , 1993: 416 —423.

HORN J, NAFPLIOTIS N, GOLDBERG D E. A
niched Pareto genetic algorithm for multiobjective opti—
mization [ C ] //Proceedings of the first IEEE confer—
ence on evolutionary computation. Orlando, FL: Evo-
lutionary Computation, 1994: 82 - 87.

ERICKSON M, MAER A, HORN J. The niched pare—
to genetic algorithm 2 applied to the design of groundw—
ater remediation systems [C]//International conference
on evolutionary multi-eriterion optimization, Lecture
notes in computer science, Berlin: Springer, 2001:
681 —695.

SRINIVAS N, DEB K. Multi-ebjective optimization u—
sing non-dominated sorting in genetic algorithms [J].
Evolutionary computation, 1994, 2(3) , 221 —248.
DEB K, PRATAB A, AGARWAL S, et al. A fast e-
litist non-dominated sorting genetic algorithm for multi—
objective optimization: NSGA - 11 [C]//The 6th inter—
national conference, Paris : Springer Berlin Heidel-
berg ,2000: 849 — 858.

STORN R, PRICE K. Differential evolution-a simple
and efficient adaptive scheme for global optimization o—
ver continuous spaces [J]. Journal of global optimiza—
tion, 1995, 11(4) :341 -359.

XUE F, SANDERSON A C, GRAVES R J. Pareto—
based multi-objective differential evolution [C]//Pro-
ceedings of the 2003 congress on evolutionary computa—
tion. Piscataway, NJ: IEEE, 2003: 862 -869.
WANG Y N, WU L H, YUAN X F, Multi-objective
self-adaptive differential evolution with elitist archive
and crowding entropy-based diversity measure [J ],
Soft computing, 2010,14 (3) : 193 —209.

COELLO C A, PULIDO G T, LECHUGA M S. Han—
dling multiple objectives with particle swarm optimiza—
tion [J].
tion, 2004, 8(3) : 256 —279.

TRIPATHI P K , BANDYOPADHYAY S, Pal S K,

IEEE transactions on evolutionary computa—

Multi-ebjective particle swarm optimization with time
variant inertia and acceleration coefficients [J ], Infor—
mation sciences, 2007,177 (22) :5033 —5049.
COELLO COELLO C A, CORETES N C. Solving
multi-objective optimization problems using an artificial
[yl
evolvable machines, 2005, 6(2) : 163 - 190.

GONG M G, JJIAO L C, DU H F, et al. Multi-objec—

immune system Genetic  programming and

[26]

[27]

(28]

[29]

(30]

[31]

(32]

(33]

(34]

[35]

(36]

based selection [J]. Evolutionary computation, 2008,
16(2) : 225 - 255.

ZHANG Q F, Li H. MOEA/D: a multiobjective evo—
lutionary algorithm based on decomposition [J]. IEEE
transactions on evolutionary computation, 2007 , 11
(6) :712 -731.

ZITZLER E, THIELE L. Multiobjective evolutionary
algorithms: A comparative case study and the strength
Pareto approach [J]. TIEEE transactions on evolution—
ary computation, 1999, 3(4) , 257 -271.

ZITZLER E, LAUMANNS, M, THIELE L. SPEA2:
Improving the strength pareto evolutionary algorithm
[R ], Tech. rep., Computer Engineering and Net—
works Laboratory ( TIK) , Swiss Federal Institute of
Technology Zurich , 2001:95 - 100.

TALAQ J H, FERIAL, EI-HAWARY M E. A summa-
ry of environmental/economic

dispatch algorithms

[J]. IEEE transactions on evolutionary computation,
1994,9( 3) : 1508 - 1516.

SRINIVASAN D, TETTAMANZI A G B. An evolu-
tionary algorithm for evaluation of emission compliance
options in view of the Clean Air Act Amendments Jl.
IEEE transactions on power systems, 1997, 12( 1) :
336 - 341.

GUESMI T, ABDALLAH H H, TOUMI A. New ap-
proach to solve multiobjective environmental /economic
dispatch [J]. Journal of electrical systems, 2006, 2
(2):64 -81.

ZHANG P X, ZHAO B, CAO Y J, et al. A novel
multi-objective genetic algorithm for economic power
dispatch [C1//39th International universities power
engineering conference, Bristol, UK: IEEE, 2004, 1:
422 -426.

SUN H J, PENG C H, GUO J F, et al. Non-domina—
ted sorting differential evolution algorithm for multi-eb—
jective optimal integrated generation bidding and
scheduling [C]//IEEE international conference on
ICIS, Shanghai: IEEE, 2009: 372 —-376.

AFZALAN E, JOORABIN M. Emission, Reserve and
economic load dispatch problem with non-smooth and
non-convex cost functions using epsilon-multi-objective
genetic algorithm variable [J]. Electrical power & en—
ergy systems, 2013, 52( 11) : 55 - 67.

ABIDO M A. A niched Pareto genetic algorithm for
multiobjective environmental/economic dispatch [J].
Electrical power & energy systems, 2003, 25(2): 97
-105.

ABIDO M A. A novel multiobjective evolutionary for



8 KN K S 5 R (T 5% R 2016 4
multiobjective environmental /economic dispatch (J]. search, 2011, 81(9) : 1778 —1785.
Electric power systems research, 2003( 65) : 71 —78. (48] PANIGRAHI B K, PANDI V R, SHARMAR, et al.

[37] ABIDO M A. Environmental /Economic power dispatch Multiobjective bacteria foraging algorithm for electrical
using multiobjective evolutionary algorithms [ J ]. load dispatch problem [J]. Energy conversion & man—
[EEE transactions on power systems, 2003, 18( 4): agement, 2011, 52(2) : 1334 - 1342.

1529 —1537. [49] ZHANG Y, GONG DW, DING ZH. A bare-bones

[38] RUGHOOPUTH, HARRY C S, AHKING R TF. En- multi-objective particle swarm optimization algorithm
vironmental /economic dispatch of thermal units using for environmental / economic dispatch [J]. Information
an elitist multiobjective evolutionary algorithm [C]// sciences, 2012, 192( 6) : 213 -227.

IEEE international conference on industrial technolo— [50] NIKNAM T, AZIZIPANAH A R, ROOSTA A, et al.
gy: IEEE, 2003, 1:48 —53. A new multi-ebjective reserve constrained combined

[39] ZHAO B, CAO Y J. Multiple objective particle swarm heat and power dynamic economic emission dispatch
optimization technique for economic load dispatch [J]. Energy, 2012, 42( 1) : 530 —545.

[J]. Journal of Zhejiang university science A: science [S1] GHASEMI A. A fuzzified Multi objective interactive
in engineering, 2005, 6(5) : 420 —427. honey bee mating optimization for environmental/eco—

[40] AH KING R T F, RUGHOOPUTH, HARRY C S, et nomic power dispatch with valve point effect [J]. E-
al. Evolutionary multi — objective environmental eco— lectrical power & energy systems, 2013, 49: 308
nomic dispatch: Stochastic versus deterministic ap— -321.
proaches [C]//The third international conference on [52] NIKNAM T, MOJARRAD H D, FIROUZI B B. A
EMO -2005. Mexico : Springer Berlin Heidelberg , new optimization algorithm for multi-objective econom—
2005: 677 - 691. ic/emission dispatch [J]. International journal of e—

[41] ABIDO M A. Multiobjective evolutionary algorithms lectrical power & energy systems, 2013, 46( 3) : 283
for electric power dispatch problem [J].IEEE transac— -293.
tions on evolutionary computation, 2006, 10( 3) : 315 [53] WU DQ, LIU L, GONG X J, et al. An efficient co—
-320. evolutionary particle swarm optimizer for solving multi—

[42] VENKATESH P, LEE K Y. Multi-objective evolution— objective optimization problems [C]//27th Chinese
ary programming for economic emission dispatch prob— control and decision conference ( CCDC) , Qingdao :
lem [C]// Power and energy society general meeting— IEEE, 2015: 1975 -1979.
conversion and delivery of electrical energy in the 21st [54] R, SE8), 22 A, 4. OB X I W FL g &
century, Pittsburgh, PA: TEEE, 2008: 1 -8. G 2GR BE r XUH 3 R o R e B T AR R [T ] op

[43] AGRAWAL S, PANIGRAHI K B, TIWARI M K. [ H AL T #2247 ,2010,30( 13) : 23 - 27.
Multiobjective particle swarm algorithm with fuzzy clus— [55] WANG L F, SINGH C. Tradeoff between risk and cost
tering for electrical power dispatch [J]. IEEE transac— in economic dispatch including wind power penetration
tions on evolutionary computation, 2008, 12( 5) : 529 using particle swarm optimization [ C ]//International
-541. conference on power system technology, Chongqing:

[44] CAIJ, MA X Q, LI Q, et al. A Multi-objective chaot— IEEE, 2006:1 -7.
ic ant swarm optimization for environmental /economic [56] BRINI S, ABDALLAH H H, OUALI A. Economic
dispatch [J]. International journal of electrical power dispatch for power system included wind and solar
& energy systems, 2010, 32(5) : 337 —344. thermal energy [J]. Leonardo journal of sciences,

[45] WU L H, WANG Y N, YUAN X F, et al. Environ— 2009, 8( 14) :204 -220.
mental / economic power dispatch problem using multi— [57] KUO C C. Wind energy dispatch considering environ—
objective differential evolution algorithm [J]. Electric mental and economic factors [J]. Renewable energy,
power systems research, 2010, 80(9) : 1171 —1181. 2010, 35(10) : 2217 —-2227.

[46] BASU M. Economic environmental dispatch using [58] MANAM A, ONGSAKUL W, SINGH J G, et al.
multi-objective differential evolution [J]. Applied soft Multi-objective economic dispatch considering wind
computing, 2011, 11(2) :2845 - 2853. generation uncertainty using non-dominated sorting

[47] SIVASUBRAMANI S, SWARUP K S. Environmental / particle swarm optimization [C]// 2014 International

dispatch using multi-objective harmony

[J].

economic

search algorithm Electric power systems re—

conference and utility exhibition on green energy for

sustainable development ( ICUE) , Pattaya: IEEE,



52 1

HRW L4 2 H ARSIk SR SR 285 B vh i B 235 9

2014:1 -6. multi-objective optimization and decision-making using
(59] ZHU Y S, WANG ], QU B Y. Multi-objective eco— modified NSGAHI: A case study on hydro-thermal
nomic emission dispatch considering wind power using power scheduling [C]// 4th international conference,
evolutionary algorithm based on decomposition [J]. EMO 2007, Matsushima : Springer Berlin Heidelberg,
International journal of electrical power & energy sys— 2007: 803 - 817.
tems, 2014, 63( 12) :434 —445. [65] BASU M. Dynamic economic emission dispatch using
[60] DECKMYN C, VANDOORM T L, MORADZADEH nondominated sorting genetic algorithm-1 [J]. Inter-
M, et al. Multi-objective optimization for environomic national journal of electrical power & energy systems,
scheduling in microgrids [(C]// 2014 TEEE PES gener— 2008, 78(2) : 140 — 149.
al meeting | conference & exposition, National Har— [66] LEE ] C, LIN W M, LIAO G C, et al. Quantum ge-
bor, MD : IEEE, 2014:1 -5. netic algorithm for dynamic economic dispatch with
[61] ADHVARYYU P K, CHATTOPADHYAY P K, valve—point effects and including wind power system
BHATTACHARJYA A. Economic emission dispatch of [J]. Energy power & energy system, 2011 (33) : 189
wind power integrated combined heat and power system -197.
[C]//2014 Eighteenth National Power Systems Con— [67] ABARGHOOEE R A, AGHAEI J. Stochastic dynamic
ference ( NPSC) , Guwahati: IEEE, 2014:1 -6. economic emission dispatch considering wind power
[62] BASU M. Particle swarm optimization based goal — at— [C]// Power engineering and automation conference
tainment method for dynamic economic emission dis— ( PEAM) ,Wuhan : IEEE, 2011: 158 - 161.
patch [J]. Electric power components & systems, [68] BAHMANI F B, FARJAH E, AZIZIPANAH A R. An
2006, 34(9) : 1015 -1025. efficient scenario-based and fuzzy self-adaptive learn—
[63] BASU M. Dynamic economic emission dispatch using ing particle swarm optimization approach for dynamic
evolutionary programming and fuzzy satisfying method economic emission dispatch considering load and wind
[J]. International journal of emerging electric power power uncertainties [J]. Energy, 2013, 50(2) : 232
systems, 2007, 8(4): 1 -15. —244.
[64] DEB K, BHASKARA U R N,KARTHIK S. Dynamic

Multi-ebjective Evolutionary Algorithm and Its Application in
Electric Power Environment Economic Dispatch

XIAO Junming , ZHOU Qian , QU Boyang, WEI Xuehui

( School of Electric and Information Engineering, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract: The power supply is vital for modern society while environmental economic dispatch of power system
provides an effective solution to this problem. Multi-objective evolutionary algorithms have their unique advan—
tages in solving power system environment economic dispatch problem. In this paper, the multi-ebjective evo—
lutionary algorithms are briefly introduced in chronological order and then the applications of multi-ebjective
evolutionary algorithms in environment economic dispatch are presented. In addition, some future research di—
rections of this field are also discussed.

Key words: multi-objective optimization; multi-ebjective evolutionary algorithm; power system dispatch; eco—

nomic environment dispatch
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TP A RS T A Ry
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&k = [x"(k) ,x"(B 1"
alk) = [W'(k) ,u"(k-d(H) 1"
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E P

EIE 1 HE(5) R ry B A B AR B 4E X 2%
PE R G UR I 1R 22 R G0, (1145 R G0 2 Wt
FEPEFIUECA S A 10 78 53 S 02 FATE XS FR OE
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Fig.1 Comparison of actual and estimated values
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H-infinity Filtering for Networked Control Systems with Time-varying

Delay Using Delta Operator Approach

ZHANG Duanjin, LIU Xue, FAN Xin

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

Abstract: This paper is concerned with the problem of filtering for network-based systems with time-varying

delay. A filter is designed to ensure the stability of the system. The filtering problems can be studied in the

combination form via Delta operator approach. Firstly, a model is constructed, then by using a Lyapunov-Kra—

sovskii function the performance analysis of network-based H-infinity filtering-error systems were proposed by

retaining some useful time-delay terms. And a sufficient condition of asymptotically stability for filtering error

system and the design method of H-infinity filter are derived in terms of several linear matrix inequalities. A

numerical example shows the effectiveness of the proposed approach.
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The Design of Tracking Controller for T-S Fuzzy Systems with Uncertainty

ZHANG Hengyan, GAO Zhongwen, LI Wenlong, SONG Weiwei, HUANG Ling

( School of Automation, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: The tracking controller for T-S fuzzy systems with uncertainty is designed based on the observer. T—

S fuzzy method is used to model the nonlinear controlled object with uncertainty. For given expected state

tracking model, when the state of the system is unmeasurable and the uncertainties are bounded, a fuzzy con—

troller based on the observer is designed by means of parallel distributed compensation ( PDC) . The controller

guarantees that the states of the closedoop system track the states of the reference model, and that the influ—

ence of the disturbance is reduced. By Lyapunov stability theorem and Shur Complement Lemma, the design

of the tracking controller is transformed into a feasible problem for a set of linear matrix inequalities ( LMI) .

The simulation example is given to testify the validity and efficiency of the proposed method.

Key words: T-S fuzzy tracking system; uncertainty; H_ tracking performance; linear matrix inequalities ( LMI)
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The Optimization of the Extreme Learning Machine and Fitting Analysis

WANG Jie, CHANG Qunkang, PENG Jinzhu

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

Abstract: The fireworks algorithm ( FWA) is used to optimize the extreme learning machine ( ELM) in this
paper. Firstly, the FWA gain the M optimal fireworks through many iterations, and the RMSE of the extreme
learning machine’ s test samples is used as the fitness function in each iteration. Secondly, the optimization of
the input weights and hidden layer deviation matrix of the extreme learning machine is achieved. Finally, the
matrix output is obtained based on the generalized inverse. The test experiment of one-dimensional sinC func—
tion is conducted. The experimental results show that the fireworks algorithm exireme learning machine a—
chieves higher accuracy with less number of hidden layer nodes, and the test error decreases 29.58% com-
pared with the extreme learning machine. The fitting experiment of Gauss normal distribution function is con—
ducted, and the experiment results further demonstrate that the FWAELM achieves a better fitting effect than
the ELM.

Key words: fireworks algorithm; ELM; test error; node in hidden layer; FWAELM; fitting
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Research and Simulation of Parallel Branch Photovoltaic Power Generation System

XU Tian, CHEN Xiaoqiang

( School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)
Abstract: Distributed photovoltaic power generation system is affected by installation direction and angle, in
different times illuminance condition changes, the conventional structures such as centralized or serial struc—
tures of the electrical power generation systems are prone to suffer hot spot phenomenon, the photovoltaic cell
which is in low illuminance condition will affect the whole system performance, and the performance of the
maximum power point tracking will decrease greatly. This paper analyzes the actual roof illuminance condi-
tions, puts forward a paralleled multi-branch of distributed photovoltaic power generation system, combining
photovoltaic cell’ s own characteristics of series-parallel and roof sunshine distribution to change array struc—
ture, according to the electrical characteristics of parallel branch structure, and we choose a kind of active
clamped converter, which can improve system’ s security and shadow resistance. Construct the experimental
prototype and the simulate in Matlab , verify that the system can run efficiently when partially shadowed.
Key words: distributed; photovoltaic power system; paralleled multi-branch; active clamped converter; shad-

ow resistance
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Design of a Power Quality Monitoring Device Based on FPGA

JIANG Zheng, ZHOU Yong, CHEN Xuemei, LU Nawei

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

Abstract: In order to improve accuracy and speed, a power quality monitoring device is designed with field—
programmable gate array ( FPGA) as the core of processing and controlling. Hardware of the device includes
signal acquisition unit, communication unit, power supply unit, etc.. The software includes an NIOS II em—
bedded core with optimized flow of data parallel processing and built-<in phasedocked frequency multiplication
module and FFT harmonic analysis module for the synchronous sampling and analysis of power quality data.

Test results show that the device has advantages of fast response, high accuracy and satisfactory real-time per—
formance, and conforms to the national standards of power quality monitoring.

Key words: power quality; field-programmable gate array ( FPGA) ; fast Fourier transform ( FFT)
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Gradient and Particle Swarm Optimization Based Hierarchical
Cluster Algorithm in WSN

YAN Xinfang, YAN Jingjing, FENG Yan

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

Abstract: A hierarchical clustering algorithm was proposed to balance the nodes’ energy consumption in the

network. A mode of double cluster heads was adopted to select two cluster heads with sufficient remaining en—

ergy and small average distances to the cluster members using particle swarm optimization algorithm. The bur—

den of one cluster head was shared by these two nodes. As for the gateways, the residual energy and the total

distance of forwarding path was considered to make sure that the final chosen gateways get well balance be—

tween energy and delay. The simulation results show that the GPHCA algorithm can effectively prolong the net—

work lifetime.

Key words: wireless sensor networks; gradient; particle swarm optimization; GPHCA; double cluster heads
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Abstract: In view of the deficiency of wavelet transform that geometrical characteristic of the data can not be
fully atilized when multidimensional images’ features are detected, this paper applies the second generation of
curvelet transform to process facial images. The procedure extracts images’ features through choosing the sub-
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The

experimental results show that the algorithm presents improved performance compared with other algorithms

paper constructs a face recognition algorithm based on hybrid voting extreme learning machine( VELM) .

mentioned in terms of recognition accuracy.
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Influence of Homogenization Annealing on Microstructure of
Pure Aluminum Cathode Foil Stock

ZHAO Hongliang', WU Di', WENG Kangrong', HU Guanqi’

(1. College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450002, China;
2. Dengdian Group Aluminum Processing Co. Ltd. , Dengfeng 452477, China)

Abstract: Coarse and non-uniform secondary phase are located in the cast-rolling cathode foil stock of pure alu-
minum. The size and distribution of the secondary phase are significantly influenced by homogenization annea—
ling. Effects of temperature and holding time on the secondary phase size and distribution of the cathode foil
stock were investigated with the method of homogenization annealing experiments. The result shows: When hold—
ing time is 10 h, with the increase of annealing temperature, the strip Fe-Al eutectic phase are gradually dis—
solved and spheroidal, while the stripy B( FeAlSi) phase are converted into small rod-shaped compounds. Till
it’s up to 550 °C, the needledike FeAl3 phase grow in the matrix; When the temperature is 520 °C, with the
increase of holding time, the proportion of the coarse secondary phase is decreased and reached a steady level at
last. Finally, at 520 °C /10 h, the microstructure of 38.5% deformation cathode foil stock is desirable.

Key words: cast+olling; cathode foil; homogenization annealing; microstructure; FeAl3 phase



2016 4 3 A
$378H 2

Journal of Zhengzhou University ( Engineering Science)

KON K 2o e (T ) Mar. 2016

Vol. 37 No. 2

XEHS: 1671 -6833(2016) 02 - 0046 - 04

rEiR N TE X AAS052 $R & & Ak 72 15 BE Y 22 i

FIEH #,

K BB, F R E

(KRIHIC APRERE 5 TR B, T Rg K5 450001)

W OE: RAAZRSHAREEMNFE,MAAT AR FTREK TE RN B FEFELEZ KL
AAS5052-H32 s ti B BB M AR 09 vl 25 R AW : AR AL & 8] & K T E 5T A 23R AR S A 09 AT
ML, £ 22 480 °C x 8 h 49 ¥ @ 1B K JG , M omMAT I B A R AT, R M AT B & F iR F R KB, 35
2 F S ARBEE BRI G IER T elia, st AR e B 2R B AR, R M AR A B

KHER: 5l FE AL AAS052; F ) B KRB AR TY AR A7 B AR

hE S HEE: TG166.3 XHRARERD: A

0 3]

T AAS052 34 4 HAT BLAF A T e ok
BRI SRRSO, AR MM SRS A i 3
JERERE . A, AASOS2 4R 4 iR T ML
RN T S U A R R L RSN e
HIRRIEE R AAS052 B4 48 TS AT Puh R
WA A 4. ELRT, i 9 S R 4 R PR R
B L T B 4T LU 7R AAS0S2 AR A
4 HZ T2 A AAS0S2-H32 ARk IR E 1
BE A A2, PRI, 308 5 AR A B T 25 Sk i e
B IR B B TR X

B RS ) K T 0 i i
L AAS052 53455 G HBE 4T 25 B T M B 9 5%
58 TR HL AASOS2 SR 4 HLIB K T2, F
JET v 1S A 390 42 ) HG R S R 2L 40 i3 F T
PEREAR AL
1 RIEFEF A E
1.1 Rk

AR SR T E S 19 mm B 253 i 2 45
£l AASOS2 B4 S5 RIEE K 4.5 mm
AA5052 PAAELHT ER FEAT IR, 4 42 4% 440 I 43
KoL 1.

W is B H#3: 2015 - 06 — 11; &{T B #3: 2015 - 08 - 28

i

E SR g & AR 1% B 5 H (111100310500)

doi: 10.3969/j. issn. 1671 —6833. 201506023

F1 AAS052 RAESHINZERS
Tab.1 The chemical composition of AAS052

aluminum alloy

A4 Fe Si Cu  Mn Mg Hifth Al
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1.2 AR

PRELT RINHHE: 4.5 mm HOR—Z BRI AL
£ 1.3 mm—HERK—RE 2 1.1 mm—FEfk
B

Al )R K T2 350 C x 2 hy K
A5k 460 C x 8 h480 °C x8 h.500 °C x 8 h.
520 °C x8 h ¥ KRk T2

2 ABERSTE

2.1 AAS052 SREEHIEEMAR ST

B LR iEdGEL T 2™
AAS052 £86 42 19 mm JE55 50 [ 9 53 A1 1 L.
FEREYR N R 2 A0 B 3 5) o3 A AE 54K L, 3X
TG Y BR VR G /N AN 1(a) () FiR) ;
FEFE YR R X A5 P o i AR AR, Bt el b
3 ATANIS) A ] TAE f SR A RIS E S X
FELEBLIA FLIR G5 BRIE (ANl 1( b) FR) .

GG AL T IR P R BB R S A Y I
FHEL , il i i LB A TR R R R

EF R /5] A 1966—) B iR (KRAE N AR o Rl B, 35 Mg A AR 4 5 0 T JE 3207 1T B WF 7Y, E-mail:

lugxi@ zzu. edu. cn.

SIFAARST: 5 )AL SRS R A5 TR IRLR K X AAS0S2 85 G A mUB PERE 52 0 [ ). KB JH R 2728 4 ( T2

J7) ,2016,37(2) : 46 —49.



52 1

PR A P AR KT RS AASOS2 B e RSO RE R R M 47

HIEE TR T2 O A £ T w2 il
i, T AASOS2 FR A A 45 il X B SE , B T3 A
AN TEBEL E P SBE  AOAR ACZ E GE 2A h
AR R i B I AR K20 B 5 & R IEHE A
FIUIRI RRS H BR T , dim G A8 Ve B 2 vh s 3
BRI B 5 T AN 35150 e © 7

Xt 19 mm JEESEARER (] fi A ) £ 47 BE T 2k
FHEAT AR NP 2. 7R 1% XA 2( a) 4k,
FOCER I — B0 e P EMw AT X 2( b)
Ak Fe Si O JTURIEL AL H S I Al TTERAH
B, HARIEAL & 5. X Ui, 7 11 v 8] i Ar b Fe
Si O JCE i A" H.

(a) EEE

(b) kb

==
(c) FTEE

1 AASOS2 SRASHIERMAR

Fig.1 The casting microstructure of AA5052 aluminum alloy
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Fig.2 Line scan of intermediate segregation in slab
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Tab.2 The bending properties and cup drawing
values of AA5052-H32 final product
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Influence of Intermediate Annealing on Bending Performance of
AAS5052 Aluminum Alloy Sheet

LU Guangxi, ZHOU Chong, GUAN Shaokang, XIN Xiaoyang

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

Abstract: The influence of different intermediate annealing processes on bending and forming performance of
AAS5052 —H32 sheet by high-throughput continuous casting and rolling was investigated by texture analysis and
performance testing. The results show that: the optimized intermediate annealing process can effectively im—
prove the formability of final products. By annealing at 480°C for 8 h, the bending performance of final plate
reaches the best, forming performance is also improved. Intermediate annealing at high temperature can dis—
solve part of the second phase by the effect of high temperature homogenization, and improve the formability of
sheet.

Key words: high-throughput continuous casting and rolling; AA5052; intermediate annealing process; form—

ing performance; bending performance
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Studies on PSN-PZT Ceramics and Its Application in the Acceleration Sensor

ZHAN Zili, LI Yafeng, CHEN Xiangyu, CHEN Kecheng

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

Abstract: The piezoelectric ceramic wafer is a core component of the piezoelectric accelerometer sensor. In
this paper, the 0.02Pb( Sb, sNb, 5) O, —0.98Pb, _, Ba Sr ( Zr, 5, Ti, ,;) O; piezoelectric ceramic ( where x =
0.02, 0.03, 0.04, 0.05) was prepared by using the conventional solid-phase sintering. The influence of Ba
and Sr complex dopings and sintering temperatures on the structures and electrical properties of ceramic was
discussed. The results show that the piezoelectric ceramic arrives at its optimum performance ( dy; =615 pC/
N, ey3/8y=2 224, tan § =2.11%) when x is 0. 04 and the sintering temperature is 1 260 °C; After instal-
ling the ceramic wafer made by this formula into the sensor, the test shows that the charge sensitivity is 2. 72
pC/ms >, the maximum transverse sensitivity ratio is less than 5% and the maximum linearity error is
2.97% , which complies with the operating requirements of the common vibration sensor.

Key words: acceleration sensor; PSN-PZT; piezoelectric ceramic
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Fig.3 EDX spectra of 1% Y-doped ZnO nanofibers
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Fig.4 XRD patterns comparison of pure ZnO
nanofibers and 1% Y-doped ZnO nanofibers

2 fRRESEHESSEEENR
Rl 5 4 1) Zn0 5 Y 82419 ZnO 9K LT 4

L

iﬁﬂt}é’liﬂ[ﬁ]ﬁ 8 ﬁ

TS A
E1l Y#H%ZnO HRAHEKETEE

Fig.1 Schematic view of the setup for electrospinning
of the Y-ZnO nanofibers

(b) 193844 ZnO ¥ SEM B
B2 &4iZnO F#11%Y #52% ZnO By SEM B R E i KE
Fig.2 SEM images of pure and 1% Y-doped ZnO nanofibers and their high-magnification images
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Preparation and Acetone Sensitivities of Y-doped ZnO Nanofibers by Electrispinning

FENG Qiuxia'”, YU Peng', WANG Jing', LI Xiaogan'

(1. School of Electronic Science and Technology, Dalian University of Technology, Dalian 116023, China;
2. Department of Electronic Engineering, Dalian Neusoft University of Information, Dalian 116023, China)

Abstract: To improve the sensing properties of ZnO to acetone, Y-doped ZnO nanofibers have been success—
fully synthesized by an electrospinning method which used PVP/Zn( NO,;) + 6H,0/Y( NO;); ¢ 6H,0 et as
the precursor. The samples of pure and Y-doped ZnO nanofibers were characterized by XRD, SEM et. The re—
sistive — type gas sensors were fabricated using the as — prepared pure and Y-doped ZnO nanofibers. Sensing
properties of the sensors were investigated. The results obtained have shown that the sensing properties of ZnO
nanofibers to acetone were effectively improved by Y doping. At 440 °C, the sensors based on Y-doped ZnO
showed high response to acetone of 1 =200 x 10 ~° with response time of 14 —40 s and recovery time of 20 — 55
s. The response to acetone of 100 x 10 ~° can reach to as high as 70 ( S = Ra/Rg) . It also showed good selec—
tivity to several potential interferent gases such as ethanol, ammonia, benzene, formaldehyde, toluene, and
methanol. The sensing mechanism was briefly discussed.

Key words: electrospinning; ZnO nanofibers; Y dopant; acetone sensor



2016 4 3 A
$378H 2

KM R S e (T 5 ) Mar.

Journal of Zhengzhou University ( Engineering Science) Vol. 37

2016

XEHS: 1671 -6833(2016) 02 - 0058 - 04
ETYWERMWBEREKERFEIRNREHR

. 1 SIS N 2 2 )
x&E® ,E XU, EF B LHERFEL,E T
(1. ERFEBE 5 2RI5EFT AL 5T 100190: 2. BFfLBFSEH: . JL 5t 102205)

H OE ANANEATHOAR LA AE TR AP MR A A RA L, B ETHFERE S
BHIN S HEMBE AL SO EELRENRA, FE BT EEFLRENZAGRTHE, 2 FADEK
RBFARFe R @EHARB T TIBIET AW TITW, Z 2% KRBT ZigBee 812 H K4 GPS 42 F 1,
FIRRBRR BN 4 1818 F R R R EES AP A RELE LR, T s H,5.90, &%
SARA A AR I L T AR AIME T AL R B M, A %2t IR IIEA 5] T M eyt B 47
EEEF: FREIA WM LB B £ ZigBee; GPS

hE S TB52 XEkFRERD: A

0 35|5F

W Bk Tl A2 OB ER, B 2597 K/
Tl AR A B A R A R R BE 3 AT AR 1
H LA R R T AR A s R A
PR BOR B 5 R AE RSB E PEFE I, Il A
A7 S RN B 24 AP N ZE RN
LATHRM AR & AT X % N Ah 23U
i, AN A TG YR A ST G AR O 38
DI ELRERE W I F0UE X A 2 4 e
RHEFE .

AT LA A ) A SRS 9 AN BT i i £
ART-Brth A4 5, P 3R A SR DU
FABE R AN AR/ NSE DG A AL SR
J R FCR  TRY IR 45 5 RIS 322 I B g K 1)
FOAR WFFEBETE T W1k 0 £14 75 2 ThT i A% I
P H R R GE, S EA E AL R AR
SREAITELA I 0 265, 76 A2 7 Ml 3622 Tl HL
AR TR i

1 MEXMER R AR

ZigBee FEANE Ay Wi g rp 5 2050 {5 He Al 2
— IR 2 ARG I A AR R 2 7 i
R FARBUINEY R TELl IR A, e HAT |

s B H#3: 2015 - 12 - 01; 1&{T B #3: 2016 - 01 - 03

doi: 10.3969/j. issn. 1671 —6833. 201512003

IRRFEBCE K B 355 80 Al N H . B PR R A7l
AR PR 2 %, W) ZigBee $2 AR A 44 28 1 B ok il I
AR AR ZigBee [ 45 155, &R
ZigBee [ 3 N X U@ A BER BT 240 T ZigBee
FRI NI4T ZigBee H R E 28" 12 AN 2 Tl
R B EGE E RE B AR T S
FEREE I 2 A

Wtif5 ZigBee PHISHEZL Y & ., HHITE 470
MHz 11 2.4 GHz B L #i & T ZigBee B R FH 4%
8RR AE 470 MHz 331 B |, A7 R404% i i 2 ]
PLEIAY 1 200 m, XX} T ZigBee 75 71 S ER G Y N
HHEAEEE .

I AMPTEGR I 52 A ) 2 AR ), A BRE
BLFRGE GPS LI HA (4 K5 a ks B A 2l
R R VR Se BRI T BT AR ), B
SRR T R 2 B B R A 2 R R A 4 I
@ﬁﬂﬁ [4—5]'

2 FEREESEERER

PRI ( SAW) SARAL A% & Wohltjen F
1979 4EHHRAY ' A SE 4 4] 1.

TE—BR IR HLEJ AR IR T 2 2 A4
AGHAERS 43 DR & SR AR RS R R AR RS L
A A B SHI 43 55 LA 46 B 2 19 N L T ol i

ESWA: R A KRB ARSI (11374254.11274340)
YEF BN X EW(1987—) , v ERZ=Be B BRI FE 51, I 7 R T AL 1 R g JH 5T
S| FAARSC: X BBk, 3 W 53, 4. S T 00 1 74 2 1 38 A% % i B B R I AR e 9 L0 ]ORN R 22 4 (T2 )

2016,37(2) : 58 —61.



52 1

pUE e S 7 LN B E SR SRR g A Ll B S Ul 59

X P BT IR A 8 A AR A 4 1E S 1R iR
5 [ RN R R S

F T P R AT A A B AT AN S A 1
SEAE R e B P R T A 7 1 TR A SUA
Z TR A TR PR RS W TR 2
TR S WA 2 R DU SRR W B T R
P PR R AL R AR, e AR B P R
T AR B e 14 i ) IR AZ AL, LA SEBR F X
ENEOE Rl

e SEE

I - [

RO AR e
1 AREESEEESFREE

Fig.1 Diagram of the surface acoustic wave gas sensor
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Design of the Poison Gas Detection System with IOP and

Surface Acoustic Wave Sensor Array
LIU Xinlu', WANG Wen', PAN Yong®,SHAO Shengyu’,MU Ning’

(1. Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China;

2. Research Institute of Chemical Defense, Beijing 102205, China)
Abstract: In view of the increasingly prominent problem of sudden and uncertainty of the public security and
production safety, toxic gas detection system with surface acoustic wave sensor array and Internet of things
technology is proposed in this paper. It presents a design scheme of toxic gas detection system, and verifies the
feasibility of the system respectively from the Internet of things technology and acoustic surface wave technolo—
gy. The system realizes gas detection and alarm by using ZigBee, GPS, and the different sensitive coating film
4 channel surface acoustic wave sensor array and the corresponding data processing algorithm and so on. It has
formed a mature facilitate localization of sensor network. Through the experiment the system achieves the ex—
pected goal.

Key words: surface acoustic wave; the Internet of things; gas sensor array; ZigBee; GPS
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Tab.2 The thaw settlement of soil in different conditions
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Tab.3 The relationship between thaw settlement

coefficient and upper load
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Tab.4 The thaw settlement coefficient contrast of

undisturbed and remolded soil
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Tab.5 The thaw settlement coefficient of
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Study on Thaw Settlement Behavior of Soft Frozen Soil

ZHUANG Huimin, YANG Ping, HE Wenlong

( College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: With the extensive application of the artificial freezing method in subway construction, the thaw set—

tlement controlling has become a problem to be solve in softsoil freezing. The typical soft soil in Suzhou sub—

way is taken as the research object. Related conclusions are obtained on the basis of the laboratory tests,

which are as follows. The thaw-settlement coefficients with water supply are larger than those without, and it

decreases exponentially with the increase of upper loads under the condition of loads removed before melting.

The clay’ s thaw-settlement becomes larger after remolded and the difference increases with soil” s higher sensi—

tivity, while the non-cohesive soil has little change. As for the unsaturated clay and muddy silty clay, there

existed a critical dry density between thaw-settlement coefficient and dry density change with water supply.

And this corresponds to the minimum thaw-settlement coefficient.

Key words: artificial frozen soil; thaw-settlement coefficient; water source supply; load; dry density
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Fig.9 Poisson’s ratio comparison for face B and D
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Comparison Study on Parallel Bamboo Strand Lumber under Axial Compression for
Different Directions Based on the Large Scale

LI Haitao', SU Jingwen', WEI Dongdong®, ZHANG Qisheng' , CHEN Guo'

(1. School of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China;
2. Jianxi Feiyu Bamboo Industry Group co. , LTD, Fengxin 330700, China)

Abstract: In order to investigate the axial compression damage mechanism and the relationship between the
test parameters for three directions, the experimental study on parallel bamboo strand lumber ( PBSL) based
on the large scale was conducted in this paper. The axial compressive failure for the PBSL belongs to the duc—
tile damage. Except for the different damage stage, the whole failure process for specimens along three direc—
tions are similar with each other and can be divided into four stages: elastic stage, elastic-plastic stage, plastic
stage and failure stage. The final failure mode for the three directions are similar with each other which is the
main crack appeared along the diagonal. With large discreteness, the compressive strength, modulus of elas—
ticity and Poisson” s ratio for the parallel to grain direction are biggest among three directions. The compressive
strength for the perpendicular to grain direction [ is bigger than that for Il while the modulus of elasticity and
Poissons ratio for direction [ is smaller than that for 1. Based on the test analysis of the results, the rela—
tionship between the compressive strength, modulus of elasticity and Poisson’ s ratio for three main directions
were proposed for the PBSL under axial compression.

Key words: PBSL; axial compression; damage mechanism; compressive strength; modulus of elasticity;

. , .
Poisson’ s ratio
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Tab.1 Main parameters of radial inflow turbine

SRR Bl
BUE /(v e min ") 59 400
-4 H H A2 /mm 34
5 H E 4L /mm 19
gt A 12
wi R g A 17
L i SYIEYIN 2.77
BT SEIRE P 70.3

2.2 ZWEREDW

SEYIEA T, PR T IR A ML T A, e
BRHE TS REEiT)aE, idwk— 4 LR
. 22 IR 111.26 C, B FEAHE N
0.397 MPa, [a] L[> 3555558 4 51 452 v/min B, 1§
KRZGAREA(E 1 FR) THSEL

#2 v, R123 K AE A K $AE i K 4F Refprop
9.0 #45 , FHIMEE H SCiik [8 1 LA Mgk it 53 3k
15 MR 2 MR R G MERE T an gk 3 Fis.

MU S, AUEIR FE R 106. 71 °C LB
A JE 77 0. 423 MPa. i & 74. 39 C, 7 ¥
46 657 r/minfhf , RGEVERE AT AN 4 PR,



52 1

BB A, 5 A PLH IR R G LB T MR RE M 75

R2 IRRFREETHHORESE
Tab.2 State parameters of experimental system

i e g EST K& Rk
WES BT T ek
1 20.41 0.118 220.65 1.072 7
2 20.74 0.424 220.92 1.072 9
3 100. 58 0.397 447. 15 1.738 6
4 76.76 0. 150 432.72 1.748 7
5 111.26 0.270 243.32 0.747 4
6 91.85 0.270 197.85 0.6216
7 19.96 0.180 83.89 0.295 8
8 30.36 0.180 127.39 0.441 6

x3 IR1TRENEREST
Tab.3 Performance analysis of system

for the condition 1

W B % MIRCR /% KIS TkW
R A 96. 86 69.29 3.81
JEZ ML 80.53 82.97 0.82
TR 77.78 78.29 0.016
RHERR 96. 01 25.15 2.88
ORC &% 6.26 31.57 7.526

®4 TH2 TRENMERESH
Tab.4 Performance analysis of system

for the condition 2

W B % MHRCR /% KRS 1kW
IRERA 97.34 69.19 3.67
R Ak HL 82.79 83.33 0.32
TR 76.92 77.45 0.017
B HERL 97.69 34.12 2.31
ORC &% 7.29 36. 94 6.317

IR T TR TR e, 587
Bt TOUA R 255, B DA SEBr i i o 26 T4
SEVEH IR, B3 M e W58 © 3™ . JiE ]
BT 1) 00328 ] AE AR B8 T 00 N IE #2817

M 2% 3.4 0l A 28 R AR I e e k). &
FLRAMI ) JH5 5 P R A5 2 3 R 4 T
285 L AR O 2 e A AR v S AR A AL T
Jo A% S At i X e S PR A 05 ARG B Y. Y
PRI R 3B Ry 7% e A% WAL AR O L & il T 2%
&gt R123 120 79 A 5 A9 4% #4022 K
B, a0 T80 1 44, 3l py o IR
91.85 °C,1fi R123 fy A MR EE(N20.74 C. fr LA,
BIRFARZE R AR AT PR, 1 Se 28 R A AR R it
BT, fre EE B R BRI T A R

PBBERIHR 2 ok, B th TR BEas h 1
RGBS Ol A AL T 2 (Al g KA i 2
Y. I, AT EERERKAILHE T 5 28 kAR A A i
Hr BN [ B, o = SRR S5 T2 AR BEAS
I A AT 2 A 28 R S RO AT AL T IR a4

WEARR 17 28 S 05 PN R A 25 AN ] 4.

AR ZE A AV BEAS , 325 P N 5 2R A /N
Z Y& AL ORC R G RER N 2% 1Y T2 2%
Fro M 1) O 25 - 18 25 008 28R 73 3 g 80. 53%
82.79% , #B TV HE 70. 3% , Ui B W & 133 °F-
PERERAH AR

3 RS

SCERE R TR, RGN AT AR R R AR
Fe At RV Bise A 4 TG R v 5 ) Tk 22 3 A Y.
AR Z R AV BEAS Z HI, ot i o] P T Ak
PEAZE R AR B SR I5 FEE AV BEAS: 2R BERY
WM, TR A BEA IR W = S IR, A
AR A SR, (K 2 O Z SRR R 5

SRR

W HIK G
B2 ZSERANBIBEERRERER

Fig.2 Schematic diagram of ORCs with recuperator
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Experimental Investigation and Performance Analysis
of Organic Rankine Cycle System

WEI Xinli, LI Minghui, MA Xinling, HOU Zhonglan, MENG Xiangrui, YAN Yanwei

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

Abstract: The experimental study was carried out to test the performance of organic Rankine cycle waste heat
power generation system by using radial inflow turbine as expander. The result shows that exergy loss of the e—
vaporator is the biggest, the next is the condenser and radial inflow turbine; when inlet pressure of the turbine
is 0.397 MPa and inlet temperature is 100. 58 °C, exergy loss of the evaporator reaches to 3. 81 kW, account—
ing for 50.64% of the total exergy loss, that of the condenser and radial inflow turbine are 2. 88 kW and 0. 82
kW, accounting for 38.25% and 10.89% of the total exergy loss, respectively. Based on experimental inves—
tigation, making simulation about the effects of adding regenerator on the performance of the system, it turns
out that when temperature of the heat source and evaporating temperature is the same, thermal performance of
the ORCs with regenerator is better than the basic ORCs.

Key words: organic Rankine cycle( ORC) ; R123; experimental investigation; process simulation; thermody—

namic analysis
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Tab.2 Load combination for checking
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Fig.7 Stress of bailey beam model under combination 2
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Tab.3 Calculation results for bailey beam model
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NER &)y /KN ZHA % 1/ MPa 5 rhHERE /mm
A 58.7 62.6 2.77 103.2 144.7 60.8 87.6
HVHE 560 210 — 171 210 171 210
e X 9.54 3.35 — 1.66 1.45 2.81 2.40
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R W] S TR 14 ~ 8452 7l I 2K

Fig.10 Moment of lateral beams under combination 3
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Fig.11 Shear of lateral beams under combination 3

E12 HA3ER-HERAZERAENSIE/MPa
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shear stress of lateral support beams
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Tab.4 Calculation results for lateral support beams
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ByRiJ3/ MPa  29.5  47.4 52,4 37.7  37.7 524 47.4  29.5 120 2.29
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TR B9 A S A T A RS 10 % DZ = - 6. 888
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Research on Design for Constructive Rack of Long-span Continuous Beam Bridge

LI Yu',YANG Ci',LI Chen’,GAO Liang’, WANG Jie'

(1. Key Laboratory of Ministry of Communications for Bridge Detection & Reinforcement Technology, School of Highway,

Chang’ an University, Xi”an 710064, China; 2. School of Architecture, Chang’ an University, Xi’ an Shanxi 710064, China;

3. School of Civil Engineering and Architecture, Xi’ an University of Technology, Xi” an 710048, China; 4. School of Civil Engi-
neering, Xi’ an University of Architecture and Technology, Xi’ an 710055, China)

Abstract: The original drawings and load plans of one constructive rack of long-span continuous beam bridge
are checked by using FEA software. Shortage of carrying capacity of this constructive rack is found. So, opti—
mization design for this constructive rack is suggested to redesign the bowl buckle stents, bailey beams, Later—
al support beams and steel tube columns. Then, the FEA software is used to check the strength and stability of
every members of constructive rack. The following conclusions are obtained: on the premise of economy build
price, the carrying capacity of optimized constructive rack is increased to meet the demands of construction.

The optimization and checking method proposed in this paper, can provide some meaningful reference for other
similar projects.

Key words: long-span continuous beam bridge; constructive rack; design; FEA
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A Research for Structural Design of Large-scale Box Parts
Based on Topology Optimization

QIN Dongchen, DU Peng

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

Abstract: The large-scale box parts are widely used in mechanical equipments. Because the design of large—
scale box parts mainly rely on traditional experience, the structure is cumbersome. An optimization model to
the large scale box parts, in which the compliance is minimized subjected to volume constraint, is established
based on SIMP method. And the density filter and the gray scale filter are used to avoid the numerical instabil-
ities that will occur in the optimization process. After loading the load in different positions of the large scale
box parts respectively and using OC criteria to solve each condition, the optimal structures are obtained.

Then, an optimal topology configuration is obtained by combining different optimal structures above, and its
validity and practicability are tested by FEM. This research provides a useful guide for the design of the large
scale box parts.

Key words: large scale box part; topology optimization; SIMP; penalization power; filter function
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The Conceptual Design of Satellite Island Type Embedded Double Circular Intersection

ZHENG Yuanxun, LI Tong

(' School of Water Conservancy and Environment, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to eliminate the conflict of circular intersections, reduce the traffic flow of weaving areas
and the travel distance of the vehicles turning left or back, some improvement ideas are put forward based on
the analysis of the advantages and disadvantages of the existing satellite island type circular intersection: such
as changing the single circular intersection into the internal and external double loop type; altering the shunt
way of circular intersection of satellite island type. Comparing the conceptual design of satellite island type em—
bedded double circular intersection with the satellite island type circular intersection, it can be seen that, in
the case of similar costs and occupied area, satellite island type embedded double circular intersection can not
only maintain the advantages of the original one but also eliminate the conflict which arising from the vehicles’

travels from the satellite island to central island. Meanwhile, the conceptual design avoids the excessive traffic
flow in the weaving areas, the situations that vehicles drive around the satellite island type circular intersection
clockwise( not in accordance with the conventional driving habits) and vehicles” driving in opposite direction,

as result, the road traffic capacity is improved.

Key words: satellite island; embedded; double ring; mixed amount; intersection design
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Structural Design of Absorption Layer in CdTe Solar Cells
Based on Grating Structure

SUN Xiaohong, ZHANG Lin, LI Wenyang, GUO Minqgiang

( School of Information Engineering, Henan Key Laboratory of Laser and Opto-electric

Information Technology, Zhengzhou University, Zhengzhou 450001, China)

Abstract: A thinHilm solar cell with a grating of double filling ratios in the layer was designed. The structure
of double filling ratios is to increase the absorption in the CdTe thinHilm layer. By applying FDTD method , the
absorption efficiency in the range of 250 ~1 000 nm has been analyzed for CdTe layer with rectangular and
rectangular with double filling ratios grating. The results show that the absorption efficiency of the single filling
ratio and double filling ratios grating structures can be improved relative to the flat absorption layer. The aver—
age absorption rate of double filling ratios grating increased by at least 10% over non patterned in the range of
almost all visible spectrum. The results indicate that,by designing the structure,random reflection photonic in
grating increases the effect of time and distance in the light absorption layer,and finally improves the photo e—
lectric conversion efficiency of the thinfilm solar cell.

Key words: solar cells; grating, FDTD( finite-difference time-domain) ; absorption layer; CdTe
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