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Accurate Modeling for Logarithmic Spiral Bevel Gear
Based on Boolean Subtraction Operation

XIANG Tie-ming'?, GU Li-zhi', LI Peng', CHEN Wei-zhou®

(1. College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China;

2. School of Mechanical and Automotive Engineering, Xiamen University of Technology, Xiamen 361024, China)

Abstract: The logarithmic spiral bevel gear is a new type of spiral bevel gear. In order to obtain the accurate three di-
mension model of the pinion, a new modeling method is presented in this paper. It can be described as follows. Based on
the formation mechanism of logarithmic spiral bevel gear, an equal spiral angle conical logarithmic spiral line as the loga-
rithmic spiral bevel gear is constructed. The both transverse tooth profile lines of logarithmic spiral bevel gear are con-
structed by precise involutes and arcs. The first tooth space is established by sweeping the precise transverse tooth profile
lines along the logarithmic spiral line. All tooth spaces can be formed by arraying the first tooth space. The high precision
logarithmic spiral bevel gear three dimension model can be built by Boolean subtraction operation between face cone and all
tooth spaces. There is no theory error of this three dimension model while the actual distance error is less than 0.1 pm.
Taking a pinion as an example for modeling, which the number of the gear's teeth are 9, module is 4.5 mm, the pressure
angle is 20 degrees and spiral angle is 35 degrees. The numerical control processing on the DMG DMU 40 five axis NC
milling machine has been done to demonstrate the validity and practicability of this new modeling method.

Keywords: logarithmic spiral bevel gear; accurate modeling; logarithmic spiral line; equal spiral angle; Boolean subtrac-

tion operation
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Tab.1 Tooth profile deviation measurement result corresponding to the different sampling points

n 5 6 8 13 17 21 26 32
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Tab. 2 Relationship between the level of gear accuracy and roughness

Y FeRG B SR 42 5% 6 9 7% 8 2% 9 %% 10 % 11 %%
R,/pm 0.1 0.2 0.4 0.8 1.6 3.2 6.3 12.5
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Tab. 3 Correspondence between the roughness and sampling length
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{,/mm 0.08 0.25 0. 80 2.50 8.00
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Tab. 4 Comparison of measurement results

2 P VES L/mm AL /mm N Afr./pm
- BN 11. 962 0.043 262 14. 07
BLiiSity 11. 962 0.361 33 12. 90
9= BRI E 11. 962 0. 043 262 15.49
i 11. 962 0.361 33 13. 94
17 LI &N 11.962 0.043 262 11. 67
i g 11. 962 0.361 33 10. 21
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Sampling Analysis of Involute Gear Tooth Profile
Deviation Measurement

LI Xing-wang, HUANG Fu-gui, WANG Yu, MA Dong-dong

(College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China)

Abstract; Different sampling methods would affect tooth profile deviation in involute tooth profile measurement, while
the standard has provided anything about it. In this paper, based on the sampling theorem. first of all, the sampling fre-
quency of the tooth profile would be determined by critical frequency of tooth profile shape deviation, then the relationship
between the accuracy class and the tooth surface roughness standards is used to determine the theoretical sampling in the
longitudinal direction of the tooth profile expanded, and finally the experiment of tooth profile deviation sampling is con-
ducted and verified. The results demonstrate that the method is feasible.

Keywords: tooth profile deviation; sampling theorem; gear accuracy; roughness

(RIEHIE: W  REXHK: B



W36k H2H R E W CH KRB ¥R Vol. 36 No. 2
2015 3 A Journal of Huaqiao University (Natural Science) Mar. 2015

XEHS:1000-5013(2015)02-0132-05 doi:10. 11830/ISSN. 1000-5013. 2015. 02. 0132

T A B RS S 8 & AR BB SN A R fe il

THI, KIAR, B, HEL, e

(R I Ml & shfesebe .t BT 361021

FEE . B el IS A 0 A R % U 0 T % e — BT AR Ty v i el E RS T S e I e e
FA) FEL T 588 S50 5 5+ SR RO 8080 K 48 T 44 L 3l 2 9 ) A 398 m /1N o 8 Pl I 00 I 4 M 5 MO 3 28 8 BT LR R
I 45 i 4 5 A Sy FL ST Uk o e 0 AR A L T ik v 9 14 R o R TR (G T R LA A R SR R
%7 1 %k ER I A I B I B TS L A oA AR A A RS B 3 1 T R L I R SR A A

KR EYNMER; POIFEG ERERE T XK

hESEES:. TM930.12 XEFRERG: A

FEL I B2 5 | R L Ak R I R TR 22— R Oy vk A A S H R 02 4 K R B
SR S SR AR . R IR R ) ) S B ] AR 48 70 L IR o o 97 28R I L A Sk A 4 R I AR JB
DX I3+ AL 7 95 IO 1 % o 70 28 R W 2 7R EL A 2 5 P v I e 9 G 00 3 22 R 1 [ g v et U AT T v O
B R A R AR L SR 38 O A AU S BT IS A L B R R S ROk
B i 2 AT 3T AL R e SIS 2 4 3 5 O ) R B v I I 1Y T 5 B L S A 2R R O TR
N BB A L A Dl v DI et 5 SR % s TR S0 ] AL Ay e DS 26 [T 1 22 AT T A R
HL T 2 A3 A5 5 1 DA L IR 12 T ) AR A o 3R AT ™t I I B30 ) 5 R A 5 L o 7 e IR o
A L B BE AL L M P R £ e SO T A 1 5 TR R TR AT AT MR R AR SOR T R A S A AL [l
St WA S 155 1) 98 B 5+ 2 A TN BRI I s 44 v W15 5 1) 8l 280 00 8 435 5 o )R W (L

30 (EL88 K 0 00 506 A 00008 5 o B 60 y
1 BIMEEESIR Fos

P SIS P P AR i) AR T r ) — AR R O 2K 25 i AT i e
DX i R 3E TE G W A S P A IR B R EA 6 000 K, LU B AT A
10 Aem * LB X 2P 2 il R Bl B R4 PR R 1Y
GBS TR BUE. 558 TR T A 1 AR IR S & A AR A B, X A SR Bk
HRIE XM R HA.

B Y « SR R . 1 R, EEIEES O R Ab . — K JE
N o LI TCAE WY o By i BT AR Y L 3 RN R R OR

sin 6 Jf’g

Ame,Re?)o 4dt
K DOH 0 AR R w2 81 50 i se0 A BT B ¢ ot . R i Il BRAE B A~ 3 &
AR PR R AR, 7E 20 B ST B B HL T R R L R

.

» |-

R

1 T « B Y
Fig. 1 Electromagnetic field

25

radiated by a current component

oriented along x-axis

Emd (th) =

dy. @)

YA 2014-11-01

BEEE: WABL961-) . 5, ##z 4, EZMF LB R GRS W5 52 B WF 5. E-mail; phzzre @ hqu.
edu. cn.

ELTH: WSS ERE TR E RS H (2012H6013) 5 47848 18 11T BHE 11 %1 % B 5 B (201480045)
A RN RN R R B I E (2014Z114)



el T, A < T PR AR 5T A ER O I R IR A 133

k1, (0) 2w’ R Ch

1+ R:.Céw’®
K2k R H s L, (O N AL BT 4 b T35 Cs S 1 fish 5 22 18] 14 2548 5 R FELICFLBEL 5 w0 A7 LR
[ A AR MR o B TE5 K 2O MR B R R £ L (007w’ 324 w=1/R,..Cs B, Py 3R ik 5]
I KA — 2. Kayano S5 78— T00 A Ay 4R A6 H 900 H 52 565 vp 22 B30« 550V 0 B W BE 1) 4 515 5 0% 13
ik 10 MHz, 3R b BB #B i 100 MHz.

F, SRR S 7 AR ) PR U R DA B TR S AE A B L G 3 T A 28 R G B R P AR B AR v oI
I T b 1] % 2 S R 2 Wi 38 4 S5 vl 1 . E 5 H A O v AR A I e 1 D PR A JB A v A IS R IR R B
e U, R PR S 5 T A B R A L R S R R LR B D KA R

2 HEIEFE2 &

2.1 Il RLE 5SS AR

TR PTG A A R £ o R L B 25 B 7 A 10 W A S 1355 0 A0 I 6 2 U i o
St e O, A PR 2 7 o AR 28 BB 5 B 2 0 4R 5 i 0 5 1 . 5 2
rfg I A0k 10 B FE Ay 400V 3 7R 4 o 2. 7 S I oL S BOE o 2 o, BEL 9 1y 68 18 o
LIy 220 V/50 Hz S L » S Hs 2 3 SR 4R AR TR A 5 (81 3 () SRR T H g DPO4104-1 7R 3
7Rl 50 MHz. i P 3 Ca) F A1 5 90135 5 000 52 00 S T R o 9 00 785 A9 15 2k o 1 0 £ o
R T3 5 e B TRE T O L T RSB 100 Hoa 55015 5 0 2 F 1 o 91K o8 7 199 28 02— B0 19 L 76
S A2 2 0 o SRR 2 I 1 o 139 B0 0 T L LB AR R || dem
B 5 1 Bt e 3% [:]“”‘ﬂ

2.2 HINEIS A%
F I o R £ 5 A B L S 3 T s R R D K A R
WA 5 R U 1) BE Al b AT RO i A5 S 5 T AT AR B2 g
Tz i m s S0, 2z, HIb R ke fE 5. @GS E Fig. 2 Coupling circuit
PR« 6 )y 45 R iE A B w8 46 g Ik o ik 9 B 1) B AL A Ak L Bl Ak 3
i 308 3 A0 R ik T S A S R A2 T 10 ms PN AR IR IO DK 3R A IS B 2 e D Ry R I
P ool B 0.5 s PR SR 2 Bl A KR, R BRI U)K 8 O A e I

10 ke fis
— RS

Pﬂl’(‘(w) % (2)

U/mV
o

UmV
N

0 8 16 24 32 0 8 16 24 32

t/ms t/ms
o) 00 I £ (0 R
o
> | L SYP 2 4t
& — XA S af e
24 32 0 8 16 24 Ra
t/ms
(o) RPHUICA T (O B

&3 F B e v AT 5 Ak P
Fig. 3 Processing of arc fault high frequency signal
B 388 S B RS /N o) i S I P 12 T A e 1 . KA A S R A H T ER A (B 3(b)) L A
OB HL P AR Bl A {5 5 2 AR D L IO B A5 S B ) 5 o P g v D g b TR A
SR AEAR T b A T o i B IR 5 0 2 S 3 . A A 5 2 X RO R e A0 v R L
5k AR v (VG M A S W L R L 3 Ced ) BV R A () 140 {5 A R A 8 R /K OT  Fl IR R [ 1)
55 B AR R A K P B TT T A TG I R B S B R BE S 2% UL 1699l e r I KT 2% 245 A



134 (PN S = IR 2015 4

YED S XTI A 25 TR R G L TR L 28 TR LA LY AR 8 A R S i A T A R R PR AR Y L A T
2.3 MK
Ry SR BUBI  FERR A FL I F5 385 o — 2R 5 G Ut R BB ES L B AR A TR OE R
Vou =V, logio (V. / V). (3)
Vo Ryt H R s Vi i A 5 Vo S BE L H 5 V, Jy ESHS TR T AR 19 1 25 . 76 S5 B L i
mh L 2 A H I T AR R R B S T X RROG R P HRE AR E AE —  E EL X UK
KiéswHiss K N
Wi _V, 1
IV Vi In 10°
H 2 (4D BT X BOHCOR 5 91 45 S5 A G 5 A % A 5 RN L HOR 28 A3 25 80K Iz i AE
B 1 g BN S DT AR B R A AT 5 A 3G OR/IME S e AR 1 VR AL

3 FLWEHS

3.1 LBFEAE

FL IR B 2 A2 5 5 G L 4 s . Bk £k 6 42 L SIRK B2 3R WL R 8 000 V138 I HeL e sk A 1 43 2 46
B B A5 A AEL 2 0 Ak B b R R 7R AR Y R IUER B (TR 4 Ca) ) 5 B 40 B0 ) e R 3 65 ML A 0L 2%
Y EN A7 28 B 7= A B9 R I CIRT 4 (b)) 5 332 ik Al I % A 8 ) A0 5 0k =22 1) A s 42 o 7= A Rl 9 3 i
(K 4(c)).

K = D

(a) B 6 4% B I 2 3 58 ML (b) He 45 177 1) e I i 3 302 AL (o) B fi el 9% A= 4%
B4 IRk
Fig. 4 Experimental equipment

3.2 ERAER { etz |-

52 o o 5 0 B ST o B B 9 K o
I 3 56« P 4 D) 1) TG e 6 i e I e I AC@ i —
. B2 S R S, 22~ 24 MHz BRI 20 — —
b 5L = B U 2 Ry 2 ey L [17] w
o S WS 0N LI R e E R AR MR L R L A [ [
R LI 5 0 RO R 2 2 L E — A PO R O 23 MH2 we B P N

s R o gl [ s [T| ok [
FR) T 308 0 0 PR I P DA R /)N T S MR 7 A R A R | |

MR AE 220 V/50 Hz A0 50 R 2847, 38 56 ri i 40 &

5 BT . BSR4 TR DPO4104-L R 3 88 S A %60 50 A5 i
M Hz. [ 5 8 13 95 D £ 5 K MO0 i o £ 5 oI Fie o Experimental cireut

FL I 3 67 2R AT W 2 L T HL Rl L o KT A TR AL P SC LR IR AT L HUE S 430 S 1 100,850,
360,2 200,400,1 000 W.
3.3 MHMAREHHER

DAL 7 28 W 2 45 DAy BB kL 8 670 0 o SIS s A 5 R (EL /D EL AT A I (BT 6 Ca) ) s i 12 i P
SIS e o 30 15 5 M EL A ELAS BRI P 6 (b)) T A DI Bt o 0 J30RG: 04 15 5 A 2 7R AR K 5 A7 v B
WIS (L B o 01 15 5 ) 48 RV AL B AL B AR A L I 6 Pl DS e 1o - vl 28 D70 1 v, 9 e o 1 6 45 SR 2 4B
3.4 EEZMERRS X BERRIT

VN ATROR €Al ON i 0E 0 ONOE (A RE S A 2 ko3 i oal QN D0 = S U oal & € S T gy
ER B 6 P TS SR X LG BT A 7 RS H 1A 7 RTAD e oIS R S ) R A0 S M (RN AR



el T, A < T PR AR 5T A ER O I R IR A 135

5 AR 5 M (B /0 A o P A a2 T G A 0 2 0 BB R 4 7 i AR 5 U B O L 4K
I AE R 355 A5 R 10 i (Lt e R P T2 B P DT e A1 15 S

RS

Xﬂ‘i’lﬁi&fé
Ca) H A5 470 K v IR e (b) g 42 fi v 9k
Bl 6 AT BOMCKR &5 i i B 7 R RO LY
Fig. 6 Output of logarithmic amplifier Fig. 7 Comparison of detection effect
R B [ Jo LB
4 IR E R R %mwu =

TR R T B B T AT B T — Boh I R

#5 (AFDD) FEHL, FoZ5 M & 8 s, 38> R g EZ i
%« 1 AR B P I L B DB P B R ORI R L LA L A B
R R S 0 A . R B N R I R T L Ay S
VORI LA B R BB R A A P A L K B 4 2
SR fOAk 2% & B 045 5 I T[] i

B MAPEAT 50 R EE WK A Lk 1 R, £
1o i, fhge 1l 0 AR AL A3 | I8¢ i 0% 45 I 35 4
R AR AN LG b, 43 3 0 A A T R B TR VIR R B AT 3 R T MR AR G~ ) s B
F T LR 647 50 IR S ML MR 2 R A% 2 FioR. 26 2 o — SRR ANFEEIL TOL. 3 2 mI A 1
O T HUA I Ll ek WA BB B 32 T Pk E R e SR T S A B0 R BRI R TR B R 2
S Bl T 00 A Ak T R .

Wz

b PRES

K8 HHLAH

Fig. 8 Structure of prototype

1 s AR g Y

Tab.1 Result of arc fault detection test

50 H LR T 8/ %
T b B A2 vl I e 3 BT HL R
FEL 25 D) I E I i 0 It 15 I
AT e I K £ 5 HL 9N
F 2 RN LR
Tab. 2 Result of mal operation test %
ﬁlﬁ m 72 3 ﬁlﬁ m N2 7
W2 A% 0 0 0 25 JEHL 0 0 —
T8 0 0 5 JFR I 0 0 -
HESe) 0 0 - WEAT 0 0 0
5 HRIE

0 i PR A T e A S B 8 S 15 5 R P X 80 K 8 T 4 L Bl A
SCH T TR BT R IR 2 U 1 T ) S 3 R T O I R SR R A S T 7
s/, i o B AFDD 36 B Bt e 2%

W LA R
52 A S T A
S & k-

[1] GREGORY G D,WONG K,ROBERT F. More about arc-fault circuit interrupters[ C]// Industry Applications Con-
ference. [s. l. J:IEEE Press,2003:1306-1313.



136 R R (A R R 2E O 2015 4F

[2] PARISE G, MARTIRANO L, GRASSELLI U, et al. The arc-fault circuit protection[ C] // Industry Applications
Conference. [ s. 1. J:IEEE Press,2001.:1817-1822.

(3] =LA W AT L A5 AR vl DRI A 00 1 23 A AN S8 L0 . AR HL 4% 5 2013.(6) 1 15-20.

[4] LEE W J ,SAHNI M,METHAPRAYOON K,et al. A novel approach for arcing fault detection for medium-/low-
voltage switchgear[J]. IEEE Transactions on Industry Applications,2009,45(4) :1475-1483.

(5] o5 ME SRINR, 41, 45, 3k T Camberra 8 g 9 53 56 dy IR B2 W 07 i L0 ). W ) RGP 540, 2014, 42

(12) :30-36.
(6] ZERE AR/ AR5 5. 25T B WS B A iR I 2R 48 e 5 e 9IS e RU3 [T ], v D AR 44412, 2011,26(8) :213-
219.

[7] YANG Kai,ZHANG Ren-cheng, YANG Jian-hong.et al. Research on low-voltage series arc fault detection based on
higher-order cumulants[J]. Advanced Materials Research,2014,889/890:741-744.
[8] SODJIT S,SACHDEV M S,SAGOO G S,et al. Detection and location of low-level arcing faults in metal-clad elec-
trical apparatus[ C]// Developments in Power System Protection. New Jersey:IEEE Press,2001:157-160.
[9] SIDHU T S,SINGH G,SACHDEV M S,et al. A new technique for detection and location of arcing faults in power
system apparatus[ C] // Canadian Conference on Electrical and Computer Engineering. New Jersey: IEEE Press,
1992.185-188.
[10] SIDHU T S,SINGH G,SACHDEV M S, et al. Protection of power system apparatus against arcing faults[ C] //
Region 10 International Conference. [s. 1. J:IEEE Press,1998:436-439.

[11] KIM C J. Electromagnetic radiation behavior of low-voltage arcing fault[J]. Power Delivery, IEEE Transactions,
2009,24(1) :416-423.

[12] RESTREPO C E,CARLOS E. Arc fault detection and discrimination methods[ C] // Proceedings of the Annual
Holm Conference on Electrical Contacts. New Jersey:IEEE Press,2007:115-122.

[13] A jsefide i e JE T FET A0 AL 4 S 0 06 I ol 9IS e Azl [0 ). BUAR R 7 4R . 2012.35(18) : 86-88.

[14] BONDIOU A,LABAUNE G,MARQUE ] P,et al. Electromagnetic radiation associated with the formation of an e-
lectric breakdown in air at atmospheric pressure[ ]J]. Journal of Applied Physics,1987,61(2) :503-509.

[15] KAYANO Y,NAKAMURA T.MIYANAGA K.,et al. Current and radiation noise up to GHz band generated by
slowly breaking silver compound contacts[ J]. IEICE Trans Electron,2007,90(7) :1504-1506.

L16]  pefhiI% 2. — i IR0 A 3l 28 3% S e il s O R # i Bt LI . 3 742, 2001, 31(4) 1 282-284.

[17] MARTEL J M, ANHEUSER M, HUEBER A, et al. Schutz gegen parallele storlichtbégen in hausele-ktroinstal-

lation[ C] // Kontaktverhalten und Schalten. Berlin: VDE VERLAG,2011:1-11.

Series and Parallel Arc Fault Detection Using
Electromagnetic Radiation Signal

DING Hao-jiang, ZHANG Ren-cheng, YANG Kai,
YANG Jian-hong, CHEN Shou-hong

(College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China)

Abstract; In order to resolve the missing judgement in detecting arc fault, a new detecting method is put forward in this
paper. The electromagnetic radiation signal radiated by arc fault is obtained through a capacitive coupling method, aimed
at increasing the gain of the radiation signal radiated by arc fault of low amplitude, a logarithmic amplifier is applied to
compress the radiation signal, the output of the amplifier is processed into pulse signal via a comparator. Finally, the de-
tection of arc fault is achieved according to the characteristics of the width of pulse signal. Prototype development and test
result show that this method has an ideal detecting precision for both series arc fault and parallel arc fault, it is suitable for
both series and parallel arc fault detection.

Keywords: arc fault; series and parallel; electromagnetic radiation; logarithmic amplifier
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Simulation of Industrial Robot Motion Collision

CHEN Sheng-fen, XIE Ming-hong

(College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China)

Abstract: In the collision detection of the industrial robot model, an improved octree method based on combination of
AABB and OBB is put forward. Firstly, in various rod model coordinates, each improved bounding box of manipulator
model by octree is built; secondly, the triangles numbers in the model box are stored in an array of corresponding leaf
nodes; and the pose of bounding box is translated to the pose in the base coordinates systems, then collision detection is
done using OBB separation axis theory; next, the corresponding triangle in the leaf nodes is found by index ordinal, then
triangular surface precise intersection is done; finally, an application is built and simulated. The results have proven that
the application can quickly and accurately detect the collision and run smoothly.

Keywords: bounding box; separation axis; collision detection; leaf node
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Commercial Power Load Forecasting Using
Wavelet Transform and SVM

YANG Yi-zhou', FANG Rui-ming', HUANG Wen-quan',
LIANG Ying', WANG Liang®

(1. College of Information Science and Engineering, Huaqiao University, Xiamen 361021, Chinaj;

2. Akson Power Technology Limited, Xiamen 361002, China)

Abstract: A model based on wavelet transform and support vector machine (SVM) was proposed, and which is applied
to power load forecasting of commercial buildings. Firstly, this paper is based on real time monitoring data of the data ac-
quisition system of the electrical distribution system for commercial buildings which analyzes the characteristics of com-
mercial model load, and states the fact that the precision of single forecasting model is difficult to meet the requirement
because of the random characteristic of commercial load. Secondly. a predictive algorithm for commercial power load
based on wavelet transform and particle swarm optimization (PSO)-SVM is proposed through the wavelet transform de-
composition of load sequence into the components of different frequencies, then a PSO-SVM model is built for each com-
ponent to forecast and the PSO algorithm is used to output the optimal parameters. Finally, reconstruct the forecasting
result of each component to obtain the final forecast. Experimental result shows that the wavelet PSO-SVM model is a
more accurate model to predict electricity consumption than that of the model only based on SVM.

Keywords: commercial power; load forecasting; support vector machine; wavelet transform; saving energy; data acqui-

sition system; particle swarm optimization

(REHE: BKER BXERK: ZEP



W36k H2H R E W CH KRB ¥R Vol. 36 No. 2
2015 3 A Journal of Huaqiao University (Natural Science) Mar. 2015

XEHS:1000-5013(2015)02-0147-04 doi:10. 11830/ISSN. 1000-5013. 2015. 02. 0147

T 78 5 1 o 5 [ T 452 S X
AT R B EH T

R4S, M, MREF, REXK

ClffR% (5 RS 5 TR, Wl 17 361020

FEE . 0 B TN AR 4 5 AR A B 40 X Bessel G0 B A AR M. 6T SO0 B H7- 6V B A 5 AU G 4
51 Bessel 48 33 ARl bie 40 A (B T00 4 e 4 5 199 ' 5 2% 1 =X, I o) I AR Jal e 5 TR O Al e 4 R £ 119 Bessel
6B i R R AT A S BT 5] TR T A 06 5 4 A T R0 1) G5 o A P T 5T 4t SR A ¢ DR T e A
D FERL AL el o S T L A B 14 JR 325 00 Y6 R (Bottle beam) , {F 2 A H T 33 AR Sl b 4 L (5 T 2 s e T A
i Bottle beam J& #1458 48 . 3 HL 00 G 00 45 5 L I BE R <1 458 /0N.

KEEIW . HARGhARHE RITURARHE R OO TR

hESES: 0436.1 XERARAERG: A

FH T TG S O R R R B A A BTz S RN AT [ A 2 2 RO e SE B T L TG
5 DUZE IR G . bt e 2 H AT T AR A SO R Bl TG 2 e R 2 — B2 1954 4F 1 Mcleod $2 i
e AEBR AR IR AL B B R A 7 AR TE AT ' RO e R R O 5 B R T R
PE AL TCAT AT Bessel Sl e 28 filibie #E 58 45 U5 ) 4577 48 Ry 250 6 R (Bottle beam) , i J& — FP7E AL 4% J7
] b L DG 5 O A I DX Ah = A s ) AT R 8 A g o R A0 0. B il b o 2 H O Y 7 AR Bessel SR
F A HE B SR R TCAT AT Bessel JGHUREAE 7 A= A I M 1) Bottle beam, {H Hrfv 0ol BE fiz 55 1 3 7 Ot 58 JF
AN HIUSE A Aot %) 2 AR DKL A — 5 WA 7 o OGS A B AN R ol BHAR il o AR T A
T SRORE B2 AR B v R AR 25 T RE A 23 A AR TR A 0 i TR TS 4 T o B 1 R AR K e T e o B
H e £ BRI S HE TR T 90 )5 7 AR 24 BOA A B2 19 Bottle beam'™ . HUHT [ P9 A 2 il bk E 4 6
A7 55 16 1) SR AR R P S A BRI 7 4% A UL T 76 460 4 1 1 8 8 LED 35 587 A 6% Bottle beam LA
FeAEAR T LED SOG4 i B Bessel J6HH s Craig Snoeyink 45 i i 11 D1 2E /% ' o i 5 85 (BBMD , 4
W TGURIE 58 I R 8T Y 77 1) 74 SC g 3 ek ) 3R i A 5 (680 T A X JC AT 5 O 1) 3R AR A M EAT LU A, O3
i 45 A r= A R I Bottle beam B Bl 5.

1 EigswSHERU

1.1 EHEBEENTITHEARNEBEESE
JE A S B AR b e L 1 JC A S R e o A
E (ri) =AJo(k, « 1), (1D

DA =T RS IRIET B sk, =2 o Dy R RSBy S BB HERE A s, 275 1A .
S HE B R R ECR () =expl —ik(n— D yr ] o FHBEAR Sl 4 XT JCAT7 5 Bessel JE R k47 R £E,
KB 2014-10-29
BIEEE:  RIERR1958-) . 9 B 1 o J2 B o oA il 5 2 B Ik AR Bl 4 P S 9 BF Y. E-mail.
fengtie@hqu. edu. cn.

HEEWEH: EHEAKPFESTIHIH 61178015 ; fRaa FHEAQHTF &0 H (2012H2002) 5 4# #4855 M 1 F
B %R (20142127, 2012797)




148 R R (A R R 2E O 2015 4F

Al DA B Sl i HE S 063 o A
E(r,z) =— —exp(lkz)exp(lk 7)J E . (ri)],(
5 43 A R

/errl 1/”7’1

)(Z(rl)exp( —ikn— 1D yr)rdr. (2)

/zrrl

I(r.2) = ’; |JE (r) ]
)P IEE k=2r/Asn HEIEHEIT I ;0 jﬁﬂﬁﬂ}%ﬁﬁ‘ﬁﬁ/\%ﬂiﬂﬁ%ﬁ%ﬁE‘Jﬁ‘ﬁﬁﬁ*ﬁ- AR 2 (3) H

i K A=632. 8 nm BB A 7= 17 R HEIT S % n=1. 458 P B k=2n/230=2 (n— 1) Bsr=
0.4 mm. P4l Z B BEES £ =300 mm #F 174580005 B, 15 B0 [ 46 1 ' 38 40 A 181 R A2 1) 6 58 43 A

KL 1 s,

3" 3 |
I ’LM/ I'\//‘\V\f/ WJ

0 0 50 100 150 0 100 15(]
d/mm d/mm d/mm d/mm d/mm

)(z‘(rl)exp(%)rldrl |2, (3)

300

1/cd
l/cd
I/cd

(a) =43 mm (b) 2=45 mm (¢) 2=47 mm (d) 2=50 mm (e) =53 mm
B 1 B AR G A A ABL T A5 AN ) I B %) R T I 5 AN A 1) Ol R 4 A
Fig. 1 Intensity distribution of cross section at different propagation distance and
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Fig. 3 Intensity distribution of cross section at different propagation distance and

intensity distribution of radial in simulation of vaulted axicon
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Focal Characteristics of Ideal Axicon and
Vaulted Axicon on Bessel Beams

CHEN Zi-yan, HE Yan-lin, CHEN Jing, WU Feng-tie

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract; This paper analyzes the focal characteristics of the vaulted axicon and ideal axicon on Bessel beams. The ex-
pressions of light intensity of Bessel beam passing through an ideal axicon and a vaulted axicon are derived based on the
generalized Huygens-Fresnel diffraction integral theory. This paper also describes the transformation of Bessel beam fo-
cused by the ideal axicon and vaulted axicon, and numerically simulate the light intensity distribution graph and intensity
distribution of radial in different cross sections. Studies show that vaulted axicon and ideal axicon could both produce peri-
odical Bottle beams. However, compared to ideal axicon, the Bottle beams produced by a vaulted axicon have shorter cy-
cle time, stronger central light intensity and smaller size of dark spots.

Keywords: ideal axicon; vaulted axicon; Bottle beam; Bessel beam
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Twin Beam Edge-Emitting Semiconductor Laser with
Bragg Reflection Waveguide

SU Dao-jun'?, JI Wei*, CUI Bi-feng**®, QIU Wei-bin',
TONG Cun-zhu', ZHANG Song?, WANG Xiao-ling®,
LING Xiao-han*, WANG Jia-xian'

(1. College of Information Science and Engineering, Huagiao University, Xiamen 361021, China;

2. College of Electronic Information and Control Engineering. Beijing University of Technology. Beijing 100124, Chinas

3. Beijing Peony Electronic Group Company, Beijing 100191, China;
4, Changchun Institute of Optics, Fine Mechanics and Physics Chinese Academy of Sciences, Changchun 130000, China)

Abstract: A multiple quantum wells edge-emitting semiconductor laser which can generate twin ultra-narrow, stable and

symmetrical beams in the far field vertical direction was designed and fabricated. The Bragg reflection waveguide structure

was designed on both side of the active layer. Laser with 100 pm stripe width exhibited two stable near-circular beams

symmetrically located at about 4=33. 4° with full-width at half maximum of 7. 2° in the vertical direction. Texting the laser

after coating, which showed an output power of 1. 40 W under continuous wave operation and 2. 26 W in pulsed mode.

The characteristic temperature of the device is about 91 K.

Keywords: semiconductor lasers; Bragg reflection waveguide; twin-beam lasers; multiple quantum wells
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A Fast Method for Haze Image Restoration

WANG Wei-peng, DAI Sheng-kui, XIANG Wen-jie

(College of Information Science and Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract;: According to the problem of image degraded in hazy condition, a new haze image restoration method is pro-
posed. Based on the physical property of atmospheric scattering model and optical reflectance imaging. the physical con-
straint of atmospheric veil is presented at first. The rough atmospheric veil is obtained by using bilateral filter which has
good abilities of keeping edge. Then the local mean and local standard deviation are introduced to estimate the contrast of
image, therefore the estimation of local haze density is decreased through good contrast region in order to get more accu-
rate atmospheric veil. Finally, the ideal scene radiance is recovered through solving the equation of haze image. Experi-
mental results show that this method not only achieve great restoration for image detail and color information, but also a-
void the shortcomings of edge effect and over saturated.

Keywords: haze removal; image restoration; atmospheric scattering model; bilateral filter; image enhancement
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Tab. 3 Differential entropy of different time delay

d Mopt Topt R (migpy s Tope) d Mopt Topt R (migpy s Tope)
1 3 1 0.463 1 4 3 4 0.496 8
2 3 2 0.460 7 5 3 5 0.488 3
3 3 3 0.494 1 6 3 6 0.523 5
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Analysis and Empirical Research of the Entropy Ratio Method

HUANG Yi"*, XIE Wei-bo'*’

(1. College of Computer Science and Technology, Huagiao University, Xiamen 361021, China;

2. Open Laboratory of Embedded Technology, Xiamen Software Park, Huaqiao University, Xiamen 361021, China)

Abstract: Using differential entropy ratio method to reconstruct phase space and based on the theoretical results of the
chaotic characteristic of Henon map, two groups of initial value were selected to verify the stability of the chaotic charac-
teristics of Henon sequence. In this process, all aspects of differential entropy ratio algorithm was demonstrated either.
The experimental results showed that using differential entropy ratio method to reconstruct phase space can effectively
capture the characteristic of the the chaotic sequences.

Keywords: differential entropy ratio method; surrogate data; Henon map; chaotic characteristics; empirical research
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Analysis and Application of Electroencephalography Signal
Based on Wavelet Transform

CAI Qiong', CHEN Peng-hui', WEI Wu*

(1. College of Electronic Engineering, Hunan College of Information, Changsha 410200, China;
(2. School of Automation Science and Engineering, South China University of Technology., Guangzhou 510641, China)

Abstract; In order to solve problem confused characteristic signal and low recognition rate when wavelet transform used
in the electroencephalography (EEG) multi classification, we change the wavelet basic sequences for the single wavelet
basic which can adapt to the different waveform. Multi wavelets can detect more characteristic waveform compared with
single wavelet basis, and support vector machine (SVM) is used for classification. In the typical EEG signal automatic,
multi wavelet transform method is better than the tradition Coif or Morlet wavelet transform method.

Keywords: electroencephalogram; automatic identify; multi wavelets; wavelet transfer; support vector machine
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A Compact Ultra-Wideband Dielectric Resonator Antenna

ZENG Xiao-hu, GE Yue-he

(College of Information Science and Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: An ultra-wideband staked dielectric resonator antenna operating at 3. 1-10. 6 GHz band is studied. By inserting
a low-permittivity thin dielectric sheet between the dielectric resonator and the ground, the Q factor of the dielectric re-
sonator can be reduced effectively and broadening the antenna bandwidth. When cutting a small tetrahedron at the lower
part of the dielectric resonator, an air gap is generated the bandwidth and the impedance matching of the antenna are en-
hanced. Through adjusting the dimensions of the air gap, multiple operating modes can be overlapped, resulting in an ul-
tra-wide operating band. A shorting metal wall, based on the image theory, is placed on one side of the dielectric resona-
tor, to reduce more than 50% of the antenna size without compromising the performance of the antenna. By simulating
and testing to the dielectric resonator antenna, the result shows: the proposed dielectric resonator antenna achieves 4 ¢ 1 a
bandwidth (up to 118 %) and the gain of 4-8 dBi over the bandwidth.

Keywords: dielectric resonator antenna; dielectric resonator; staked antennas; ultra wideband antennas
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A Race Detection Method for Programs in
Programmable Logic Controllers

HUANG Ying-kun, LUO Ji-liang

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract; For the high computational complexity of detecting races in the programmable logic controller, a race detection
method based on ladder diagram is proposed. The relation graph is defined, and a method is presented to transform ladder
diagrams into relation graphs. It is proved that races depend on loop structures in a relation graph. According to it, a cri-
terion is presented to judge whether a ladder diagram is free of race. The results show that this method can quickly detect
the free of race in ladder diagrams, and its computational complexity is polynomial.

Keywords: race; ladder diagram; relation graph; programmable logic controller
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module diagram

2.1 Linux B#Z57%k

i I IF IR Linux WAZVE N ERAE R G0, LLskE 0 R FH R BRPF 5 LA R B0 J80 A R0 RSAS 5] i hy ke HE 2R
B U 1) B2 4 0] R[] ) A T 6 iR A SURE 17 & Flash f7 i & 25 5 7% 08 75 208 2. 4. 18 MUA
Linux W AT 8T #, DA 2 R G K.

15 N A% S %42 T 1547 make menuconfig iy 4 A Xf Linux WA #4175 #. 7R 87 ML e b IR A T
Power PC b ¥R &5 3 Ff N AF 8 B BERR A 3L L R GE b T 1] & SO R G AP A B AR Ty e e e, D S D R I
FLOK 3, A 9K 2 L RE IR A B AE 9 R D) e AL .

TE N K% 35 3R 2ok B b, 55 B 3E 35 4R 09 9 AZ X ramdisk JFF2 SCPE R G iy T RO BT R
Linux WH# L ramdisk RGEHEE B IF KM Flash f76f &5 o %] JFFS2 SO 2R 48 19 SCHF W& 1 SEBR
%5t Flash fEfifas vl 525 SUF RS Fe. A2 NAZ BT 8 B b 2208 B Netfilter ZhRERL Y ; Netfilter J) B
HeFl Iptables By k5% it B 5014 7] 52 BLBE T By Kk Bk D) RES .

2.2 Zebra B HEHRIEIT

Zebra J&— 3¢ RIP, OSPF 45 % iy Up s, 3 5 TCP/IP IRk 55 09 H- U5 % i 4K 1. Zebra SCHf TPv4 il
IPv6 . 76 SZ R i F o s BT A5 (0 T 47 M. Zebra $2AE T — AN T i 19 2 IR 55 8% th 51 %, & S B4 K il
PR M B4 O SRR i % P v 2. AE BT PSR T Zebra0. 95a 1 %t DhBEA .

Zebra W UE A% AL PG W T 4 0% T 0 G 34 BRIA IS T X86 ZRA 1Y gee JR R4S . AEA IR
T B Zebra f AFIE 1T T PowerPC B i AN & F- & b o R I 7 T 5 U5 RS 22 1 o 228 ) i
S HEATIE L. #E Zebra HES %42 T CC=/LinuxPPC/CDK/bin/PowerPC-gcc iy 4 K 48 & i & I i
A F B G i e . Herb, /LinuxPPC g 48 I & A i i O & B LE1E LD 09 2 3% #5482 ./ LinuxP-
PC/CDK/bin/PowerPC-gec $§ % T H T PowerPC 22 Ab FRES 1) C 5 & 4 5 4.

AT Zebra Y% FEA2 T 1Y configure Bt B A, IF XF Bie B 48 /9 W65 FH make iy 2 617 g 5% . i J5
make install Ay 2> 5 B % 3%, Zebra & %6 58 il 2 J5 38 B2 % H AL H SCA4/ usr/local/ete/zebra. conl #4718
WA 2 A RS R L TRl G BOR [R) #6422 T 1 RIP, OSPE . BGP % iy BIbsl i e 8 S0 1. 58 i & 2 5
PUG 6 5P ERR 9 07 AT Zebra B B 8 1F—zebra-d. 3X k¢ Zebra #% i 8 78 R MR 3B 4T, 18 £
BLE# [] — o B P HoA AL AT DL 3 Telnet J7 X7 ] JF X H AT HC . Zebra i i B I 5 I8 47 I X%
Hm e Telnet % 55 H BLH] P8 % 5% B A $2 7.

2.3 Netfilter/Iptables [ ‘N 35 #2 3R1% it

e 1.1 JRAR Linux WAZ 4t 1A i Sh et . e & P13 2. 2 JRA Linux WY Ipchains B
KIEHLHZ 5 Y HTAE 2.4 MUAS Linux PR 9 F 9 )2 Netfilter/Iptables ML 958 = A48 18 By K 5.
FHorfr, Netfilter 14217 TR ZS ] J& Linux WAL —&B5 X W RFEIEAT Linux ALY 0, 2
SKARE Netfilter DYREREH A IR, B JE B — 2615 B U8 SR AL A & 7 P A% ok 42 Tl B i 60 o D 4k 3
LN 4. Iptables 20 {4 J& — By s UM I & T2, iz 47 T 17 25 6] Iptables [ ] P $& ft— A~ & 17
A5 2 g A7 K it R UL 45 3 T L P P T L SR VR P A A A I S A 1 2 R ) B i R )

Iptables (AR I AE AL 2 5 Zebra Z8{RL, 1 5638 5 48 28 & AR BT FH 2 5% 4 % VR A5 16 47 10 5 4 135
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IR JE B AR B RS T AR R R BB R AR AT
TE B K S D RE A S Bt i R v 3 B G PN S A — 2 B KR DR e 5 2 X iy JHE R D) v 2
F1%) A 00 7 R A
2.3.1 Iptables Zh e #2347 &  Iptables $& 41 T —Ff 7 7% ¥E 6 (9 B 355 A0 000 1 & 7 =X, & SRR 43 2
7 14 TEC 0] 451 200 K5 A RIS VE TE L 3k 1 DS FC R TP b ik D 0 45 R 78 552 B I D o %oF B A 1 T
SR A2 2% o A9 0 A R G C 1) P A D 3 A DE T 97 A SR R ) R DU A P2 P S AIE B DG C 4L X
B 5T 4 114 B S R D) S 302 3 ok 22 2 R E 1) Netfilter/Iptables T BE patch SEBUAY. EA BT HTRY 4
T4y Joe R U AL e
1) Iptables string match. X4~ patch 131 7 CONFIG_IP_NF_MATCH_STRING, ¥ 1E — 1
B A BLUL P — A AT R HDR EAT N A DB
2) Iptables connlimit match. X4~ patch 34 Iptbales ¥ & T i #40& VS it . F T IR &~ A2 1P #b
kR IF & TCP % H5E.
3) Detects some P2P packets, iX /> patch A] L VG g #843 P2P %463, B T4 i W 2% 3 &, X 4>
patch 254 B H L ER 58U (IR AR 0 T P2P i & ST M e
4) Iptables time match:iX > patch Jy Iptables 3§ fill i [8] DT JC 2 68 » 7o 9/ % HoAth By 47 A 00 945 fin i 1)
D5 26 15T ] LA el A8 DU 75 2 R I ) 3 BT N 3 3l 0 4]
B 1 R I REAL e, F P E AT LLGE 48 GE PRI B TP s bk i S0k B s OB BT
8 7 2K Jis T REASE e ml L A2 I R 2% Bl 4 7 oK
2.3.2 By KOSEHLM A RAew# % Iptables $2 AR K5 M EC & L AH 2 & R W ST 2 A BBy s
) T AN X8 AU DU 5 R AT A . Iptables HOG B J i A0 U] A4 18 5 A =0 A7 G A 40 2R B K 35 9 D iif s
Xof B — AN B AL T B T 4 52 R AR 2 P R SR IS 4 BB BT S T I SR TR S R R I v gL Sy T
3 G 03 o A e R o R U 0 T e 2 FE R R P T SR 1 R ) e A T 3k S AL
TEABT L Bl KOs BE A B8 i 1 Web Jy XOR C & 19 DT R FH S HE (19 98 AR TIE 1 R0 iy
—Ek. PR B7 ks F0) o o€ S BEAEAE T B SRS v, JH P 8 SO 32 B35 A7 B T
WEAL YR TP Hihk 5w 5 L B TP Huhk L B 0 3 5 SRR
0] o 2 A 00 3k e AL 7] A B #2 UK Iptables (G & Ay 2. 5 A B A B T A iptable. rules
H K B E CE N 7 B A B rule Z5 R0 1R . rule 50 R € XADR FER.
struct rule {
bool protocol; /2 A, {7 5] TCP 5{ UDP
int src_ip™; /5 1P #iht
int src_port; /IR 05
int dst_ipt; / B IP #iht
int dst_port; // HI¥s 05
bool policys // VERL N , 252 B % 5t
struct rule * next; /38 [a] F — &80
}
Fr A RO 4 rule DUBE R AR AE 6. S II0B A € ORI IR L 5 128 30 DG JC B 2 vp & A A RE DU, 4n 2R iy
5 AN F B — 21 policy T BeAS [A] o I 15 WA 7 g SO 5 & A AL o 58, 55 ZEAB UG A 2R 6 A B —
e, 0 T ORI Z R © 20 S S8 T IUA s T LU BR 5 40 SR A 180 6 R A 0 24 S 6 2 D00 50 BT okt A D)
SRy R U)o g Skt R U4 o 80 AR D A AR e
A B s AR AL R AN
while(p_rule ! = NULL)
{
if (p_rule. protocol == n_rule. protocol & & \
p_rule. src_ip == n_rule. src_ip & & \
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p_rule. src_port == n_rule. src_port & & \
p_rule. dst_ip == n_rule. dst_ip & & \
p_rule. dst_port == n_rule. dst_port )
{
if (p_rule. policy == n_rule. policy)

{

rule_redundancy () ;

break;
}
else
{
rule_collision() 3
break;
}
}
p_rule = p_rule. next;
}
if (p_rule = = NULL)

rule_add();

Horp:p_rule 45 1 © A BN EEFR Y rule Z5H RS TUSEE s n_rule g JH P $2 ST N Y nrule 2544 {45 7Y
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2.4.2 REBRERLZEZI Boa ln U #&4EHT & HTML & B . [ 0 61 57 #0500 5 G B 3K LA
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— N — ug | o
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ik 4 )a 6 CGL AP AL . CGT 2 )7 H UM P e B (5 18 2 38 i 2 CONTENT_LENGTH ¥ 85748 4
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4 CGI #: 47 R A, 58 WA s R BC & 5 » L HTML U5 9T X 15 Boa iR 45 #% 1% 1] b #2451
CGI X Pl SR 047 Ab 31 L 75 30 A0 17 e B A 4+ 48 22 40 98 50 BORT 6 e D) R s B K B Th e g Tid 2. I
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6] Boa I 55 & $2& S L B ¢ 0, 1R B AL L 3R B0 N AR AR BT B0, A5 P B AE . Y SRR BHLIE ICMP Bpisl . N 3%
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(form name=cfg method=post action=/cgi-bin/cfg)
ICMP Forbidden
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{input type=submit name=submit value=submit)
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WEES in B0 925 s yn=08& & submit=submit. cfg I in™, 50" FAFHEAT H ST
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Fig. 4 Configuration mode command list
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Design of an Embedded Security SOHO Router
Apparatus of the Open Source Linux

ZHU Long, LIU Chang-jun

(Library, Sichuan Information Technology College, Guangyuan 628040, China)

Abstract;:  Based on the realization of a Linux open source system in the embedded platform, network access equipment
for small scale network integrated routing and protection function. and test the performance of routing and network pro-
tection. The results show that the system can meet the access network and the protecting, supporting Web management
simple and intuitive (WBM) configuration, but also provide the traditional Telnet routing configuration to the user who
have a certain network skills.

Keywords: network protection; access network; embedded system; router; Web management; Linux system
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(1. AR AL T 2ERE, At ] 361021
2. BIE¥ LR 4% R, il B 361008)

WE: AT EGE MBS QW Marichromatium gracile Y128 # 5 4 X JTEHL =& A A L T AH
FURIH D 19 25 BR FOAR B A0 A T 45 R 3R W] - A0 3@ O BE R pH (B 09 PRI B8 b, Y28 T Bk e S5 200 if ) 0. A
RO E A R R BREE T OF B AR =AU S AL Dt A R K A R D A L AR O i L T A B RE Bl A
b 2% Ak A SIS R A SR AR 0 38 4 A 2R I R A R A R R AR E R, Y28 T bR 0 e S A i B R AT
1) B A AR D BB 8% 25 Bk 7K 1 e %) ST A 2 R i 2L

KBEWR: BEFEEOR; HEMM; ZA; VA HA

hESES: Q939.99 XHFRER: A

L ALK 7 5 B ) I e K AR SR L 245 40 ARG R HE T B LR A A B YRR AT AR R T
NH;-N,NO; -N, H, S 125 5% 8 5545 55 15 Y ¥ 10 T8 B ™ 5 1 29 7 7K 7= F 00 i fie e & Jet .t f] I
PR Bk A NH;-N A NO, -N 6 856 FWR—H&ZKREY . A7 206 A 4 (anoxygenic pho-
totrophic bacteria, APB) 7E 7K ™ 35 5 K 44 0 5 15 Yo 2 1l 56 05 T A5 )32 A R 5 A0 L B R (RO AR
Iel s S TEHL =25 AU AR A8 F1 DA SO BR T (1435 137 € 7 A TR] L 40 Rhodobacter sphaeroides PA™ FI Rho-
dopseudomonas sp. wps- RELE R AL TE I 2 5 K 44 19 7 & F0 I B4 & » Rhodo pseudomonas palustris
PS17 A6 22 B8 0 Al &L S-S AR U Rhodobacter capsulatus E1F1MGE DURY B 5 Ak — & IR A= K =
AE LA A R Ry P — U A K TR AU L BRI AH AR APB B BR & A 48 AU SRV GE 1 — MRS
6. Marichromatium gracile YL28Mk 1, KT VE . pH [EHARE SR N R L A FBRIEXT APB #H
¥k s U0 Rhodobacter sphaeroide 2-8"" Hl Rhodopseudomonas sp. wps- 2 LR LHL =B R E T A 5
Z 4R 3H L 3R WY BRI DR 2R 8 7 5 S 0T A 2 1 50 1) 8O ) s e L AELIE R L AP L A i X JE AL =
SE R ZBRANELALRE J1 B9 AR GEACE . S A0 A T S R BRI TR AR K A T 40 PN e A A R
24060 3 A A W A0 B 2 A T2 N L R K R PR BE b APB R A4 T A AT 8 A T K AR S P e IR
SAEREE b B A pH S L AR AR KRS R AN R RS e APB 2w B A L=
RAACRE Sy HATIE ATEAE. YL28 Bbk AE LI A Z 0 Ml — R AR K B RIF R BR 0Pl = S A M5
TN AR U R AR SO SE T Y L28 T R e B A IR A B A AL L = S A AR )

1 KEsy

L1 HESHE
WVEE B R Marichromatium gracile Y128 B #f, 16S rRNA % [H GenBank & 35 & JF719917,

i BH: 2014-05-06

BEMESE: BETA964), T B WL F BN S B Y% W5 . E-mail: chungui@hqu. edu. cn.

E&TH: EXROARZESFINAE (31070054) 5 E ZKIMEFEA f2 MEAT I BHFL T (2015050260 5 1@ 4 H R FL#
A4 ¥R B H (2012]01136) 5 1@ 48 0 E T RHE W H (JB11275)
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F 7S S 5 3 B M AR A . SETE B I TR i TR 0 A ) 7 I R ) s SRR SRR T A R
PRAN R R AR & e VTR A A S Dy [ O A 4l

UV-3200PCS #4848 0] UL 43 H6 6 BE 1 F (i 36 3% 38 MAPADA 245 7)) ; TGL-20M #Y & 20 &1 3 8 1

B0 HLCE I S RALA FD.

1.2 X®WHE

12,1 WheyEis#Hampasl & RAN R Plennig % 8 6 41 5 J0 Lk £ 0 B 72 30 i
24.3 mmol « L' TE/K Z#44,0. 75 mmol » L' Na,S, 0, Bt 1.5 mmol « L' Na,S » 9H, O, 345 pH
HR 7.0, e R 500 CARFRVR D) 3 F JE T B 95 B e il B 9500, F 28 'C .3 000 Ix o IR IR 4 15 57
5d. JoRE R B R TE AR ] pHAAEN 7.0, B 3% NaCl ¥ W e 5 WK 3 W, 341
O EE D660) 22 1.3 MR R EIR . 7E 28 CHFE T 48 h RIS 240 M 25 i o fofF P Bl o i 0
1.2.2 Sk Z69 R KEOFR I, BC ] T ML CEUAL L L 7 A 15 51 R A IR 4D i 45 . 38 pH AN
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mL, F T To ML= 28 00 o Wk B R0 A ) o 4 0
1.2.3 AHFhAMNZSRGAE R MENE AR UL D660) Fm KN AEY &, LN
1 em B4 9L L EAR . F 4840 aT W3 Y66 BE T B S O 660 nm b2 B D(660).

KA B ARG B e i NH,-N [ & 5 2R N-(1-Z850) -2 o6 30 NO, -N iy i i 2%
AN R EETE P INO, -N 2. LA KPR (R ITE RN

R=(1—c¢/c) X100%.
B o T e, A BN TEHIL =25 R ) 1 v E I S S 22 ) o
T = E A BT Y UR R 09 BT i ik B H 58, A I e 3 K.

2 FHRSHMH

2.1 NEABEBRMEL

YL28 T b i 2 20 o 2 R S B e B Ak 78 L an & 1 R, 8 L b, NH-N AR iRk B2 oy 3. 12
mmol « L' (%L EROMO) .6, 18 mmol « L' (S0 K /R AT A By & 1 o] 1. Fifi Ak B E] A9 ZE 4
AR A REAL, Z A LB T R 1~2 d RTINS 1/ 6 A RS 00 2B B B IS SR o8 4
F R AW E (3. 12 mmol « LR RABE 5.1 d, IR AE W RS T 29 17.90% , A A £ B M E B
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Fig.1 Removal of ammonium and the production of nitrate and nitrite by Y128 resting cells
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Fig. 3 Removal of nitrate and the production of ammonium and nitrite by Y128 resting cells
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Reciprocal Transformation of Inorganic Nitrogen by Resting
Cells of Marichromatium gracile YL28

JIANG Peng', HONG Xuan'?*, ZHAO Chun-gui', YANG Su-ping'

(1. College of Chemical Engineering, Huagiao University, Xiamen 361021, China;
2. Department of Pharmacy, Xiamen Medical College, Xiamen 361008, China)

Abstract: The progress of removal and transformation of inorganic nitrogen including ammonium. nitrite, and nitrate by
the resting cells of Marichromatium gracile Y1.28 were investigated in this work. The YL28 resting cells could remove
nitrite and nitrate efficiently under the anaerobic condition with appropriate temperature and pH value. They also showed
a low transformation capability of ammonium to nitrate, and the reciprocal transformation between nitrite and nitrate
could be detected, followed by nitrite or nitrate products disappeared. But the transformation of nitrite and nitrate into
ammonium could not be detected. These results demonstrated that the Y128 resting cells could remove nitrite and nitrate
from waters efficiently, suggesting that the strain Y128 possesses good capability of anaerobic denitrification.

Keywords: Marichromatium gracile ; resting cells; ammonium; nitrite; nitrate
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%1 PBDEs f RRT 525 (i 1 7 0 {8
Tab.1 Experimental and predicted values of the RRT of PBDEs

Gt L&Y BB RRT., RRT,, ¥R 2%
1 BDE-1 2 0.095 —0.058 0.153
2% BDE-2 3 0.097 —0.069 0.166
3 BDE-3 4 0.099 —0.069 0.168
4 BDE-4 2,2’ 0.133 0.088 0.045
5 BDE-5 2,3 — 0. 090 —
6" BDE-6 2,3 0.133 0.098 0.035
7% BDE-7 2.4 0.133 0. 060 0.073
8" BDE-8 2,4 0.139 0.106 0.033
9~ BDE-9 2,5 0.129 0.071 0.058
10° BDE-10 2,6 0.123 0.051 0.072
11° BDE-11 3,3’ 0.137 0.137 0. 000
12 BDE-12 3.4 0.142 0.074 0.068
13" BDE-13 3.4’ 0.142 0.143 —0.001
147 BDE-14 3.5 0.130 0. 190 —0.060
15" BDE-15 4,4/ 0.147 0.088 0.059
16" BDE-16 2,2'.3 0.214 0.227 —0.013
177 BDE-17 2,2 .4 0.202 0.195 0.007
18" BDE-18 2,2',5 0.191 0.210 —0.019
19 BDE-19 2,2'.6 0.187 0.203 —0.016
20" BDE-20 2,3,3' 0.221 0. 241 —0.020
21 BDE-21 2,3.4 — 0.227 —
22" BDE-22 2,3.4' 0.231 0. 249 —0.018
23 BDE-23 2,3,5 - 0.230 -
24 BDE-24 2,3,6 — 0.203 —
25 BDE-25 2,3'.4 0. 204 0. 204 0
267 BDE-26 2,3",5 0.195 0. 220 —0.025
27" BDE-27 2,3".,6 0.184 0.188 —0.004
28" BDE-28 2,4,4' 0.214 0.209 0. 005
29" BDE-29 2,4,5 0.197 0. 170 0.027
30" BDE-30 2,4,6 0.174 0.162 0.012
317 BDE-31 2,45 0. 205 0. 224 —0.019
32" BDE-32 2,4",6 0.195 0.196 —0.001
33* BDE-33 2,3",4' 0.214 0.239 —0.025
34 BDE-34 2,3"'.5' 0.192 0.236 —0.044
35 BDE-35 3,3'.4 0.221 0.226 —0.005
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Continue table
i L&Y B BT & RRT., RRT,, B 2%
36" BDE-36 3,3'.5 0.199 0. 254 —0.055
37" BDE-37 3,4,4' 0.232 0.230 0.002
38~ BDE-38 3.4,5 0.217 0.232 —0.015
39" BDE-39 3.4",5 0.208 0. 257 —0.049
40" BDE-40 2,2",3,3 0. 355 0.354 0.001
41 BDE-41 2,2'.,3,4 — 0.342 —
427 BDE-42 2,2",3,4' 0.329 0.384 —0. 055
43 BDE-43 2,2',3,5 — 0. 347 —
44 BDE-44 2,2',3,5' — 0.361 —
45 BDE-45 2,2',3.6 — 0.331 —
46" BDE-46 2,2',3,6' 0. 299 0.302 —0.003
47" BDE-47 2,2" 4,4 0.313 0.348 —0.035
48 BDE-48 2,2' 4,5 0.298 0. 300 —0.002
49° BDE-49 2,2",4,5' 0.294 0.323 —0.029
50 BDE-50 2,2",4,6 0.272 0.295 —0.023
51" BDE-51 2,2",4,6' 0.289 0.316 —0.027
52 BDE-52 2,2',5,5' — 0.331 —
53" BDE-53 2,2',5,6 0. 264 0. 282 —0.018
54 BDE-54 2,2',6,6' — 1. 036 —
55 BDE-55 2,3.3",4 0.341 0.361 —0.020
56 BDE-56 2,3,3",4' — 0.378 —
57 BDE-57 2,3,3',5 — 0.361 —
58~ BDE-58 2,3,3',5' 0.321 0.320 0.001
59 BDE-59 2,3,3',6 — 0. 337 —
60 BDE-60 2.3.4,4' — 0. 369 —
61 BDE-61 2.3,4,5 — 0. 369 —
62" BDE-62 2.3.4,6 0. 287 0. 336 —0.049
63 BDE-63 2,3,4',5 — 0. 364 —
64 BDE-64 2,3,4',6 — 0. 348 —
65 BDE-65 2,3,5,6 — 0. 346 —
667 BDE-66 2,3",4,4' 0.328 0.314 0.014
67" BDE-67 2,3".,4,5 0. 303 0.288 0.015
68" BDE-68 2,3",4,5' 0.294 0.277 0.017
69" BDE-69 2,3'.4,6 0.268 0.303 —0.035
70 BDE-70 2,3'.,4",5 — 0.351 —
71° BDE-71 2,3',4",6 0.299 0. 307 —0.008
72" BDE-72 2,3',5,5' 0.281 0. 342 —0.061
73" BDE-73 2,3'.,5,6 0. 266 0. 281 —0.015
74% BDE-74 2.4,4',5 0.319 0.288 0.031
75" BDE-75 2,4,4',6 0.290 0. 309 —0.019
76" BDE-76 2,3",4,5' 0.322 0.392 —0.070
77" BDE-77 3,3 ,4.,4' 0. 355 0.363 —0.008
78" BDE-78 3,3',4,5 0.334 0.367 —0.033
797 BDE-79 3.3',4,5' 0.321 0.352 —0.031
80" BDE-80 3,3",5.5' 0. 289 0.372 —0.083
81" BDE-81 3.4,4',5 0. 350 0. 341 0. 009
82 BDE-82 2.2',3,3" .4 — 0.461 —
83 BDE-83 2,2',3,3',5 — 0.472 —
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Continue table
i L&Y B BT & RRT., RRT,, B 2%
84 BDE-84 2,2',3,3',6 — 0. 447 —
85" BDE-85 2,2',3.4.,4' 0. 486 0. 454 0.032
86" BDE-86 2,2',3,4,5 0. 462 0.487 —0.025
87" BDE-87 2.2'.3.4,5' 0. 460 0. 457 0.003
88" BDE-88 2.2',3.4,6 0.423 0.470 —0.047
89 BDE-89 2.2'.3.4,6' — 0.453 —
90 BDE-90 2.2'.3.4",5 — 0.495 —
91 BDE-91 2,2',3,4',6 — 0. 465 —
92 BDE-92 2,2'.3,5,5' — 0. 446 —
93 BDE-93 2,2',3,5,6 — 0.482 —
94 BDE-94 2,2',3,5,6' — 0.463 —
95 BDE-95 2,2',3.5", — 0.393 —
96 BDE-96 2,2',3,6,6' — 0.418 —
977 BDE-97 2,2',3,4",5' 0. 457 0.499 —0.042
98" BDE-98 2,2",3.4",6' 0.414 0.538 —0.124
99~ BDE-99 2.2',4,4",5 0.433 0. 455 —0.022
100" BDE-100 2.2',4.,4",6 0. 405 0.423 —0.018
101° BDE-101 2,2',4,5,5' 0.410 0.418 —0.008
102" BDE-102 2.2',4,5,6' 0.396 0. 404 —0.008
103" BDE-103 2,2",4,5",6 0. 369 0.392 —0.023
104" BDE-104 2,2',4,6,6' 0. 369 0.378 —0.009
105" BDE-105 2,3.3" 4,4 0.506 0.477 0.029
106" BDE-106 2,3,3',4,5 0. 469 0. 480 —0.011
107 BDE-107 2,3.3".4",5 — 0. 489 —
108~ BDE-108 2,3.3".4,5' 0. 461 0. 470 —0.009
109" BDE-109 2,3,3',4,6 0.417 0.447 —0.030
110 BDE-110 2.3.3".4",6 — 0.471 —
111 BDE-111 2,3,3',5,5' — 0.474 —
112 BDE-112 2,3,3',5,6 — 0.487 —
113 BDE-113 2,3,3',5',6 — 0.432 —
114" BDE-114 2,3,4,4",5 0.491 0.508 —0.017
115* BDE-115 2.3.4,4",6 0. 442 0. 480 —0.038
116° BDE-116 2,3,4,5,6 0. 444 0.477 —0.033
117 BDE-117 2.3.4",5,6 — 0.491 —
1187 BDE-118 2,3',4.4",5 0. 457 0.435 0.022
119° BDE-119 2,3',4.,4",6 0.414 0.422 —0.008
120" BDE-120 2.3',4,5,5' 0.414 0.419 —0.005
121" BDE-121 2,3',4,5',6 0.371 0.423 —0.052
122 BDE-122 2,3,3,4",5' — 0.451 —
123* BDE-123 2,3 ,4,4",5' 0.462 0. 469 —0. 007
124" BDE-124 2,3",4",5,5' 0. 443 0. 480 —0.037
125% BDE-125 2,3",4",5",6 0.424 0.407 0.017
126° BDE-126 3,3",4,4',5 0. 495 0.486 0.009
127° BDE-127 3.3',4,5,5' 0. 454 0. 469 —0.015
128" BDE-128 2,2',3.3" 4,4 0.677 0.594 0.083
129 BDE-129 2,2",3,3",4,5 — 0.602 —
130 BDE-130 2,2'.3.3".,4,5' — 0.576 —
131% BDE-131 2,2",3,3",4,6 0.586 0.577 0.009
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Continue table
i L&Y B BT & RRT., RRT,, B 2%
132 BDE-132 2,2',3,3",4,6' — 0.571 —
133 BDE-133 2,2',3.3".5,5' — 0.590 —
134 BDE-134 2,2',3,3",5,6 — 0. 602 —
135 BDE-135 2,2'.3.3".5.,6' — 0.589 —
136 BDE-136 2,2'.3.3'.6,6' — 0. 545 —
137 BDE-137 2,2",3.,4,4',5 — 0.573 —
138" BDE-138 2.2'.3.4,4",5' 0.617 0.579 0.038
139* BDE-139 2,2",3.,4,4',6 0.577 0.611 —0.034
140" BDE-140 2,2',3,4,4",6' 0.588 0.593 —0.005
141" BDE-141 2,2',3,4,5,5' 0.585 0.594 —0.009
142* BDE-142 2,2',3,4,5,6 0.598 0.613 —0.015
143 BDE-143 2,2',3.4,5,6' — 0.569 —
144° BDE-144 2,2',3,4.5".6 0.531 0.562 —0.031
145 BDE-145 2,2',3.,4.6,6' — 0. 545 —
146 BDE-146 2,2',3,4,5,5' — 0.596 —
147 BDE-147 2,2',3,4,5,6 — 0. 609 —
148 BDE-148 2,2',3.,4.,5,6' — 0.610 —
149 BDE-149 2,2',3.,4,5",6 — 0.545 —
150 BDE-150 2,2',3.,4,6,6' — 0.563 —
151 BDE-151 2,2',3,5,5',6 — 0.576 —
152 BDE-152 2,2',3,5,6,6' — 0. 564 —
153" BDE-153 2,2',4,4",5,5' 0.560 0.542 0.018
154" BDE-154 2,2",4,4",5,6' 0.517 0.503 0.014
155" BDE-155 2.2".4,4",6,6' 0.496 0.514 —0.018
1567 BDE-156 2,3,3,4.4',5 0. 640 0.622 0.018
157 BDE-157 2,3,3",4,4",5' — 0.588 —
158" BDE-158 2,3,3",4.4',6 0.587 0.597 —0.010
159~ BDE-159 2,3,3",4,5,5' 0.590 0.602 —0.012
160" BDE-160 2,3,3',4,5,6 0.590 0. 620 —0.030
161" BDE-161 2,3,3",4,5".6 0.535 0.572 —0.037
162 BDE-162 2,3,3",4',5,5' — 0.602 —
163 BDE-163 2,3,3',4,5.6 — 0. 605 —
164 BDE-164 2,3,3",4",5",6 — 0.542 —
165 BDE-165 2,3,3',5.5",6 — 0.559 —
166" BDE-166 2,3,4,4',5,6 0.621 0.622 —0.001
167% BDE-167 2,3.,4,4",5,5' 0.596 0. 545 0.051
168" BDE-168 2,3.4,4".5",6 0.548 0.496 0.052
169 BDE-169 3,3,4,4",5,5' — 0.583 —
170 BDE-170 2,2",3,3",4,4',5 — 0.722 —
171 BDE-171 2,2',3,3",4.4",6 — 0.702 —
172 BDE-172 2,2',3,3",4,5,5' — 0.703 —
173" BDE-173 2,2',3.3',4,5,6 0.763 0.735 0.028
174 BDE-174 2,2",3,3,4,5,6' — 0.679 —
175 BDE-175 2,2",3,3",4.5",6 — 0.678 —
176 BDE-176 2,2',3,3",4,6,6' — 0.654 —
177 BDE-177 2,2'.3,3",4,5",6' — 0.712 —
178 BDE-178 2,2",3,3,5,5",6 — 0.683 —
179 BDE-179 2,2',3,3",5,6,6' — 0.664 —
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Continue table
%5 & TR Ay RRT.,, RRT,, W%
180 BDE-180 2,2',3.4,4",5,5' — 0.709 —
181° BDE-181 2,2',3,4,4',5,6 0.754 0. 741 0.013
182" BDE-182 2,2'.3.4,4",5,6' 0.697 0.697 0. 000
183" BDE-183 2,2',3,4,4".,5",6 0.687 0.705 —0.018
184" BDE-184 2,2".3,4,4',6,6' 0. 666 0. 652 0.014
185" BDE-185 2.2',3.4,5,5',6 0.702 0.664 0.038
186 BDE-186 2,2',3,4,5,6,6' — 0.681 —
187 BDE-187 2,2",3.4",5,5",6 — 0. 648 —
188 BDE-188 2,2",3.4".,5,6,6' — 0. 685 —
189 BDE-189 2,3,3",4,4",5,5' — 0.706 —
1907 BDE-190 2.3.3'.4,4',5,6 0.763 0.741 0.022
191* BDE-191 2,3,3",4,4",5',6 0.721 0.706 0.015
192* BDE-192 2.3.3',4,5,5',6 0.707 0. 704 0.003
193 BDE-193 2,3,3',4',5,5",6 — 0.675 —
194 BDE-194 2,2',3,3",4,4",5,5' — 0.819 —
195 BDE-195 2,2',3.3'.4,4',5,6 — 0.765 —
196 BDE-196 2,2",3,3",4,4",5.6' — 0.833 —
197 BDE-197 2,2'.3,3",4.,4",6,6 — 0.786 —
198~ BDE-198 2,2',3.3'.,4,5,5',6 0.853 0.813 0. 040
199 BDE-199 2,2',3,3",4,5,5",6' — 0.793 —
200 BDE-200 2.2'.3.3",4,5.6.6' — 0.794 —
201 BDE-201 2,2',3,3",4,5",6,6 — 0.758 —
202 BDE-202 2,2',3,3,5,5',6.6' — 0. 780 —
2037 BDE-203 2,2',3,4,4',5,5',6 0. 855 0.853 0.002
204" BDE-204 2,2',3,4,4',5,6,6' 0. 834 0. 806 0.028
205" BDE-205 2.2'.3.4,4",5,5',6 0.891 0.811 0. 080
206" BDE-206 2,2",3,3",4,4',5.5",6 1.027 0. 960 0.067
2077 BDE-207 2,2'.3.3".4,4",5,6.6' 1. 001 0.911 0.090
208" BDE-208 2,2',3.3'.4,5,5",6.6' 0.988 0.933 0.055
209" BDE-209 2,2',3,3",4,4",5,5',6.,6' 1.171 1.015 0.156
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2.1 RENEST
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Tab. 2 Fitting results of the model

A BRIy R% Riccam Ry R cumy Eig Q Qiun
I, 0.294 0.294 0.924 0.924 6. 760 0.906 0. 906
hs 0.123 0.416 0.025 0. 949 2.820 0.222 0.927
hs 0.071 0. 487 0.011 0. 960 1. 620 0.047 0.931

2.2 REIRRIE
P A ARG 06 2 T AR L SR (5 TIN5 22 T [ Dl — 0. 060~0. 166, 1 I Jir 2 455 784 5000 6 7 45
SRR 126 D CRIAEA R B AL B ARERL, L BCH ST 5 S0 (8L 5 R 3R 1L 8] 1 () .
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Tab. 3 Variable importance in projection and variable coefficient in the model equation

x VIP a x VIP a
Ey 1. 857 830 —9.081 470X 10" G, 0.650 209 0.208 530 0
Exvovo 1. 741 350 —2.548 990 C; 0.598 301 0.082 650 1
R, 1. 719 330 8.031 990X 10°° C, 0. 564 856 0.088 051 1
ErLumo 1.711 810 —2.064 410 Cio 0.561 315 0.102 581 0
Exomo 1.471 220 —2.422 940 Cy 0.535 524 0.148 919 0
E\umo — Enomo 1. 365 100 —3.023 240 C 0.499 320 0.092 220 6
Exnomo 0.978 575 —0.426 086 R 0.416 409 1.121 500 0
O; 0.931 453 2.194 400 Cs 0.410 945 —0.055 371 7
Cs 0.748 659 —0.047 351 Cs 0.356 116 0.057 346 0
Ci; 0.732 720 0.123 097 R 0. 346 004 —1.936 510 0
C, 0.721 568 0.171 257 Ciy 0.315 795 0.136 394 0
u 0.720 462 0. 005 507 A - 2.294 360 0

1E PLS @A rh, VIP o —A> Sz i F 2 J o S PR /N iS4, A28 i VIP (8O, 3% A 722 R X
PRAZ 8 AR BOR . 138 3 AT Ev s Excowo » Re s Evowo 9 VIP {573 510 1. 858, 1. 741.1. 719, 1. 712, &

A B AR R VIPE, X 4 4~ B A8 s X PBDEs (1) RRT A % 5 2 1) 3 i 1E .
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Quantitative Structure-Activity Relationships on Gas Chromatographic
Relative Retention Time of Polybrominated Diphenyl Ethers

WU Zhi-yuan, XUE Xiu-ling, QIU Qi-jun

(College of Chemical Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract; In this paper, the molecular structure of all 209 polybrominated diphenyl ethers (PBDEs) was optimized by u-
sing Gaussian 03W software at the B3LYP/6-31G" level. Then quantitative structure-activity relationship (QSAR) be-
tween relative retention time (RRT) of PBDEs and the molecular structure parameters were correlated by partial least
squares (PLS). The RRT of the 83 unknown PBDEs was also predicted. The results showed that the cross validation
(@) and correlation coefficient of fitting (R$(um ) of the optimized model RRT were 0. 931 and 0. 960 respectively. Re-
sidual range of predicted and experimental values was between —0. 083 to 0. 168, which indicates that the model has a
strong predictive ability. Furthermore, there existed high correlation between molecular total energy, next lowest unoccu-
pied molecular orbital, electronic spatial extent, lowest unoccupied molecular orbital and RRT of PBDEs, and their varia-
ble importance in projection (VIP) was 1. 858, 1.741, 1.719 and 1. 712 respectively, which took greater contribution to
the model.

Keywords: polybrominated diphenyl ethers; quantitative structure-activity relationship; relative retention time; partial

least square
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Fig.3 Simulation values of indoor temperature and power consumption under different operation modes



202 R R (A R R 2E O 2015 4F

4 TSR R A

S AL = RO R)IE A7 77 2% G T 4 TR B AT R S A5 AT 7 2 T AR PR 2 L T o A R 0
U2 17 AR T4 [ B MR R D . BRItk S R 2 4707 296 R HEAT 000 L LRI 1 R 2 41
I (5 HL 1 3545 I 2% AT X L 47
4.1 BB

WA 2 P 3Ch) 1« 13 K52 A7 1 1] 438 ML A P v it 45400 % 7 15 5 0 M4 91 e AR — B, - 34 ffi
W 3 KW o ho ARHR 2200 9% . BARTEAE— i 52 25  JFLI 3 8 2 40 W7 HE A7 168 1F I B BB 5 52 W 4
AT B ) — BV 7 A R 22 10 R L 1) S 3 A IR B 5 T S 1 3 AN % B ROR T B 5
HEIR 5 2) S0 S o s A A B B3 A6 0T AT 46 BB A8 530 552060 300 i 0 473 4 5 TF A A 1
2 7o R

T S SICHR BB £ H B 43 7 T 260« R P 4B 0 10 165 1 R MO 0. 91 4 IE S B4
BOH T e b 10 S TE B O

F5 I 3(b) 518 3Ca) HOB T A1 & T HE S A7 19 H -3 RE iy 2 11 2 55 47 IR LAY 2. 4 £ i)
= AMNEE 2R T . R GAETR 8] 38 17 B A AL ¥ 50K (coefficient of performance, COP) 1R, #E H &
1T L5 B TR OB . R UK B MR 36 75 T FE K L IR 7. 53 b . 4 K 1 4038 47 96 ) LML AR
5 S0 2 2 L9 65 40 25 A 00 DR T R e 0%

F4 P 3Ch) 5 3Ce) el 0 < oA B W L2 32 7 1 T M ol i i 1 02 A R IR AR BLEY 1. 2 £,
BRI RIS 1T 7 2k FORE L M 2 0F Rk (R B e 230
HUR 24T (75 3 G 75 76 00 B AR 0% 19 002 45 et Bl 20

210+
SR COP R AR A5 25 55 10 1) B L i EL K IAEAE COP 0|
{83617 X HLAL ) Bk A i 0 2 TR R oo

4.2 ZEEZEERESHN S 180

SHGETT IR R L R R, T
WE A TR, 4HTLL 2014 481 4 15 H 16:00 £ 1 H 16 150
H 15500 (AT T 43 55 S 90 1) 510 56 9 4 SEESSECREEGEIREEEREEREEE
[y FRE AL SRRARS NI AERSESIN AR

WP 4Ca) ). 4 R G IE AT 7 2N & K I LB 17
B 2 A0 T - R R R A R B I T A o

23.0r 23.01
’3“:\‘”" X
ol == S 2ot
Lol &= a1l
0l 20.0 -
00 19.0 1
g S 180}
18.0f
17.0
17.0
16.0 -
16.0- 15.0 -
150w v v v
S3SSISSISTSESISOSSSEIESSSESS
CEXARRNARC ~NA¥rsrESSmday

i)
(b) A RBITR AFHL
Bl 4 RIS RF g i 7 3 i
Fig.4 Hourly indoor temperature in running under different operation modes

JR 5 A EL, R 18,6 C L Re R4 2 H P r 7 Ak k.
B L A Ch) RN 6l 2 A AR [R] L 520 5 A5 SR LA W) & SEE ¥ &R 18,2 C i i B
MIBALZE R R 19 CL ] 4 (h) I8 AR 25 AU A A2 B 4 b A 6 S0 8 I 2R e A FE P Tl s R A L BE O
FEAE 17~21.5 CZ[u], ik B FE A AE 5 iR 2RV BN, A8 46T 22 OC LS 35 0 B 5 (HL bl T b A A9 ik i




el FRE . 4 2 TR B AR R T R R S s 1T X 203

ARG S5 1 2 B Ol R T S IR A D s LT IR R L ] B AR B D 17,0 C LT
TN B[] Y R SR

HT I 4 Co) AT T : 28 GEAR I L B4 S (] B8 U A Gz A Iy 4 18) T MLl E 7R 18 ~20 'C 2 Ja] » AR IE
TENRE S IEE: AREFENEERATE17.5~19.5 30
CZ[a] .l B SEA LN 18 CHYEK. 40}
4.3 ZEMERESH ‘o

= Maatr 7 3R Y 3% AR R S I R A5 SR Xt
Fe.aniE 5 Fros. fi 5 rPAT eis Ty Jr SN FE R AR T 20
K24 h e 89. 3 kW « h W RERHCRAE. 10|

H1 & 5 Ch) AT AL A T AL 1) 52 055 48 4L ) 4 /0N B

oA LEAAN A .
R P KB A ) B 8 3 BLIRT fhy R G073 5 e B3 CEEEEEEEEFEEEEEEEEEEED
e T L AT BN 4R . I 1) R AT LAE 458 480 25 SR £ 7T SoERAmRRTIO IR Eesaaass
FAPE. 6 24 h (9 SEIFE FL 5 35, 66 kKW« h B4 45 -
S 35.8 kW « h. (a) &RELLIBT
5.0r 551
B B 50
4.0}
| Rl 40}
= 30 = .
2 = 3.0F
SIP 3 2ol
1.0 Lo
0 0L L1 . 8.0,

e —

(b) H KRBT EMEL (o) MM BIBIEA BT
&5 A[EIEATJ5 20N g I AR
Fig. 5 System power consumption per hour under different operation modes
i 15 Co) Al s A7 07 AFE HL B AR AR ] L Ut 24 h RS B AGAB R & Oy 43, 68 kW « h, B = T
H R eI EEHLa 1T 2 I T2 RiE2ia 177 3 B R ROR A 4.

5 %

=

283 F DeST-h B X0 L T L1 74 48 H ol 78 A6 25 A ) ot 90 ot S A TR 2 ol 8 S0 1 9 & 4 15
PER SR 2 IR PR B AR BEIR R GEa 1T S BOM E AN IR S8 S5 A SRR A 520 45
P FEAT X HE o3 B B AR A AU 2 2R 5 B 57 5 00 i dh BOA A e Y — B

PR UL S 0 25 5 A0 A Al R = s AT 05 S, R AT B IR] SE ALY a2 A7 5 3 I) o S JBET 3 1 A 22
Drtk GaAT 2 KD . iz 4777 AT/ I T 25 AU AR L 43 M A e R iz 2 6 149 [ 97 2 4 8 A P E » 1)
] AR S F AP BB B A CRAIE 2 IR BE AR T 16,5 C L AE 5 BE R[] o S0 P 9 7 3 . %2 47 07 A
e AL G S IR BN AR G TR R A T 2 R ) 5 BE R L AT e A ] R, R ORAIE T AR 48 Y s 1 B AR K S
7 HLZH DR 45 R A R AR

S E 3k

(1] 7. EERAEFET SRR AT BB P . 2006(7) :10-13,15.

(2] VRl ERFRD. 6 38 45 2 U AR T T I3 BAK Ml A s 5 A 2 R e R BEARLRT 52 L) . il ve B2 R . 2014, 34(1) - 12-17.
(3] E7 . =TI T 5 AR S 2 A9 se Bk e [T, e == 94, 2003, 33(1) : 8-11.

(4] ZEo0¥0 . T MR K P, 25 TR BATR 3t M Bk 182 R 58 7 It Oy 9 9% by DX B JTT 8% 1 A 2 55 T[T ). MR J@ 25 9, 2012, 42



204 R R (A R R 2E O 2015 4F

(2):62-65.

(5] MR AR s SR AT R AL BE RGeS0 4r B 0. WA K2E2 4. B AR BH2£ . 2009,36(12) : 14-18.

(6]  TEAk,BRIGHT, 00, 45, —Fh TR IR 3R 58 1 B B 2 SR AR B B 95 [0 . 8 224, 2005 (2) + 34-38.

(7] ®hiosfh.2%pE . A XR. EHTEAMX MW RMESMREXERRLE = WA Bl 2R, 2011,41(1)
104-107,112.

(8] Mok 7. 1% Ge At b Jr 2 iR A phe it A7 280 b AR B8 0 S ig J62 [T ). o 60 o8 A B R Aol . 2010(3) 1 119-120.

(9] &AL, R a0, BUFTR]. 25 SRR 8 H 3t IR ) R I8 R 48 S IR W 90 e T PR R 43 BT ). K BH BE % 42 2011, 32
(8):1151-1157.

(100 FpSET. SR B8 ARG 28 P9 AR AR S 09 B SRS LT ). A8 4 K224 4l - B AR R4 R, 2010, 31(1) : 95-98.

(11]  FF4. IR S HE 8 5 4 S e [M. J6 5T WU Tl R At . 20042 2-3.

[12] skt sk aoe . . & R R G IR T R IR )85 %3 56 LT 1. 0% 25 98 5 s S Lk, 2010,31(5) : 67-69.

[13] a4, 24500 . 047 . 5. A PR W B REBR AR & AR tE L e 2 [T ). KB RE % 4] . 2012,33(9) :1536-1540.

(14] BB XA, SE R4 L 45 2 SOUR PSS B B 40 14 % 7 X 8 P VAT 38 (R i () ). DB 3 45 9, 2013, 43(4) £ 76-79.

(150 F i . ) i % 70 ok v JBO A B A i B 92 L0 . 178 5451, 2009,9(1) : 47-49.

[16]  mFE& . BRILAR. B IRBE VRV 25 I8 & G0 /9 35 fig N Z M. 1% A R R 2 AR , 2006 (9) : 17-20.

(171 FUAAT. 38 E A58 20 W HE 46 ML F B AR R R ILUP) - B0 iR e 1 AR LT . ¥ AR, 2003(1) £ 35-38.

(18] sk N1, B & F. VRV RGN REE R dr L) ], fRIEHE AR ,2002,23(2):59-61.

[19] IhPE4 #iR)T . DBJ 04-216—2006 R FI AT AR I b5 il CR B Jm 1 57358 43 ) 1l 74 st DX S 4 OIS . Ak e« o
] 22 50 ol At 2006 .23,

Research of Optimizing Running Modes for Direct Radiant Floor
Heating System with Air Source Heat Pump

DU Yan', TIAN Qi', YANG Jin-ming, GUO Wei-giang®

(1. College of Environmental Science and Engineering., Taiyuan University of Technology, Taiyuan 030024, Chinaj;

2. Taiyuan Hengxingweiye Refrigeration Air-Conditioning Equipment Company, Taiyuan 030024 ,China)

Abstract;: From the aspect of running modes, direct radiant floor heating system with air source heat pump was opti-
mized. Installing this system in a two floor residential building in Shanxi Province, three different running modes, inclu-
ding all-day continuous running, intermittent running (daytime on and nighttime off), and electrovalent peak load shifting
running, were compared the economy and comfort by combining the measured and simulative data from the DeST-h soft-
ware. The results showed that the three running modes could all meet the comfort requirement basically, but the intermit-
tent running could also make full use of the thermal storage capacity of the building envelope and shorten the running time
economically, which indicates that the intermittent running is the best way to run.

Keywords: air source heat pump; direct radiant floor heating; operation mode; DeST-h software; economy
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¥ Hela, A549, SMMC-7721 4 LA 300 A4~ « FL "4 F0F 6 FLAR . 20 50 4 W BE J5 , 24 9 b 38 [ 1
1. 4. 48 h J5 53 855 75 900 85 5% 7 SR AP B0 A IR o] UL A 4B VR ROk 3B 5 T, B R AR 2% o R
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(PBOYE 1 WA 1 mL i 2050k 4% 0 2 B H [ 10 min, 77 2 8 H &, PBS ¥k 2~3 &K, i 600
p L S S G MY 0 10 min, /K PE 245 5 2 R TR TR e BRI R SR E R 3 IR
1.6 XRZENEHBHTHEED

¥ Hela, A549,SMMC-7721 401 1L 1X10° 4~ « FL 4280 F 24 FLAR . 40 i 58 & W5 BE 5 . A 200
pL B BARHE KR 2 AN 2" —"FRR . SR IR PBS ¥ 2 W 25 b B [E) S 1. 4. 48 h J5 T
B T WS I 40 A SRR R AR R L TS AR R SR AT 3 K.
1.7 Hoechst 33342 ;£ A - HE T

¥4 Hela, A549,SMMC-7721 4L 4X10° A4~ « £l 45280 F 96 LA . 400058 4 W BE 5 L 25 4 4b 3
[ 1. 4. 48 h JG W e Ki 32 W, B LN 100 L J5E 3t 43500k 4 96 1 22 3R F S [ 22 30 min, W 77 2 B
PBS % ik, B AL A 80 L. Hoechst 33342 448, 10 min, W 5% % 4.4 . PBS ¥ Uk . T 9006 B 3058 T W22,
SCEE AL 3 K.
1.8 EBRENITKN caspase-3 EAMIRIE

¥ Hela, A549,SMMC-7721 4L 5X10° A~ « £l 4280 T 96 fLAR b 40 58 W BE J5 430l 45 T
ANTF A BE ) TW9183(4,8,16 pmol « Lo 1) BIEXT BEAL 45 7 [A AR B DMSO. 48 h J5 W 57 15 77 56, PBS
EHE 2 K BALIA 150 pl Western S TP 4 i 2 i » /KI5 24 /% 30 min, 1 000 r « min ™' &0 5 min, i
8 LT U R L VK A S AR L K R LR ED R I R A R R A Ok 5 00 IR W R B AL S, —
4 CEMPH, —PrERE A 2 h, ECL B 1~2 min, 26 AR K, S0 84 3 K.
1.9 4B ARk 20 i B 5 55 46

¥4 Hela, A549,SMMC-7721 4H 2L 2X10° A « L "H280 T 6 FLAR . 40 ff 58 4= 05 BE 5, 25 9 4k 3
[A95 1. 4. 48 h JE LIPS AR A M . 4 C [ 22 5 A 0.5 mL Be il 4 iy 44 % (& PT,RNA fiff , Ju (1. 57
D L G218 IF 78 43 BB AN ML TTVE . T 37 CaltiR A 30 min, F U =X 40 ML ASCRS ) , S 36 85 42 3 K.

2 HR5UE

2.1 TWIIS3I WA REMETE

TWO183 M AN ke, Wl 1 FroR. sk T i 45ify 4" H-NMR, " C-NMR FI ESI-MS A iff
WE . BRI 45 2 IR, H-NMR, ¥ C-NMR, ESI-MS #1755 2 43 #7 & 4iF 6 31F , B AR 45 5 40 F T k.

A= (7~ M k-4 -5 6D R B IR C 1)l B €0 [ (A0 oK, 22 9026, ' H-NMR (400 MHz,DMSO-d6) .o
fH.8.61(d,J=9.29 Hz,1H),8.47(d,J=7.03 Hz,1H),8. 23~8. 26 (m,2H),8.00(d,J=2.01 Hz,
1H).7.86(dd,J=9.29 Hz,2.26 Hz,1H),7.63(dd,J=6.78 Hz,2.01 Hz,2H),7.11(d,J=7.03 Hz,
1H). *C-NMR (400 MHz,DMSO-d6) .6 {f:168. 41,150. 39,149. 52,148. 36,147. 21, 136.12, 132. 15,
130.21,126.83,123.29,21. 38,18. 26,115.17,112. 85. ESI-MS,m/x J 298.7 [M—H] .

A-(7-G M MR- 4~ 55 28 R G0 C T S IR o 60 [ AR K ISR 95 %,

A- (7 M MR- 42 ) -IN- (- YRR -3-[ 4 (A- Rk e ) 5 g - 2- 20 2 AR ) 4 T gk e (TWI9183) Ry iR 5 8 1)
AR, 2R 85% » H 5k 292~296 C.IR(KBr). o/cm ' 3 447, 3 427,3 372,3 226, 3 065,
3014,1625,1 595,1 574,1 507,1 427,1 386,1 361,1 313.,1 225,1 166,1 020,746. ' H-NMR (400
MHz,DMSO-d6) .0 fi:2. 25(s, 3H), 7.01(d,J=7.00 Hz,1H), 7.24(d,J=8.54 Hz,1H), 7.47(d,
J=5.26 Hz,1H),7.51(dd,J=8.04 Hz,2.04 Hz,1H).,7. 64(d,J=7.76 Hz,1H),7.65(d, ] =8.76
Hz,2H),7.93(dd,J=9.04 Hz,2.00 Hz,1H), 8.12(d,J=2.24 Hz,1H), 8.14(d,J=2.04 Hz,1H),
8.18(d.J=8.54 Hz,2H), 8.55(d,J=5.26 Hz,1H), 8.62(dd,J=6.14 Hz,2.00 Hz,1H), 8. 63(d,
J=6.8 Hz,1H),8.76(d,J=4.76 Hz,1H),8.79(d.J=9. 04 Hz,1H), 9.06(s,1H), 9. 34(s,1H),
10.36(s,1H),11. 14 (s, 1H). * C-NMR (400 MHz, DMSO-d6),6 f&:18. 11,101. 36,108. 11,116. 73,
117.36, 117.78, 119. 96,124, 79,125. 06,126. 37,128. 14,128, 27,129. 92,130. 58,133. 19, 134. 04,
136.25,137.52,138. 23,139. 14,139. 59,140. 35,144, 47,147. 57, 150. 63, 155. 00, 158. 68, 159. 02,
160. 01, 161.58, 161. 64, 164. 88. ESI-MS,m/z 24 558.2 [M+H] . Anal. (Cy, H,, CIN,O) ; caled C
68.87,H 4.30,Cl 6.37,N 17. 58,0 2. 87;found C 68.79,H 4.32,Cl 6.35.N 17.56,0 2. 88.
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2.2 TW9183 3t B 4 B Fn HUVEC 40 ff 1 55 B9 22 M

S5 20 A8 h Ji B X A 40 i B A K R AN R 2 A T TV L R A0 AN A K S A
7 475 245 200 200 B Wi % 24 245 v 5 1 48 o 4 e 5 B S 9 /D . Heela 4 0 & AE 45 45 o 38 T 158 07 S R L AS49 Al
SMMC-7721 4 AR BUAE K, Jid - J . LA A0 R ISE K O 5 AIE 1) 40 L 8 8 2 — ol o 2 (0 R AL TR st
TW9183 1] g i 2 #F A549 F1 SMMC-7721 4i Al 1) % 2 35 240 61 Frb 9o A 502, TWO183 i A Jih 98 440 ffw
AP AR L e 1 . 3 1 Al . TW9183 % Hela, A549 FI SMMC-7721 fith J24 21 o bk 26 30 1 b
AR e B R AR g R W TWO183 W] B H A7 W 75 X 5 8500 | il i A0 98 0996 97 /R . TW9183 X
HUVEC 2 Jfd A % 35 515 258 (4 52 0, A& 2 Frzs. i ] 2 AT TW9183 AE F 5 1) HUVEC 4 Jifd AH X 34 5

BB GO A 22 B G I 28 L(P=>0.05). %W &1 TWoI83 xb AN 41

TW9183 X 1E# HUVEC 4 il 75 4k & 9 /5 F [ 9 A #4. FRBAER (n=3)

2.3 TW9183 X Brh 43 40 B 25 B 7% B 1 2% T Tab.1 Anti-proliferation activity of
W0 A0 0 2 T L B O e g L0100 on buman tumor el )

SEREST SRR AN BRI — A BB . TWOIS3 A T 2 1Cs /pumol - L

00+ A0 M 9 55 R T R e A R R U 5 3o Helo Aoty SMMCTT2]

A e AL T T D R ) AN TR BE S R R e T 10. 31

TWO183 B&AIL Hela i 1ML A 5 L MUBE D e 35 X 3 P iee 12,35 13,35 13. 24
i Je 240 Ff 4 V5 T8 B GE T HE () - IR 3 7. &1 3 v B A
1~5 73584 0,2,4,8,16 pmol « L™ 1) TW9183,6 43K 16 pmol « L' By IERJE 5 5 B M XT BEZH AH
F.a R P<<0.05.b 03 P<C0. 01; 5 [A) ok BE 5 A2 Je 4 (16. 0 pumol « LA EL . {0 5% P<C0. 01.
[ 3 AT TWO183 ik Hela, A549 F1 SMMC-7721 sl IE B0 /E ISR 38 T 5 AR e

120 TW9183 140
' . R
100 | N 120 1 Hela
L] . AS549
100 | . SMMC-7721
80
8 S
& <
= 60 =
40 |
20 +
0
-2 0 2 4 8 16 32
¢(TW9183)/umol-L~" ¢(TW9183)/umol-L~!
Kl 2 TW9183 %f HUVEC #iijify K 3 TW9183 Xf Hela, A549 F1 SMMC-7721
AH X 3 5 2 (1) 52 ) 1 v T 1A 52 )
Fig.2 Effects of TW9183 on relative growth Fig. 3 Effects of TW9183 on colony formation
rate in HUVEC cell in Hela, A549 and SMMC-7721 cells

2.4 TW9183 X i 68 £ B T % 9 52 M

i 96 7t A I P 9 BB ) 2 B D R0 R AT B I M R e DG Y B L TW9183 AR [l A i
Mo Hela, A549 I SMMC-7721 41 g i iE % . Hspma dn el 4 fros. Bl 4 . ALB.C.D,E 4351k 0,2,
4,8,16 pmol « L' ) TW9183.F 2 16 pmol « L' BT AEEJE (X 100). 4525 48 h J5 » B 1k % B 20 1) %l
I T8 B AN T4 /0N 3 T 465 245 2L D6 A 4 24 WA B2 A 3800 s S0 A R EE S U R AR A ML RS R () BT R IR, 55
BA X BRZH AR L B AT G it 27 i )L(P<<0. 01) , Hom i 2H TW9183(16. 0 pmol « L™ D AE MG #Y Hela 41
Wi T % A AR T AR B X B4 (P<<0. 05) ,fH X A549 Fil SMMC-7721 41 Jfd i 3 4% 30l 76 F 5 75 Ik
BRS¢ L. TWI183 %t Hela, A549 Fl SMMC-7721 4ii it 3T F 2L () 520, a1l 5 fros. |’ 5 o,
1~5 3 M FR W 0,2,4,8,16 pmol « L' TWI183,6 fRRWEEH 16 pmol « L' IWHIEHE: 5
AT BRZL AR LG . b A4 P<<0. 01; 5 A R vk B2 75 445 Jé (16. 0 pmol « L™ A A L, ¢ 058 P<C0. 05.
2.5 TW9183 X e 40 B )8 = B9 %2

TWO183 fE T 3 Fr Jifvgg 4 A )5 » 240 L B5CHV] dob vl 20, 0 S 5 B2 385 hm T B e X L 4 4 A 1) 24 L A% T
HN L 5858 . B 5], AR R R EE R TWO183 7 65 J& Al A 3 43 4 it B0 30 2% Mk o B i Btk
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= 100
= \:‘3 Hela
2 80 | - A549
R b . SMMC-7721
$
- e O
20
¢ = 0
g 1 2 3 4 5 6
ZR ¢(TW9183)/umol-L™!
K 4 TW9183 X} Hela, A549 1 SMMC-7721 K5 TW9183 %f Hela, A549 F1 SMMC-7721
i H 1 14 52 ) 2 3T A% A 1 5
Fig. 4 Effects of TW9183 on migration Fig. 5 Effects of TW9183 on migration rate
in Hela, A549,and SMMC-7721 cells in Hela, A549,and SMMC-7721 cells

Hom vk Yy . 3 W 25 0 F TS 20 MO TR . G, Hela 40 8 08 T 8OR B B, s AN E 6 iR, {6
H A~E 23514 0.2,4,8,16 pmol « L1 TW9183,F 2 16 pmol « L35 JE B & (X 100).
2.6 TW9183 xf fhyE 4 il caspase-3 | B RiZKI I

M- ZMIAE S b caspase-3 8 AR ET 1215514 T & AZ O FE Y. & 72201 4 A
JE 1 P 1 AR (g JED T XAF A8 WO 5 S 20 T2 kA2 TW9183 X Hela, A549 FI SMMC-7721 4fi i
caspase-3 F 1R IK M, ANIET 7 7R, fh 7 a] R SRR EE A TWO183 FE T 3 F i 40 i 48 h 5
Bt TWO183 #e i (193 K, caspase-3 & [FIHIXF 43 T 32 kD (1 i J5 26 3K it iZ i 2>, 17 kD 1) 36 14 18 43
PR B W AR TWOL83 1 T I8 40 ML J5 mI TS caspase-3 . A 45 A2 2 il 963 200 S U8 T2 F¥) RN

(TW9183)/umol-L~!
0 4 8 16

e — 32 KD

Hela —_— — — 17 kD
B-action
= 32 kD
A549 = et 17 kD
B-action
32 kD
SMMC-7721 — e . 17 kD
B-action
6 TW9183 X} Hela 41y B 7 TW9183 X} Hela,A549 Fil SMMC-7721
R Al Y M caspase-3 F [ 3% ik i 5 h)
Fig. 6 Effects of TW9183 on Fig. 7 Effects of TW9183 on expression of caspase-3
nuclear apoptosis in Hela cells protein in Hela, A549 and SMMC-7721 cells

2.7 TWI9183 it frh 85 40 P J&) HA 43 70 B &2 i

ST B AR LG £ W B TWO183 A - e 40 M i) G2/ M 1 240 Jfd bL 22 34 AN [ R B A 385
Haz g5 R S B AR v, 3R W] TWO183 F 20475 5 MRd 4 MuBHL iy T G2/M 1 < 17 75 JE 2 2 35 284 40 il
JE A BE A F GO/G1 1A, — 2 BH il ) 20 i S5 R ) L A5 i it — 2 F

3 &

SCH G L H AR G W — TR 0 MR AR Y. LSS VR S0 A S R Roon R T AR
ESEZZACE Y 5 T Bt i) TWO183 S5 A4 AHAT , il %6 315 2] 8500, s i #4416, JURME B 55 45 S K
Gy T AT T AR .

240 D S5 4 B DR AR A M 2% 4 AL R TR T i T SR G MUTT P AR o B IR 92 50
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HESE, TW9183 X Hela, A549 il SMMC-7721 4l i i B 53  3E RS 94 — 5 B9 I/ F. Hoechst 33342
Yuft, Western blot Fl3 20 40 M AR B Z W] . TWO183 A [ 72 B My 42 #E3x 3 h 40 it A 98 T . 45 40 it J51 391 B
WEfE G2/M 1. r A7 S 34 UE 52 TWO183 457 JE 5 Je 22 B o8 i 1 (R 1t i yeg v 4 8 47 ok s 7
BIL T B A4 P4 3h i 52 56 34 5 I SR 4k ST 5%
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Synthesis and Anti-Tumor Activities in Vitro of Small Molecule
Targeted Receptor Tyrosine Kinase Inhibitor TW9183

LEI Chun-hua', WANG Xue-yu', YANG Yu-cai®,
WU Zhen®, WANG Li-giang'

(1. School of Biomedical Sciences, Huagiao University, Quanzhou 362021, China;
2. Department of Biochemical and Technology, National Taiwan University, Taibei 106170, China;

3. School of Pharmaceutical Sciences, Xiamen University, Xiamen 361101, China)

Abstract: In this paper. a series of quinoline derivatives were synthesized. A lead compound, TW9183., was screened
out preliminarily and investigated the anti-tumor activities in vitro. By nucleophilic substitution, acylchloride and conden-
sation reaction, TW9183 could form from 4.7-dichloro quinoline. MTT plate cloning, scratching assay, Hoechst 33342
staining, western blot and flow cytometry were utilized to test the inhibitory effects of TW9183 against three types of hu-
man tumor cells (Hela, A549, and SMMC-7721) in vitro. The structure of the product was characterized by IR, 'H
NMR, " C NMR, ESI-MS and elemental analysis. The results of assay showed that TW9183 could inhibit the prolifera-
tion of three types of tumor cells effectively, but have no effect on HUVEC; Hoechst 33342 staining revealed the obvious
apoptosis of tumor cells; TW9183 could promote the expression of caspase-3 activation form; scratching assay suggested
that the migration ability of tumor cells decreased dramatically; and flow cytometry detection demonstrated that cell cycle
of tumor cells were arrested in the G2/M phase after treated with TW9183.

Keywords: quinoline derivatives; receptor tyrosine kinase inhibitor; synthesis reaction; anti-tumor activity
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Fig. 1 Change of Quanzhou Bay coastline from 1994 to 2011

1.2 HHAE

TE GIS $AFF-6 F 2R 1 RS 3153 S5 N 18 VA o 2 110 20 2 250 T s 12 1) e AR JEUAEL 2 A TR U7 OB I A%
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oo NCe) B HmH L B
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KO D Ryt 5 R ARG A T E AL

2 DEEITE

AR P A% 12500 75 7 580 A 1g e 5 g N Cew) PRI A T T FH e /D 3 M [0 U 43 3 %o 28 3t A7 40
G T g e 5 1g N(eo) BUNEUE] A5 BN K AE 45 BOilg R R T 420 S 1g e 5 1g N(e) BIAHIC R B W& 2
. 1994 — 2011 4F i) (U Ze P 7 B 40 B v=—1. 0172 +4. 462, y=—1. 0432 +4. 527, y=—1. 0032+
4,383, y=—1.062x+4.512; DE B 1994—2011 4E[a] (£ ¥ 7 R4 310 y=—1. 0590 +3. 872, y=
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Fig. 2 Fractal dimensioncalculation of the coastline in different years
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K (1994 —2002 4F) /N (2002— 2003 4F) . FFEHE K (2003— 2011 4E) Y 3 A28 Ak B BS L 11 DE B4 4 ) —
BAE TN B (1994 —2011 4F).
F 1 19942011 4F 5 ¥ & 43 B 5 40 B 1R 43 4 18 4k

Tab.1 Overall fractal dimension variations of the coastline of the Quanzhou Bay in the period from 1994 to 2011

" 1994 4 2002 4 2003 4F 2011 4F
H:'E/% o 2 2 2
D R D R D R’ D R’
AC 1.010 0.992 1.017 0.994 1.003 0.997 1.062 0.994
DE 1. 059 0.984 1. 039 0. 985 1.027 0.995 1. 020 0.995
FI 1.031 0.998 1. 039 0.998 1.025 0.996 1. 075 0.997

MAZANE BE K - ACLFT BeAE 2003 — 2011 45 [a] 19 22 1 g J3E A0 XS BOK 5 i DE B 1% 22 1 i B2 0] 2 1%
SEDICE . PR AR R R AN R R R R e R A 426 5 ACLFT BAE 1994 —2003 4R ] 4b T
T B A BRRAS s T 2003 4R dy T 5 AR 30 25 A9 R WA ) Y BRI R A A AR R FE S T
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Fractal Analysis of Quanzhou Bay Coastline Change

LI Meng, LIN Cong-mou, HUANG Yi-qun

(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract; With the introduction of fractal analysis, the fractal dimension of Quanzhou Bay coastline is calculated, to de-
termine the state of Quanzhou Bay shoreline change. According to time series data, based on the coastline fractal grid
method, the coastline fractal dimension of overall Quanzhou Bay shoreline and branch coast Quanzhou Bay shoreline is dis-
cussed, the change process of the overall coastal and sub-coastal section fractal dimension is analyzed, the value variation
of the fractal dimension is tentatively regarded as a judgment based on the severity of coastline erosion. The results show
that: the fractal dimension is a benign characterization parameters of Quanzhou Bay shoreline; whether coastline change is
in dynamic equilibrium steady state or unstable state can be judged by the trend of the fractal dimension change of the
coastline; the variation of amplitude of the fractal dimension of Quanzhou Bay is greater than the magnitude of change

0. 035, indicating the degree of shoreline erosion and siltation is serious.

Keywords: Quanzhou Bay; coastline; fractal dimension change; critical value
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Application of Laser Distance Meter in Rapid
Measurement of Sea-CIliff Profiles

CHANG Fang-giang', MENG Xi', LUO Cai-song”

(1. College of Civil Engineering, Huaqiao University, Xiamen 361021, Chinaj;
2. College of Civil Engineering, Fujian University of Technology, Fuzhou 350108, China)

Abstract: One method for rapid measuring the form of sea-cliff and marine notches with laser distance meter was presen-
ted. Seven sea-cliff profiles at the northeast of Pingtan island in Fujian province were investigated, and the form of pro-
files were measured at certain time intervals. The results shows, four marine notches developed in the height range of
1.0 m from the bottom of the cliff, and the angles of cliff upper part are greater than those at the lower part. One cross
-section measuring just spends 7-16 min and it can measure these areas where manpower is hard to reach.

Keywords: laser distance meter; sea-cliff; marine notches; profiles
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Study on the Axial Compression Performance of RC Columns
Considering the Nonuniformity of Axial Strain

XU Peng-hong"?, LIU Ya’, LIU Yang'*,
HUANG Qiu-lai*s HUANG Qun-xian'*

(1. College of Civil Engineering, Huaqiao University, Xiamen 361021, China;
2. Beijing VAGE Architechture Designing Company Limited (Xiamen Branch), Xiamen 361008, China;
3. China United Engineering Company, Xiamen 361021, China;

4. Key Laboratory for Structural Engineering and Disaster Prevention of Fujian Province, Xiamen 361021, China)

Abstract: The load-deformation relationship of reinforced concrete (RC) columns under monotonic axial load was ana-
lyzed by calculation program writing of MATLAB to evaluate effect of axial deformation nonuniformity on the axial de-
formation performance of RC columns. The program was validated by comparison between existed experimental results
and calculation results by FEM method. The parametric study was then carried out. It is indicated that the influence of
axial deformation nonuniformity on the axial deformation corresponding to the peak load is not obvious, while the influ-
ence on the ultimate axial deformation is remarkable, the maximum difference can be more than 50%.

Keywords: reinforced concrete column; axial strain; nonuniformity; axial compressive performance; confined concrete;

stirrup ratio
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Tab.1 Weight of portfolio evaluation index

RN Ay B, B, B; B,
A 0.28 0.24 0.36 0.13 0.27

PEA 46 A A, B; Bq B; By
& 0. 46 0.27 0.38 0.23 0.12

RN Ay B, By, B, B
IE 0.26 0.38 0.13 0.24 0.25

3.2 MBA/RTMEMNBREHEERESTNER

H T R AR A B Al R SR o i A B e B I 2 RO A B R S I 2 KUK BE D R — 2 H
5. I e U (PO A (POAE I H 205 WA T SRS 1 2R Gt i P I — e (Py) VB2 (Po)
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ik s s — M B0 SR D R A I A R S A g DEA B By AR RO L I H 2 A R AT RCRIEAY L
it LINGO $A4 3R fif e Mk LRI B W] 45 4% > T H 2045 78 SR B A — S0t J7 1 19 U B b ek 806k

max DMU(B,E) = 0. 950, max DMU(B,D) = 0. 500,
max DMU(A,C,D) = 0. 667, max DMU(A,B,E) = 1. 000,
DMU(A,C,D,E) = 0. 900.

i BRI A H A A TE R AR SR R L Ik 2 R

L PEAN FRAR A E 5 SR BEARZE A AR I H 2 A VP R RLAG  PEAN A R I H A R
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Tab. 2 Membership degree of portfolio evaluation

iH 85 A

i B B, B B,
DMU(B, E) 0. 950 1. 000 0.909 0. 825
DMU(B,D) 0. 500 0.500 1. 000 0. 800

DMU(A,C,D) 0.667 0.353 0. 400 0.750
DMU(A,B,E) 1. 000 0. 930 0. 890 1. 000
DMU(A,C,D,E) 0.900 0.182 0. 889 0. 960

T HH & A,

L B; B; B, By
DMU(B,E) 0.590 0. 380 0.500 0. 130
DMU(B,D) 0. 650 0. 450 0. 400 0. 240

DMU(A,C,D) 0. 560 0. 480 0.500 0.350
DMU(A,B,E) 0. 540 0.510 0. 600 0.220
DMU(A,C,D,E) 0. 630 0.550 0. 600 0.180

T HHE Ay

L B, Bio By, By,
DMU(B,E) 0.750 0.875 0.375 0.667
DMU(B,D) 0.930 0. 950 1. 000 0. 444

DMU(A,C,D) 0. 250 0. 300 0.900 0.333
DMU(A,B,E) 0. 965 1. 000 0.769 1. 000
DMU(A,C,D,E) 1. 000 0. 880 0. 800 0.585

#3 WHAGITHER

Tab. 3 Results of portfolio evaluation

PEB X 5 DA1 DA2 D:\.{ D
DMU(B, E) 0.928 9 0.434 3 0.655 6 0.630 3
DMU((B,D) 0.646 0 0.467 3 0.827 9 0.6111

DMU(A,C,D) 0.541 7 0.490 6 0.433 3 0.490 0
DMU(A,B,E) 0.960 5 0.504 0 0.931 3 0.742 9
DMU(A,C,D,E) 0.656 3 0.538 7 0.832 7 0.648 1
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Research on Decision Model in Large-Scale Construction Enterprises of
Multi-Project Portfolio Based on Strategic Orientation

ZHANG Yun-bo, LI Yue, QI Shen-jun

(College of Civil Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: Based on the selection and analysis of corporate strategic objectives and implementation of the project portfolio
of large-scale construction enterprises, the portfolio evaluation system is established, in order to achieve their overall stra-
tegic objectives and enhance the core competitiveness as the goal. Using a combination of fuzzy comprehensive evaluation
and data envelopment analysis (DEA), build a decision model in large-scale construction enterprises of multi-project port-
folio is built based on strategic orientation. The effectiveness the model is validated by five projects in large-scale con-
struction enterprises. The results show that the portfolio evaluation system in large-scale construction enterprises of multi
-project portfolio based on strategic orientation reflects more scientific consistency of corporate strategy and multi-project
implementation, and the decision model on multi-project portfolio decisions is more scientific, can effectively decrease the
project portfolio decision deviation caused by the subjective factors, can provide an effective way to measure and project
portfolio decisions for large construction business decision-makers.

Keywords: construction enterprise; project portfolio; strategic decisions; data envelopment analysis; fuzzy comprehen-

sive evaluation method; evaluation decision model
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Tab.3 Mean value and variance of influence of decision-making entities at every stage of the project life
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Tab. 4 Relationship of influences of decision-making entities at every stage of the project life
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Influence Research on Large-Scale Public Construction Project
Decision Making Based on Information Asymmetry

HUANG Yuan-hui*?, WANG Shi-cai®

(1. School of Economics and Management, Wuhan University, Wuhan 430072, China;
2. Department of Business Administration, Guangxi Technological College of Machinery and Electricity, Nanning 530007, China;

3. School of Management, Huazhong University of Science and Technology, Wuhan 430072, China)

Abstract; Under the asymmetric information perspective, the large-scale public construction project decision making is
investigated in situ. The current situation of the construction project investment decision-making data results shows that
the only 7.46% of the public, 11.43% of experts and 12. 50% of large public constructer are satisfactory with of decision
-making. Using SPSS 16. 0 statistical analysis method, the influence of the project decision-making are analyzed. Four de-
cision-making main entities include the government, operators, experts and public. The average influences of four main
entities are 4. 37, 3.70, 3.40, and 2. 27 in the project life cycle stages of the project life, the feasibility study stage, and
bidding stage. The influence game pattern of the different entities forms gradually. Some suggestions are put forward,
such as "investment-construction" separation, expert empowerment, public empowerment, constraints of investment de-
cision-making behavior and protection of public interests in large-scale public construction investment decision-making.

Keywords: public construction; asymmetric information; decision-making main entity; project life cycle; influence
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Dynamical Propertise for a Class of
Minimal Dynamical Systems

YAN Qi, YIN Jian-dong

(School of Science, Nanchang University, Nanchang 330031, China)

Abstract; A new concept of proper weakly almost periodic point minimal system is introduced, that is, a system contains
proper weakly almost periodic points containing no proper subsystem with these properties. We prove that such a system
is topologically transitive and has a full measure center. It can be proved further that such a system is Taken-Ruelle cha-
os, strongly ergodic and totally ergodicly sensitive.

Keywords: weakly almost periodic point; minimal system; strongly ergodic; ergodicly sensitive
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