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A Modified Contact Algorithm for Smoothed Particle Hydrodynamics

XU Zhi-hong TANG Wen-hui ZHANG Ruo-qi
College of Science National Univ. of Defense Technology Changsha 410073 China

Abstract A contact algorithm which describes the contact interaction between SPH particles by means of Riemann solution was used
to calculate the discontinuity of the variables defining the one-dimension fluxes. A weak wave approximation of the Riemann solver was
adopted to deal with the weak discontinuity while the non-iterative Riemann solution was introduced in strong discontinuity . Furthermore
Taylor series was used to improve the calculation accuracy on the free boundary. In this case there was no need to use artificial viscosity
for the numerical viscosity of the new SPH algorithm. Compared with the original algorithm the simulation results show that the modified
contact algorithm has a good description of strong discontinuity and improvement in dealing with the free surface.

Key words smooth particle hydrodynamic weak wave approximation non-iterative Riemann solution discontinuity

SPH Smoothed particle hydrodynamics Lagrange
Lucy ' Gingold 2 1977
SPH Monaghan *
SPH Godunov 4 Godunov > MUSCL Godunov
5 pPPM Riemann
2000  Parshikova ’ Godunov Riemann
7 Godunov
10
1999
Chen ® Taylor CSPM
CSPM Taylor
* 2005 -11-22
20059998005

1977—



33

Riemann
7 i
i

U p; Ppi u; 0 pj

uLj R
ul = ri—-r, / lr—r;l

SPH
i
Taylor

i

Wi=W x-x h

fo Widx:fi[ Widx+fixj X - x; Widx+@J x — x; “Widx +
a Jao 0 2 Jao

I x
Wix:d
JSix

[Wldx =
J 0

R R
ui k= ujpjc; + wipi¢i — pj + pi
iy -

! O T i€
R R
x _ PiPi€ F Pi0i€i = PiCipi€; Uy — Ui

D)
Y 06 + pici

R

ul + U ~2u* pi+pi=2p;

dl i *
(O __221 Jp R uL:l_R W,U

_xl.

du; jptj
dr ~ 22’ p]ph

“Ix—xl

de» Al p
— =-2 — Lj R - ll,l"x R W’i'
di Zl {0]‘01 Y Y

CSPM [ x x;

0

fi = [f x Widx/J W;dx
Jn 0
W x—-=x h /dx 7 W,
= J fx —-fi W, xdx/J x - x; W; . dx
o o)

Wi:c

1 J x —x; Widx =0
0

Ja-

Taylor

% 2Wdx = 0

SPH

Chen



34

2006
8 9 i 8 9
Randles !
8 9 3
SPH
d(Oi S * R ! . ’
m =—2Pi[2mj wy "t o= WU/P/]/[(Z’”J' 5 - Wi/o)]
j= j=
du, n ) ’ n ,
D = -2 2’”1‘ Pi — Pi Wij/Pj]/[PiZ;mj 5= x Wi/
j= j=
de,; S M ’ S ’
mn =-2Pi[2mj wy - w WU/PJ]/[PL'Z;"%‘ 5 - % Wi/g)
j= j=
o u p m e
Riemann 1 2
10
oA | u; — Uiy | u; = Uiy + oA u; = U | u; Uy +Pi —Pj* =0
pl; :7 Pi* +P; +%(OiAi|ut; - uy:inl LL; - ul:il’l _%[OJA‘]lul; - ur:axl uzj - ut:ax
Ui = u; — ¢;/24; Uy = u; + ¢;/24;
pfzps—%pscf//lsszij Aj= v, +1 /2 s=1i ]
3
p= 7-1 pe Y B
1-1.56>+0.75¢> /B for 0<¢ <1
W,;=10.25 2-¢ */p for 1<$ <2
0 for 2< ¢
$=lx,-x1/h B=1.5h h;=0.5 D;+D; D; D;
3.1
O0<r cm <0.05 p=3GPa p=1.5g/cm’ 7=3
0.05<r cm <1 p=1GPa p=1.2¢g/cm’ 7=3
x 500 400 t =0.005ps
1 SPH
3.2 Wall shock
Wall shock

O<r em <0.05 p=0.5GPa ,0=1.0g/cm3 w=Ilem/ps y=1.4
0.05<r em <0.1 p=0.5GPa ‘0=1.0g/cm3 u=—-lem/ps y=1.4

x 500 1 =0.0lps



35

PGP

x/om

Fig. 1

0.00 0.02 0.04 0.06 0.08 0.10

ler
1.2
+

% .
2 48 “

K] .
& . .
[ -
: H
. i %
000 002 0.04 0.06 0.08 010

x/com
1 SPH

e/ fg'em?/ g sy

0.00 002 Q.04 0.06 0.08 0.10
x/om

Comparison of Godunov SPH and new SPH method in shock tube problem

L0}  omm— 25! 20l
0.5t
= o L5
§ B 20 g
00t ~
g 2 z
= a 15 1o}
SB5+
-1.O} 10F — 055
0.00 0.02 004 006 008 C.10 0.00 602 004 006 008 010 0.0 0.02 604 006 008 0.;0
x/em ' x/em x/em
2 wall shock
Fig.2 Flow parameters distributions in wall shock computed by modified contact algorithm
3.3 Sjogreen test
Sjogreen test
0<r cm <0.05 p=0.4GPa p=1.0g/cm’ u= —2cem/ps 7y =1.4
0.05<r em <0.1 p=0.4GPa ,0=1.0g/cm3 u=2em/ps y=1.4
x 500 t=0.015ps 3
12
2 5
1.0 asb
G8p
tr . 03
. k 8 0&f 2
9o o ) S o2}
g ‘a Q4 A
= -1y 02t orr
-2 1 A '] Y 6-0 ] & Il Fl 1 2 i 1 a‘o ] 1 H 1. Ll i
G0E-BOZ600 002 004 008 008 UG QU2 04 0402000 002 004 0B6 COR QIG OID O GO3-B02000 002 004 006 080D T 08
xfem xfem x/om
3 Sjbgreen

Fig.3 Flow parameters distributions in Sjogreen test computed by modified contact algorithm



36 2006 4

1 Riemann

2 Taylor

1 Lucy L B. A Numerical Approach to The Testing of The Fission Hypothesis J . Astronomical J 1977 88 1013.

2 Gingold R A Monaghan J J. Smoothed Particle Hydrodynamics Theory and Application to Non-spherical Stars J . Monthly Notices R Astronomy
Soc 1977 181 375.

3 Monaghan J J Gingold R A. Shock Simulation by The Particle Method SPH J . J Comput Phys 1983 52 374.

4 Godunov S K. A Difference Scheme for Numerical Computation of Discontinuous Solutions of Fluid Dynamics J .Mat. Sh. 1959 47 271.

5  Van Leer B. Towards the Ultimate Conserveation Difference Scheme. V. A Second-Order Sequel to Godunov' s Method J . J Comput Phys 1979
32 101.

6  Colella P Woodward P. Piecewise Parabolic Method PPM for Gas-Dynamical Simulations J . J Comput Phys 1984 54 174.

7  Parshikov AN Medin S A Loukashenko I T et al. Improvements In SPH Method By Means of Interparticle Contact Algorithm and Analysis of
Perforation Tests at Moderate Projectile Velocities J . Int J Impact Eneng 2000 24 779.

8  Chen J K Beraun J E Jih C J. An Improvement for Tensile Instability in Smoothed Particle Hydrodynamics J . Computational Mechanics 1999
23 279.

9 . I 2003 23 219.

10 Dukowicz J K. A General Non-Iterative Riemann Solver for Godunov’ s Method J . J Comput Phys 1985 61 119.

11 Randles P W Libersky L D. Smoothed Particle Hydrodynamics Some Recent Improvements and applications J . Comput Methods Appl Mech
Engrg 1996 61 375.

12 Monaghan J J. SPH and Riemann Solvers J . J Comput Phys 1997 136 298.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200604008.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%bf%97%e5%ae%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e6%96%87%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%8b%a5%e6%a3%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Zhi-hong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TANG+Wen-hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Ruo-qi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e7%90%86%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lucy+L+B%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gingold+R+A%3bMonaghan+J+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e2.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Monaghan+J+J%3bGingold+R+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Godunov+S+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e4.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Van+Leer+B%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-0021-9991(79)90145-1.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-0021-9991(79)90145-1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Colella+P%3bWoodward+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-0021-9991(84)90143-8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Parshikov+A+N%3bMedin+S+A%3bLoukashenko+I+I%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+J+K%3bBeraun+J+E%3bJih+C+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%88%9a%e6%98%8e%3b%e7%8e%8b%e8%82%96%e9%92%a7%3b%e8%83%a1%e7%a7%80%e7%ab%a0%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_bzycj200303005.aspx
http://c.g.wanfangdata.com.cn/periodical-bzycj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dukowicz+J+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200604008%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Randles+P+W%3bLibersky+L+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-S0045-7825(96)01090-0.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-S0045-7825(96)01090-0.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Monaghan+J+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Robert+A.Dalrymple%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_WFHYXW205410&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_WFHYXW205410.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b1%9f%e8%85%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9b%b9%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e9%a3%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Jiang-teng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CAO+Ping%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TANG+Feng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zngydxxb200502035&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zngydxxb200502035.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zngydxxb200502035&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zngydxxb200502035.aspx
http://c.g.wanfangdata.com.cn/periodical-zngydxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%b4%a5%e9%be%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%a4%a9%e4%ba%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%a5%9a%e6%b1%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Jinlong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Tianyun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Chuhan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_qhdxxb200803011&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_qhdxxb200803011.aspx
http://c.g.wanfangdata.com.cn/periodical-qhdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kai+Gong%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hua+Liu%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_WFHYXW205332&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_WFHYXW205332.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%81%e6%a1%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%99%e4%b8%bd%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bc%8d%e5%bd%a6%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DING+Hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LONG+Li-ping%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Yan-feng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jslxxb200503013&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jslxxb200503013.aspx
http://c.g.wanfangdata.com.cn/periodical-jslxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%bf%97%e5%ae%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e6%96%87%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%8b%a5%e6%a3%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Zhi-Hong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TANG+Wen-Hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Ruo-Qi%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gywlxb200601018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gywlxb200601018.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gywlxb200601018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gywlxb200601018.aspx
http://c.g.wanfangdata.com.cn/periodical-gywlxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%a6%8f%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e5%bb%ba%e9%92%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a7%9a%e6%8c%af%e6%b1%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%ad%98%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%af%87%e5%93%b2%e5%86%9b%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gclx200201026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gclx200201026.aspx
http://c.g.wanfangdata.com.cn/periodical-gclx.aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e7%94%ab%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%af%95%e5%ad%a6%e5%b7%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Fu-qiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22BI+Xue-gong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjyxdh200903008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjyxdh200903008.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjyxdh.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%9f%b3%e5%bf%97%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e6%96%87%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%9b%bd%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%8b%a5%e6%a3%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shi+Zhiyong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tang+Wenhui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhao+Guomin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Rouqi%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ddxb200501012&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ddxb200501012.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ddxb200501012&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ddxb200501012.aspx
http://c.g.wanfangdata.com.cn/periodical-ddxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%88%98%e5%ae%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a7%9a%e7%a3%8a%e6%b1%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%87%aa%e5%b1%b1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e6%b4%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ab%a5%e5%b0%8f%e7%87%95%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e7%bb%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+LiuDing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YAO+LeiJiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+ZiShan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHENG+Jie%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TONG+XiaoYan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TONG+XiaoYan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Fei%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxqd201001030&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxqd201001030.aspx
http://c.g.wanfangdata.com.cn/periodical-jxqd.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e6%99%93%e6%a2%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%bf%97%e5%ae%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e6%96%87%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%89%e5%ae%aa%e6%96%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zdycj201102012.aspx
http://c.g.wanfangdata.com.cn/periodical-zdycj.aspx
http://c.g.wanfangdata.com.cn/periodical-zdycj.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200604008.aspx

