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Analysis of Material Removal Mechanism in Magnetorheological
Jet Polishing by CFD

ZHANG Xue-cheng, DAI Yi-fan, LI Sheng-yi, PENG Xiao-qiang
(College of Mechatronics Engineering and Automation, National Univ. of Defense Technology, Changsha 410073, China)

Abstract; Magnetorheological (MR) jet polishing (MIFP}, a new type of precision polishing technology in the material removal
mechanism, was studied by the method of computational fluid dynamics (CFD). In MJP, the MR jet containing abrasives was
magnetized by a local lengitudinal magnetic field near the exit of the nozzle so that it could maintain the coherent and stable structure for
a long distance. Firsly the mechanism and experiment set-up of MJP were introduced. Secondly the formation of collimated MR jet in a
uniform axial magnetic field was analyzed. And then a series of static experiments were conducted to show the characteristics of the
distribution of the material removal during the process of MIP. Finally the characteristies of the power density under conditions of both
normal and oblique impingements were simulated by CFD method. Simulation snd experiment results demonstrate that the material is
removed by sheaning actions caused by the radial spread flow of the MR jet over the workpiece surface. The method of CFD can
accurately predict the 3-D removal rate distribution ( polishing spot), thereby facilitating the accurate prediction of spot shapes on surface
geometries.
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Fig.6 Disthutions of pressure and power density for oblique impingement

2.3 EBHIERE

BEM BRI — R A EHEERABYRBR R AR, BiERRe, TEEMEEN TN
HREANY BT EM AR, B R — N Em VI RE R

REREEHMAEHF BRI E R0 Bk R RZ OB AR H R,

P.=pg’l2 (2)

A, p R IARERE s u AR T b ; o HEIMEE

BB AT IR SRAE(0.5 ~ 2 GPa) K Ry NN T4 = Bt B A R A KR, &
AETHRASEBSHEASPMARE BEEEEGTERBRELSTARBNNERENEER
DU EBER, XEBEREMEEEEN BENERN R EREANET AR S BRE R
27 8



114 BBBEXEER 2007 4£58 4 43

7 A UE S, RS, B A R R S X
R ERERFT R E NN A XAHE—1
BB AR, MBI AR B (30 ~ 85 MPa) AT/, B
BT RRAT LU METEER, B, £ERRE LEZR
Fishi= A BT LI 0 E i M TR, R T RRE
B,

XA R ERR A (B 3) SHRETHARENRE

BAH IPa

-8;001 U3 0 0.005 0.01

BERAY 7 (B 5 FE 6) FTLUE i : #HRLEBR B i R T BAEK /o
Wﬁ%mﬁlﬁﬁﬁﬁﬁﬁﬁﬁﬁbﬁﬁﬁwmmﬁﬁ:E E.I EEJﬁ)'J‘—iBFJ]JﬁJJX?}H:

WAL AL SRR TREEERE, WEBIAT, (57 Compacaon of prossu and sher siess
BRI LTS BB B B ; 98 1L 1S, B T TR,
T BEAE 5 7B FE PR, T PR OO FEAR A FIAD B RAD A B K X B H B T oA bt
BERR, LA B VUABDI BN, H B R R O ERETE. W RSB ERS
AR, 36 L S B R T R ST B K B wb ok, 1 SR TR X AR
ZEA0E 3 TR AT (UM BB RIS BAEAR &« BFR S ERH A TR IR, Tl bt ot
557t TRER AR o

RETR 2 WA, SPERLAIN FOREEY vV MATERHAET S ERTMahaR, T T
s,

W:IF-VdA (3)
§

W R BB AT U K RSB AEXM DN RERTME EER TEALHE, WRE
BT RE, IR AR B R R B R T S S, TR A bR Bk, KPR Tl
EHMAPE=EEIER. TRARERFE—THEERRNR/DERNGAERE. SRTALSRE
F W RS LA R B AR TR A B R IR TR R ST M R A RS, Bk, RS RE
s R AR AT RS R

W = fj.sp(V- V,)d4 (4)

A, fHEERAR p HEN IV, N,
AR () HTERS.
R,,:kPU:kiU:kz (5)

f f
A A, k 9 Preston ¥ ¥; ¢ HREBYYIR .

8 BR, RFEAR(S) IHEBIMHHERES T SHEIRNAR POLRN—RERTH MRS
HRBEA—H, BT CFDHEPRET 1 BE, H () PRHHBKAER LS MILXSERT —
AFERAR, LRI TR AR R, AL Z AR ERIRF <+ 00 R, SRR+
CERNFLRMETRALQERORTER, BH SR, 05K BB O Dk B MBS Ay 3F
W, T Fae /g RS/ itE, M RE —MEEHR R AT AR, XR2)HETF¥
T P SR AT 3 B AR R, B TR sk ST RAR TR RN, B A5G THIHRERSK
Briil, - HE5RRMIRIA CFD kvl LAMBIH L IR o LB = A R

BRIk, AT LS 5 - MRV S R TE L 4 R T A0 48 o 3 R 08 3l i 7= 4 B B9 V4 FE R BURP R 5 B s
R7 P CFD 77 7T LA HERR T i 0t K £ R AR =4 1 A

SCHR[STAGEBE I & , B 5 IR IE 71 008 , A S0t LR B T B i fE A, B8 5 83 oA
R, FTRE e, - MERAH A SR BPRE I EER.



KER, % ET CFD HRH R ERNEI 115

3

3 o
ko
L Ly H
0.8 i ; “ —=
b !. 1)y N Eperiment
: i
% g4l I '. i l'\
b / .
Y
02} £ E
% a0 1 1 s
BRI (R} BRAEN (/R)
{a) EEMily ®) 30" EE A
He kXA CFD SRR
Fig.8 Comparison of material removal rate by CFD and experiment results
1

L S HOR A RSN IR SH7EBE NS 1) O O KA E S, SRR IL H GBI SR ST, 7

AXEEEEREMARSE AL A TREN. SRERSHEREHZTEEUNERE
B RESTIRE LA R AR T R PB4 A 42 17 BY LA P R BOb 2 Bk s B A B e 3 2 T LA
LR Rk b vt o ks

% LW

(1]
[2]

(3]
(4]

(5]
6]
(71
(8]

Factnle O W, Brug H, Frankens H J.¥luid Jet Polishing of Opticel Optics[J] . Applied Optics, 1998,37:6671 - 6673,

Kordonski W, Shorey A, Sekenes A.New Magnetically Assisted Finishing Mcthod: Material Removal with Magnetorheological Fluid Jet{J], SPIE,
2003,5180:107 - 114.

W3R, AR, . BRI R B A Bie i 5 S (1] E B RHEE KR, 2006,28(4) : 110 - 114,

Liu H, Wang J, Kelson N, et al. A Study of Abrasive Watcrjet G jstics by CFD Sinmilatioa[J].]. Mat. Pro. Tec., 2004,153 - 154:488 -
493,

B3 AL EWH A RE R S B M) LT VU T AR, 1987, 10,

WEFE AR EEFHET LR ETE) M) LT S0 Tolk 4L, 1987(6)

Blevins R D. Applied Fluid Dynamiea Handbook{ M]. Van Neetrand Reinhald Co. ,Inc. , 1984.

FFM R, RN R I RUR B B DU T T (] A2 M8 TR, 2006, 14(2) : 218 - 223,






http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200704023.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xue-cheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Yi-fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Sheng-yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Xiao-qiang%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%e6%9c%ba%e7%94%b5%e5%b7%a5%e7%a8%8b%e4%b8%8e%e8%87%aa%e5%8a%a8%e5%8c%96%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%22Faehnle+O+W%3bBrug+H%3bFrankena+H+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704023%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kordonski+W%3bShorey+A%3bSekeres+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704023%5e2.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704023%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%3b%e5%b0%a4%e4%bc%9f%e4%bc%9f%3b%e7%9f%b3%e5%b3%b0%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200604023.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Liu+H%3bWang+J%3bKelson+N%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0213094124.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%af%97%e5%8d%93%3b%e8%91%a3%e7%a5%a5%e6%9e%97%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704023%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9b%b9%e5%a4%a9%e5%ae%87%3b%e5%91%a8%e9%b9%8f%e9%a3%9e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704023%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Blevins+R+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704023%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%b9%e6%85%a7%3b%e9%83%ad%e5%9f%b9%e5%9f%ba%3b%e4%bd%99%e6%99%af%e6%b1%a0%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gxjmgc200602014.aspx
http://c.g.wanfangdata.com.cn/periodical-gxjmgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xue-cheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Yi-fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Shen-yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Xiao-qiang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxsjyzz200712048&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxsjyzz200712048.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxsjyzz200712048&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxsjyzz200712048.aspx
http://c.g.wanfangdata.com.cn/periodical-jxsjyzz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xue-cheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Yi-fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Sheng-yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Xiao-qiang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gxjmgc200606014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gxjmgc200606014.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gxjmgc200606014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gxjmgc200606014.aspx
http://c.g.wanfangdata.com.cn/periodical-gxjmgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Xuecheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dai+Yifan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Shenyi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Peng+Xiaoqiang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgjxgc200808019&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgjxgc200808019.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgjxgc200808019&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgjxgc200808019.aspx
http://c.g.wanfangdata.com.cn/periodical-zgjxgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%bd%e6%98%a5%e7%87%95%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bc%8d%e5%87%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%a2%81%e5%ae%b6%e8%99%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%87%e5%8b%87%e5%bb%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHI+Chun-yan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yuan+Jia-hu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wan+Yong-jian%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gxjs200905012&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gxjs200905012.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gxjs200905012&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gxjs200905012.aspx
http://c.g.wanfangdata.com.cn/periodical-gxjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gjstx98200404013&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gjstx98200404013.aspx
http://c.g.wanfangdata.com.cn/periodical-gjstx98.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6411781&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6411781.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Yifan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xuecheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Shengyi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Xiaoqiang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxgcxb200905026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxgcxb200905026.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxgcxb200905026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxgcxb200905026.aspx
http://c.g.wanfangdata.com.cn/periodical-jxgcxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%9c%a3%e6%80%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xue-cheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Yi-fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Sheng-yi%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hkjmzzjs200601004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hkjmzzjs200601004.aspx
http://c.g.wanfangdata.com.cn/periodical-hkjmzzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%b9%e6%85%a7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e5%9f%b9%e5%9f%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%99%e6%99%af%e6%b1%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FANG+Hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Pei-ji%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Jing-chi%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gxjmgc200602014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gxjmgc200602014.aspx
http://c.g.wanfangdata.com.cn/periodical-gxjmgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e7%8e%b2%e8%8a%b1%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gjdxx201103001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gjdxx201103001.aspx
http://c.g.wanfangdata.com.cn/periodical-gjdxx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%9f%b3%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e4%b8%80%e5%b8%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%b0%8f%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%b7%e5%bf%b5%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bf%97%e5%86%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200904006.aspx
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%22%e6%96%bd%e6%98%a5%e7%87%95%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bc%8d%e5%87%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%a2%81%e5%ae%b6%e8%99%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%87%e5%8b%87%e5%bb%ba%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gxjs200905012.aspx
http://c.g.wanfangdata.com.cn/periodical-gxjs.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200704023.aspx

