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Research on Turbopump Fault Detection Based on Rotor

Intrinsic Frequency
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Abstract To detect faults of a liquid rocket engine LRE

Changsha 410073 China

turbopump effectively a turbopump fault detection approach based on

rotor intrinsic frequency is presented in this paper. First of all 28 LRE historical test data were analyzed from which the values of the

first second and third order critical frequency and the axial intrinsic frequency were achieved. After that

the stability and turbopump

fault sensitivity of this four rotor intrinsic frequencies were researched from which we found that their intrinsic frequency amplitudes had

high stability and fault sensitivity. Finally the turbopump fault detection approach was validated by LRE historical test data. The results

show that the turbopump faults can be detected effectively by using the amplitudes of rotor first

as well as axial intrinsic frequency.
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1.1

a

120.832 ~ 121.037s

1
Fig.1 The rotor intrinsic frequency of a LRE turbopump

10009

w(‘"
4_&\93_2 2 2 I 2 202 Wl w? =0
a)(r'” Jd w(f’], wrr + w({]({" w('” + Jd wrrw[,'rl, + a)r7u) (’Dsﬁ qu)wg)r -
2 2 2 2
wy =k /m o=k mowy, =k Sy W =k Sy T, T
k., o'x o'y o'x o'y kg
o'x o'y kg o'x o'y
kg, o'x o'y o'y o'x
0
1 Wen 27
.fcl f‘CZ fc3
1 12-14
28 24 4
1 a TFO1
1X 673.828Hz f,, f.o [
190.430Hz 478.515Hz  957.039Hz 14
1
15
40 S 80 £
X
- 30 fa - 60
& £ 40
E fa 3
10 20
0 - 0
0.0 2502 5004 7507 10009 0.0 250.2 5004 7507
F/H2 F/HE
(ay TFO1:K (b) TFO2¥%



112 2006 3
1 Hz
Tab.1 The critical frequency of a LRE fuel turbopump rotor unit Hz
S 151.57 145.60 148.60 130.00 ~ 150.00
o2 396.87 385.50 437.00 380.00 ~ 420.00
fa3 979.08 1043.00 987.20 966.67 ~ 1033.33
1.2
fa
= KoM 2
21
K= K(l + Mﬁg) 3
2 3 My K M
16 WPI13 Jar 550Hz 28
fa 527.345Hz 1b TFO2
12.4576 ~ 12.6624s 546.875Hz
16
2
2.1
Se 17
N
So == >, 1 7i—71Iln1-1y,—71 /0.3466N 4
P
N v
4 28 fa fo fa o fa
2 TNO2 708.008Hz
Vha 1 Vhrl Vht 2 Vhi2
Voa Vor Vot
0.05
S <0.5 3 TNOI ~ TNO5
703.125Hz 708.008Hz 698.242Hz
688.477Hz 693 .359Hz Vha
0.05
2 TNO2

Tab.2 The Behavior Stabilizability of rotor intrinsic frequency amplitude for TNO2 LRE test all vibrations

Vha Vhrl Vht Vhr2 Voa Vor Vot
S 0.0467 0.0361 0.0426 0.0366 0.0452 0.0381 0.0235 0.0384
Jer 0.0480 0.0380 0.0481 0.0475 0.0481 0.0408 0.0458 0.0452
i3 0.0527 0.0375 0.0405 0.0437 0.0668 0.0476 0.0409 0.0471
S 0.0439 0.0309 0.0506 0.0496 0.0365 0.0502 0.0502 0.0446
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Tab.3  The behavior stabilizability of rotor intrinsic frequency amplitude for five different batches of LRE fuel turbopump

TNO1 TNO2 TNO3 TNO4 TNOS
fu 0.0397 0.0467 0.0498 0.0404 0.0373 0.0428
e 0.0395 0.0480 0.0650 0.0454 0.0406 0.0477
[ 0.0412 0.0527 0.0570 0.0344 0.0310 0.0433
fa 0.0415 0.0439 0.0409 0.0469 0.0344 0.0415
2.2
l Mz Mz
‘0 k, _Mz—Mu-ZMek +M2—M1k§6k
S, = 1 ‘ MZ ‘ x 100% 5
1
W M‘k%’a@ k
1 sz 1 e 1 MZW
Lz—le’_L 0 hy _Mz—Mlk:M]@ g +M2—M1k:Mle g
S, = ] i, x 100% 6
M, Mu-:u]ﬁ k
M, M, g 0 k, g
0 k, 0 L, L, M, M, L
L, 4-5
f, = 50kHz g N =10 240
4 %
Tab.4  The sensitivity of rotor intrinsic frequency amplitude for fuel turbopump fault unit %
S S S S
TFO1 1 278.4 524.9 316.3 147.2
TFO1 2 317.8 232.9 165.7 200.2
298.1 378.9 241.0 173.7
TFO2 176.0 608.3 134.0 613.5
28 TFO1  TFO2
673.828Hz  683.594Hz
TFO1 120.832s  127.18l1s TF02
29.696s Vha
2 a 2b Ja Ja fa o Ja 2 ¢ 2.d
2 ¢ 1X
TFO1 TFO2 S foo fiz San
4 1 2 TFO1
TFO2
4 TFO1 fei S
Se3 241.0% TFO2 S
Jal 608.3 %
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Fig.2 The waveform of turbopump axial vibration and changes course of rotor intrinsic frequency amplitudes
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Fig.3  The fault detection result of rotor intrinsic frequency under turbopump normal and abnormal in LRE tests

3000
1500
0
-1500
'300%.0 1247 2494 3741 4988
s
() TNOSY_ B TE
100
0.0
0.0 1247 2494 3741 4938
tis
(ey TNOSH_ Fu
20
15
10
5
0 —_
0.0 1247 2494 3741 4988
ts
ey TNOSY_ 7,
30,0
22.5
15.0
7.5

0.0
0.0 124.7 2494 374.1 498.8
fis
(2) TNOSY s

0
0.0 1247 2494 3741 4988
tls

(i) TNOSYC T,y

3

@ Ams?)

a/Am-s?)

a/m.s5?)

a/(n.s?)

a/Am.s?)

6000

3000

-3000

-60000.0 31 6.3 9.6 12.6

tis
() TFO3% ¥

12[

9
6
LNV wY T
iN
oY
0.0 31 63 9.5 12.6
tls
@ TFO3ik_ 7,
40
30
20
10
0 ‘/_A‘\_M/\/“\/—\/
0.0 31 6.3 9.5 126
t/s
(f) TFO33R_ 1,
30.0
225
15.0 W\,\/ /\’M
15
0.0
0.0 31 63 9.5 12.6
iis
) TFO3¥_ 1,
80
60
40
0
T e g L
0.0 31 6.3 9.5 126

tis

() TFORM_ 1,

132



132 2006 3

1 Gertsbakh I B Kordonskiy K B. Models of Failure M . Springer-Verlag 1969.

2 Taylor HM Karlin S. An Introduction to Stochastic Modeling M . Academic Press 1984.

3 Bogdanoff J L Kozin F. Probabilistic Models of Cumulative Damage M . John Wiley & Sons 1985.

4 Kubat P Lam C Y T. Optimal Monitoring Strategies for Slowly Deteriorating Repairable systems J . IEEE Transactions on Communications 1992
40 661 - 665.

5 J . 2002 24 17 -20.

6 Durham S D Padgett W J. Cumulative Damage Models for System Failure with Application to Carbon Fibers and Composites J . Technometrics
1997 39 34 -44.

7  Abdelmonem A H Ryzin G J V. A Method for Evaluating the Effects of Performance Degradation on Communicaion Network Applicaions J . IEEE
1990 1307 - 1313.

8  Al-Shareef H Dimos D. Accelerated Life-time Testing and Resistance Degradation of Thin-film Decoupling Capacitors J . IEEE 1996 421 - 425.

9  Bagdonavicius V  Bikelis A. Non-parametric Estimation from Simultaneous Degradation and Failure Time Data J . Statistica Sinica Ser.T 2002
335 183 - 188.

10 Bagdonavicius V. Nikulin M S. Estimation in Degradation Models with Explanatory Variables J . Lifetime Data Analysis 2000 7 85— 103.

11 . Bayes M . 1990.

12 Berger O. Statistical Decision Theory and Bayesian Analysis Second Edition =~ M . Springer-Verlag New York Inc. 1985.

13 M . 1999.

115

1 I 2003 24 1 1-10.

2 Jue F Kuck F. Space Shuttle Main Engine SSME Options for the Future Shuttle R . AIAA 2002 - 3758 2002.

3 Davidson M Stephens J. Advanced Health Management System for the Space Shuttle Main Engine R . AIAA 2004 — 3912 2004.

4 XieGJ HuNQ Wen XS etal. Health Monitoring System of Turbopump R . AIAA 2005 - 3948 2005.

5 I 2005 3 40 -44.

6 I 2005 26 3 202-205.

7 J. 2005 13 1184 -
1187.

8 J .

9 XieGJ HuNQ QinG]J etal. Features Selection and Bootstrap Threshold Estimation Algorithm for Turbopump Real-time Fault Detection A .
56th International Astronautical Congress G~ IAC - 05 - CA.P.09 2005.

10 D . 2005.

11 XieGJ QiuZ Qin GJ etal. Real-time Turbopump Health Monitoring System Based on Vibration Measurement A . In WEN T. D. ed.
ISTM/2005 C  Beijing International Academic Publishers/World Publishing Corporation 2005 2286 — 2290.

12 D . 2000.

13 QZ J . 2004 25 2 114-117.

14 D . 2003.

15 J . 1994 1 1-7.

16 J . 1994 3 16-22 37.

17 Bootstrap J. 2002 15 1 106 - 110.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200603023.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e6%b5%b7%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Guang-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Niao-qing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Qin+Guo-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Hai-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Lei%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%22%e9%99%88%e5%90%af%e6%99%ba%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yhxb200301001.aspx
http://c.g.wanfangdata.com.cn/periodical-yhxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jue+F%3bKuck+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Davidson+M%3bStephens+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xie+G+J%3bHu+N+Q%3bWen+X+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%3b%e8%83%a1%e6%b5%b7%e5%b3%b0%3b%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200503009.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%3b%e8%83%a1%e8%8c%91%e5%ba%86%3b%e6%b8%a9%e7%86%99%e6%a3%ae%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_tjjs200503003.aspx
http://c.g.wanfangdata.com.cn/periodical-tjjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%3b%e6%9d%8e%e4%bf%ad%e5%b7%9d%3b%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgjxgc200513014.aspx
http://c.g.wanfangdata.com.cn/periodical-zgjxgc.aspx
http://c.g.wanfangdata.com.cn/periodical-zgjxgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%3b%e8%83%a1%e8%8c%91%e5%ba%86%3b%e8%83%a1%e9%9b%b7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xie+G+J%3bHu+N+Q%3bQin+G+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e9.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y886172.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xie+G+J%3bQiu+Z%3bQin+G+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Conference_.aspx
http://d.g.wanfangdata.com.cn/Conference_.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%b0%8f%e9%be%99%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y360587.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e8%b5%9f%e9%9f%ac%3b%e7%94%b0%e7%88%b1%e6%a2%85%3b%e7%8e%8b%e6%99%93%e5%86%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_tjjs200402005.aspx
http://c.g.wanfangdata.com.cn/periodical-tjjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%85%a7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e14.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%94%e6%a1%82%e7%82%89%3b%e7%8e%8b%e6%a2%a6%e9%ad%81%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e15.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%94%e6%a1%82%e7%82%89%3b%e4%b8%87%e9%9a%86%e6%98%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200603023%5e16.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%88%9a%3b%e6%9b%b2%e6%a2%81%e7%94%9f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zdgcxb200201022.aspx
http://c.g.wanfangdata.com.cn/periodical-zdgcxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e4%b9%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%99%ba%e6%98%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%ad%e5%85%89%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%b1%9f%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Le%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+ZhiChun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TAN+GuangHui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+JiangHua%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxqd200806006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxqd200806006.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxqd200806006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxqd200806006.aspx
http://c.g.wanfangdata.com.cn/periodical-jxqd.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Guang-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Niao-qing%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_tjjs200602011&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_tjjs200602011.aspx
http://c.g.wanfangdata.com.cn/periodical-tjjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8c%83%e7%ba%a2%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%8b%b1%e5%a0%82%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e5%9b%bd%e5%85%a8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FAN+Hong-bo%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Ying-tang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22REN+Guo-quan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_bgzdh200607032&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_bgzdh200607032.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_bgzdh200607032&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_bgzdh200607032.aspx
http://c.g.wanfangdata.com.cn/periodical-bgzdh.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y886172&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_Y886172.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%b3%93%e7%ad%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%96%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e9%87%91%e7%92%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%b9%e5%9b%bd%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Hong-yun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Wen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Jin-zhang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FANG+Guo-ping%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtdx201102006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtdx201102006.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtdx201102006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtdx201102006.aspx
http://c.g.wanfangdata.com.cn/periodical-xtdx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e9%b8%bf%e5%84%92%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Hongru%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_qxswhyyq200102005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_qxswhyyq200102005.aspx
http://c.g.wanfangdata.com.cn/periodical-qxswhyyq.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6546310&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6546310.aspx



http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200603023.aspx

