AN S E B A S E BOR K

(FH IS ) Pttt

RRBFR: BERSSENIMIEZRMRESFAL
EFIIRES LK

BRRTERA : XKLL, XITHS, Lo, EEYF, AKE

RRTEREN (FR) : PEAHKRE (EFR)

EERI): PEAREMEHETE

EFERN (R=IHEE) : PEAHMKRE (EFR)

AR IERTE]: 2005 F 1 H—2016 £ 12 A

FRIERTIE]: 2018 £ 05 B

FPEFMEHREHTF 2



H x
I REMBFTREXER

[1] XKLL, 2. 20 5 D=0 — R QU A A B 3207 G 7. s 3RS, 2013,
(2): 80-83.

[2] XKEL. FEE LB IR R AR A A B2 Mg k. W EEIEE, 2012, 3):
58-59.

[3] ZFPRHE, XKLL, ¥R, DRIEREG B ANNTES S R AR AR ). Lk
FAREGEH, 2015, 32(1): 34-37, 74.

[4] Z5/hAR, XGKAL. WTARRIRES IR AR “Hlbkibis T25” B0 PRSP
2, 2011, (5): 44-46.

[5] XUATHE, 40tk RESCE “HRE TR K28 5RCR. hEKEE:, 2008, (1):
53-54.

[6] %M, XUATHR. BRI O A B 70 h B R H T, 2006, 9:
46-47.

[7] Yonghong Liu, Baoping Cai, Renjie Ji, Zengkai Liu, Yanzhen Zhang, Reliability
modeling and evaluation of subsea blowout preventer systems, Science Press, 290000,
2015.6.1.

[8] DI, XIATHE, 4-CA, REKR, % ULERRAT NS LERSE IR
FEITFEGAT. BEIE5AR, 2014, 35(6): 935-940.

[9] ZFEF, XKLL, Rems, XIMHl, 244, 2/ M, 7K. BT LabVIEW KR
IK B A S8 BT B iSRG K. RRHEARSEH, 2017, 34(3): 143-146.

[10] XKLL, ZERHE KRR R S SiE. HERIHE, 2011, (26): 16-17.

[11] XUATHE, Hmemn, S, IRACEI e b i UK = 5 . 574k, 2013, 34(6):
110-113.

[12] FERR, XKLL, FHEE, Z/PH, BAR, 0. B RZENEQIHRE Stk
TH BN R 590, SR =R, 2014, 17(5): 89-91, 94.

[13] B8, 24074, ik, XK. 3T Odroid MUY JER o ANLEA T & 3t S256
FARGEH, 2016,33(11): 165-167, 212.

[14] A%, X, E7PE, EHR. PSR E IR A 5 SR ae 155 71k R0t
R F AR SEM, 2016, 33(11): 18-22.

-1-



[15] 23, M7, E546E, XIRTEE, A, CREmd-55 5% 0] 8 SRS R, HE
HE, 2011, (22): 35-36.

[16] ZA=A, XKLL, 25/ HUBRE L B HLIEH 45 & SR it SRR, SEERER
58, 2013, 30(3): 52-55.

[17] AARZE, x| PR TRESLRH P O@ R 50 AL 8%, LR 5EH,
2014, 31(2): 110-113, 134.

[18] 25, XKLL, AT, 2/, BIOHLAE ) 58 Uil AL AR A0 o 287 S g 2 S T
FC. FREEEE, 2013, (11): 104-105, 108.

[19] &A=, XKAL, RES, 200, E, LK ET LabVIEW (K HLK AL
RSN LIS TG K. LRBARSER, 2015, 32(2): 73-76.

[20] %57, XKL, LEA-FIATIKREE, Tk, TIREE, #EK. RKPH &
i RA LA S0, LIRS EH, 2014, 31(3): 82-86

[21] EECH, XIFTE. DLAH & MO m “THENU B Tk kit SRR R g%, T
FERIZ A4, 2010, (4): 142-145.

[22] XU, FKZE. SLERFAERIETE, BRI ERRE PO SREMARE
2, 2015, 34(6): 165-168.

[23] M, XKLL, SRR IS 78 v i) R B A RS —— DI U i e H
e REEIEE, 2012, (29): 19-20, 28.

[24] 284S, XKLL, XM, IEASSEIRVATEREFOIN TSeib ez R, o E
A, 2011, (32): 140-141.

[25] Han Bin, Liu Yonghong, Zhang Yanting. Discussion on Implementation of the Excellent Engineers
Training Program of Mechanical Design Manufacturing and Automation Major. International

Conference on Education Technology and Management Science, 2013, 528-531.

2. BURHRMERENIES

[1] XIZKEL. 2 EEEE0m, 2009.

[2] BRIEE. 2 f—55 3% & 3REE, 2007.

[3] XUAKZL. [ 55 B BUR AR RN & 2K, 2013.

[4] BRE. Btk 5T 0 A4 TREE XK AL, 2006.
[5] XKEL. Frthad BT 0 A A TREE K% Ak, 2009.
[6] XIZKZL. thZRE 28 DU s Lo s A48 S 80M, 2015.
[7] XUZKZL. 25 PY Je Ll 2R 48 #0440, 2008.

-



[8] XUATHE. 2575w LR #v440m, 2011.

[9] XKLL, 2R A+ KALF5 20, 2007.

[10) XK ZL. th AR AR F5 20, 2007.

[11]8 5. 28— Jmh BB FU A A e & A o RELFHHe 2 2UH 2, 2015.
[12]% 5. 28 = Jah B A A e s G s T RIS 18 S 2T, 2016.
[1312 5. 28 DY Jm b BB 0 AR A i e % B s RFRL S Hr 22U, 2017.
(1414 KZE. Em “BHEAR 7 2 BRI T RI-IR TS 18 FHUT 2, 2015.
[I51AKZE. MRAEME A%, 2015.

3. MREMBHAOLC R BB B F MR LZIES

[1] LA EERFE LA R4, 2013,

[2] Z8A=A. 5 = m EARDR S HLMIH 10 082, 2012.

[3] SKEIR. 2B Tjm AR FH I 8%, 2015.

[4] B, WLWZRARF I L Arie s, 2013,

[5] 2E-F. IWARBENFHE L=, 2014

[6] SKEIR. ILARARF L =AR0, 2015.

[7] VEEUE, (L ZRA RT3, 2008.

[8] 145 AREA A AEMFHEHL IR —554, 2011.
[9] WKERSE. WARAHFTAENFEHLAIH R —554, 2013.
[10] HHBRGESE. (AR E ARSI SR —52, 2014.
[11] ZFr. WARAH IR SLBR 2L, 2015.

[12] XBEIL. (LR E WA FH R AT R — 553, 2015.
[13] A8, ARA R AERH R R — 554, 2017.
[14] B F. ILARE TR T LB R 554, 2017.

[15] BERESE. \LAREH LT R =52, 2014.
[16] XIF5a%E. ILAREHFRALB RO R =552, 2014.

4. BFHREAS

[1] KEHR. dteagsAET, 2017.
[2] XIBGHL. HEERFEUCRR, 2017.
[3] #EV. FILEEE, 2015,
[4] oA FILEHK, 2015,



5. RERERFRZRZFRREIER

[1] XUBEE. BRERAF 4 E R AR A A AR B AR =583, 2015,
[2] SRIHAREE. BRERAR A B2 AE RN AR B AR 554, 2017.
[3] REHS. PhRAF BRI MR B =555, 2015.
[4] 3 EaAa-BIAJIRER. SN mrh B A EREARN 2L, 2009.
[5] REHSE. o mrh EE AR e &% K3 — 522, 2015,
[6] BXUTHESE. 25 = Jmrh BB A AR i 3 4% K38 — 52, 2016.
[7] REHS. B mP E R AR RIE—F2, 2016.
[8] MREBEE. 2= mrh EH s AR e & K3 — 5522, 2016
[9] kNI, 28 = Jmrp EAF A A 3E & KT —554, 2016
[10] 3 R AT SE. 2R VU o b B 50 AR Ay 28 4% K38 — 452, 2017,
[11]5KASEEE. DY i A A 70 AR A e a8 R 38— 5542, 2017,
[12] 5 )54, FEHLEE N KFEE RoboCup ATFREZE (RFEEH), 2015.
[13] 554, HEPLZE AN KFEEE Robocup AW E (—Z3), 2015.
[14] G HARSE. 2 E KA R 2 LB S RH w3 R 22, 2017,
[15] 5 5%, DUmsee Rt e —5%2%, 2016.
[16] 7 HEAF. DUMSEEF B B RT3 —55%, 2016.
[17]1 3 B A S, A RPN EARRHAE e s I S R I5E 28— 522, 2009.
[18] Z IRt 5F. A E TREHLAS N RFE—554L, 2016.
[19] 5% FE TRV ANKRFE SR, 2017.
201X %5, A H =43 flEnig KFE—5%, 2012.
21176305855, 2 E =45 g KFE—55%, 2012.
[2214E7 5. & E =45 g K FE 253, 2011.
23] FHES%. H-UmaE R PR &k 500 KRR, 2016.
[24] kA7 5. ThE TRENLES N RFETZERSE2L, 2016.
[25]1 4 FK . P EKEAEP TREAE R AR5, 2017
[26]45 EIgEE. A E K22 AU TR QIO 8 K3 —25 2%, 2017.
[27] 255, A EREA TR 2 LB S R A8 =552, 2013,
[28] RAE M SE. A K224 e iR A L 2 SL B S R 3a 28 5622, 2014,
[29] T-Ha 55, DUNSE2: SR BRI 5T 5038 4542, 2012.
[30] 5%, o E TN AN KFE SR, 2016.
B AEE. FE TN NRFEE, 2017,
[B2] AR5, A E R AR BRI %2, 2017,

4.



[33VRX FKaE. 2 — Jm b BB 70 AR A 2R 4 K IR =483, 2015,
[34] %, 28— Jm B A A A KFE 5%, 2015.
[351 40 E%E. 28 — Jmh B AL AR i 2 4 K 3R 563K, 2015.
[36]5k 115, 25— Jm b B 7 A f i 2 2% K38 253, 2015,
B7IRMEMSE. 2 m i B AR e 5 K38 =56 2%, 2015,
381 FEF L. 2w EWF A AR A 3 5% K2 %%, 2016.
[39]15k 115, 28— Jm B AL A i 2 2 KFE 563, 2015.
[40] MG &, 2 = Jm v BB 70 AR A 48 R 38 454, 2016.
[41175 EI5R 5%, 55 = Jm b B 7 AR A 2R 4 KI5 3, 2016.
[42] 5055, 25 = Jmrh B A A e & K FE 5 3L, 2016.
[43] XA, 55 = Jm b B 7T AR Al e s R A =56 2%, 2016.
[44] skt 2055, 5 = )i v BB 70 AE A e 48R3 4532, 2016.
[45] M A 5. 25 = Jmrp A AL A AT 2S£ KR 554, 2016.
[46] PN E EE. 25 = Jm o B A0 AR A 3 4 K38 =483, 2016.
[47] I B EE. 25 = Jm b B A0 AR A 3 4 K38 =453, 2016.
[48] 2= S, R DU o b B 90 AR Al e 2 K38 56 2%, 2017,
[49] RAREE. SV b BT AR Al e 2 R 3R 562, 2017,
[50] F2e%. 28D Jmh IR A A f i 2 25 KFE 569K, 2016.
[STIXISCHESE. SR DU Ja b B 50 2R A g 2 4% K38 =483, 2017,
[S2] PR SE. A =R BT KFE 552, 2016.
[53]FhEHESE. R ER A AMBHE A AN R =52, 2017.
[5418k585%. A E S4B A KFE =52, 2017.
[551 53058, A E RS A A AL A Al K gE =52, 2017.
[S6]1XISCM. A KA M BHE AR A R FE =554, 2017.
[57] ETAL. A E KA A MBHL AR D R FE =554, 2017.
[58] 5k, AE A AMBE IR =522, 2017.
[S915 #2255, A KA T Re R H T 2 S R 5 R SR 2R =554L, 2012.
[60] X1 55 55, A [E 2248 1 Re i HEA 2 Sk SR e 38 =569, 2015.
[61]FhH B S, AR AT IR 2 S SR R =552, 2016.
[62]:X B, DUMSEE R BRI e =552, 2012.

[63] M A5, VUSSR i e 38 = 5642, 2016.

[64] A AE RIS, TP EKTHLES NRFE =55, 2014,

[65] 5 = 855, 55— Jm b BB 7T A A I 4 R AR =S54, 2014,

-5-



[66] M AR SE. 55 — Jmrh BB 7T A A e 4 R A =S54, 2015.
[67] TS, 55 — Jmh B A A b e s KFE =552, 2015.
[68] XISCA . &5 — i i B 98 A A il ke £ KRB 4532, 2015.
[69] 5 i 4. 5 — Jar v IR 7o 2R A 3 4 KIR =559, 2015,

[70] ZE XRS5 —Jm b BB S0 A A i 2 4 R FE =53, 2015.
(71178 EI5R5E. 55 — b B 70 A A ke £ KB =45 32, 2015.
[72] 2367745, 55 =Jm b BB 7T A A e £ KB =453, 2016.
Uﬂ%ﬁ%%_%:ﬁ¢lﬁniam§%ﬁ%:£%,mm.
[74] 0B RESE. o = Jm b E B 70 AL A % R BE =253, 2016,
[75] KA SE. 55 = Jm EOF A A 3% K3 =25, 2016.
[76] IR S5, 55 = Jm b B 70 A A ke £ KB =454, 2016.
Wﬂ%@%¢%EE¢EW%$Em%%ﬁ%:£%,mm.

[78] 7k A SE. 25 = Jm b W 0 AR A e 4 K38 =55 22, 2016,

[T9FE4E S, 56 =Jm EoF A A3 & K3 =2%H%, 2016.
[80] 23T 8N4, &5 =) [E W 78 A A it e £ RFE=453L,  2016.
[81]FhEFESE. SV Jm B 7o A A e £ RFR =552, 2017.
[821 4 B4, DU v A T A Ay 3 45 KFR =552, 2016.
[83]1Wk=a4%. R DU Jm A BB 70 AR A e 2 K38 =584, 2017,

[84] 7c s 4. S5 DU o I 0 A A i e 8 KFE=552%, 2017.

6. AREXRINFRMEEKFERLIER

[1] Yanzhen Zhang, Thomas Péhtz, Yonghong Liu, Xiaolong Wang, Rui Zhang, Yang Shen,

Renjie Ji, Baoping Cai. Electric Field and Humidity Trigger Contact Electrification.

Physical Review X, 2015; 011002. (JCR-1[X)

[2] Yanzhen Zhang, Benliang Zhu, Yonghong Liu, Gunther Wittstock. Hydrodynamic

dispensing and electrical manipulation of attolitre droplets. Nature Communications

2016; 12424. (JCR-1[X)

[3] Xin’an Yuan; Wei Li; Guoming Chen; Xiaokang Yin; Weichao Yang; Jiuhao Ge.

Two-step interpolation algorithm for measurement of longitudinal cracks on pipe strings

using circumferential current field testing system. IEEE Transactions on Industrial

Informatics, 2018, 14(2): 394-402. (JCR-1[X)

[4] Zhu Yuan, Chen Guoming. Simulation and assessment of SO; toxic environment after

ignition of uncontrolled sour gas flow of well blowout in hills. Journal of Hazardous

-6-



Materials. 2010, 178(1/3): 144-151. (JCR-1X)

[5] Zengkai Liu, Yonghong Liu, Dawei Zhang, Baoping Cai, Chao Zheng. Fault diagnosis
for a solar assisted heat pump system under incomplete data and expert knowledge.
Energy, 2015, 87: 41-48. (JCR-1[X)

[6] Chao Zheng, Yonghong Liu, Hanxiang Wang, Hengyu Zhu, Renjie Ji, Zengkai Liu,
Yang Shen. Research on the effect of gas nitriding treatment on the wear resistance of
ball seat used in multistage fracturing. Materials and Design, 2015, 70: 45-52. (JCR-1
X)

[7] Yang Shen, Yonghong Liu, Yanzhen Zhang, Hang Dong, Wanyun Sun, Xiaolong Wang,
Chao Zheng, Renjie Ji. High-speed dry electrical discharge machining. International
Journal of Machine Tools and Manufacture. 2015; 93: 19-25. (JCR-1[X)

[8] Zengkai Liu, Yonghong Liu, Baoping Cai, Chao Zheng. An approach for developing
diagnostic Bayesian network based on operation procedures. Expert Systems with
Applications, 2015; 42: 1917-1926 (JCR-1[X)

[9] Chao Zheng, Yonghong Liu, Cheng Chen, Jie Qin, Renjie Ji, Baoping Cai. Numerical
study of impact erosion of multiple solid particle. Applied Surface Science, 2017, 423:
176-184. (JCR-1[X)

[10] Yanzhen Zhang, Yonghong Liu, Renjie Ji, Baoping Cai. Study of the recast layer of a
surface machined by sinking electrical discharge machining using water-in-oil emulsion

as dielectric. Applied Surface Science. 2011, 257: 5989-5997. (JCR-1[X)
7. ERHNERREBRIBRBHTEER

[1] “WFEIR IR &” B TS =, 2016.

[2] HEZCRMEE & TR L (GEED, 2013

[3] “Ah TR BRI miaHt, 2008.

[4] “ArmAtb BB & 5HAR” #E & LEMRH .0, 2007.

[S] “WHMAREEAR” \WRE &I EAH .0, 2013.

[6] “HBFEAMETREER” ILRE TSR 5L, 2007.

[7] “WEmAR e &R SRR (hRE TRERK=E, 2017.

[8] “AMHLM TAE” 1444 H AL, 2007.

[9] “HEWHMAIT RIS LAREESLIE, 2017.

[10] “Hg THEE i Sin = — /K N TR E" hEAM KRR LR AR =
BT E, 2008.



8% 88 B0 HIGHER EDUCATION OF SCIENCES 2013 FHE B (BE g #D

B SR ERAIA A AR

XKL ik
(PEBMASE (%) HBIEFE, LA FBH 266580)

B OE pmTH. s Sl RERGAAT Mk, BRI, HFEHA R AR A
RAEFHARER I RAFTAS T k. FRIER, RAZFERRIZTHFRE, BRHET %S
FRE TREGRAAHA ARG AR L, AL FORIT. HIBAR AL O 4 A
VI FREAFITRANIES, BIFT RAFosE.

X Hin) iﬁ#%;mﬁ%ﬁ;@%kﬁ;%%ﬁ%

FEITES  eas MERFRIRES 5

The Research on Methods for Training Innovative Talents with the
Trinity of Teaching’ Assisting’ and Researching

LIU Yong — hong* JI Ren —jie
(College of Mechanical and Electronic Engineering? China University of Petroleum (East China) »
Qingdao® 266580 China)

Abstract’ The paper proposes the methods for training innovative talents with the trinity of teaching’ as—
sisting’ and researching® which is the method that the guiding team? consists of teachers’ auxiliary teaching
staff> and graduate students’ together trains innovative talents. The practice shows that using the method not
only improves the teaching quality’ trains a batch of undergraduates with high comprehensive quality’ strong
engineering consciousness and scientific and innovative ability? but also improves the scientific and innovative
ability of teachers’ auxiliary teaching staff> and graduate students’ and attains good results.

Key words" trinity of teaching’ mechanical major’ innovative talents’ training methods
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Abstract: In developing the innovative ability in science of students’ who are major in machinery
manufacturing, China University of Petroleum (East China) has constructed a bachelor-master-doctor
successive system and also forms a mode of developing students’ innovation ability in science and technology as
a result of many years educational and teaching practice under the guidance of combining scientific research
with education and the undergraduates-graduates-master-technician-teacher systemr,i. e. , a four-in-one co-
existence system of innovation in science and technology.
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Analysis of Engineering Graphics Ability Training Methods Driven by the
Engineering Consciousness Education

YiPeng, LiuYancong, NiuWenjie, Zhao Junyou, Qin Zhen

(College of Mechanical & Electronic Engineering, China University of Petroleum, Qingdao Shandong 266580, China)

Abstract: It is important and urgent to cultivate students’ engineering consciousness in undergraduate
education. In this paper, the main contents of modern engineering consciousness and ability are
analyzed by taking the engineering graphics course as an instance, and the teaching contents in close
contact with the engineering consciousness are explored. Based on the feasible scheme of engineering
consciousness cultivation, various teaching methods are innovatively designed, and experiment
platforms for engineering consciousness improvement are constructed. As a result, a three-dimensional
teaching system with diverse methods is finally formed, which provides an effective way for the
cultivation of modern innovative engineering talents with strong theory foundation.

Key words: engineering consciousness; graphics capabilities; cultivate methods; experimental courses
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Development of monitoring system of subsea BOP experimental
teaching platform based on LabVIEW

Cai Baoping'?, Liu Yonghong', Guo Xiaoxiao', Liu Zengkai', Ji Renjic', Li Xiaopeng', Zhang Xin

1

(1. College of Mechanical and Electronic Engineering, China University of Petroleum,
Qingdao 266580, China; 2. Department of Systems Engineering and Engineering
Management, City University of Hong Kong, Hong Kong 999077, China)

Abstract: An experimental teaching monitoring system of subsea blowout preventer (BOP) is developed based
on LabVIEW. This system includes sensors, NI data acquisition and control modules. Based on the modular
programming scheme. the functions including the control of BOP and accumulator, data acquisition of
hydraulic oil temperature, pressure. flow rate, ambient temperature and BOP ram displacement acquisition,
data storage and query. report generation. animation, error handling, Web publishing. hardware working
status monitoring are developed. This system shows the control process of blowout preventer, which can
improve the abilities of analyzing and solving problems of students.

Key words: subsea blowout preventer; monitoring system; experimental teaching platform; LabVIEW
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Analysis of Sense of Drawing Factors in Modern Graphics Teaching

Liu Yancong', Ma Xiaoli"?, Yi Peng'

( 1. China University of Petroleum, Qingdao Shandong 266580, China; 2. Qingdao Technological University, Qingdao Shandong 266520, China )

Abstract: To explore the effective teaching methods in engineering graphics, the concept of
sense of drawing and its intrinsic characteristics are investigated and enriched in the paper, based
on the profound understanding and awareness of the sense of drawing factors from psychological
perspective. To create teaching models that meet the cognitive law better and improve the graphics
culture level and the ability of thinking of students, the approaches to cultivate sense of drawing
are explored according to the practical teaching work.

Key words: graphics teaching; concept of the sense of drawing; characteristics of the sense

of drawing; application of the sense of drawing
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Exploration and practice on construction of excellent experiment

item of position error measurement

DONG Xin, LIU Yong —hong, WANG Long - ting, LI Xiao —peng, QIN Dong —1i, JI Ren —jie
(College of Electromechanical Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract: The evaluation criteria, connotation and characteristics of constructing excellent experiment

item are described. Specific work for constructing " position error measurement experiment” is pro—

posed according to teaching content, teaching methods, teaching specialty and teaching conditions et

al. in virtue of excellent experimental projects. Experimental teaching content adhere to the principle

of "classic & innovation" , focus on the combination of basic and frontier, encourage scientific research

and educational reform achievements transformed to the experiment teaching. Based on student — cen—

tered, discussing teaching style is carried out on experimental teaching method. Featuring innovative

education, the experimental project focus on the accumulation of innovative education’ s enlighten—

ment and process. Teaching quality is improved and innovative education concept is perfused by con—

structing excellent experiment item.

Key words: excellent experiment; selection and construction; experimental teaching quality
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Teaching platform design based on Odroid four-rotor UAV

Luo Cai, Ji Renjie, Han Bin, Liu Yonghong

(College of Electromechanical Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract: In order to build students’ practical ability, cross-disciplinary ability and team work spirit, an
innovative experimental platform is designed. To build this platform, students will use the knowledge in
mechanical engineering,electrical engineering and computer science. By using modular design, it provides an

experimental platform for improving students’ professional qualities and comprehensive innovative practical

ability.

Key words: unmanned aerial vehicle(UAV) ; teaching platform; Odroid
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Research on cultivation system of innovative and practical

talents for mechanical engineering majors

Shi Yongjun, Liu Feng, Cui Xuezheng, Wang Xinqing

(College of Mechanical and Electronic Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract: According to the problem that the project consciousness and innovation talents of modern college

students are generally low, the innovative cultivation system is built from three aspects, including theory

teaching, experiment and training and students’ mechanical innovation laboratory. The connection can be

achieved between the basic mechanical theory course, a series of experiments, the curriculum design and

innovation platform. The different guidance can be carried out according to learning requirement of the

different students. Communication can be obtained between different professional teachers and students, high

grade and low grade students in the innovative activities.

Key words: mechanical engineering majors; innovative ability; practical teaching; cultivation system
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Design and development of motor control comprehensive
experiment for mechanical engineering major
Ji Renjie, Liu Yonghong, Li Xiaopeng

(College of Electromechanical Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract: Regarding to the starting, braking, speed control, servo control of the AC motor and DC motor
which are commonly used in the machining equipment, the motor control comprehensive experiment is de-
veloped. The comprehensive experiment is composed of the AC motor experiment for starting, braking,
normal-reverse transfer, short circuit, and overload protection, and the DC motor experiment for speed
control, and servo control. With the comprehensive experiment, the students can learn the working princi-
ple and usage of the common electrical and electronic components such as the contactor., time relay,
breaker, manifold block, MOSFET, etc. Moreover, they can also master the common circuits such as the
triangle wave generating circuit, the comparison circuit, the power amplification circuit, etc. With the
comprehensive experiment, the learning initiative of the students is stimulated, the understanding of the
students on the motor is deepened, and the practical ability and engineering application ability of the
students are effectively enhanced.

Key words: AC motor; DC motor; mechatronics; comprehensive experiment
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Construction of mechanical engineering experimental teaching
center and cultivation of innovative talents

Shi Yongjun, Liu Feng

(Collegeof Mechanical &. Electronic Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract; The mechanical engineering experiment teaching center is built like cultivating engineering technology
personnel coupled with creativity and strong engineering consciousness, insisting on the combination of
experimental teaching and theoretical teaching and the combination of experimental teaching and science
research, emphasizing the cultivation of innovative ability, and encouraging individual development. With the
reform of teaching content, method and experimental system and the advanced teaching mode aforementioned,
the mechanical engineering experimental teaching center plays an important role in cultivating qualified
personnel in multiple professions.

Key words: mechanical engineering; experimental teaching center; innovative talents; curriculum system
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Development of experimental platform for electrical discharge

status detection based on LabVIEW

Ji Renjie, Liu Yonghong, Wu Baogui, Li Xiaopeng, Cai Baoping, Jiang Zhao

(College of Electromechanical Engineering,China University of Petroleum, Qingdao 266580, China)

Abstract: It is hard for the students to understand and distinguish the electrical discharge status during the non-
traditional machining experiment, so the experimental platform for electrical discharge status detection, with the main
detecting parameters of the discharge current and the discharge voltage,is developed based on LabVIEW. The actual
electrical discharge is detected with the experimental platform. The results show that the platform can judge and display
the discharge status timely, which can be easy for the students to understand the electrical discharge machanism, motivate
the learning initiative,and enhance the learning efficiency and the teaching effect.

Key words: electrical discharge detection; experimental platform; LabVIEW
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Development of experimental teaching platform of subsea blowout

preventer stacks and control systems

Cai Baoping, Liu Yonghong, Aibaibu Abulimiti, Yu Shilin, Wang Longting, Dong Xin

(College of Mechanical and Electronic Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract; Aiming at the need of the experimental teaching of subsea blowout preventer stacks system, a set of
experimental teaching platform of subsea blowout preventer stacks and control systems is developed. The
teaching platform consists of the subsea blowout preventer stacks simulation prototype, subsea blowout
preventer hydraulic control system simulation prototype and subsea blowout preventer electric control system
simulation prototype. Using the platform for comprehensive experiments, students can grasp the working
principle and structure of the subsea blowout preventer , the working principle and hydraulic pressure process
of the dual redundant hydraulic control system, the working principle and implementation approach of double
dual modular electric control system. The students can deepen the understanding of ocean oil equipment’s
reliability control mode and improve the engineering application and operational ability of mechanical-electrical-
hydraulic integration effectively.

Key words: experimental platform; subsea blowout preventer stacks; electronic control system; hydraulic
control system
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Construction on Course System of CAID Based on Creativity Design

YAN Cheng-xin, LIU Yan-cong
( College of Mechanical Engineering, China University of Petroleum, Dongying Shandong 257061, China )

Abstract: Computer Aided Industrial Design (CAID) is one of core courses in industrial
design. In former course system more attentions are paid on software operating. Training on
ability of creativity is being neglected. Based on thought of creativity design, new course system
of CAID is constructed in course teaching. Both design theory and design practice is regarded as
equally important. The training on ability of creativity is considered as the vital part of the system.
The case study and design contest are used as approaches to make the system realized. Cultivating
results demonstrate the rationality of the new system.

Key words: industrial design; course system; excellent curriculum construction; creativity
design
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Constructing Shared Resources Experimental Teaching Center
Based on the Cultivation of Students’ Ability

LIU Feng® SHI Yong+un

(Mechanical and Electrical Engineering College’ China University of Petroleum’ Qingdao 266580 China’

Abstract® Laboratory is the guarantee for students to consolidate the basis’ broaden the horizons’ improve the capacity

and enhance the quality’ but traditional laboratory has problems such as “fragment’ small but complete’ mutual

isolation” * which are not beneficial for students to cultivate the awareness of engineering. Therefore’ it is necessary to

construct the experimental teaching platform with shared resources. The article elaborates the process of experimental

teaching center construction’ puts forward the building concepts-accomplishing the integration and sharing of resources

with the target of enhancing the ability of college students’ with the experimental platform construction based on module’

with the operation and management of center mode’ and summarizes the experimental teaching system of our college-the

“1234” teaching system. By a series of means of four levels and five combinations’ the practical and creative ability of

students is improved and the students develop a large engineering awareness.

Key words - resource sharing’ modularity’ practical ability’ innovation ability’ engineering awareness
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Discussion on Implementation of the Excellent Engineers Training Program of
Mechanical Design Manufacturing and Automation Major

Han Bin, Liu Yonghong, Zhang Yanting
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Abstract—According to the direction of “Excellent Engineers
Education and Training Program”, the article makes a brief
introduction of mechanical design manufacturing and
automation major, considering the current condition of this
major of China University of Petroleum (East China). The
article also detailedly illustrates the implementation objectives
and working thoughts of the excellent engineers training
mainly from two aspects, which are the training mode
construction and education environment construction.

Keywords-mechanical design manufacturing and automation
major; excellent engineer; talent training

L.

The “Excellent Engineers Education and Training
Program” (“Excellence Program” for short), was officially
launched by Ministry of Education, together with some
related departments and institutions of industries in Tianjin
on the day 23rd June, 2010. The primary objective of the
“Excellence Program” is to cultivate a number of highly
qualified engineering talents who have strong ability of
innovation and can meet the social demand. The program
serves for the national strategy of approaching new
industrialization path, building innovation-oriented country
and the Strategy of Strengthening Country on Talent [1]. The
program plays a leading role in two aspects, which are
promoting the talents cultivation of tertiary education based
on the demand of society and comprehensively improving
the quality of engineer education and training [2].

With the guidance of Equipment Manufacturing Industry
Restructuring and Revitalization Plan, our country is
developing its capacity of independent innovation. However,
compared with industrialized countries, our country still
lacks of engineering technology talents engaged in high-tech
research, new technology application, intersectant
technologies innovation, and developing new techniques and
theories. Mechanical equipment manufacturing industry is in
badly need of excellent engineers with leading capacity [3].
Mechanical design manufacturing and automation major
from college of mechanical and electronic engineering of
UPC is one of the second group to be authorized to practice
“Excellent engineers” education and training. As the major
involves a broad scope of knowledge and abundant contents,
it requires intellectuals to have strong abilities of engineering
practice. However, the traditional talent training mode lacks
the cultivation of students’ engineering practice ability and
innovative thoughts. As a result, graduates are often short in
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knowledge, manipulative ability, and comprehensive
engineering quality, which also make it difficult to quickly
adapt to new working environment. For the purpose of
improving talent training quality, we should focus on
“Excellence Program” and the objective of revitalizing oil
field equipment manufacturing industry of China. In order to
serve petroleum and petrochemical industries and economic
construction of Shandong province better, we should also
foster a body of highly skilled talents with good mastery of
advanced manufacturing technology.

II.  BRIEF INTRODUCTION OF MECHANICAL DESIGN

MANUFACTURING AND AUTOMATION MAJOR

The predecessor of mechanical design manufacturing and
automation major (mechanical automation for short) is called
“oil field machinery”, which was established in department
of petroleum of Qinghua University in 1952. The name was
officially decided in 1953, when Beijing Institutes of
Petroleum was founded based on the department of
petroleum. In 1983, the major was altered to “mining
mechanics”, and “mechanical design and manufacturing” in
1993. Finally in 1999, the major was merged into
“mechanical manufacturing process and equipment”, turning
into the current mechanical automation major. On August
2011, the Ministry of Education officially approved the
affiliation of mechanical automation major of China
University of Petroleum (East China) to the “Excellence
Program”. An undergraduate experimental class of
35students had been set up since 2012. Training of
experimental class focuses on the balance of two aspects,
which are mechanical design and mechanical manufacturing.
Featuring oil field machinery, the practical teaching was
continuous in 4 years, so as to lay a good foundation for
training application-oriented engineers.

III. CONSTRUCTION OF TRAINING MODE FOR EXCELLENT

ENGINEERS

A.  Training objectives

Mechanical automation major aims to foster international
engineering talents who can adapt to the economic
globalization and socialism modernization construction of
our country. Those talents should have all-round
development in morality, intelligence and physical education
and a good mastery of basic theories, practical techniques,
foreign languages and computer application. They should not
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2015 Outstanding Award
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Alexander von Humboldt
Stiftung / Foundation
alezamder von Hureboldi-Situng - bean-Paul-5tr, 12 - D-53173 Boan Der Prasktent
¥ iLi fmsprechpartnerin:
Herrn D, ..:‘.'.E]'Iglml Liu Daniels Eleonare Becker
Apartment 004 el ‘:E}iﬁ E_i;;n?g
B+ i
Intern. Gidstehaus Email: dan'ela becker@avh.de
Lotharstralle 57a :
Unser Zeichen:
47057 Duisburg Ref 3.5 - CHM - 1188332 - HFSI-P

Datum: 15.12.2016

Schr geehrter Herr Dr. Liu,

ich [reve mich, Thnen mitteilen zu kénnen, dass [hre Bewerbung um ein Forschungsstipendium der
Alexander von Humboldt-Stiftung Erfolg hatte. In Anerkennung lhrer bisherigen wissenschaftlichen
Arbeiten hat der Auswahlausschuss [hnen ein

Humbaoldt-Forschungsstipendium fiir Postdokloranden

fiir die Dauer von 18 Monaten verlichen. Die Hohe des Forschungsstipendiums betrigt monatlich
2.650 EUR.

Zur Verbesserung Threr deutschen Sprachkenntnisse wurde Ihnen aulerdem ein Sprachstipendium von
2 Monaten filr den Besuch eines Deutschkurses an einem Sprachinstitut in Deutschland bewilligt, Fiir den
Beginn des Sprachkurses ist der 03, Juli 2017 vorgesehen. Das Forschungsstipendium kann erst nach
Teilnahme an dem Sprachkurs in Anspruch genommen werden. Deshalb ist der Beginn des
Forschungsstipendiums auf den 01. September 2017 festgelegt worden.

Die “Richtlinien und Hinweise fir Forschungsstipendiatinnen und Forschungsstipendiaten” sind
Bestandteil der Stipendienverleihung,

Bitte teilen Sie dem Sekretariat der Alexander von Humboldt-Stiftung auf der beiliegenden
Annahmeerkldrung innethalb von wvier Waochen nach Erhalt dieses Schreibens mit, ob Sie das
Forschungsstipendium und das Sprachstipendium zu dem angegebenen Termin annehmen,

Zur Verleihung des Forschungsstipendiums der Alexander von Humboldt-Stiftung gratuliere ich Ihnen
herzlich,

Mit freundlichen GriiBen
Iy
[t .

Frof. Dr. Helmui Schwarz

Joan-Paul-Soralle 12 B« Mail: indaavh,de fel: +&9{01228/M@33-0 Commerbank vormals Oresdner Bank (Bons)  S¥F1-BIC: ORES DF FF 381
D-3mis doey www bumbelt fovadabande  Fen: +4S0)2IME1I-199  BLZ 370 800 40 Konto Nr, 265 397 100 TRAN; DEIA3T0B0M400266397100
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Electric Field and Humidity Trigger Contact Electrification

Yanzhen Zhang,' Thomas Pihtz,>*" Yonghong Liu, "' Xiaolong Wang,' Rui Zhang,' Yang Shen,'
Renjie Ji,' and Baoping Cai'
'College of Electromechanical Engineering, China University of Petroleum, 266580 Qingdao, China
*Institute of Physical Oceanography, Ocean College, Zhejiang University, 310058 Hangzhou, China
3State Key Laboratory of Satellite Ocean Environment Dynamics, Second Institute of Oceanography,

310012 Hangzhou, China
(Received 31 March 2014; revised manuscript received 3 July 2014; published 13 January 2015)

Here, we study the old problem of why identical insulators can charge one another on contact.

We perform several experiments showing that, if driven by a preexisting electric field, charge is transferred
between contacting insulators. This transfer happens because the insulator surfaces adsorb small amounts
of water from a humid atmosphere. We believe the electric field then separates positively from negatively

charged ions prevailing within the water, which we believe to be hydronium and hydroxide ions, such
that at the point of contact, positive ions of one insulator neutralize negative ions of the other one, charging
both of them. This mechanism can explain for the first time the observation made four decades ago that

wind-blown sand discharges in sparks if and only if a thunderstorm is nearby.

DOI: 10.1103/PhysRevX.5.011002

I. INTRODUCTION

Contact electrification, which describes the phenomenon
that two contacting insulators can acquire electric charges
when they are separated, is responsible for numerous
mysterious natural phenomena, such as the generation of
electrified particles in wind-blown sand and dust [1-4],
lightning near volcanic dust plumes [5], and devastating
explosions in grain and coal plants [6]. Contact electrifi-
cation is also extensively exploited in industrial applica-
tions, such as electrophotography [7], laser printing [8],
3D printing [9,10], and electrostatic separations [I1].
Despite this huge importance of contact electrification
for nature and industry, its underlying physics remain elusive
[12-16], even though it has been studied since ancient
Greece. The main difficulty is to understand how insulators,
which by definition have no free charge carriers, can charge
one another on contact. In fact, many complex contact-
electrification mechanisms, based on electron transfer
[17,18], ion transfer [13], transfer of charged material
[19], asymmetric partitioning of hydroxide ions [20,21],
and nanochemical reactions [22,23], have been proposed,
but the scientific debate remains controversial [19,24,25].
For instance, charge transfers between insulators often
depend on the contact mode (e.g., point contact, area contact,
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rubbing contact) and other specified conditions [24], with the
consequence that certain mechanisms may be predominant
for certain conditions but negligible for other conditions.
Moreover, certain phenomena, which are associated with
contact electrification, remain insufficiently explained: For
instance, in 1971, Kamra made the fascinating observation
of electric activity when a thunderstorm blew over gypsum
sand dunes in New Mexico [26]. On the top of several
dunes, he saw sparks without branches extending from the
ground straight up to a few meters high in the air and clearly
distinguished them from thunderstorm lightning. However,
on days without a nearby thunderstorm but similarly strong
winds, Kamra [26] mysteriously did not observe any such
sparks. Recently, Ref. [15] also made similar observations
in the laboratory: The authors fluidized a particle bed filling
a glass jar. With fluidization, the bed particles started to
collide with each other. They then acquired large electric
charges when a preexisting electric field generated by a
van de Graaff generator was applied on the jar but did not
do so when the generator was turned off. The relative air
humidity in these experiments and Kamra’s observation
were of comparable magnitude. Reference [15] proposed
and simulated a charge-transfer mechanism to explain
their laboratory experiments: Under the presence of a
sufficiently strong preexisting electric field, oppositely
charged charge carriers gather at opposite hemispheres of
the insulators before collision, so that at a collision of two
insulators, the charge carriers within the colliding hemi-
spheres neutralize each other, which charges both colliding
particles. The simulations further considered that particles
are neutralized when they hit the grounded bottom, which
allowed net charging of the agitated particle cloud, even

Published by the American Physical Society
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Hydrodynamic dispensing and electrical
manipulation of attolitre droplets

Yanzhen Zhang', Benliang Zhu?, Yonghong Liu3 & Gunther Wittstock'

Dispensing and manipulation of small droplets is important in bioassays, chemical analysis
and patterning of functional inks. So far, dispensing of small droplets has been achieved by
squeezing the liquid out of a small orifice similar in size to the droplets. Here we report that
instead of squeezing the liquid out, small droplets can also be dispensed advantageously from
large orifices by draining the liquid out of a drop suspended from a nozzle. The droplet volume
is adjustable from attolitre to microlitre. More importantly, the method can handle
suspensions and liquids with viscosities as high as thousands mPas markedly increasing
the range of applicable liquids for controlled dispensing. Furthermore, the movement of the
dispensed droplets is controllable by the direction and the strength of an electric field
potentially allowing the use of the droplet for extracting analytes from small sample volume
or placing a droplet onto a pre-patterned surface.

Tinstitute of Chemistry, Center of Interface Sciences, Faculty of Mathematics and Science, Carl von Ossietzky University of Oldenburg, D-26111 Oldenburg,
Germany. 2 Guangdong Province Key Laboratory of Precision Equipment and Manufacturing, School of Mechanical and Automation Engineering, South China
University of Technology, 510640 Guangzhou, China. 3 Department of Mechanical and Electronic Engineering, College of Mechanical and Electronic
Engineering, China University of Petroleum, Qingdao 266580, China. Correspondence and requests for materials should be addressed to Y.Z. (email:
zhangyanzhen.upc@gmail.com) or to G.W. (email: gunther.wittstock@uni-oldenburg.de).
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Two-Step Interpolation Algorithm for
Measurement of Longitudinal Cracks on Pipe
Strings Using Circumferential Current Field
Testing System

Xin’an Yuan ~, Wei Li

Abstract—Pipe strings are critical facilities for well
drilling, production, and transportation in oil and gas in-
dustry. Due to the stress corrosion cracking, longitudi-
nal cracks are the most common defects on pipe strings.
This paper presents a simple two-step interpolation al-
gorithm based on a circumferential current field testing
method for the measurement of longitudinal cracks on pipe
strings. The theory and finite element method model of the
circumferential current field testing method are analyzed.
The two-step interpolation algorithm fitted by characteris-
tic signals obtained from simulations is proposed to size
longitudinal cracks. The first-step is to measure and cali-
brate the crack length by a quadratic polynomial interpola-
tion formula and the second-step is to measure the crack
depth by a cubic polynomial interpolation formula. Experi-
ments are conducted to verify the efficacy of the proposed
two-step interpolation algorithm based on the circumferen-
tial current field testing system. The results suggest that
the two-step interpolation algorithm can obtain the length
and depth information of longitudinal cracks effectively on
pipe strings using the circumferential current field testing
system.

Index Terms—Circumferential current field, longitudinal
crack, measurement, pipe string, two-step interpolation
algorithm.
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[. INTRODUCTION

IPE strings (such as drill pipes, risers, and pipelines) are
P critical facilities in oil and gas industry [1], [2]. Due to
the severe environments, including corrosion, heavy loading,
various attachments, vibration, etc., defects begin as numerous
short, surface longitudinal cracks. As the longitudinal cracks
grow, they will cause pipe strings leakage and failure leading
to long downtime, expensive repair costs, and even catastrophic
accidents [3], [4]. Hence, it is of prime importance to evaluate
longitudinal cracks on pipe strings before leakage happens.

Among various nondestructive methods, optical, electromag-
netic, and thermal methods are superior techniques for detecting
and sizing surface cracks on conductive structures [5]-[8]. Due
to various attachments, optical method is inadaptable for detec-
tion and evaluation of surface cracks on pipe strings in oil &
gas industrial. Smith et al. proposed the alternating current field
measurement (ACFM) technique for stress corrosion cracking
(SCC) flaws detection on pipeline [9]. Saguy et al. gave the
estimation method of surface cracks in electrical conductors
using the alternating current potential drop technique [10]. Go-
toh et al. proposed the electromagnetic inspection method of
outer side defect on small and thick steel tube using both ac
and dc magnetic fields [11]. Tehranchi et al. proposed the dou-
ble core giant magneto-impedance sensors for the inspection
of magnetic flux leakage from metal surface cracks [12]. He
et al. proposed the imaging inspection technique combining
eddy current with thermography for surface crack detection
and evaluation [13]. Gao et al. proposed the multidimensional
tensor-based inductive thermography with multiple physical
fields for surface defects inspection [14]. However, detection
of cracks on a long pipe string is heavy work, which needs high
efficiency. To achieve a 360° inspection of whole surface of pipe
string in a one-pass scan, multiple magnetizers and sensors need
to be employed making the system complicated. Otherwise, the
pipe strings should be scanned repeatedly many times to cover
the whole surface [15].

Quantitative evaluation of cracks on pipe string from the ob-
tained nondestructive testing data is another challenge. Noroozi
et al. presented the fuzzy learning approach for identification
of arbitrary crack profiles using the ACFM technique [16]. Gao
et al. proposed the unsupervised diagnostic and monitoring of

1551-3203 © 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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Simulation and assessment of SO, toxic environment after ignition of
uncontrolled sour gas flow of well blowout in hills
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To study the sulfur dioxide (SO, ) toxic environment after the ignition of uncontrolled sour gas flow of well
blowout, we propose an integrated model to simulate the accident scenario and assess the consequences
of SO, poisoning. The accident simulation is carried out based on computational fluid dynamics (CFD),
which is composed of well blowout dynamics, combustion of sour gas, and products dispersion. Further-
more, detailed complex terrains are built and boundary layer flows are simulated according to Pasquill
stability classes. Then based on the estimated exposure dose derived from the toxic dose-response

Keywords: . . s . . . . .

Ignition rel.atlo.nshlp, quantitative as'sessment. is carried out by using gquwalent emergency re§ponse planning
Well blowout guideline (ERPG) concentration. In this case study, the contaminated areas are graded into three levels,
Sulfur dioxide and the areas, maximal influence distances, and main trajectories are predicted. We show that wind drives
LES the contamination and its distribution to spread downwind, and terrains change the distribution shape
Hill through spatial aggregation and obstacles. As a result, the most dangerous regions are the downwind

areas, the foot of the slopes, and depression areas such as valleys. These cause unfavorable influences on
emergency response for accident control and public evacuation. In addition, the effectiveness of control-
ling the number of deaths by employing ignition is verified in theory. Based on the assessment results,
we propose some suggestions for risk assessment, emergency response and accident decision making.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

For sour gas well blowout, which is one of the most serious
accidents resulting from gas field exploitation, ignition of uncon-
trolled flow is recommended or constrained by various standards,
laws, or directives [1-3]. In China, after the disaster of the ‘12.23’
Kaixian blowout accident in which 243 people died mostly due
to a too-long-delayed ignition decision [4], immediate ignition
under extreme conditions was emphasized in drilling safety in such
gas fields. For example, the new enterprise standard focusing on
the highly sour gas field exploitation in the northeast of Sichuan
demands that out-of-control well blowouts must be ignited within
5min [2]. To comply with the supervision requirements, ignition is
probably what will be faced in the event of an accidental sour gas
well blowout. During the combustion of sour gas, huge amounts
of sulfur dioxide (SO,) which is an irritation of the upper respira-
tory tract and eyes will be produced and can cause serious injury to
people [1]. Consequently, there is a potential threat to the general
public surrounding the well of exposure to the toxic environment
formed by the dispersed SO,.

* Corresponding author. Tel.: +86 05468391113; fax: +86 05468393914.
E-mail address: ogsafety@126.com (G.-m. Chen).

0304-3894/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j,jhazmat.2010.01.055

Detailed safety analysis of sour gas well blowout has been car-
ried out because of the serious consequences. Research on the
Kaixian disaster, in particular, has extended our knowledge in this
field. Li et al. elaborated the basic information of the accident and
made a systematical analysis [4]. Wellhead jet dynamics used for
further research was modeled according to well-bore inflow [5].
Movement of hydrogen sulfide in complex terrains and its influ-
ence have been simulated based on computational fluid dynamics
(CFD) and validated by accident investigation [6,7]. However, these
works are still lacking in regard to ignition and SO, poisoning.

Therefore, analysis of the ignition process and quantitative
assessment of the risk of SO, are very much needed. In this field, the
Energy Resources Conservation Board (ERCB) releases a dedicated
software, ERCBH,S, that includes an assessment model for SO,. Due
to the method of parallel airflow modeling, this model is more suit-
able for flat terrains [8]. However, as most sour gas fields are in the
hill regions of the northeast of Sichuan in China, the effects of com-
plex terrains on gas dispersion should be included. Although much
research on the atmospheric flow over hills has been carried out
based on field measurement, laboratory experiments, and numer-
ical methods [6,7,9-11], reactive sour gas transportation is not
mentioned. In these works, CFD simulation, with the advantages
of low cost, high efficiency, and powerful modeling capabilities,
has been widely adopted [6,7,10,11]. The results of the comparison
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Fault diagnosis for a solar assisted heat pump system under
incomplete data and expert knowledge
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Fault diagnosis for a solar assisted heat pump (SAHP) system in the presence of incomplete data and
expert knowledge is discussed in this article. A method for parameter learning of Bayesian networks
(BNs) from incomplete data based on the back-propagation (BP) neural network and maximum likeli-
hood estimation (MLE), which is called BP-MLE method, is presented. The BP neural network is utilized
to impute the missing data and the complete data sets are addressed with MLE to obtain the parameters
of BN. A method for parameter estimation under incomplete expert knowledge based on BP neural
networks and fuzzy set theory is also presented, which is called BP-FS method. Similarly, the missing
information is imputed by the trained BP neural network. Fuzzy set theory is employed to quantify the
parameters of BN based on complete qualitative expert knowledge. The presented methods are applied
to parameter learning of diagnostic BN for a SAHP system with incomplete simulation data and expert

Keywords:

Fault diagnosis
Bayesian network
Parameter learning

Incomplete data
Incomplete expert knowledge
Solar assisted heat pump system

knowledge. The developed BN can perform fault diagnosis with complete or incomplete symptoms.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

A (SAHP) solar assisted heat pump system integrates a heat
pump with solar collectors to take advantage of solar energy as an
evaporating heat source, which can achieves high coefficient of
performance [1]. Until now, there are plenty of theoretical and
experimental researches on SAHP systems. Mohanraj et al. [2]
develop an (ANN) artificial neural network to predict the perfor-
mance of a direct expansion SAHP and the reported results
demonstrate that the proposed method is acceptable. Liang et al.
[3] present a new SAHP system with flexible operational modes to
improve the performance of the heating system and the developed
system validates the established mathematical model. Li and Yang
[4] investigate the application of the SAHP system for hot water
production in Hongkong. Chow et al. [5] describe a case study with
a new design of SAHP for indoor swimming pool space- and water-
heating purpose.

Since failures in pump system will cause the occurrence of
abnormal operating and degradation in performance, fault diag-
nosis of the system is beneficial to the energy saving and operating
cost saving. Some fault diagnosis methods have been developed by

* Corresponding author. Tel.: +86 0532 869833032; fax: +86 0546 8393620.
E-mail address: liuyhupc@163.com (Y. Liu).

http://dx.doi.org/10.1016/j.energy.2015.04.090
0360-5442/© 2015 Elsevier Ltd. All rights reserved.

the researchers. Zhao et al. [6] present a new fault detection and
diagnosis method based on support vector regression and the
exponentially-weighted moving average control charts for cen-
trifugal chillers of building air-conditioning systems. Chen and Lan
| 7] propose a fault detection method based on principle component
analysis model to detect the faults in air-source heat pump water
chiller/heaters. Zogg et al. [8] develop a model-based fault diag-
nosis system for commercial heat pumps, which is based on
parameter identification and vector clustering techniques. Zhao
et al. [9] present a three-layered diagnostic Bayesian network to
make use of more useful information of the chiller concerned and
expert knowledge. Cai et al. [ 10] present a multi-source information
fusion based fault diagnosis method for ground-source heat pump
system to increase the diagnostic accuracy. Najafi et al. [11] develop
diagnostic algorithms for air handling units using machine-
learning techniques.

Recently, (BNs) Bayesian networks for fault diagnosis have been
widely developed in variety of fields including electrical power
systems [12], telecommunications networks [13,14], rotating ma-
chinery [15], airplane engine [16] and others. A BN is a directed
acyclic graph composed of nodes and arcs among the nodes. In a
BN, nodes denote random variables and the directed arcs mean the
conditional dependencies among variables [17].

A BN consists of parameters and structure, which can be defined
by expert knowledge or obtained by machine learning with data
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Research on the effect of gas nitriding treatment on the wear resistance
of ball seat used in multistage fracturing
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With the further development of unconventional oil and gas reservoirs, multistage fracturing technique
has played an important role in completion process. Wear problem has severely restricted the develop-
ment of this technique. However, surface modification of fracturing tools has not been studied widely. In
this study, ball seats which act as key component in multistage fracturing were nitrided in ammonia
(NH3) and the nitride layer characterizations were investigated. Tribological tests were carried out to
study the wear resistance of specimens. The test results show that microhardness and wear resistance
are improved significantly by gas nitriding treatment. Based on the comprehensive analyses of the wear
morphologies and debris, wear mechanisms are identified. The on-site fracturing experiment results indi-
cate that the ball seat shows better wear resistance after gas nitriding treatment.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Over the past decades, hydraulic fracturing treatment has been
widely used in many applications, which mainly includes uncon-
ventional oil and gas reservoirs such as tight gas, shale gas and
shale oil [1,2]. Fracturing technology has a range of advantages
such as improving reservoir permeability, increasing flow ability
and production ability of reservoirs [3]. The ball seat technology
used in multistage hydraulic fracturing has played an important
role in the horizontal simulation completion process [4]. The oil
and gas production environment represents severe conditions such
as wear, erosion and corrosion [5]. Therefore, the selection of tool
material should be considered carefully at every stage of design,
manufacture and operation. The ball seat is used to activate the
sliding sleeve for multistage fracturing of horizontal wells. The per-
formance of ball seat severely restricts the fracturing effect and
stages [6]. Generally, ball seat need to be removed by milling for
installing oil pipe when fracturing process is completed [7]. In
order to improve completion efficiency and reduce production
cost, ball seat should have good milling performance. Thus, the
substrate material with high strength cannot be chosen to manu-
facture ball seat, or it will be difficult to mill out after fracturing.
In this study, gray cast iron was used to manufacture ball seat
due to its excellent milling performance and adequate mechanical
properties [8]. During fracturing process, when the downhole

* Corresponding author.
E-mail addresses: liuyhupc@163.com, liuyh@upc.edu.cn (Y. Liu).

http://dx.doi.org/10.1016/j.matdes.2014.12.050
0261-3069/© 2015 Elsevier Ltd. All rights reserved.

pressure is larger than the wellbore stress and rock tensile
strength, fracture will take place at the weakest place of reservoir.
To prevent the fracture closure, fracturing fluid containing sand as
proppant is pumped downhole through pipeline. The sand con-
tained in the fracturing fluid will slide rapidly on the inner surfaces
of ball seat due to the inner surfaces are main working surfaces.

The cylindrical ball seat (diameter = 88 mm, length = 120 mm)
studied in this paper is applied for horizontal well fracturing in
Sheng li Oilfield. Under the actual working conditions (fracturing
pressure = 40 MPa, flow rate = 3.7 m3/min, sand ratio = 10%), wear
phenomenon caused by friction between the sand and inner sur-
face of ball seat is considered to be the most serious problem.
The severe wear results in a series of problems such as weakening
sealing performance, decreasing fracturing stages and causing frac-
turing pressure loss. All these above problems strongly inhibit the
fracturing effect.

According to references, several studies have been performed
on the ball seat. Wibowo et al. [9] explored the development and
reliability of the ball and ball seat during hydraulic fracturing,
which was made of high-strength corrodible material. It was found
that high-strength corrodible material contribute to the good wear
and erosion resistance. Halvorsen et al. [ 10] showed a milling oper-
ation study of ball seat which was placed deeply in one of the wells
in North Continental Shelf and had to be removed as part of work.
They found that milling operation time obviously increase produc-
tion cost. So, the ball seat should be easy to mill out. Baihly et al.
[11] presented an extensive study on the material mating perfor-
mance of ball and ball seat under pressure. Their work showed that
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A novel high-speed dry electrical discharge machining (EDM) method was proposed in this study. Using
this method, the material can be rapidly melted by extremely high discharge energy and flushed out of
the discharge gap by high-pressure and high-speed air flow. The material removal rate (MRR) of dry EDM
was significantly improved by the proposed method. The MRR of dry EDM is usually in tens mm?/min,
whereas the MRR of the proposed method can be as high as 5162 mm?>/min, which improves the MRR by
2nd to 3rd order of magnitude. Investigation was conducted systemically. The influences of work piece
polarity, discharge current, pulse duration time, gas pressure, and electrode rotation speed on machining
performance were studied. The machining mechanism of this method was thoroughly analyzed. More-
over, the re-solidified layer, surface morphology, elementary composition, and phase of AISI 304 stainless
steel for high-speed dry EDM were also investigated. Theoretical and technical foundations were laid for

Keywords:

Dry EDM

High-speed machining
Material removal rate
Air
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1. Introduction

Dry electrical discharge machining (EDM) has always been
considered the most environmental and economical EDM tech-
nology. This technology uses liquid dielectric, which generates
environmental pollution because of the decomposition of the li-
quid dielectric during the discharging process. Dry EDM uses air as
a dielectric, which greatly reduces the manufacturing cost, as well
as also avoids environmental pollution [1]. Fig. 1 shows the ad-
vantages of dry EDM. Improving the working environment for the
workforce improves their work enthusiasm and efficiency, and
enhances the enterprise image.

How to improve the material removal rate (MRR) is important
in exploring the orientation of dry EDM. The major methods for
increasing the MRR of dry EDM are summarized in Table 1. In 1997,
Japan scholars Kunieda and Yoshida [2] first demonstrated the
feasibility of dry EDM. To improve the MRR of dry EDM, oxygen
was flushed into the discharge gap because intensive oxidation can
take place during the machining process. A number of MRR im-
provements have been made. However, the risk of the machining
process is also increased by the input of oxygen. Moreover, the
violent oxidation of molten metal is uncontrollable and the ma-
chining precision is reduced when the oxygen concentration is too
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high [3]. A continuous and longer dry EDM using oxygen as a di-
electric is costly.

To further improve the effect of dry EDM, Zhang et al. [4-7]
conducted an ultrasound-assisted dry EDM and Govindan et al. [8]
assisted with a magnetic field. Kunieda et al. [9] used a piezo-
electric actuator to efficiently control the discharge gap. However,
their MRR improvements are limited and the equipment used in
their experiments is complex. To obtain effective debris disposal
and improve MRR, Puthumana and Joshi [10] slotted the electrode.
To combine the advantages of gas and liquid processing, Kao et al.
[11-13] conducted a number of explorations in near-dry EDM.
High-speed air flow mixed with droplets, high-speed air flow
mixed with droplets and conductive particles, and high-speed air
flow ejected into the water-based liquid as the dielectric, were
explored in the EDM. Certain progress has been made. However,
the problem of low MRR has not been fundamentally solved by
these explorations. Fig. 2 shows the MRR of the existing dry EDM
methods. The maximum MRR of 60 mm?>/min is obtained when
using a quasi-explosion mode and assisting it with O, [14]. The
quasi-explosion mode is a critical processing condition between
the EDM and arc machining.

In this study, a novel and high-speed dry EDM method was
proposed. Using this method, the material can be quickly melted
by extremely high discharge energy and flushed out of the dis-
charge gap by high-pressure and high-speed air flow. The MRR of
this method can be as high as 5162 mm?/min, which improves the
MRR of dry EDM by 2nd to 3rd order of magnitude. Investigation
was conducted systemically. The influences of work piece polarity,
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In this paper, a novel approach of developing the Bayesian network for fault diagnosis based on operation
procedures is presented. The proposed Bayesian network consists of operation procedure layer, fault
layer and fault symptom layer. First, operation procedure layer containing procedure nodes and state
decision nodes is developed. Second, the fault layer is determined based on the state decision nodes in
the operation procedure layer. Then fault symptom layer including symptoms sensitive to the concerned
faults is developed. Finally, the entire Bayesian network is established by integrating the three layers. The
presented approach is applied to hydraulic control system of subsea blowout preventer (BOP). Taking an
example of closing the BOP, the operation procedures are illustrated. The entire Bayesian network for
fault diagnosis of closing the BOP is established. Several cases possible to appear during the closing
process are studied to evaluate the developed model.
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1. Introduction

Fault diagnosis and prognostics has obtained a lot of attention
because the growing demands for safety and reliability of engi-
neering systems. Bayesian networks are a powerful tool in knowl-
edge representation and reasoning, suitable for the modeling of
casual processes with uncertainty. A Bayesian network is an acyclic
directed graph, consisting of nodes and arcs between the nodes
(Pernestdl, Nyberg, & Warnquist, 2012; Velikova, Van Scheltinga,
Lucas, & Spaanderman, 2014). In the networks, nodes represent
random variables and directed arcs define the probabilistic depen-
dences between the variables (Marquez, Neil, & Fenton, 2010). The
probabilistic dependences are quantified by a conditional probabil-
ity table for each node (Arsene, Dumitrache, & Mihu, 2011). Each
conditional probability table contains the probability of a node,
given any possible combination of its parent nodes. Without parent
nodes, root nodes only have priori probabilities. Given the values of
the observed variables as evidences, the posterior probabilities of
the unobserved variables could be obtained by inferences.

Recently, Bayesian networks for fault diagnosis have been
widely used in various fields. Barco, Lazaro, Wille, Diez, and Patel
(2009) present an automatic diagnosis system for the radio access
network of wireless systems and experimental results have shown
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the feasibility of the proposed methods. Sahin, Yavuz, Arnavut, and
Uluyol (2007) develop a fault diagnosis system for airplane engines
using Bayesian network and distributed particle swarm optimiza-
tion, which is used for learning the structure of the model form a
large dataset. Riascos, Simoes, and Miyagi (2008) present a fault
diagnosis system to diagnose different types of faults during
the operation of a proton exchange membrane fuel cell based
on the on-line monitoring of variables easy to measure in the
machine such as voltage, electric current and temperature. Cruz-
Ramirez, Acosta-Mesa, Carrillo-Calvet, Alonso Nava- Fernandez, &
Barrientos- Martinez, 2007 evaluate the effectiveness of seven
Bayesian network classifiers as potential tools for the diagnosis
of breast cancer using two real-world database and an average
accuracy of 93.04% for the former and 83.31% for the latter are
obtained. Alaeddini and Dogan (2011) develop a hybrid intelligent
method based Bayesian networks for fault detection and diagnosis
in control charts, which describes the cause and effect relationship
among chart patterns, process information and possible root/
assignable causes. Zhao, Xiao, and Wang (2013) propose a three-
layer Bayesian network to simulate the actual diagnostic thinking
of chiller experts and the developed model includes fault layer
and fault symptom layer and additional information layer. Sun,
Tang, Ding, Lv, and Cui (2011) develop a Mild Cognitive Impair-
ment (MCI) expert system to address MCI's prediction and
inference question to assist the diagnosis of doctor and the exper-
imental results indicate that the developed model achieved better
results than some existing methods in most instances. Verron,



Applied Surface Science 423 (2017) 176-184

Contents lists available at ScienceDirect E

w Applied Surface Science

journal homepage: www.elsevier.com/locate/apsusc

Full Length Article

Numerical study of impact erosion of multiple solid particle

Chao Zheng, Yonghong Liu*, Cheng Chen, Jie Qin, Renjie Ji, Baoping Cai

College of Mechanical and Electronic Engineering, China University of Petroleum, Qingdao 266580, China

ARTICLE INFO ABSTRACT

Article history:

Received 29 March 2017

Received in revised form 17 May 2017
Accepted 12 June 2017

Available online 15 June 2017

Material erosion caused by continuous particle impingement during hydraulic fracturing results in sig-
nificant economic loss and increased production risks. The erosion process is complex and has not been
clearly explained through physical experiments. To address this problem, a multiple particle model in
a 3D configuration was proposed to investigate the dynamic erosion process. This approach can signif-
icantly reduce experiment costs. The numerical model considered material damping and elastic-plastic
material behavior of target material. The effects of impact parameters on erosion characteristics, such
as plastic deformation, contact time, and energy loss rate, were investigated. Based on comprehensive
studies, the dynamic erosion mechanism and geometry evolution of eroded crater was obtained. These
findings can provide a detailed erosion process of target material and insights into the material erosion
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1. Introduction

Erosion wear caused by the impacts of particles is one of
the most common harmful behaviors of equipment in the multi-
phase flow [1-3]. The development of unconventional oil and gas
resources with low permeability increased in recent years with the
consumption of conventional resources. Hydraulic fracturing tech-
nology with high flow rate and high sand ratio is crucial to the
development of low-permeability or extra low-permeability reser-
voirs [4-6]. Erosion wear due to proppant impingement is one of
the most important issues in the fracturing process. Pipeline pres-
sure, which reaches up to tens to hundreds of MPa, create cracks
for downhole formation. Unpredictable consequences would occur
if the conveying pipelines suffer from erosion failure. Proppant in
the fracturing fluid affects tool surface and causes erosion scars and
cracks, which severely affect production safety [7-9]. Thus, the ero-
sion mechanism of substrate material or deposited coating under
fracturing working conditions should be urgently studied [10-12].

Considerable research investigated erosion wear [13-15]. Ero-
sion is a complex problem caused by many factors, such as particle
velocity, impact angle, particle shape, and particle size [16,17].
Various experiments were conducted to explain the erosion pro-
cess. Experiments usually provide limited information, such as
erosion rate and eroded morphologies. These limited data can-
not provide sufficient information to further analyze the dynamic
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erosion process. Numerous experiments that aim to study the influ-
ence of each factor on the erosion mechanisms experimentally
consume substantial time and money. In addition, the dynamic
impact process occurs briefly; thus, capturing the erosion behav-
ior of an erodent and a target material is a difficult process.
Some researchers used high-speed cameras to capture images dur-
ing particle impingement and studied its dynamic characteristics.
However, expensive and sophisticated instruments are needed,
which substantially increases testing cost. However, numerical
technique allows researchers to model the erosion process with
different parameters. The numerical model can provide detailed
information of the particle and target material, such as stresses,
interaction forces, and deformation [18-21]. The numerical values
need to adjusted and recalculated to investigate the effect of differ-
ent parameters on the dynamic process. Hence, the effects of these
parameters on the erosion characteristics can be investigated.
Some researchers studied erosion wear caused by abrasive par-
ticle collisions [22-24]. Aponte et al. used computational fluid
dynamics to predict the erosion behavior of geometries in a fluid
environment that contains abrasive particles [25]. Liu et al. studied
the erosion of pipeline caused by sand particles in the oil and gas
transportation system [26]. In their studies, the computational fluid
dynamics helped provide insight into the movement of particle and
fracturing fluid and predict erosion rate. However, the interactions
between the particle and target material cannot be considered,
which is the core issue of erosion wear mechanism. The continu-
ous impingement between the particles and target material causes
severe erosion. To address this problem, the present study proposes
a multiple particle impact model to solve the dynamic erosion pro-
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Electrical discharge machining (EDM) caused a recast layer to form at the machined surface of the work-
piece. The characteristics of the recast layer have a great relationship with the type of dielectric. The
research work in this paper aims to acquire a profound knowledge of the recast layers of a surface
machined by sinking EDM using water-in-oil (W/O) emulsion as dielectric. Scanning electron microscopy
(SEM), X-ray diffraction (XRD), energy dispersive spectrograph (EDS) and micro hardness analysis were
performed. The characteristics of the recast layer formed in W/O emulsion were investigated by compar-
ing them with those of the recast layer formed in kerosene and de-ionized water dielectric. It was found
that the recast layer formed in W/O emulsion exhibited larger surface roughness, thickness and micro
hardness compared with that formed in kerosene and de-ionized water. Both carbide and oxide were
detected in the recast layer formed in W/O emulsion whereas only carbide was detected in the recast
layer formed in kerosene. Due to the higher supersaturation of gases in the melted material, the recast
layer formed in W/O emulsion was found to possess more micro-voids than that formed in kerosene and
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1. Introduction

Electrical discharge machining (EDM) is a thermoelectric pro-
cess that erodes workpiece material by a series of discrete
electrical sparks between the workpiece and electrode flushed by
or immersed in a dielectric fluid. After EDM, a recast layer will be
formed on the machined surface regardless of the type of dielec-
tric. It is well known that the main mode of erosion is caused by
the thermal action of an electrical discharge. The non-traditional
manufacturing process of sinking-EDM possesses many advantages
over traditional machining during the manufacture of the hard-to-
cut materials. However, certain detrimental effects are also present
and are due in large part to the formation of the recast layer.

The action of EDM has actually altered the metallurgical struc-
ture and characteristics of the recast layer. Micro-cracks can form
in this very hard, brittle layer due to an increase in nonhomo-
geneities of metallurgical phases within the recast layer [1]. The
recast layer is the result of the re-solidification of the melted mate-
rial which did not sweep away from the component’s surface by
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the dielectric during the EDM process and is known to exhibit high
hardness, good adherence to the bulk and good resistance to cor-
rosion. However, the recast layer formed by EDM process increases
surface roughness, makes the surface become hard and brittle, and
decreases the fatigue strength due to the presence of micro-cracks
and micro-voids [2].

The composition of dielectric has an  impor-
tant influence on the characteristics of the recast
layer since the discharge gap is partially filled by the dielec-
tric during the EDM process which is also a chemical process [3].
The intrinsic nature of EDM process results in a material removal
of both workpiece and tool electrode. Formation of the plasma
channel consisting of material vapors from the eroding work
material and tool electrode, and pyrolysis of the dielectric affect
the surface composition after machining and consequently, its
characteristics [4]. Deliberate material transfer may be carried out
under specific machining conditions by either using composite
electrodes [5-11] or dispersing metallic powders in the dielectric
[12-14] or both.

In previous work, we studied the sinking-EDM performance
using water-in-oil (W/O) emulsion as dielectric. The material
remove rate (MRR) obtained in W/O emulsion is much higher
than that obtained in kerosene, especially with rough machin-
ing parameters. In the sinking-EDM application, the traditional
dielectrics are hydrogen-carbon oils. Normally water is not used
as a dielectric for sinking-EDM. Although the use of plain water
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