


L desin

Shiyan Jishu yu Guanli
(1963 &£ Q47 A FD

EW: hEARGEZE W
Eh: WEXE

BEFRERETERREST
B3O T
RCCSE f R M RPBH
REBBERFENEET
(CAJ-CD R%) HITREMT

T KM

AR (ZREARASER) KRBH

St . bR T U X A K AL

B84 . 100084

Rt - RGN,
http://syjl. cbpt. cnki. net
http://syjl. chinajournal. net. cn

SAREBERIE . 010-62783005 & 010-62797828

BB : sjig@tsinghua, edu, cn

ITRIR{THBIS . 010-62792635

BBH : syjsygl@tsinghua. edu, cn

HESET (XRERSHEHE) NEBH

BH: IS RERECaRERAE

BTEE. BRSIAFRT

ARG LRSS . ISSN 1002-4956

BH%&—-EXHESE. CN11-2034/T

ERNT/MB: CODEN SJYGAR

[FESXWTIE: REIHFH 00815

HEAM:. 9 F20H

B 23.50G/8 24128 282,007

EREANBNEANMBES KRS,

o FEERPT CELEM)
FEELPT (H®) WiEE
AHBRRBRERF YR
o B 3 )

o AR M PR S TEOBIEE
& B P& BaR E
o SO 5 B PHBCIR B

o PXEFHARS

o PEERPAXH PR
HEB TR

RE (AHFREXH) (CSA)

RE (LFEXH (MEBOY (CA)
XE(SHEHARE (WEE)
(Ulrichsweb)

XE (HFRRCH (KK (WCA)
B (B AR5 ARRXIBBEE
CHED)Y (JST China)

#B (LB NBUERE) (EBSCOhost)

B X

®37% FoW (EFE289H) 202049A

#Odi— RBAGRERPAUATLRE £ ()

SRFREHEMFHFETRBEORRGKR oo S, BAR, REK, ¥
KEXRSRRLRERE SRR EROREFR e b, Eik, AKD
B eelhb5 KA

“BIM T 3D ITERIMEA = 0 — kSR B EMRATR
AER, ok, BEF, F
i HIH" BIUREINT KAPL — LIRS B

RIRY, TR, HEN, F
PR RS T ST S T—— FAE, BeE, kxhk ¥
P ST R IO Sl LT S— RES, RTE. h%%
£F PDCA M EM TR LT RBERELWHE SRR

z K, #EF, 1AR, ¥
AT WR R B R S AT — DL A

% &, g % # F

EY S S KX
LERNGEASERITSER 2%, K ¥ KEE F
ETF CNN-PID HERVBAZERINS A EBH -ooeneee KB, BRF, K&, ¥

TREXARLEARSVERNEREERFSRITLE
224, REE, RRE

SR R R T TR -vvrvrrrrrerrrssssssesssssssnens W oKk 4, i R
ET Magnus HN MBS RFEBEHLREFEFE oo # fa, £ F, BA®, ¥
ZRRBEMERARRELWHALROTRERBGE oo T R & R Fak ¥
¥T PLC WERBEHREAESZ S TR AL, HERF
TLfFEAERNR EH L BN R Lk, & &
B P AT LR PR BRI B oreeeeeresesessssssssssenenes ERE, B %, BEL ¥

EF FERR BN ELTIRGAEXRRITSHA
k&K, ARR, KX ¥F

ETZATNMOBBEBEREEREBBIGHE e MOT, XN, IXR, ¥
EHRBRAGEHBRSNEREELR BAN, S
ETEZREMAY LA MSRCR BUREB R - orvvvrvirennnne IN0F, FEA, MES, F
KB4

BMERBEZRE F %, FXH, HBE
HMRASEANSHEHERTEE LigE, RIE
HAMBRLBEEUMAES #U, hEE, RANK

FMBERTRTRERSTERREHE T MBXRRR
2ok, B X, €99, ¥

OBEAIRH¥TE aEk, LRE B £ %
ETFIBUKRNBEIEESLRERSA ik, A, BZA
Wi AR F LAY HEBITFRRIBER TG orererermmerne EHRE, & A KXE, F
P ITE

BT BERETIZEBMTETRRT gk, & O, kAP
£ F Matlab GUI IR FEZRRBE BRI GIZI oovverersnicsonns IR, K @&, REH
ET VR WEEIBIRAF W RENERSHIT - e, AN, k. F
MR B RZENBA LB LA TR FE P RYRL ooevoveeererrerens RFE, £ W, #—3&, ¥

A TR ETR BT IR BB — LR RATRRHRLR N6
S5, HARL, tEX, ¥

ETHHEBROBFTEBREFTZBBERRR o e, F2RA, ILE, ¥

Y TS LEELE]

o e B a8 R B L R if i W ¥R F, BE4

Y HBE I SNSRI IR ‘BT RTSANIRMTTE
A

EF Mathematica B ¥A0 T LR A PTEBL --oveveverereeneee MEL, KEMS, % F, F

BN HFAMABRS FELETBHEHRERE LB ek, KK, #£k

AT XX S CN11-2034/T * 1963 * m * A4 * 310 * zh * P * ¥23.50 * 6500 * 69 * 2020-09

1

10

15
19
23

26

32

35
39

44
49
54
58

67
n

75
80
84
92

98
102
106

110
114
119
122

127
130
135
139

143
149

154

159
165
170



BUGEXBTEBRBBIFNPIIT e KEE, B % K & ¥
NiCo-LDH BB K& A KB R B At & LRI

hEM, AL, T &, F
FHERIBARERRELBBEF GBI oo MEA, MNES, K B
SEEHIRBLIRR BTN R LLEEGR e ® » Ie¥. ¥k #, ¥
#F MATLAB Wl R RAWB FRUEMLR RIS ER

F oa, AfE, BEX F
EVEL2=RIRERRBAESBEREUGELRBFEDR

IRA, RBE, 2 %, F

BIM Ei AR A + =5 B AR 82 5 B b a9 i A
AL, LRE, KAR, #F
&BEY “PREEAR” EERARKTHBEEHR

KAk, drdE, 2R
EFHAR Android RENTLHBERE . #BFETRBITIR

K, Wahe, AT, F
g E 2 TRRAEENIEF N ERNEE TRRERBR

— KRABENARERERTRIR” A - IRE, & F, ERA
RFXARIREORAAR XEEM, & O, xR
ET “BXL56" IRFEHUBERFNENEFOLBHEEX

A, BAH
VU S Bl B BHE F RIBTHEM RAEMT S oo hEH, AL, 2 M
FIHERT “FRELREHE" TREEMNEN

Ik, £ ¥, AeA ¥

R KET

ETF “FEH RBNER FIH BEBBEHIL e £0%, €8
BB RA S EREF OB RREBEARMA - W, 9 &, % %
I ISR ]

MERATRENHLER IRE, % &, 7 %, %

EFEEATFAMNBESAMBEIREETR e F ¥, B % FXH
I# W—H" FREROFRHN TR FE R RTT

Lietk, RL%, RE8F, ¥
AR ERBRIREESAER PN rEd
ETASREBURFANTRHFTERBER - . K R, #H48, F
“FAXB” BRTRERESEXHLRHLARRANILERR

N Ok, I OB, HEA
“ISHRAH” EFRIREEAPHRESHA BT, LK, %68, F
EE “W—R" BROBSERXSUFRLIRZSEHAFHRATR

I o, BN, B A
EF N TERE R MR 990 F = R A

RERRERES &4

ZETREVHATRRIBRERSIRMEKRORE
£0%, i %, HEF, ¥

EVIBHEERLBEEZRREBRER oo R &, NEEF, A
FRATEREREZEHETIHMTE s ENE, FRF,F M
ZRERDARNGEREREN KRR - ek, &, K OF F
BRLRE RS EE SRTIRERBEIETIL rreereemresesessesssns W %, SHEA
ERAFXRE R
EEAEIREFZLEEHNRERRES “DN—R" IRZFHRHET

—DAET R R TR S A B RAK
kX 31K

AGEFRLEER RS (HB)
AFEFEBEEHAFTRA (HA)
F A RERBBARASE] (3H2)
AR (B HEARAS (=)
I MAERAE SRS (451)
AT REMBRHGA RS (452)
AFEMAREALHRHEA RS (463)
L kit EAE CRE AR E (3654)

AHRERE: KLA

174

179

183

187

191

195

200

204

208

212
219

223
226

231

236
242

248
253

256
260
266

270
274

278
282

286
289
294
298
302

306

(XBREREER)

F+t—ERBERSES

x HF:E24H
B @ (BRREEHS)

5 #
23]

#24 B0 B 2 REWk
h B Bt AFE RAA

BEE (BRBRLESHT)

FRa
Iheb ¥
EALE
x R
i

I4h SHE MAH KTFE
K %k % B M KEK
ARy FRE FEH Fip
HEXE R X BTE #FAR
FHE REF

R OBEERELAND)

0% 3
%
kA )
EEMH
%
21y ¥ 3
L X% 4
X B8 #
ki x
xEm
LS 2
E 3 F
# 2
L 1
h oz
MAK
F AR
3
% %
#wry
* ¥
& K
Xy
A
L E 3

L & FHzx ¥ IHEM
iWH ETHk I B I K
MAxd LR X £ &
RAH4E NAE NaAR N #
BLE HEE HLE AR
HEE B O AER KEY
#uk M—% KR X 2
ERK XAHBR K W Kk &
KER H Kk K, KEHS
RAA KRG KEBEFE K A
2R¥% XV FXA FFH
R0 ERA £ H £ K
LN ¥ B K B
ik EX% EEH KAbH
F AR BRAER K% HoRk
BEXE B A K B Aik
2K #ER PIE M %
Ak A R 9 KR
$45 BRE Hot H%%
EAE X % A3¥ RRR
¥ K RE¥ KRR hig
H B RS AN Ris
R F %AM XEX #EW
HEE RAn B2¥E T84
Bhz

HERE . (BEREZSHA)

T RE BBEH

I %
2AH
EZ ¥ 4
SRR
ARE
sin

]
B M
Ht

=
]

I 4 IT¥ Ifg 2
5 # kg * K Fi-
4 HER BHEF X £
kB KRIHE KR4 H2¥
RAB W4 EXA K M
WM R
. HAR
W Biks
.05 &
B.Faip M & %Xk
Vit HHAF
&. B00 K W
7.8 KX % %
g8 a
P NMHARLE AEXRFRE-HRE,

1963 4




EXPERIMENTAL TECHNOLOGY AND MANAGEMENT
(Monthly)

Vol. 37 No. 09 Serial No. 289 Sep. 2020

CONTENTS

Special column: Construction and practice of university opening and sharing laboratories in new era (I)

Construction and practice of full-time open interactive geological teaching laboratory

........... st snssessssnsssssssessenss QIU Longwei, MENG Fanchao, CAO Yingchang, et al
Research on reform of laboratory construction and resource sharing in agricultural and medical colleges and universities
........................................................ cereseeeesssnssesssneesssssseso s NAN Qiyan, LI Yujie, ZHAO Chengri

Laboratory innovation and development

Research on multi-dimensional teaching model of three-in-one in 3D printing frontier discipline under “New engineering”

........................................................ sessesssesssesecsrecsssrrarnnersresssssssssssscssssssscensrs WE] Qingsong’ LI Jikang’ YAN Chunze’ et al
Research and practice of KAPI integrated training of mechanical micro-machining for “New engineering”

............................................ seeesreinaiasssssssssssseisssssessssses o HUANG Genzhe, YU Huadong, XU Jinkai, et al
Design and practice of T-DS-A experimental teaching model for talent evaluation «+=++++++ GUO Zhaohui, MA Jinping, ZHANG Xingwei, et al
Exploration and practice of training model of engineering talents with multi-disciplinary integration

........................................................ et sssssssssssessseesessesesss SONG Yanan, SONG Ziyin, XU Ronghua
Exploration and reform on open experimental teaching for vehicle engineering specialty based on PDCA cycle

........................................................ s WANG Zhen, ZHENG Jinjun, WANG Yumeng, et al
Research on construction and service management of university website groups under new situation: Taking Peking University as example

........................................................ s esesnissessssssssnsssssss LU Yao, REN Xiaoxia, HOU Jing, et al
Experimental technology and method
Design and practice of comprehensive experiment of heart rate detectionsesesssssseresseeeess YUE Haosong, ZHANG Jing, ZHANG Xiulei, et al
Track recognition and autonomous driving for humanoid vision robot competition based on CNN-PID

........................................................ ee4evesraersteseeserstrecssttestectsaaTnsennnn ZHANG Shixiao, TANG Tianyu’ ZHANG Zhlmlng, et al
Design of comprehensive experiment on synthesis and properties of tunable fluorescent lanthanide polymer gel

.................................. s e sssssesnsessesessesess ] Yajuan, PANG Xuelei, YU Xudong
Reduced-scale test model development of jacket structure and modal test sseseereseseesaseencssorannarieenes ++++« YANG Lei, LIN Hong, JJANG Kun
Swinging rotating cylinder experimental teaching platform based on Magnus effects+«ss«sseersessees HAN Yang, WANG Yu, GUO Chunyn, et al
Laboratory simulation method of concrete durability under multi-factor coupling actions=ssseeeesernerss »+++« LEI Bin, LYU Yuan, LI Xitao, et al
Design of flexible speed regulation comprehensive experiment of DC motor based on PLC «veeeeeereess ssesrenes XU Guimin, YANG Zhengxiang
Experimema] test device of wireless channel correlation time «sesesersrecsens seseeetssanasetsetisitttetttssstattssressetisaaretsnsnries MA Yanjun’ YU Lei
Design of intelligent window in integrated design experiment of MCU ¢ eseessrsrareessanancsairanns CUI Chengyi, CHEN Jing, GAO Qinghua, et al
Design and application of comprehensive experiment on geotechnical engineering based on concept of

“production, learning, research and application”«««eesssseeessseseasccenaccss seesesieenin ZHANG Lianzhen, YU Rangang, ZHANG Yanmei, et al
Experimental design and method of circuit breaker short-circuit current based on zero prediction

.......................................................................................... essesssssiennecniees YAN Ning, RONG Wenshuai, WANG Yihe, et al
Influence of gravity infusion set as infusion set for pump on infusion precision s++esssssreeesserrecsreeness sessresaeicees XUE Yanbin, GAO Jingmin
MSRCR image defog algorithm based on multi-scale detail optimization »+esssesesessecernesss WANG Xiaofang, FANG Dengjie, HE Hairui, et al
Development of instruments and equipment
Rolling bearing teaching experiment platforme++«+ss+ssssesssessesnssessaressusisssatsseisesesusiensnssesiessansnsnas LI Zheng, LU Wenxiu, CHU Fulei
Experimental platform of robot trajectory planning and control R At RLLLLLELLEED GE Lianzheng, ZHAO Lijun
Monitoring system for DC micro-grid experimental platformessessessssesrsecrecscaainnninneannissiiiee XU Shaolun, SHEN Haijun, LIANG Kejing
Experimental system for adhesion measurement between track shoe and deformable ground at high loading rate

........................................................ setsssrstisenitseninnesinennanenasssssnsssnnsesnensss LYU Weiwei, GU Liang, DONG Mingming, et al
Cam comprehensive experimental teaching platform «steeeseeesceecsecensennss S e BAO Haitao, WANG Dianlong, YANG Rui, et al
Comprehensive experiment system of cocoon sorting based on machine visione«ss=++sesreesreenee SHAO Tiefeng, TANG Jianxiang, LIAO Yizhen
0Oil production experimental platform for progressing cavity pump directly driven by submersible permanent magnet synchronous motor

.......................................................................................... sssessssaissnenennenes CUI Junguo, GAO Xiang, ZOU Wengiang, et al
Virtual simulation technology
Design of virtual simulation experiment for ship block lifting process««-«+-essceesseesssrarsstonainasiasiioncne LIU Xiao, LI Rui, ZHANG Weiping
Design and realization of computational method experimental system based on Matlab GUI :»»+»- WANG Jichao, ZHANG Jian, RUAN Zongli
Exploration and research on assistant system for drilling machine engineering practice teaching based on VR

........................................................ ssersentssesnineeanesentenssnniennsssssisessnasennasasensasse SUN Zhibo, SHI Chengkun, LI Ruihao, et al
Application of MR technology in practice teaching of robot engineerings--++s+ssesesscarsccincercacececencs JIA Zixi, WANG Shuai, HAO Yida, et al
Construction of virtual simulation project of non-destructive experiments in civil engineering:

By taking static load of simply supported steel truss as example «ss++e+see L R I ZHAN Yulin, YUE Fanfan, YE Huawen, et al
Design of penicillin production experimental teaching system based on virtual simulation

........................................................................................................... HAN Xiaomin, LI Jianying, WANG Wenzhong, et al
Research and reform on experimental teaching
Design of digital circuit time synchronization eXperiment «+sc«sseessrrerssrersstsnsstissisnasiesisienireraneoes YANG Jing, ZHOU Jun, MU Huajun
Comprehensive experimental design under background of “New engineering” by taking “Bolt support™ as example «ssseesevsseessee DU Xueling
Simulation of light interference experiments based on Mathematica «+«eseerseersecsmcnoncanianss CHEN Xuewen, ZHANG Jiawei, YAO Xue, et al
Exploration and practice of combining scientific research projects with experimental teaching of polymer materials and engineering

................................................................................................................. CHEN Shlllang, HUANG Yl_]ul'l, HUANG Jlachl
Research on construction quality evaluation of virtual simulation experiment project--++--+ ZHANG Haijun, YAN Qiong, ZHANG Rui, et al

Design on comprehensive experiment of NiCo-LDH electrode material synthesis and supercapacitor performance
......................................................................................................................... CHEN Xuemin, HE Mingli, YU Tao, et al

10

15
19

23

26

32

35

39

44
49
54
58
64
67
)

75

80
84
92

98
102
106
110

114
119

122

127

130

135
139

143
149
154
159

165

170
174

179



Design of experimental teaching platform for pipeline inspection robot visual system sssseeseeeees LIU Songyong, LIU Houguang, CHEN Song
Development of experimental device for non-uniform gas explosion and its application in undergraduate teaching

....... e e s sesnensssssesssssssesssssess ZHANG Su, WANG Jingui, GUO Jin, et al
Design and practice of tunneling effect experiment of superconductor hetero-structure based on MATLAB

............................ s e iessesenessesssssssenssessessess L] Hong, YANG Xinjian, XU Zhijie, et al
Primary exploration on virtual simulation experiment teaching of avian influenza virus isolation and culture in biosafety level-3 laboratory

............................................................................................................. WANG Yanfeng, ZHAO Guoxing, LIU Chang, et al
Application of BIM Technology in teaching and research of geotechnical triaxial testing technology

............ seerrsneess e s e esssessssssssensesseesensss L] Chunhong, KONG Ganggiang, ZHANG Xinrui, et al
Study on “Double spiral” teaching model and its implementation path for MICE specialtys-ersssseessees GENG Songtao, LIU Keyu, YAN Rong
Realization of comprehensive experimental design of wireless data acquisition and transmission based on embedded Android system

................................................ crsreresneness e ZHANG Shijiao, JIN Yixuan, DU Qinghe, et al
Construction of comprehensive practice course group aiming at cultivation of ability to solve complex engineering problems: Taking “Design and

implementation of thermal control system for large-scale thermal power units” as examples«+++ WANG Xiaoyan, DONG Ze, ZHAI Yongjie
Optimization and upgrading of balance water pump test-bedssseeeeressrsscserrmmercssinnniianiiies,, XIAHOU Guowei, ZHANG Shun, LIU Xiaobo
Experimental teaching model oriented to cultivation of innovation ability based on “Virtual-real combination” practice platform

N e seen CHEN Zhen, DAI Yongshou
Analysis and realization of project scheme design evaluation system for mechanical graduation project

........................................................................................................................... XU Xuemeng, WANG Zhishan, LI Shuo
Reconstruction of “Research and development of information security system” under background of new engineering

....................................................................................................................... WANG Ruijin, WU Jin, ZHOU Shijie, et al

Vocational technology education
Research on construction path of “New engineering” in higher vocational colleges based on development of “New economy”

............................ Creee sttt ebesessesssssnssessssseseesse LT Minghui, ZENG Shaowei
Application of multi-level information technology in teaching of analytical chemistry experiment in higher vocational colleges
............................................................................................................. sersersesssesssseesesss CHEN Subin, HU Zhen, PU Cao

Laboratory construction and management

Scientific management of functional crystal laboratory sess=resseeeserersceses sresssesacsnisarssinionianee WANG Qingguo, WU Feng, LUO Ping, et al
Laboratory management of field emission scanning electron microscope based on information platform
................................................................................................................................ YU Yang, CHEN Feng, LI Wenyang
Discussion on construction of new agricultural practice teaching base supporting development of “Double first-class” disciplines
............................ e sesseseessss KONG Dedong, SONG Wenjian, WU Zhenghui, et al
Application of composited treatment tower in waste gas treatment of university experimental building «s+++»+sseeesessareases ZHANG Xiaozhong
Exploration on construction of experimental teaching platform based on ecological campus virtual digitization
................................................................................................................................. YU Fei, CHEN Rong, Y! Lita, et al
Thinking and exploration on reshaping experimental teaching system of liberal arts in colleges and
universities under background of “New liberal arts” «ssseeeesesereacsacriccsiienacsinannniiieeniniiiiniieii.. LIU Hu, WANG Qin, FENG Jiangang
Exploration and application of “7S + integral system” in open laboratory management
......................................................................................... bevsresceanssranss YUAN Zhenxia’ BIAN Yadong, ZHANG Lijun, et al
Research one new management mode of open laboratory for electrical information specialty facing “Double first-class” construction
......................................................................................... Gedcssacescsavsssiecarrasenasarnerres WANG Hua’ CAO Linlin, CHEN Yan
Discussion on makerspace construction of science and technology museum based on processing experimental workshop «sees++: WANG Yang

Environmental health and safety in laboratories

Construction of safety standardization system for university laboratories from perspective of safety engineering specialty
teeddaterstiresttesrtrrnante ceevessrensrcennns eteeseersitsansatsastans cesesaseusevsrantae Ceseniresanssesntaans IXYRRTTYS Y | Guohui, ZHU Ming, YANG Xueqin’ et al

Exploration on construction of safety education examination system in biological experimental teaching
.......................................................................................................................... ZHAO Jue’ LIU Xuelei’ MENG Shlyong

Improvement of operation mechanism of university laboratory safety management under new situation
................................................................................................................................ TAN Xiaoping, LI Huifang, SHI Lin

Emergency linkage system of university laboratory with muliti-agent collaborative response --* WANG Jingui, LUO Feiyun, ZHANG Su, et al
Research on reengineering of safety management and standard operation process of university laboratory «=«s+esees+ YANG Pan, LYU Jiangang
Laboratories of universities in world

Enlightenment of laboratory safety management in American universities on construction of “Double-first class” laboratories in China:
Taking Michigan University, Ann ArbOr s €Xample +s+sersrerersrssssisstinuesssnteitnssiesseseer e ias st sbs b s bt LU Xianyong

Experimental Technology and Management (Monthly, Started in 1963)

Supervised by Ministry of Education of the People’s Republic of China
Sponsored by Tsinghua University

Editor-in-Chief = Huang Kaisheng

Published by Tsinghua University Press

Edited by Editorial Board of Journal of Experimental Technology and Management

Address Service Building of Science and Technology, Tsinghua University, Betjing 100084, China
Tel 86-10-62783005; 86-10-62797828; 86-10-62792635(Tel)

E-mail sig@tsinghua.edu.cn

Network http://syjl.chinajournal.net.cn/

ISSN 1002-4956

CN11-2034/T
CODEN SJIYGAR

Standard Serial Number

183

187

191

195

200
204

208

212
219

223

226

231

236

242

248

253

256
260

266

270

274

278
282

286
289
294

298
302

306






