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Abstract

The current is one of the three major elements of ocean hydrology, and the simulation and mea-
surement of current velocity is the basis of studying ocean, which is of great significance to the na-
tional ocean strategy. In order to simulate the flow of seawater in experimental environment, a
device to imitate the upwelling and horizontal flow of seawater is designed by changing the slope
angel of slide guide of velocity detector on the frame; First, the working principle of the platform is
introduced, and the finite element analysis of key components is performed. Then, based on the
fuzzy PID control method, the servo control system of the platform is determined, and the re-
sponse to the step signal using fuzzy PID algorithm is compared with those using the traditional
PID one through Simulink simulation. Finally, experiments were conducted on a linear motor in
horizontal state. Finite element analysis shows that the maximum relative displacement of the
main support plate is 0.1196 mm, which satisfies requirements of the linear motor on the main
support plate. The motor experiment shows that the linear motor with fuzzy PID controller is ca-
pable of sliding at velocity of 10 mm/s with speed fluctuation less than 0.17 mm/s (within 2%),
which confirms advantages of the fuzzy PID algorithm and validates the capability of the device to
simulate the flow of seawater well.
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R ARG PEKOSC I = KRB R 2 —, R R A A A P (0 R 1], W e ) e it [ 2],
R3], W BRIRR R [4]H0 B AR S WAL B S A0 A0 AT o0 KSR B[S, — MR
JEUEKIRFRE A 1~300 emys, 1M H TR ELIHEE N 10°~10" em/s, 4E[R 28K, Wl {ESEI0AR S N
ST 24 F) 2 S5 5 K 110 38 P AU A S B N 2 WY SRV IR R DG BR 1) R 5 B T R AR T = VA I A JK
FhrE a6, Wil =N GIZE8), SEI T RIRE =TSy, HESEARE Y 0.05 mm,
EARNS = 5hIEh (I LA T 0BT s o [ 7 AR K238 T 2 sl & I SR B AR ) T — P2 P G L 9K &
[7], FEBNERIRERAFF BRI 7, B & R R, ARG EERTIA 10 nms M AT MTR
KW R = A AR B G (8], MBI R IEE ATk 0~40 mm, 78203 0.001 mm; W /R ¥E Tk K2
R T —BERET EWIRSMPIKEN RE[9], NG RAMNRIF TG, MG KL &ERS), =T
SENIAEFE IR E] 174.73 nmo
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AR TUE AU T & Fe 200 A B2 £ AR T 18 3 B e MR BT AR, il e U s PR N 28 72328 3 A2
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PEPEAERT GBI ARSI AR BT — 58 & B BRI R RUOR IR AME SL PID AN 2o BRI AR SC LARSER
PID # | S AT G5 RA KRN, S35 T RAEMDSIERMFGSYERE, SCIL T XA AEL
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2. BHAER
2.1. &R IE

PR S 4P 1 pror, 8 oA T GIa s PR A EE AT DUE SR 28 SRSV R S R 38 5)
HEE, IS BI T PUEIEUR BINES SR S IR T A 3 RT3 g N R 22 K (R KT T A T L T
PAMSRAIACT- AN FLR . 2038 v B B AR FE 22, B SRR 58 v [0 8] 52 SCHE R Rl 2 e e
— AN, KRR B AL E AR SR . Oy T AR AR I SR IS B R P R A IR B EDIRES
FEE LN T 5 HOE R 85 B AL 23— AL . [ e A8 SR B I E 2 LR, — MR
I 73 E BRI AR R 7 TR0 e — AR TR A L, AU PRI 85 T A6 28 RS/ I DRSS . BNV REE T
IKIAEE T, T AR AE ARG A 85 2 S P i foe e L, IR T ELERHNLI IR AR . 0 LA 5 AU R 00 25
I AN AR AT, BRSO B LI B 15 PRI & s S A A .

B RNLEN T RIS B U Ry 58 A P P ORI Y L2k I8 8, s B T o) A Dy /KT AN e B . e
AR = TR, IR A X KA R KR RS 1 EONAE F 0 S B 0 RIS A
A7 LU B SR (KT U A o R, EEAESRAE T, YONKGR R IEIRES, RN 8 22 s .
B T ARURE A BT B — SIS IR, SRR R A (58 T 3R AT — AN KT 2 BRI & AR
[ A, XA AR s 3

2.2. EXERBDESF

HL LR AT TR E S IR — @ M P, WO IR 32 SO AR I i KBB4 T Bk,
APREKFH HIWIN (1) LMSA21 B9 B 28 WL, H 3k 8 1) 22 28~ 11 £ 225K 2 0.01/300 mm, =K 4370 mm,
BN 408 mm, (R4 231 mme NI LI ACTTH e 45 SCHERRSCHEE T R ST 5000 % 500 mm, 2% 1.5
AR GE R BT R R S SRR (5 R, BRI ] 2 BoR . BSCEERR 1, R SCHEAR 4 5 IR SRR 2,3 i
JREDERAE—S, LRMA T RIEHIN L, RABEML, (RIEEHERIFIE. &2, 11=150
mm, 12=13=20mm, 14=260 mm, 15=300 mm.

PP AT B B AT B 2 SRR I R T A

L+1,Y L+1,Y
1=A+(3;4)x4+5+g+5+[3;4]x@=22®d@mm4 (1)

H, L by Ly LRI B2 KR4 KR 4 IPERE: 4). 44 98 1. AR 4 (T .

TSR 2 IR IUNBE 52 54T, ELEFLS SO th \AURET R/, wIE LA N E L
UL FE 2 2] AR A SCPEAR AR b, RIS AR B HLA AL Eh T s, WA )
R R s BIRPRE 2250 24 80115 SR 2832 50 2 ST i N SCHEBOR AR R

MBI R B 13 F e KA w o

4 3
e 5q! N FiI @)
384EI 48EI

Hort: NI S ER RS g NSCHERIT 2B F OASCEER BTS2 71 E N3 SCHEmR ) 5
PERLE; 1o 3 SCHERR B 46 o

WA BB n, RS ANIER, B HENLE 315 kg, ShTMHRNARILE 50 kg, BT 3L
FERR A B F5 2 — /R (R SCP¥ A, Wn AT E, MR 45 9. 2 n=3 IR KR EEH 0.0l mm, Y n=
5 W RIEAE BN 0.84 x 107 mm.
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Figure 1. Overall structure scheme
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Figure 2. Cross section of main support plate

B 2. EEREEET

23. XRBERRTSH

N T BAIE T SCHEAR I B R T AR R I H R, TEEE 3 AN [ SR R SRR AT A R T o
Brs FSCPEROFE IR S S AEHE H 45 84X, JE IR FR 9 355 MPa, $iHiaEN 600 MPa, # KA &K 209
GPa, VAL 0.3, & HRICHRAN solid185. 73R FH = mi SCHEAN T sl SCHEN SO AR BEAR EAT 3 )1 500
M, BT SRR TR A D 07, B2 B L 2.2 AT . A5 SR 3 iR .
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Figure 3. Strain cloud of bracket along gravity direction

B 3. XIAENHERNNERE

1P 3 AT RAE H = e SCEE I 5 SR 580 7 [ B B KA TR A 508 0.1196 mm, - Fo s SEHEN 252
PEBOR 77 R O AR N 0.0649 mm, ZE53 04 45.7%, 53 BT REAR W] = f S8 IR SCREUR X 22
TR 2 B LN SCHE T AT AR R, AT H SR A = mi s d¥ .

3. FaERRGRIT

TARUE BT & 322t B2 LI 3 7 Shifts R I g3 b AT 5, Boh-F B R sl Rl 4 pr
o BB RIAUA R4 2 e BE AR R 9% HEAT U555 KA B DSP iz szl R h, @ ahiz ] R iR e
52 BHIHR 2 AR UK R A5 5 A& B B AL AR SR B &5 o ] A X2 85 HR4E 42 52 2 B A [RDIA 1 ik 5
SR AL A A RO R IE S . B SRR RN AR B 5, (5T R RGO AR 28 R S
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Figure 4. Control system flow chart

Bl 4. I=H RGERIZE

SHEATRAE . B ATHURR A SRR 3 P SR PV PR B AT TS B 22 3l 4 ) AR 4 15 2 AP il B ik
FETH AR T R R, HOORIES] DSP izl ke, MR B RER/D B R VFEEZ M.
TR N st 00 S P A B R T B RIS AT AR, Ty T REAE B LIS AT B AR

HARA T w3 0t GAR Y ORE B, AN SR PR PID AF Jy B8 AL B FR (1 ) 25 . B PID #%h#%
TR BN RN AE N BN AR, 122 e AR ec ENHIN, Ak, Ak I Aka 15T -
RO SR e A ec IASARI RIASDRI AN U8 £ 07 L (¥ HEmE THEEAF Y Ak, Ak Il Aka , FEIRFE )T EE
W RGR K, K Ky, BGHIH PID 426 8P 5 0 5

K,=K,+G,xAk,

K, =K, +G, x Ak, 3)

K, =K, +G,xAk,

H: Ky Ko Koo NHHLPID AT ZGHIZSE, 1ERVIIETURAE: G,» G» G A, Ak F Ak LG
BIRT: K, K Ky NREVEHTEHRANSE: Ak, Ak R Ak RIS ] 35 HR 3 e R ec ORI
FAFH PID SR &

TERDRI ) S92, DFE RN 1) RS M RN B 435 5 RS, K N/ B AN E B AR R
®{NB, NM, NS, ZE, PS, PM, PB}, HI{fi K, firh, fi/h, ZF, E/h, IE, 1IEX}. EBHEEH
o, TR AR AR AR R SRR OC R DB AR R R R ok . RSO AU S AR B SR 8 ek ECR H
B ARR = AmBSR R R, A ARIORIE 5 AR B MAFTE 4R, AT IRIES K-t . i Ao
HEFRAS BN A B Ak, Ak B Aka 8RR —DMEURIER &, TR M RSEH) PID #2625 s I =AM 55 R
BN Ak B Aka NFRERIE, TEEN Ay, Ak BT Aka BEATARASORS, S SCRAASR S 1 2 TR P fe s
HIINBCT $132:114].

4. ELBENNHESEE
4.1. ET4#% PID RYEE#] MATLAB/Simulink {5E

N T BAERER PID X RGEIEHI R, £ MATLAB /Simulink 3555 R Xt B 28 LA T @45 H . A
TR H B B2 L, WU A] A — N SRR, A LAY = S 3 AR O3

dq B, DR FHL ) B RERG S RV SE R AR AERE B [15], A T SRBZR MRS ol b R R B
i, 4 diiRh o0, 53

diq }
uq:LE+qu+Kev )

HEAREAY . B LA IE AT R B, 1521
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F, =K, (5)
RGNS B . TTREN:
Ex g _p _p (6)

Hol: ug i 50N q BRI Ry L 2 AL B BE A R K A FALI R B A E G v
NHMEN TR F, .« F, 500 AL DA RGP 1: K, AR5 x aHbLE)
THINIRE; B NEEEERAL.

FKHEIR S B LIS HON 2 1 B dl,  Forb 7 380 A0 R4 R 0 nT B IR A SR Bl & ok, H IR ER
B35 R P48, @m0 B ) B2 AL B AL 16100 1] 5(a) TR .

TSR HAE S PID RIS IRE L1 7R Kpo, Ki0, Kdo =AME, FFKX =/ ME/E A PID 1)
WIGRIE, 2SR5 SCHR[18]4E 57 Kp, Ki A1 Kd FBDHIELIN, 57 5 TBOM PID 1 B2 LIS AL G ] 5(b)
Fiizme NTAET WSS, ¥4k 4 PID AR PID WA BLAR P&, @il [m— A n ik a Bon k. FHAL
MRE SERARIANG S . FEIPE NS RWE 6 Fis.

P 45 5 0] LA 3 1 TR B 18] () R T B (0%) 181 IR 8] (ts) R RS 2545 22 (ess) WL 22 2 BT 51, ts B
FIFRAE 3% AN . B4 2 AT PID f)_ETHnf 1A) B %58 PID 220N 57.9%, M E W E /N 29.4%. 1
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Table 1. Linear motor parameters

= 1. BEBENSH

HEHEH/N-AT SEEHER(V-sT) H & /mH H, FE/Q ik /kg g AR WL PR 25
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Figure 5. Fuzzy-PID linear motor simulation model
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Table 2. The response of the model to the step signal in PID and fuzzy PID control
% 2. PID F#&E# PID $HI AR B3 B BR A5 S B R

G DARES t,/ms % t,/ms s
L4 PID 32.23 1.495 43.25 0.001
R PID 13.56 1.056 25.36 0.001

Figure 6. Experiment Diagram of linear motor

6. EZEHSLIE

4.2. EE&BYINFERTE

N Tt B IRAERE PID BIRCR, Ao IR HIA% 4t PID AR PID 1F 04 EL 2k s AL B PP 2| 5
EHATIRE, K EZENUKCTIE I 6. 2 H 4R AR ERE T DSP 1 4/8 fimiia szl £, %
RBUE L 10 mm/s, KAERSEDY 10 ms, B2 NN 53 #2401 7(a) B o AR A SUE B SR,
A5 B A TR NITE S, T YOGS L 5 B2 L 7 AR TR, B 7(b) AR IR
PID £l €%, N 10 mm/s A2 A5 B FEALEN 7 (R 52 0 17 h 22

HT P 7 R BEE AR LD 10 /s IS P9 3 (0 T JS8 M [ ph 26 7 R (tr) 8 1 B (0 %), 175 IS TR (ts)
AIFAASIRZE (ess) I 3 FTAlo M 3 T LU H R AR PID A D LA FEML 10 32 P58 42 Al 5575 80 103 P2 T 2
VAT TR SR, FadSiRZE T/, FadSI I B S AE 2% AN o SB6TIE SR FH AR PID $ il 4% B 2% Hp L B
MR SRS, B b LS
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AR T FARTOERSAN T G 1250 S TAR SR ER, 0 Foin i 32 SCHEBGEAT T 32 1008, b
FU SR B KA XS TR BN 0.1196 mm, 9 2 BLAR AL SO ARG FBE R s it TP & il
JE¥EH| 24877 H MATLAB/Simulink X B2k AT @B 5, HUER 7 EZRHALE R R AL PID 4%
il 5 AR PID il 88 x4 T W RAS 5 MM RAF oL, ik — 20 RO AT U0 UE o 7 BRSO 45 LR WK F AR
B PID $xi 2%, LA AR E RAMARSRE, B BRI ETE 2% AN o« S fE 17K P
R LR B ) AR S T R e S A LN T BE U Bl — 5, RS AR AP S K B BT
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R TAE 00 A JRAOTR T RIS 35 26 35T F epxt BB 2RI, R TR
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Figure 7. Fuzzy PID and traditional PID control of motor speed
7. 53R FAER] PID FnfE 4t PID &I B AR E

Table 3. Speed response of motor with PID and fuzzy PID control
7% 3. PID 45 PID 421 B B AL 13 B Aol R

=0 WARFS tls % t/s e,/(mm-s ™)

ORI PID 1.63 X 2.12 0.17

1£4; PID 2.61 ¥ 451 0.23
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TRIGIRES AR IEER 7~ K 8 I 7L (No0.51279044)

SE

[1] Wang, S., Li, Z., Han, X., et al. (2018) Lipid Accumulation and CO,, Utilization of Two Marine Oil-Rich Microalgal
Strains in Response to CO,, Aeration. Acta Oceanologica Sinica, 37, 119-126.

DOI: 10.12677/iae.2018.63017 116 INE SR &S


https://doi.org/10.12677/iae.2018.63017

B
&

4 55

[8]
[9]
[10]

[11]

[\

!
[13
[1
[15]
[16]
[17]
(18]

]
]
]

N

1
1

https://doi.org/10.1007/s13131-018-1171-y

Ding, Q., Chen, X., Chen, Y., ef al. (2017) Estimation of Catch Losses Resulting from Overexploitation in the Global
Marine Fisheries. Acta Oceanologica Sinica, 36, 37-44. https://doi.org/10.1007/s13131-017-1096-x

Han, Y., Wang, B., Deng, Z., et al. (2018) Point Mass Filter Based Matching Algorithm in Gravity Aided Underwater
Navigation. Journal of Systems Engineering and Electronics, 29, 152-159.

Tianyun, S.U., Liu, B., Zhai, S., et al. (2007) Marine Engineering Geological Exploration Information System
(MEGEIS): A GIS-Based Application to Marine Resources Exploitation. Journal of Ocean University of China, 6,
226-230.

MR, WA TR K v M. UK A, 2009.
FALAS. W T ) = R AL B AR E T & BIFHRI[D]. A AR kK, 2013,

Pahk, H.J., Dong, S.L. and Park, J.H. (2001) Ultra Precision Positioning System for Servo Motor-Piezo Actuator Using
the Dual Servo Loop and Digital Filter Implementation. International Journal of Machine Tools & Manufacture, 41,
51-63. https://doi.org/10.1016/S0890-6955(00)00061-4

HRLA, R, EET. BMMEERESSE ZAAE R F 6 ERN ] EEREE SRS, 2005, 24(4): 76-78.
5. 2T R MIRS K E N R BRI 7T[D]. W /RIE LK, 2011,

Hu, S.S., Wang, Y., Liu, Z.S., et al. (2016) Exploration of Measurement Principle of a Three-Dimensional Current
Sensor for Measuring the Upwelling. Ocean Engineering, 127, 48-57.

M, BELLEE, WaLAE, S KADGHSANCEEFR PID SEBOH E B E T[] BN FR, 2013, 34(10):
2388-2394.

B R, T AR B NUR A LA IRER K W I [D]. M /REE Tl K2, 2014,

WG, SAKAE. PR S ML RGOS H ARAL, 1998.

TR, BT BN PID £ H K BE R0 B4R LRI IR ) R ot 72 5 SEBL[D). FIHEK2%, 2014.
PR KRS B AR R AN S A R 5P R P A [D]. PR K, 2013.

X 43R, Jeidk PID #%#] MATLAB {5 5 [M]. H-F TVl HARAE, 2011,

X2 ¥, PID S0 5 HiAR IR 78 I S FH[D]. A K27, 2010.

Tk, B Tw BRI AR LR B s I AL (D] M RIE Tl K2, 2010.

Hans iXlth

KPR B P RR T s

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THARMELSE: [ISSN], HIAMATI ISSN: 2332-6980, RIw/ i)
2. 4TITHIM T I http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

hmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: iae@hanspub.org

DOI: 10.12677/iae.2018.63017 117 s 51


https://doi.org/10.12677/iae.2018.63017
https://doi.org/10.1007/s13131-018-1171-y
https://doi.org/10.1007/s13131-017-1096-x
https://doi.org/10.1016/S0890-6955(00)00061-4
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:iae@hanspub.org

	System Design of a Fluid Flow Velocity Simulation Platform
	Abstract
	Keywords
	一种流体流速模拟平台的系统设计
	摘  要
	关键词
	1. 引言
	2. 结构方案
	2.1. 结构原理
	2.2. 主支撑板的静力学分析
	2.3. 支架整体有限元分析

	3. 平台控制系统设计
	4. 直线电机的仿真与实验
	4.1. 基于模糊PID的电机MATLAB/Simulink仿真
	4.2. 直线电机的等速实验

	5. 结论
	致  谢
	基金项目
	参考文献

