365 H 1MW
20174 1 H

C

VAN

Journal of Huazhong Agricultural University

Vol.36 No.1
Jan. 2017,130~138

EESERD T & LR [ R

M= EEEE T

M oEETC BEX

e R KF T FR, AR 430070

HE

LI A it (Hy pophthalmichthys molitriz) FMBEHR 3 & MR 2, o AEE BRI 6 L iy

BE A . R Matlab B X% 1 8 £ e (R HIR 20 F 6 B #9322 AT BUE AR, 25 R R W, E 1) I () B IR 0

A7 T i T R R A 1 6 2 R M2

KN GHIR NS G WA G T A IR, BB 1 kg Z2 4 09 H BE, 2050 LUK R 59 4R 30 R s

B BUE R TE A [ i A S BT B SE I I ()R T A R L 45

BB HHBA IR T K/ IR 045 6 T L OHR DT AR A R R 1 B 1) ) A 1) B B 3 0 R ML . R
ERSELURN E 1) 3 90 24 32 B, SR R ARHIR 3 °F- 5 PT LA 5 3R 00 AR 1Y 3K 8 7 1) 638 “HL I S B0 TR Y 5 2 1) B SR T L)
K 1006 HLAE 1) I [ B 15 180460 A L S80IR 7 K/ L IR 7 45 6 D A L AR O AT A R AR . B (B A DL 4
5 5 I A5 R — B, R W L Y f RS SRS AL R AL I S R TE IR B & L iiE g,

KR IR IRSNE W KRE M E mIE BRI

hESES TS 254.3 X ERARIRE A

rh ] TSR B A I R K e i 2
ZAEAL R — 2014 £ 6 461.52 7 t, HirbiR
KA P K R R R Y 499 A . HIR K
fan Tk R e & JRAg S 5 &k R L fETE
SR ST 0 T 25 A R H R ARAE I A
FGor 9 1) A X Sk 2 Y E A AR N Y R AL 38
AR N T T ZE AT o Ay R |
RN KNG SFP R EDT S RER, R
{7 A V) ) 45 Ak 2 2 BRI AILBR 25 01 2 ok, &
e 25 IR ) 2 SR AL kAT L R R
N oSk R ANE 15 4% — 2 U7 ) R AR HLGF, D)y fiE
JESEALRAL I T, B AT, R K B E 1) R K R
FAXT G218 . oA ] i T BoA 4l 3L TR IR 2 AT 23 R
2 FREAL A 1 RO S, T g 5 SR A% B A A
KB BEANAT Sk B ] B AR 4 A B AR AL 1 1 R
PATHLF BREE 5 50 2 28R AU, 24 A g <5
I R 3K 2 25 il T2 £ AN () SR AL T B S 3 T
(1% 3k B2 W (H 3 b 7 2CAD R R e B £ sk B —
BoEm . PRsh ik E m g — M EEm k., A
KR B i Ak o m R OE R £, an R ORDTT K

Wk H BT 2016-05-15
FHAEWH . @mKRBI %L1 (2013PY126)

XNERS

1000-2421(2017)01-0130-09

RS RRR T AR I S ] BB R LB OK R B A Y A
PR AR A K AR R 1 AR AR B
6 2o e v T B A B K R B e Y
{0l Ay ok W A 7 A BT IR R 1 AR AR
S XY DA BE SR BT X 4L R IR BT 5 B
E T 7E R 3l i 6 2 i v AT A RSk R AR 1 Y
AT ASBEIY LA AR AEDS AR B 5T O A
il 30— 2% B AR AR 3 & T L 09z B AR kAT H
WM SIS BRI 5 451 Kkl T 22
B A0 TE 1) 1 52 TR L g PR HIR B R 1) 2 B A AF e B
HEHS A

1 #MREI*®

1.1 RN EHEBIZIT

R 3 50 X G2 1 B 1 (R B R A PR X R
T3 WRAE A5 BER X HR Bl iR A% ) S O 2 £ T A O
7 IR B Oy XA AT RO AR B R B R
("1, wE 1R, K 1600 mm, 5 800 mm Ay
HEMEA RS 4 A FRER AR E b S M
M5 2%e 1 GRS, & AT 7E 25°~45°78
BRI LA 5° 0 ) B a2E 47 9849, 41k sh i ML ) 5 & i

1]z MG A 5T 2R BRSO R PR I T4 R 5 2% 4%, E-mail: 136157134@qq.com
GRS . WEH L L BB, PRI RO AR 54445, E-mail: thq@mail.hzau.edu.cn



Bl

]z M 4. FBETE IR S 6 Bk R E [ B

131

My JEf AT AE 30°~ 907 [ N I8 v . R 2l HE BILaE
YZS-3-6 {0 9% 3l v Bl G U A 45 28 BIL AR 28 7]
) E LR &N 32 kg, BN WO FRE A
1.7 kg, B &5 ALIER J) IR AE R 3 kN, %28 7% 3
930 r/min, WWE A AN 8 mm X80 mm X 150 mm
TS, B TP AR N 72 mm, £ H2 N 8 mm, T

FAMEER 150 mm, HATEE N 32 mm . 7 25 8 5L
a4 B, BEAF A SR EY N 184 kg, K5
B 5 LR [ B9 400 4 25 A5 i 2Bt 65 1T b 3 7F IR
ShYEFE . 7E 65 1 3 A T 3548 2l 1 o 7R P R
BBk BT R L A, N S B fa i sk R
SE ],

A PR 5 45 #) 8 &l Structure diagram of vibration device; B: g 2l1% % 554 ¥l Physical diagram of vibration device; 1.4 Chas-
sis; 2.9 % Spring; 3.9 % S 16 # Spring oriented column; 4.5 % Guide rails; 5.3 84 Moving block; 6. F {45+ Retractable spear
below; 7. 45+ Retractable spear up; 8.5 ‘B %2 Table frame; 9.HLHLHE Motor seat; 10.E #H 4 Fixed sliding block.
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Fig.1 Vibration device
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Fig.2 Force sketch map of the fish on the platform plane
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Fig.3 Exciting force sketch map of the platform
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Fig.4 Vibration model of the fish’s body
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1.3 faAERZIAE LIEFhME N EEY

D 2RISR i 2 . ORI X 4 1 (kAL &
o, wBEFE N 1050 ¢ A, kKRR
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Fig.6  Figure of the gradient slide
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Fig.7 Calculation diagram of the orientation angel
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W) 5k 2 k2L o, L« plsind > i LcosA , Bl
plsinA>pplcosh , u<tanA , 3 H, xRy W) S 5
75 T AL P EE AR O S I AR L Dy 0.7, W] HE
R =>90°+p+arctan(p) , M A REAR L FE Ty, th I
SR ¢, 150°,

D MARTEIRS) &1 s M BUEELRL, ik
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1 OLHEAT AT, A UL IR AT 8 0t S 1) B[R] (Y 52
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Fig.8 Results of numerical simulation
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Uy 5.5 kw IR AT EH 0~50 Hz; DT-2234B #Y
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RIECI . 1T F=2m,rw’sin(wt) , 4% 28R 1%
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HE - 259 5 T B ) CLATR 5 BR A8 1) IS TR] ) 2, - 34 d ¢
FARE o (LAF AR A1) P S B 2B |) ¢ CLATT i
FREZCIE) 5 28 1] i) 38 5 58 ) i 2y i) OECA 06, il 50
Iy 5 AR S AR AL f AN /N T 5E ] £y 130°, BIIA K 5E
W, MR R A, SOt TN IS R



%1 =M 5. AEEERZE S LAYk R g m Ao 135
1 KBWEERSKE
Table 1 Factors and levels
7K Himfsm o0/ P - /m PR w/(rad/s) Je /()
Level Dip angle of platform Eccentric distance Frequency Included angle
1 25 0.042 9 51.55 30
2 30 0.039 6 53.65 45
3 35 0.035 5 56.70 60
4 40 0.030 5 61.10 75

MRS 1 A2, A IE T — KPR
%R ER 30 W, A PRIES BB — B,
R0 I £ (AR B A A Ol 207, a0 AR b T e R
TR AGL R T FEERY 2 31 O, 58K 1 ik e
RS 6 WS HEAT T 1R, BRI 1 A

2 HRESH

& TH {5 f Xt 7E 13 B 18] B 22 i

#E F=1333.5 N(»=0.030 5 m) ,a = 30°,
w="56.7 rad/s, #47T & A 2125, % 2 2l
g, B9t A-D 40l o & T D 25°.30°,
35° A0 IR IS i I 75 1Y e & AR BE AL T 2 A BR AR
BN, IS5 R R, BEE & WA 3K, F

2.1

BJF[] DA RT3 I 34 9 /0 5 2 1) B D) Ry ik B T
100% A& TE 151°~186°, 77 22 M4k R %
1S T 0= A e =l D [ A T2
(P<<0.01),
2.2 BR3¢ 7E (5 B 18] B R i
WERHRESE 0=25.a=90" 0w =156.7
rad/s $EATHIR F1 KAV IR 5, 3% 3 il 56 1 25
B B O10A-D 430 b B 1 R/ 1875, 7,
1 731.4.1 552.1.1 333.5 N I 56 i o 15 114 o5 2% £
BEALF 2 AR BRAR S Mg B . IR a5 R R L B S
1 €A NN B NI o N D T i A N A [
IR R FE T 100%, FE A M 170°~ 175,
J7 2557 A 45 R W« R T KN X R 1) B 1] A R
R (P<<0.01),

*2 AHEHMARETAR
Table 2 Results of experiment of dip angle’s change

BB 0/ WYI# 6/ % TE T ] 20 /s 25 o/ () A 1/s

Dip angle of platform Success rate Orientation time Final angle Final time
25 100.00 1.268+0.093 185.4+9.1 1.489+0.089
30 100.00 1.096+0.068 177.4+7.4 1.26440.065
35 100.00 1.00440.033 172.9+4.4 1.140£0.034
40 100.00 0.87840.025 151.5+11.9 0.9384-0.044

D

A-D 4358 & HAB A A 25°.30°.35° 40 I e A A FRIR A A to D show the limit state of final angle of fish body at 25°,30°,35°,40°

of dip angle of platform.

9 AREAHEHATHRLARBRRS

Fig.9 Limit state of final angle under different dip angle of platform
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Table 3 Results of experiment of exciting force size’s change

WAk F/N B o/ % FE ] 2o /s 2 01/ 2t 1/s
Excitation force Success rate Orientation time Final angle Final time
1 875.7 100.00 0.92240.034 174.0+3.6 1.040+0.040
1731.4 100.00 0.98840.060 172.9+£7.7 1.099+0.083
1552.1 100.00 1.049+0.056 175.0+14.8 1.190+0.078
1 333.5 100.00 1.12540.034 170.04+10.2 1.242+0.030

D

A-D 239 MR S R/ R 1 875.7.1 731.4.1 552.1.1 333.5 N Limit state of final angle when excitation force is 1 875.7,1 731.4,
1552.1,1 333.5 N.

B 10 REBRD KN TFHSLRBRRKRE
Fig.10 Limit state of final angle under different excitation force

23 HiRH5E & E kR E [ i E E R T2 MRBIRAE BN B0 . IR A5 R R W A Bk

BRI E S F =1 333.5 N.0=25"w= JJ5 5 10 A B3GR, - 243 F ) LA K SF- 249 2 if i/ ) 5
56.7 rad/s FTIUIR 1 5 T e A ORI, 3R 4 Dy E BN BRI 100 %0 (H AT LA O B A A
W RZR . K11 ADaRAMIR DS G BRHMBE/NESE. T2 i R LWL BER S
2R 30°.45°,60°, 757 I 1 56 T I A% B4 B 2% AR BE AL TR R X S 1 IR 1] A 52 R AR 2 2 (P <20.01)

x4 BWENEEERAUTRE

Table 4 Results of experiment of angel change between exciting force and platform

Jeffi «/(°) Included angle J{IIH 6/ % Success rate E [ Hf[H] 1/s Orientation time #Zff ¢1/(°) Final angle 2Bt ¢¢/s Final time

30 100.00 1.410£0.135 176.9£3.9 1.59840.128
45 100.00 1.18420.052 182.2£5.4 1.35340.055
60 100.00 1.175240.021 161.2413.3 1.26640.033
75 100.00 1.171240.034 150.0410.3 1.21740.045

C

A-D 439 iR 715 G e 30°.45°,60°, 75 B e & A A BRIR A Limit state of final angle when angle between exciting force and
platform is 30°,45°,60°,75°.
11 AEEXBATHREZRAMBRRKE

Fig.11 Limit state of final angle under different angle between excitation force and platform
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24 HHRSNE X E = B 8] B9 5 0
WERHRBESE F=1 333.5 N.0=25".a=
30°HEAT AR R R 150 . 3R 5 Ik I s R . K
12 1 A-D 43 59 g PR A %2 2 51.55.53.65.56.7,
61.1 rad/s WK 5 BT A5 A9 Fe X A AL T 2 W BR

RSO AR R AR 7 AL TR
S UNG RS OIS S ORI Pt DNE: %A
SE 0] YR IR BT 1002, F B4 ff e 5
R AP BRI S . T 22 T A R R L
IR 3 HRLARE RE 1] B [ B 52 0 B (2.3 (P <<0.01)

x5 HMIRMEHTIRE
Table 5 Results of experiment of frequency change of exciting force
PRI w/(rad/s) I 6/ % SE BB E] 20 /s ZA o1/ 2t 1/s
Excitation frequency Success rate Orientation time Final angle Final time
51.55 100.00 1.42740.214 209.3+12.8 1.677+0.208
53.65 100.00 1.644+0.177 183.4+8.4 1.854+0.176
56.70 100.00 1.4954+0.131 189.64+14.3 1.701£0.144
61.10 100.00 1.321+0.115 188.8+16.5 1.539+0.139

51.55,53.65,56.70,61.10 rad/s.
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Fig.12 Limit state of final angle under different excitation frequency
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Theoretical analysis and experimental study about head-tail
orientation rule of silver carp on vibration platform

XTANG Yunpeng TAN Hequn WAN Peng HUANG Pengfei YANG Chongxing

College of Engineering s Huazhong Agricultural University , Wuhan 430070, China
Abstract The inclined vibration platform and silver carps were used to explore theoretical basis of
the vibration device for orientating fish’s head and tail. The motion rules of silver carps on the platform
were theoretically studied. After obtaining parameters of a fish,the movement of the fish on the inclined
vibration platform was simulated by Matlab. The relationship of orientation time with size of excitation
force,angle between excitation force and platform,dip angle of platform and frequency of excitation force
was investigated. Taking self-manufactured orientation equipment as test equipment, high-speed camera
as monitoring device and silver carps weighted about 1 kg as research objects, the orientation time and
orientation success rates under different input parameters were studied.Based on the results of numerical
simulation and experiment,the rules of orientation time and success rates with size of exciting force,angle
between exciting force and platform,dip angle of platform and frequency of exciting force were discribed, which
will provide important basis for designing the orientation device of freshwater fish head and tail.

Keywords silver carps; vibration orientation; orientation of head and tail; orientation time; excita-

tion force
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