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Stress — strain analysis of vertical axis rotary steel gate
based on fluid - solid coupling

YUAN Yao', LI Zhongbin®, XU Xudong', SHEN Qiangru®, YANG Fan’

(1. Jiangsu Institute of Water Resources and Hydropower Research, Nanjing 210017, China;
2. Yangzhou University, Yangzhou 225127, China;
3. Nantong University, Nantong 226109, China)

Abstract ; Vertical axis rotary steel gate is widely used in small and medium — sized hydraulic engineering. In order
to clarify the working force characteristics of vertical axis rotary steel gate, fluid — solid coupling method was used to
calculate and analyze the stress and strain of vertical axis rotary steel gate under different working conditions, and
the stress — strain variation rule of vertical axis rotary steel gate under different working conditions was obtained.
The results showed that when the vertical axis rotary steel gate was fully closed, the relative concentrated stress zone
occurred at the lower support and the end face of the coupling, and the maximum stress was 20. 06 MPa, which was
8.7% of the allowable stress of the material. At this time, the deformation of the middle area of the vertical axis ro-
tary steel gate was the maximum, and the maximum deformation was 0. 076 mm. When the vertical axis rotary steel

gate was fully open, the relative concentrated stress zone occurred at the end face of the coupling, with the maxi-
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mum stress of 11.4 MPa, which was 4. 9% of the allowable stress of the material. The deformation on both sides of
the vertical axis rotary steel gate was large, with the maximum deformation of 0. 0172 mm.

Key words :vertical axis rotary steel gate; fluid —solid coupling; stress; strain; numerical simulation

SRR N ] TR TS O SL L, T BT
WeKALANG B R AE ] ST ) 1] 2 T b
ANEIHEZK BT T S KR K AR AR TR
G 1A R R PE B, B A IR TS B
iR e 929 S | W R VN SR GEivd 2 £ Ak U
TR o SEAIIEEE R 118 R ARORE FR T b0, BT DAL JT
ORI JC T FHC AR R BELT T, 388 3 %8 Je 7 Al e 2 4 11
(<30 BT 9D VAP A DIVAGSY 0K § 1= & e E A 1o
G3 AT, AT EE 2 U N S A A D 8RR
WA TEEY, T ST ANSYS Work- Bl SRR = S
bench ¥ & [ Fluent i & 43 #7 #€ Bt &z Static ;
Structural [ R 4E) 73 M A5 B, 41 %) & ToU - 17 4 )
T8 Hy T K 3h R R 1) 3l 2 ) 1 AT F
GE. W 3 B 4 M 5 A RGO
25, 88 0 A T 1T AS [R] O B8 T 4R 3l 4 1. B8 55
SECURIESE T IR W K R S TR A1
FHUSE SIS Tl 768 A ] - 0 37 37 1) W 25 it ik L 3
BEIKA S 7 1 28 A R o A SCR P B o) 3 [
B AT 1 AS [ 00 I S7 e A 4 vl 1]

4 I8 7 AR, AT kg 7 e A I 1] 9 5 P 2 STEREREIR TR A PR
RS%,

1 RpiTEEE

1.1 EfEE TS5

SR AR T TR FE He Ry 10 1, JEE 3 R
19 1710, FI ] = 2 AR X 37 Sl e 5 4 [ 1) 3
1T =2 A5, ST b e R IR 1) 1 = AR G el 1, %
ST R B IR DA AR S i AT A 2 4 Ak )
WX 4, Sr b OE e BT 1T RS B T B
66 468 A~ , 37 R Il 1] A A5 R IS G 2,
1.2 FREEF M &L o

T FF = e AP R A AR AT = S 8, 7 (O AR
Y = MBI 3 (a) | SR PR A RS R4 7 50 B
VUHETT AR R4, RS TEY 3 714349 A, 0 2 Gl S AN |
YA IR el 5358 UL 3 () , Sy B HR ] S L;_ -
i b i R R A 3 (e) B e —

13 hREH
S S B 1D 0 A 30T = 4 9 O

SERARER, Y5 FRURRUE & — o Bt 0L TR0 4 A1 7 By B3 SRR AR R

TR A IEBINGE N B SRR OL i b IR XERRID AR s K B Oy o

(¢) VSHERLINID 5= P A%



%57 3] S8, AF FETURIERE A 0 SRR W T N A 23 A 7

PR A TR D 660 L/ 7K 1B T 32
o B A, B E AR L atm A
TSI B RE T A, MR 25 B 1077

IR IR Q235 49, HoA R S RO « SR
E =206GPa, AR w =0. 25, %5 p =7 850 kg/m’,
) e RS R G S k= R i AT D7 S 28
HR AT A 1 B T T R ) 3 B | A Y R A
A3 UM B TR 74 P 3 ) 1D 2854 1 3 T R 5 1 b 7
PSSR R AR S R SR ( R AR
[ AL AT, SRl L A% 3l ) -5 1A 4 g 17 ( 295K
i LR TERE ) .

MRS TR PR T o0, B 3 b T 00 % 574l
et 54 ) 170 R AT 3 180 S 5 B (B UL, T B0 2 B
T PR,

Rl BIRMIASH

TR Li)‘i?;k&/ T%;Mj/ ( L{ﬁi%/l |
1 21 1.0 0
2 Eouil 1.0 0.6
3 i 660

2 HEERSHMW

2.1 HREEWNEIIAE N2

NTR) T 0 R ST b 2 A 1 1 g ) 2 L ] 4
Fi7R o 3 A0 E S7 b2 4 ) 1 2% 1 1 g 43 A A+
X850 AR R W T e AR E T S P A R Al 25 i
AT BRFET , B RO N g 359 2 AR AR I A 4 oy T 5 00 1 1
75 5E % B ) 1T %) de KR 3 ok 20. 06 MPa, T30
2 W, S e SN IR T A B K L 1 R 16,6 MPa, T
B 3 I, SEEESE B9 W 1] e RN 0k 11,4 MPay,
T 2 B, ST BERE B 1] R IS K, S e
SRR T 0 R T2 A2 10 KO ) AR T4,
[0V o R N A NP B T B a2 L
FEBF, 37 0 75 e ) ) 1) 3 T o 22 A2 B K ey 2 o
i, BIER 7 B T8 2 BN, T80 1 Rl 3 oA e
FIH T8 o
2.2 AEERNE TN TS

VL 5 SRy A [7] 450 B 7 Al @ 2 50 D 17 0 1o 78 2=
P, T8 1 FT00 2 B, 37 4 0E 5 84 1] 11 Ak 5% 141
RAS, AR 43 A A — 2, #K R 7 6 11 17T A9 52 i)
R R S7 R IR 1] d R AR T & A A

o 000 e

@on

(c¢) T3

4 ARIR TR NETHE D= E
S Sl B FA e i 4 ==qs: s S E NI D B S s O A
JREFEMIR [ IAE 00 1 B, e KA HE &0 0. 076 mm,
FETLL 2 IR RAZIE 0 0. 0549 mm /£ T80 3 I,
7 SR A 1D #) 1BEERR U S A e e i 0
SR, SEAERE AN 11 10 fie K AR K R A ] 1T R
P, e RAETE 4 9 0. 0172 mm, T8 1 Ry Sz flfie
FRA 3 A T I AR S0 AR Fe A T 00

] 6 Ay AN [ T 50 Ik 37 b e 4 499 1) 170 A9 5 K I



N

ey )

000 @0

(a) T.5%1

it

a_:— 1 ja— ] Efgi[i:

T b T2

(o) s

B 5 ARIRTILHEREREITHEERE
Ty RN AR HI 2R, T8 1 I S7 Al 4 9 I 177 7 A=
T BRI S B 5 AL, di R {E D 00 3 i
SERIERE IR ) B R R 1. 75 A%, H 0L 1 )
IRRASTE AR T 00 3 S b e % 10 1l 1114 4. 4 A
A5 UL 55 R 1A I g 4 Fp DX 49 e A A 7 i e 2 4
(1T SCH3E A FITER b 25 S 1, B KNE 3 (E ¥/ T
BRIt AR 558 B2, D5 48 AR 098 B 32, ATt Y
SiE L AR A B 5

2021 4£ 7 A
—e— KNS —e—fRNE
25 ¢ 4 008
4 007
Q‘f 20 I . 0‘% \E
SERT 1005 =
2 10t 1003
i3
s | 1 0.02
1 001
0 L L 0
TH T2 TH3
AT
B 6 & T B Sz 5 e e 5 R0 17 B9 2 7 Jiz 22
T 2%
3 &

(DA TR UL, Sz Bl e 40 i 1] 2 1w i
T1o3AGAHRT R B3, L 7 5 e ] )1 SO AR A il
sl 0 5 76 _EJF KR 1.0 my, R JC/K I, R X4 o
D25 9N

(2) T2 Bl % A 1] 1] 5 P I, fie RSB & A
T8 7 A A B I 1) v i) DX, LD S Al e 4 ) ]
6] D3 I ) 30 5 Ak A 8 728 i ) 5 7 S il
SR IO J F S b 2 o 1] 100 52 3K L
Phi g A e RAETE

(3) JE A X S S AN IR 1 149 22 T B0 L [T RR 5
ST, ANTR] T B0 I 7 e A 0 ] 4 A8 R L
(ELEI AT 1 DU AN R], AEAH RS B2 /0N , S Bl e 2 44 1)
3R 5 RS AR 3 ETARG F AARe 114 D i o8 12, S Al e
LA I I 25 RS AL 5 JBE SR, I AL AL T A 5
JEEORM AT, Rl T 5 5 S AR A A4 R, DU 4
T3

S 30k

(L] O3k, e, SRR AW 1 A i 3 1
A BEAEUL) ] ANRET, 2020, 42(4) :112-115,
134.

(2] Wbz v il 1] 3 1514 5 I 3l R 4k B R R MEBIE 5
[D]. F% AR A R, 2019.

(3] 5, KR, L, . FET I E RS i M) T
B I RS A (1], K I3k HL, 2019, 45(5) ¢

86-90, 117.
(4] & € WA AR s S D]. M.
Bk, 2006.

(5] Z=B. SR )30 ) e R R s B AL [ D ]
Kvb  KRYPBT R, 2013.

(6] T, AS[E I EE A 9ITE 16 1] 3 13 6 5 45 (5 B 4L
[D]. #BIH :AedbKFIK K2, 2018,



57 ] 3

58, A o TR IR P S e A 1D B IO ) 1 2 S A 9

[7] HU Youan, WANG Meng, WANG Miaomiao, et al. Hy-
draulic calculation and dynamic analysis of columnar re-
versing gate[ J]. Water Science and Engineering, 2011,
4(3) :294-304.

(8] FEAE%. WARHUMUGRSE G i T AR BT T e [ ],
LM AR, 2016, 47(2) :1-14.

(9] 2B, skbd, SCiE. sk A shi IR skt i
ER SRS 5T [T ). KRl “2 4z, 2015, 46 (11)
1360-1370.

[10] SINGH D K, PAL P, DUGGAL S K. Dynamic pressure

<<

(E#% 4 W)

F4 T T, DR 335 B 428 % 3 i 25 5 i o A
FEIBD HE MBI 5 4K 57 1 25 B I A6 200 S 55 1Y
W, ZERE TR TE 4 Fh 5 L PO A Y AT 4T 8
A2 - L HBIARI T RO R T AR A PR A
B & B IR 4R FE BB AT o IF 5 R Xt
fifp ke T b RUHAT B ORHR A X R A T
JKGE T TR A B B AT, PR R RS I BN S
it , DA R Aie o 3t 5+ 2x 22 B PR B U A R B
RE

S 3Lk -
(1] BRVRRIR. 2B TR A AR MBS B BERS [ R R

[2]

(3]

on lock gate structure coupled with fluid[J]. Vibroengi-
neering Procedia, 2019(29) :165-170.

EFFE. FIBWMBARS K TIE NI I E e A F
FE[D]. FBIM AEILKFIK LKA, 2017.

ZHOU Minzhe, LI Tongchun, DING Yuan, et al. Fluid
— structure interaction analysis of layered water intake
structure considering load changes[ J]. Advances Materi-
als Research, 2015, 3696 :569-574.

DRI HET ANSYS [k el 3y I R K 9 71 43 Bt J5
ERFELD ], B AL R, 2006.

I I I e

BIT]. KR 5iit, 2015(11) :120-122.
LE, KM, TRA. KRR L— W T
FFEEXEIH ], 4 KF, 2011(9) :19-20.

. TR 406 R BOR R ARENTLT]. WM
A, 2017(4) :184-185.

FAEW. BRI H X BU 5T H F R REIRAR
Wi (1], BHLgPr 21, 2018, 26(19) :130.
U, TR, RIRFEKIGE TR 5T L3 ik B
(], Wpg KA 5 R KL, 2008(6) :3-4.

B4, kR TR LRI AR R IR R S RS
Be——UAIRDH A B[ T]. A5 TA AR, 2019, 27
(3):85-88.



