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Abstract; [ Objective | Radial gates are crucial components in flood discharge structures for reservoirs and dams. Their structural
safety and reliability are of great significance for achieving normal operation of reservoirs and dams and ensuring structural safety
during flood seasons. To analyze the structural safety of the radial steel gate under multiple complex load conditions, a detailed
3D numerical model of the large-size radial steel gate was developed using ANSYS. [ Methods | Taking the large-size radial steel
gate in the Kafue Gorge Lower Hydropower Station as an example, the mechanical responses of the radial gate under three typical
operating cases, e. g., closed, instant opening, and momentary open fault, were calculated. Then, the reasonableness of the 3D
model and simulation process was verified through case comparisons. Moreover, the distributions and variation laws of
displacement and stress of the radial gate under different operating conditions were further analyzed. The strength, stiffness, and
stability of the main structure and fastening components of the radial gate were analyzed comprehensively. [ Results]The result
show that the case of momentary open fault constitutes the most critical operating condition for the structural safety of the main
structure and the radial gate. Under this scenario, significant deformation and high concentration of equivalent stress are observed
around the connection between the lower support arm and the gate leaf on the opening and closing force application side, which is
identified as the dangerous part. Overall, the main structure and anchoring components of the radial gate meet the relevant
requirements for strength, stiffness, and stability. [ Conclusion ] The results indicate that in the long-term service state of the
radial gate, the dangerous part is prone to wear and has a risk of fatigue damage due to repeated opening and closing cycles.
Comprehensive analysis suggests optimizing the design and reinforcing this structural area to meet the safety requirements under
the most unfavorable conditions, thereby ensuring the long-term safety of the structure. The structural design of the radial gate is

safe and reliable. This study ensures the structural safety of the large-size radial steel gate in the Kafue Gorge Lower Hydropower

Station and can serve as a reference for the safety design of similar radial gates.

Keywords : radial steel gate; response rule; safety analysis; FEM simulation; hydropower station
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Fig. 1 Three dimensional geometric model of radial gate
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Fig.2 Three dimensional numerical simulation model of radial gate
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Fig. 3 Displacement distribution of the main structure of the radial gate under three working cases ( Unit; m)
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Fig. 5 Mises stress distribution of the main structure of the

radial gate under three working cases (Unit: Pa)
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T 3 THIAR Mises I 7 B KR ) Je P 04 P A i A2 A
%, IR AR TN R I SR AL, KM
IKF| T 212.00 MPa, W KT TAH 1 AITH 2, fEHR
SR T O R K Mises W 17N AR AL B 280525
IR 77 233. 00 MPa, 1A i A o 15 48 4 K

TAL 1 RS 2 FE R B ST N ) e KA b T
69.00 MPa 247, .00 1 FSK, A& T F
PSR RIR, FRER Mises W ) e KAH
AbF 187. 60 ~203.00 MPa JE[El, T8 2 Rk, ¥
MAE T BRI A A SR AL T 3 A e R A
JTHERTS, EREZESY N Iy KA K % 101. 00 MPa,

x2 BEGMBEITRNE

Table 2 Allowable stress values for each component material

o oy
SITE 1 T AR Q345B/t<16 mm 345. 00 233. 00 139. 00
TR/ 1 HAR (0345B/16 mm<t <40 mm 325. 00 219. 00 131.00
X HE SR 0345B/t<16 mm 345. 00 233. 00 139. 00
SR/ Q345B/t<16 mm 345. 00 233. 00 139. 00
IR G Q235B/t<16 mm 235. 00 158. 00 95. 00
S B AR ZG310—570 310. 00 209. 00 125.00
KB ET 40Cr 440. 00 297. 00 178. 00

WL AR ORFK R TR TR AL ) (SL74—2013) 7V A% SCUEMISE 5 B DCHLE , ARVFES 02 4 RO 1. 48, R VFBT VIR I L
0. 6 fEAVFISHIN 1 2. ARRAPAEVEIN I RS TR .
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Table 3 Maximum shear stress and Mises stress of each component

XTI, &/ KRB TERE | IEEEE S ZEDITR

R3 BIEMHRAER R Mises B A1ER

iy o B BRI S i Mises B J7 4t £ BT
TH 1 — — 195. 00 [IETRNER CYivepE gz
P | T — — 196. 00 BT MR A S0
T3 — — 212.00 TR T F2 2 A 0 SR e Ak
TH 1 69. 60 TR SO AL 187. 60 R A SR AL
F AR TH 2 69. 10 T R R SR AL 202. 00 rh SRR A A SR b
TH3 101. 00 T BRI SR AL 214. 00 T BRI SR AL
TH 1 63. 10 FeAn R 3R i 169. 00 Fe A v SR i
P T2 61.00 KR 3R i 180. 00 e SR v
T3 87.90 A S 213.00 A S i
TH 1 70. 00 TR AeAT SV A 132. 00 MR 3V A
e T2 70.60 TR AT LI 135.00 TR ST LR
T3 76. 10 I H RPN LSO AL 214. 00 T HRPRAG R SR AL
T 1 23.80 — 122. 00 Fe A b S S P K
gz T.0 2 21.80 — 125. 00 FeAn v SR T g P A KPR
TH3 25. 40 — 130. 00 A S T g R A KPR B

BT 2 IR R Ik 46. 16%, MM EABET
FRERATN AL, ERERE Mises N 1 K AH A
#]214. 00 MPa, HIAE N BRI TR, £
R B KB 1N SRR Mises [ 7248 T 10 3, ek
SYRI/INT FREEOR ARV BTN U7 131,00 MPa, i
K Mises N Jy /N F 3 f32 0ORL 25 18 &M B )
219.00 MPa, FA# 528 2k 25 il F1 55 D7 i 3K 5 o B2 AL
Wi, W BEAE IR T B R A ) S % A 1) e R
Mises I JJ 214. 00 MPa T AR W HL VP N J1, &%
T R BT SR, EUbtE T R R B R (o7 A i T
ILREE

SO B KRBT N S i K Mises I 1 43 5l R
87.90 MPa #1 213. 00 MPa, ¥JJ@ T T.0% 3 &4, ™
AL B AL T AT SR R e, SR RE AR R
Q345B/t<16 mm M ¥}, MK 2 HEEVF 57 Iy
139. 00 MPa, %5135 il b J7 HR 233.00 MPa, [H I,
SR AR R R K

X FEEEWREE, BN S A Mises I 1 Fe ANF) T.4500
Yo T 3, E RS R S Fl R Mises B 143 5 R
76.10 MPa A1 214.00 MPa, 43 #)/NTF 44 8F 25140 35 1
J1H139. 00 MPa, 25425 i i 71X 233. 00 MPa, i
B R EOR  HAE R, WA 1R
T2, T3 BN ) e ORE B KO R R, fE
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8.70% £ A7, fH Mises N JJfx KAE A KRG K T
62. 88% , UtHIE EH K FE Mises N 1 {H X} 41348 1k L
U, P, YT A A AR R s e
BEXTIE R AR SR I AR ) Mises N ) E4T 8
¥, kG R 2 K5 S Ak 5 K Mises 17 77 B B
Mg,

IR GEZ ST AR T 00k T80 3, 4B T
BT I 1 B RAE AT 30. 00 MPa, 2/ TH B2
VFBYRY 7 95.00 MPa, BYUIREIR 4 4 B L,
A, £ T8 Mises W 1 e RAEZEFL A K, Fe K Mises
N 128 130. 00 MPa, 4 BAE 2200 =2 8 iy sty B 0 7K
UL INT A RS VRS T R ) 158.00 MPa, [
I, AU R R R

HE, BEETHRE IR T AT R — E 8k
P EEHUPORRIKE- R B w AR U,
HAETEDL, Wk 4 Fro,

T ERERE, BEE TR, o, T=EA
TG w R E A0 AR, 76 T80 1 KT
FFEHT, S8R s, = EHRw
F24, HIFE5.50~7.00 mm Z[E], HPEREREw RN
6.92 mm, FifiZ M HALE A R RR B T80 2 444,
TEMR U, BER KA w HIEH A1 BT 6,36 mm
KIEW /N K 1.98 mm, HubFEE, b P EEPEw
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Table 4 The maximum deflection w and displacement U, of the same component structure

TG T W U, 5K fH/mm R U, i U, f/ME/mm FNU, P LR HEE w/mm
TH 1 11.11 B b 5.61 W3 SO SR 5.50
i T2 9.18 7o 3.40 W3 S SR 5.78
T4 3 8. 04 B R A7 1.22 e S Sk 6. 82
TH1 12.30 2 5.38 P SO SR 6.92
ERR| b T2 14.12 7% 7.42 W3 3 S 6.70
T4 3 15.26 B i A 7.71 e SR SR 7.55
T 1 12.54 B 6. 18 P 3 S SR 6.36
T T2 17. 04 G 15.06 IR i S R ST 1.98
TH3 22.49 A SR SR 13.03 Fef) SR S 9.46
T 1 19. 42 A2, 7T KRBT 6. 10 b ERRIOR 13.22
ﬁi T2 17.23 Fid, 5 RBET 8.34 b ERERSOK 8. 89
T4 3 22.69 A1 RBERER 8. 58 rh R SR 14.11
T 1 14.79 JEFRUC R 6.03 P I B SR SR 8.76
ﬁ; TH 2 11.40 HRERR s o 5.20 PR I B S 7R 6.20
T4 3 21.30 JEEFR U A Yt 12.10 2o i Tl B SOR 9.20

TE: 1L HMTAR U, WREERR mOE ) S28EM, U, JrmAflE, SeRPIUR U, BT, 2. KRB RS, RIS IS5 b
w BRI KR BTG AR B dhs
AR, R w P IRAE D R FHC6.70 mm,  w {H4 9.20 mm, HIRFEEIAIAKER G, /NTIE
(T3 A EE AT, SA BB U, # IWTISRIERAE, B, KPR Rk
LB AR AR AORE 2, w BRI R T T8 1 R T S, IR 1] S VA 4 b R 3 L
B2, HP R EBOR U R R, K R,
HL9. 46 mm MR B R, KA/ TIUEM 2.3 IEIEAEIEBEE S
[T FIER R IR 16,33 mm, [Rt, RS IR LIPS S A L INER ¥ L S o I
2R S = 0 97 S, B4 b7 425 SR e W) = 000 F 9 o

M EUWR, TO LR, Bekow s i R A, W EIOE ] 3 s i
13.22 mm, HIAEATIE 2 P56 7 MERBRE, 1 220 mEsH 0 SORESS IR E MG . AT
AT 2E AT PSR Hr s D BT, BEARSCREAT g i ANSYS Sk 5 G 20 1l 43 B7 50 445 1 T dn
bR SRR, TR SORA U, B 6 i i R S R = RS A TR S R B
N, RERAEIYCR o AR EEIEN . TR 2N, pREQ b A R R RS, MR M4 R, 4
PN FAR XS BRSPS 8 E0OR R R w t mgoR, 45— BB 0T e 4 280N 1,53, %
IROLFZEISR 4 MR S R HUCR, AL TIUEMITTOL iy oW M T IAMEEPE . 55 5 =B
B, w BOCMAALEN g 8. 89 mme FRAARBITILS, iy o i i N EE P, PO AR 2
AT AR RR R PV R AT 0SS 1 VORI e zmmdyy 8,57, L, 7R R S0 45 9 F T
w KR, R w BF T 140 mm, EEERA, BT P mAMAE T AT RSN R ITR, AL
UL I LR R R o R IOR W TS5 M B BRIA . Ao /R P i SR T A e

. BEVCRRIER G . T 14,11 mm & T
WAEHET 1633 mm R{E . G THEREAMES 1 ® O IVBRETEERERIT R 25T

BRI, (R s A 30 ) 0 e I s A e BRI IR] 1 B T AREE R I 22 2 BOR AN, BEXS
I, AR UETE BRI i i 25K - SCBC AE SCBRERR T J 22 A A o 2 ST IR

IR w AR B TH 3, MEHRK  JBMWITIER IS a5, LUR R4 S i i
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Fig. 6  Analysis results of buckling of arm Eigenvalues

TSR figt ) 20 ] - AT 22 PR A3 HT
3.1 REIBNZFHRESH

B Il 1] B0 7 B AL A—A FIfan & 7 B, B
) B LR /N e B 5 90 XL A, BRLIN AR d
4 300. 00 mm, AME4E D, & 780.00 mm, 7 H-FLE#E
B T8 B e, B 240.00 mm, B H MR ¢, A
30. 00 mm, HHAMIE ¢, A 70.00 mm, J5H S P ¥
T4 3 WL A LR K 2 4 000. 00 kN 1Y e A F]
Ak pE, AR P 8 E Tl AR fE DIN 197047 55
703301 MIEHE , G5 AN A g A 2 B
IR AR L aMriEe, JHLEmZE 5 pral, M
Fehoal LA WX BA K Ol R bR
Q345B/16 mm<t <35 mm AR UL, 1 H-HR % fH

XTI, &/ KRB TERE | IEEEE S ZEDITR

30 s B R AR L A RS % 1 R ) 2/ N TR
(FIJE) B 77 219.00 MPa, R, KM T mHHEH
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Fig. 7 A—A sectional view of the lifting lug hole. (Unit; mm)
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25 0BT SRS e 4, IR & BT A O it
BB 6 5,

B, SAEE M R ARIGER 6 hOCHEm 2k,
BB BLANGE  s OR )] B R Je RS i S Bt =2
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16221, 11 kN, Fi5 X il o, 7 9.973°,
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Table 5 Response calculation and safety analysis of lifting ear parts

HASHH IS RN RSB H L5
- _ p ™ 52:4228%80"::1 oy =138.9 MPa[ o] =219. 00 MPa
e T dagt, = 30,00 mm W L e R
Fs L R L5 i 8 4 1T 52 P 3B g o P d, =300.00 mm 7 py =95.24 MPal 0] =219. 00 MPa
" 2y 1,,=70.00 mm i SR S 57 I 4 4 R
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Table 6 Response calculation and safety analysis of various hinge shaft parts

LN E PSRN TS IRE LRI
Py=16 180. 60 kN
Ps , OPuer P, =1145.70 kN
Th ey nen 0,=7.27 MPa
S BT JF R Y 5 - % R A RR - Or'R br=1500.00 mm h
A B ~ o,=10.95 MPa
Hr o, = F 1 =1800.00 mm O !
ka0 _ W 2 R AR
AR O ) e, =900. 00 mm
(TSR BB By =23.00 MPa
L S;=16221. 11 kN o =84. 48 MPa
B IR e S PR S St " ”
SR T4 T 5% 4T 7T d,=600.00 mm (] =209.00 MPa
2min i = 160. 00 mm W R R TR AR
= 32{4 O yises = 115. 60 MPa
md, M= 2007.36 kN - m [0]=297.00 MPa
SR AT AT ;= 100 Q=8 110.55 kN 7=38.27 MPa
3md; [7]=178.00 MPa
o = T T WA 0 % A TR

ay=1190. 00 mm

b, =680. 00 mm
" kyory b2 0] 4, =680. 00 mm 01=27.26 MPa
SCBCR BERAR TS o= — b =215. 00 ,=6.21 MPa
100£% »=215.00 mm
b =30 44 [o'] 209. 00 MPa
. P LA TR
ky=73.90
t;3=200. 00 mm

e L EEHRSEUER T RIS T 2. 8, FRiREEL AT PURRE; 3. k Mk, IRE MR A AR PR RN S, R
B K 5 L a/b $5 78 B Ty B 3HFr i DIN 19704 906.5.2.2 53 2 I,

Y’ AY X'
7 N\ . NN EER |
4 O AA a 44 c =||
Py ’ ! R
< < >
X (b) % B BT A AT
(2) SRR AR

B8 NESTRE
Fig. 8 Mechanical analysis models

ST RN ST R LR S X e/t ARIESEM AR, BET S R R RIS M MBS S Q
@,=5.9228°, @K 8(a) iR SCEH I R e e FRGHE

e

B, AT S B SO 1) g Py AV T Py ANTR S,(21 - ¢)
PS=STcos(a5—a(,)=16180.60 kN " M=y =2007.36kN-m
P, =S,sin(a, - a,) =1 145.70 kN 0 =5,/2 =8 110.55 kN
KBS ET 2 D 2E o MR LK 8 (b)), SR SRR AR A RAE 9 thés i, ReA%at

FAT B o Xt FRAE A R, EHIRE ¢ o BRI 6 A, K6 PRTLIEN, KEEET
450.00 mm, ffEEERE S,/c, BETREZ 17 720.00 mm,  \pFRuE DIN 1045 45 16. 3.3 S0, S8 B 1E
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Fig. 9 Geometric model of hinge shaft and support

base plate (Unit; mm)
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Bt KIER 1 o, N 7.27 MPa, /NFIRBEL RRFE
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XTI, &/ KRB TERE | IEEEE S ZEDITR

FE) W 1[0 ] (209. 00 MPa) , 032 8% S #EAH0H f2 J
WRZ R BR , SRIG, W T SRS ES ET B By 2 4
OYMT, SCECHNASET R 40Cr B, ST ET P
Iy HTas BRI R ET e K Mises W T o, FIE KBTI )
T 39K 115. 60 MPa #138. 27 MPa, HI/NFR55TH K
2V 25 i N S 297.00 MPa 1A I 85 Y0 W N
178.00 MPa, [Htt, §5%7 3 i 25 dh A1 55 U] 0 565 i
JERHZ, W EREOR, e, TS EIERITS
0, B 9(e) % T S SRR AR AL I, Ik
BOVTE 1 APEH 2 47 IEAR BTS2 a0, K 1
TolLFR#E DIN 19704755 6. 5. 2. 2 5509 ME, 4 HF
1] 1 FPIH 2 PSR SRRE HhN J153 512K 27. 26 MPa
F16.21 MPa, ¥t /N T 328 IS J38 B A A1 R ) 250
I S 209. 00 MPa, PRI, =245 i A A 5 A
R LERITURE,, & T, OB s a2
LAVE R EOR

4  ZBHIXF A

SRk — A B AR SCRFUSIIE A ] =4 BR T HT
B BEPE, AT BB T P ER K s T AR TUE
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DA K 2 AR 32 B p AR A LA T TR,
27 g,

2 R OR A 125 W ) S AR TERUE 5 45 i R
SRR REEIAR S, PRI 32 B b 2 AR I A 43 A B
M TR, G546 N ) R BB AU E N 2
%, WNFRT G HEGX EN T LA . AR
O [ IR H = B8R =R X, S E
15 m N2 RS0 TR S B R, & 19,9 m Wkt
TR, SO WA S A S50 X8 22 gk
FIRER A Rs i, ARG R TV PIRSF e &
IK B0 55 T (R 2 G 1y g B v IX 22 3 A 7 v 32
N R 5 SO 4 A BT L SR S B A
I, XA AR T oA AR HA S 25 R R —
ik, 2, 343X =AZEH R ]8R SF
SRR, 2K AR IEA AN, 156 22
2. 3 14 IR R ) 4548 i 6 AR SOOI el T HAT
—EMSHE L, 02 B &K OB S 8 T
L2 AR i I g DX RN ) B R AL 5 AR S W A
B KN S350 518 173 MPa #1184 MPa, f KN J1 &%
AN BT B SASCES AL SEA T, 20 3 i &
KT 854 e RASIE th BRI B RAS SCHTR], Bk
AR 151 mm, 5K 20 mm EAHZEJNAK, FHE
PR 10. 8 mm, 5AIL 12, 54 mm W AR
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Table 7 Comparison between this project and some domestic hydropower station radial gates

AR 7%
FoB | REER e | M i AL
MR T, FEFEKTHT, WIS EERY Bkl B « -
HRARTHEB/N Ao A R, EBELIRR AL A 32, e K 1] o7 B8 12 1) 45 5 35
o TR I ], 235908 -22. 43 mm F1-4.96 mm, BEREE 3 TH T, BHEIEH
FECT HBES XU 0] 7 78 35 38 K, e R L B8 S BAE T AR RS B B) R R
TR, TP ARG [ (5 B ik — ARG, RO ) B K, AR
|| AXBEBA | 15.0mx19.9m Bl | U E AR SRR TR R K
ESIAG SEBRE R | B | ST, BUEEAK T, MR K R 7 (0 A, P eh R
FF R 5 R e P S BT 1 B S R 4R R K, BN J13K 195 MPa, [ 681
BRI A8 X0 2632 F1. SO LIRFE S, FER 748 P IX 8 3 B0 F 300 b5 3
S A DR S e T, WRE S B TR, R SN RREK R 4 R
AR, SRR TR, SO S8 K 28 214 MPa, BRSSP AR I F 452
SR SRS OIBT R A B AR SRR TN SRk
g T BUE BRI, PR KB A AR 10 e R B R AR, O T R
- 3 mxoh S gy | 1 T U0 B S S G T B ) S I, K ) ik
2 | BRI | = o s et | gy | 73 MPa. T EROR S OB GIL . BN S TIUT . R R KIS
i R SE RO AR RS | RO S 2 184 MPa, (B A5 R T R S8
BB
. ;ﬁiig 14.0mx32m | B | AR OK TR, )RRG5, 1 e, i R R
i) SEMEREREER | B | 10,8 mm, S5HEKRN ) 155 MPa, TR FRERE R ES HAR AL
B K 13 oA 3 gy | UERDKTBUR T IBAFIRA GRS 14. 1 mm, (5 F EHORAD EHR L, Skt
4 | BB MK jiﬁ;jﬂggﬁ pr | S =4 4 mm, ST HBE . ROCHBIE - 114,56 MPa, 0 T2 i 5 R HR i
Bl BRI R e
——— WEE K TR, P TRBR T00 T 9% 00T 100 37 3 40 A SRR, A0 T 00
s & T L 3 13 mx22.2 m Bl | K Mises 3 J12% 118 MPa, M5 T K Mises v J134K % 135 MPa, #1304 F 4k
i) SEMEEASR | B | RS SEERERAINNE ; ¥ TSR, T SRR Mises B J1 9 269 MPa, BRJH
TR Mises 71 318 MPa, I B HIAE 2 e M K 5 MR 4 e (3 BT
S SORHY B g | PUERKTIUR, BN DCESEAM T 8, ORGSO
6 | 7K T uf%@ﬁi%f gy | EHORS S B RN, BRI 147. 6 MPa, SO EUR
FS AL ) * E SEFERT T, R FTFE 320 5 2 B e 4 o LA B S B LI 1 AR
K R 8 x5, 3 sy | PUEROKTBUR , BRI DO T 0 HOR URAS £ 8 S HEE, ) 1
7 | BRI jiggjﬁf%f gy | PRI 6 1) U000/ 5K 0 1T S BER e (A3
Py e 142. 19 MPa
Kt 3 WEBOK T, 1SR S 197690 MPa, SLRHHE /195 MPa, fir 15 4
s | W 13 mx16 m JEEL | SRR — R TR IR 1-80 MPa, f T T F MR AR
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