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Seismic analysis and optimization of lifting-turnover mechanism

of strong-radiation rods
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P. R. China; 2. China Institute of Atomic Energy, Beijing 102413, P. R. China)

Abstract: The lifting-turnover mechanism is the key equipment of the post-processing system of the strong-
radiation rod. According to the relevant design specifications, it is necessary to ensure that the rods does
not break under seismic conditions and that the safety function and running performance of the mechanism
are normal. To verify the seismic performance of the mechanism, based on ANASYS Workbench, finite
element models of the lifting-turnover mechanism containing a hoist, a steel-wire rope, a silo rack-silo
part, a rolling-over vehicle and upper/lower rails in the post-processing system., are established for seismic
evaluation. Then, the stress assessment and strength check of the main units and the major bolts are
carried out according to ASME codes, and the number of bolts installed on the upper rail is optimized. The
simulation results show that the optimized lifting-turnover mechanism meets seismic design requirements of
nuclear power plants.
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Fig. 1 the Geometric model of the lifting-turnover mechanism
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Fig. 2 Section diagram of upper guideway
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Table 1 Size, material and quality of various parts of lifting-turnover mechanism
R RS HMERSF /mm it/ kg

EoHLAH Q235 % 1 810X900 X 625 725.0

W 22 2 AR ¢ 42X 3 400 25.0

/T Bl 0Cr18Ni9 11 510X 6841 453 2 080.0

B G 1Cr17Ni2 4 010X 240X 360 680.0

o 4 1Cr18Ni9Ti 3995X230X730 1 305.0

T il 1Cr17Ni2 ¢ 70370 10.5

B /N 1Cr18Ni9Ti 4 476 X528 X300 1 160.0

INLE L 1Cr17Ni2 ¢ 100X 39 1.5

54, R S A R A MR 132X 114 X3 900 330.0

*2 EMBNEERSE
Table 2 Mechanical properties of main materials
P AR wE THFALE S I i JBE ENEOR: Y2 REIW]
PR E/GPa o/(kg+m *) " S,/MPa S./MPa S/MPa

Q235 210 7 850 0.30 225 370 92.5
0Cr18Ni9 194 7 930 0.28 205 520 137.0
1Cr17Ni2 206 7 750 0.27 205 1 080 171.1
1Cr18Ni9Ti 206 7 800 0.28 205 520 130.0
FR A8 5 8k 170 7 300 0.28 310 450 112.5
42CrMo 212 7 900 0.28 930 1 080 270.0
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FHilg T DW-+EL+SSE D
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Fig. 3 Flow chart of the seismic analysis

3 EESTERSHER

3.1 HRTES
W5 B T BHEE ALK (19 = 4 STARAE R 5 A %) ANASYS Workbench HF#E47 A% &1l 43 88 <7 A BR GRS AL, il T
T MR R A L B 4 AN B LA A BROCHE Y B RS BAJE 470 814 4>, 75 5 795 966 4,

0.00 400.00 800.00 (mm)
I S
200.00 600.00

4 BHENAGRITER

Fig. 4 Finite element model of hoist unit
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Table 4 The first 8 natural frequencies of each sub part

A I B R[] A 454 / Hz
HB A
1B 2 By 3By 4 By 5 B 6 B 7 Br 8 B

Lol 14.78 15.68 19.08 29.01 200.67 206.14 280.19 298.51
W 22 4 22.56 22.79 62.08 62.71 121.43 122.64 200.19 202.14
B R 23.20 38.62 40.16 136.55 164.05 175.52 214.00 225.99
B /N2 38.79 94.80 96.23 97.23 97.86 97.99 98.04 99.06
28 11.60 11.85 14.11 14.28 14.45 15.41 17.28 17.87
T 28 25.06 44.27 46.90 56.50 62.92 73.97 88.08 107.43
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Fig. 5 First mode vibration of silo rack-silo part
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Table 5 Decoupling and selection of seismic analysis method
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Fig. 6 Elevation 13.5 m and damping ratio 4% SSE ground motion
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Table 6 the Maximum stress value of each component of lifting-turnover mechanism

% K% 71 /MPa
T4
Wit T SH T i TH
ERSIEIN 13.93 26.54 38.21
VEBEE RN 18.54 49.87 74.46
Lol & B HLAE 237.68 238.92 257.41
&1 76.36 78.50 110.25

E LR 27.26 30.30 45.46




16 TR KFFR %42 %

HFEG6
% KV 71 /MPa
T 45t
Wit T SH T T
BB 3.94 8.33 9.03
Bk
B3 9.70 16.69 20.19
45 58 R 24 4 110.99 146.63 164.45
[ZELN 38.48 167.05 241.34
L 46.10 65.53 75.24
/T RPN E i 35.83 78.31 106.73
35 79.80 293.84 400.86
TR 15.68 33.14 41.87

5 MAOEERMLEL
5.1 FEIREMAITEE
WHE ASME BPVC-3 5 1 it NF 2% A e E , &R M RHE AR S S T RN I RIE LR 7,
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Table 7 The maximum allowable stress value of materials

W WA 17 F7 R A ATl Kk 0z T BRAE/ MPa

FH K RSN Q235 1CrI8NI9Ti  EREEE5%  0Cr18Ni9 1Cr17Ni2 42CrMo
A Y S 92.50 130.00 112.50 137.00 171.10 270.00
A 8 +o, 1.58 138.75 195.00 168.75 205.50 256.65 405.00
B by S 92.50 130.00 112.50 137.00 171.10 270.00
B 0,+0, 158 138.75 195.00 168.75 205.50 256.65 405.00
D o, Min{1.5S.0.4S,}  138.75 195.00 168.75 205.50 256.65 405.00
D 6,+d, Min{2.255,0.6S,) 208.13 292.50 253.13 308.25 648.00 558.00

il ANASYS Workbench %2 TF B A, B, D3 Fhd far £ 47 20 B35 15 ) 4% 35 S35 4F 107 F7 485 n
R LN WS N A S A I N S i NS E S DA B S LRSIl || DA B N S i NS s DA S
rprtt e A TR [ B R 2 S A R T RS R g PR (8 6, R 1 AT T E

FLE AT, B LA B AR 300 LN PRS00 T S04 09 55 KB g 3538 /N F 4 ) S 34 19 85 K N
FIRRAE s B 22 48 e FH O 42 MR AT 22 48 FL i/ BB 77 o 1 870 MPa , %2 42 RECK T 11, JLR7 71 434 i 2
ASME FL (1 F &Z2K s (H BIFS /N 4276 B.D T80 F R oK, B HU7E B.D T80T B F1 K F 0 0 BR L 450 %
/R RN AR A (SR D AT AL
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Table 8 The maximum stress value of each component of lifting-turnover mechanism
Von Mises W 11 {H
B A 28 Bk
AR F7 BRAED BORE 7 BRAED DR 7 BRAED
WL Bl AL 13.93(138.75) 26.54(138.75) 38.21(208.13)
VEBEEEREN 18.54(168.75) 49.87(168.75) 74.46(253.13)
Ecz )
_ fE ML 237.68(405.00) 238.92(405.00) 257.41(558.00)
% A 76.36(168.75) 78.34(168.75) 87.50(253.13)
Bia o 27.26(168.75) 29.10(168.75) 36.15(253.13)
pERN 3.94(205.50) 8.33(256.65) 9.03(648)

et

pEREg Y 9.70(195.00) 16.69(195.00) 20.19(292.50)

W N2 38.48(195.00) 167.05(195.00) 241.34(292.50)

5 lh 46.10(256.65) 65.53(256.65) 75.24(648.00)

R/ RN E R 35.83(256.65) 78.31(256.65) 106.73(648.00)
LR 79.80(205.50) 293.84(205.50) 400.86(308.25)

TS5 15.68(205.50) 33.14(205.50) 41.87(308.25)

52 ESHMZTEMRNL

SRR STk 2 N O G B 7 47 2 W DRV R /R A O (E R €8 LY %= R T (20 A I AP A N e e e
B b R L 2 B AR RS LA K /N b R A AT Y 5

RO ML 8,12,16,20 WUMRAE [ i€ 220 | T HUINE & T ARAF e KON )5 3% 10 S A0 A () £ B iR A
B b RHURE AR R R T2 e 8 AN MR I A N ) B 5 7 O A [ 2 MR A A IR B g AR A
O, KRR, BB R A h 8 DR 12 A, & SN B PR IE R R, B4 AR OBE,
SSE W5 ith 52 o T ¥ 2 L2 RECR N T 1.3 LRI, Rk, ESBUER 12 A M24 B 5 A T
SFHR R 6 ) %, M FEZY 1 800 mm; T UM 6 > M24 8RR Sy Al T BN M 22 2 R) B2
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Table 9 Stress values of different bolts on the upper/lower rails-vehicle parts

AR R OBE T £ &8 44 B J1 {6/ MPa AN IR AR $ SSE T4 R 4% &R 44 1z g {8/ MPa

EigGs
8 12 16 20 VIR 1 8 12 16 20 VEHIRE 1
/NG 167.05 63.03 55.71 52.40 195.00 241.34 75.30 64.33 59.36 292.50
2| 65.53 51.20 49.12 48.60 256.65 75.24 53.76 50.63 49.85 648.00
ig 78.31 36.78 39.27 38.76 256.65 106.73 42.26 41.00 40.23 648.00
2% 293.84  100.87 95.05 87.21 205.50 400.86  111.41 102.69 92.41 308.25
TS 33.14 21.17 18.21 23.56 205.50 41.87 23.51 19.53 26.51 308.25
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Table 10 The decreasing amplitude of stress values of different bolts on the upper/lower rails-vehicle parts
ANFEAE R OBE T BN R/ %0 N IRIIE KR ¥ SSE T80 & #8141 L g KR / 26
HR A
12 16 20 12 16 20
% /N4 62.27 66.65 68.63 68.80 73.34 75.40
T Bl 21.87 25.04 25.84 28.55 32.71 33.75
K 53.03 49.85 50.50 60.40 61.59 62.31
S5 65.67 67.65 70.32 72.21 74.38 76.95
TS 36.12 45.05 28.91 43.85 53.36 36.68
300 ¥,
BN 4009 e BN
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2 2 b
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Fig. 7 Stress variation charts of different bolts on the upper/lower rails-vehicle parts
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Fig. 8 Schematic diagram of bolt stress evaluation
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Table 11 Maximum allowable stress of bolts

e ML 2] o7 7 R AE 8.8 IR IV Sy FR{H / MPa
F1| - 05 5
A LRI f F., = 0.207 S, 400.0
SIRLS) £ Fiy Fu\? 165.6
(7) “ (7)<
F, = 0.575 S,
s FLRLH £ F,, = 0.2388S, 460.0
R f 2 190.4

(7] + (7)<

F. = Min{0.7 S,,S,}

b BLIE T f F,, = Min{0.42 S,,0.6S,} 560.0
B F 2 K 336.0
SNy o
Fy Fy

YL o N S VR B TR L T 5 F o B AR B9 IR ) o

FEIER TOUT 3 TH S LA A1 3 TAE , 78 7K SRR B 18] 9 AS 7= A Jn 5 B 5 0 R WL 3 458 1k g
TE /N T b FE 0w NI B 5%, Z M) . BEIHLBEF IR B LR R S OBE,SSE #iE
VEF T W IE AR R ) M E L3R 12~16.,

R12 BEHHNSAHEREERERNNTE ®13 BEFEESAHEREERERNNTE
Table 12 Stress assessment of connecting bolts Table 13  Stress assessment of connecting bolts
between the motor and the common base between the reducer and the common base

o i £y o /. £y
T f/MPa  F,/MPa . T f/MPa  F,/MPa -
fth Fll» fth F[h
B 67.1 460.0 0.15 <1 B 110.8 460.0 0.24 <1

D 83.5 560.0 0.15 <1 D 126.3 560.0 0.23 <1
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R 14 BEHIREXHKEZHBIEENTFE x15 LSUSAHKREERERNNTE
Table 14 Stress assessment of connecting bolts Table 15 Stress assessment of connecting bolts
between the bracket and the common base between the upper slider and the common base
, . I Sy , : S Sy
T# S /MPa F,/MPa - ( ) T#  f/MPa F,/MPa = ( )
flh Flh fll) F‘h
B 19.6 460.0 0.04 <1 B 6.95 460.0 0.02 <1
D 29.4 560.0 0.05 <1 D 10.44 560.0 0.02 <1

£ 16 TRUSARRESEERETNIFE

Table 16 Stress assessment of connecting bolts between the lower slider and the common base

— Y, n f‘l fl .
{ ./ MPa F . /MPa

T f./MPa v/ MPa T (F)
B 12.04 460.0 0.03 <1
D 12.24 560.0 0.02 <1
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