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Design and Research on Anti-assembly Drop of Integrated Fast Reactor

Cantilever Transfer Mechanism
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Abstract: Nuclear energy is a high-tech strategic industry and a crucial support for fulfilling emission
reduction commitments. The integrated fast reactor represents the world’s mainstream development
direction and offers the highest nuclear fuel cycle efficiency. The reactor is the core component of the
integrated fast reactor and the largest facility within the integrated closed fuel nuclear energy cycle
system. In the integrated fast reactor, the reactor equipment adopts a compact and integrated design,
further enhancing its economic efficiency. Unlike previous fast reactor refuelling systems, the straight-
pull refuelling system was adopted in the Chinese integrated fast reactor for the first time, which
combined the cantilever transfer mechanism, straight-pull elevator, and translation transporter. This
design makes the reactor more compact and improves its economic efficiency. The cantilever transfer
mechanism is a specialized device for in-pile transfer of fuel assemblies. It was fixed on the small rotary
plug and can cover an area exceeding the diameter of the rotary plug. This design offers a significant
advantage when the top arrangement space is limited and the size of the rotary plug is constrained. By
using the cantilever transfer mechanism, the number of rotary plugs can be reduced from 3 to 2. Fuel

assembly drop is one of the most harmful and serious accidents. Analysis of the gripper components

Wi HHEA:2024-11-30; f&E B #3: 2025-01-17
E&TH: PEEREPI LA


https://doi.org/10.7538/yzk.2024.youxian.0869

BT XS54 — Al Pl B U L Bl 4 1R R v BT AT Y 135

reveals two scenarios that may cause the fuel assembly to fall: severe plastic deformation or fracture of

the gripping glove (including strength failure and fatigue failure) and operational flow errors. Reliability

can be improved by increasing the mechanical strength of the gripping gloves. Based on strength and

fatigue calculations, the probability of gripping glove failure is very low. Process errors can be avoided

by fully controlling the refuelling system and implementing necessary interlocks. Human intervention is

minimized during fully automatic operation. While errors caused by human factors cannot be entirely

eliminated, the drop height of the fuel assembly can be minimized by rationally designing the

movement stroke of the guide tube, thereby reducing potential harm. According to drop test results of

the CFR600 fuel assembly, free fall from this height does not cause damage to the fuel assembly.

Therefore, the probability of fuel assembly drops in the transfer mechanism is extremely low, and even

if a drop occurs, it will not affect the safety of the reactor.

Key words: transfer mechanism; assembly drop; integrated fast reactor
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Fig. 1  Straight-pull refuelling system
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Fig. 3 Gripper closure state and open state

22 HABRIERRE

TE B B I A i R o I3 TR 3R
BB TAENL T 1 8 R B2 R 3 TAE A>T
AR EE AR>S AR ER AR
BCE, g BT 2 T L TARN, BEFE S BhiE
W B HLINT BB o BN R Al 2 A ) 25

TEB AR A AL AR 1 4 T B 2R AR
ARG IRNT- AR RS T 3 TAR AL -3 1
P 1 O R A 0 o o 1 90 =X
I, AR A B HE S 2 0, TR
] 45 5 B0 138 AR
23 AHBEHES T

P T 25 7 AT R, 0T 0 1] 45 1) BUER B
R TR0 A B, N5 B A BE AN Kk
AR TE, SR AR R AE BRI S, BAERLT
2 FEAMRASTR MRIR 2 R AR A R

1) IMFERRL

P AT 50 24 45 4 AT R, BT 342 7 4 20 47
i BB gy, HA4F T R R E Ty R
3 R4 T2 A i R v A2 30 A BE T 4 R E T
YEFFAEAINFZ T L, 72 i 8 T80T 75 &



BT XS54 — Al Pl B U L Bl 4 1R R v BT AT Y 137

MR AT . P, IR B 2R E M, KT
AR A T B AR I a4 4 it T
TN — A R T RS

2) BRI AR A IR

TR, A AR AR, T
EASAE L TAE LI BY R BR800 2E 1T
i S IS, TR IF, 12 R A s ik

DA b 2 i b 7 WL A7 76 FLAS ] ik 4, 0 fe]
AR A B4 AE 236 L R 6 AR 2% i e A4 i o
) 16 3 Pk e R IR T A A
24 BAHBEIET

1) Bij IIMNFE R

(1) By 1k 38 B 2 %

FELE A VLT, 38 3 28 4 3R B0 R 43 1L
Pl AR B E T S BT O TR S B
PET LA 8. R & 2 RBOR SRR BT
JE, BB, 0B 25 4 AT, R AR MR, R
2, A RPN, HE S

kML IE H P PR, 91T 1 32 30 41 1%
W IE R Ty, ZE4R Tt B v 32 B BE Ty isf, T3R5
ZHF 22 6] Y TE R 3] 3K 40 kKN T304 41 R 08
F 321 GRS M . A BRI )40 10,
By AS A TAEIREE 250 °C, T4 51 11 40 kN,
IR A s 5 1 A TS e o 1 52 29 oK, WP AT 5 9K
SHILAL) I 12 Ak it Jn [ 5 295K, IMF-£ 5 904 1
T fik P55, PO P9 10 5 A S R i o . TG
HGR: BRI BRI T4 |, 1 )14 60 MPa,
WKl 4 froR .

HR R HUB T S5 PR BT 7 3R, B 4546 9 10 ) K
T A R 1) Je M e SF )19 D00 SO 2 R R,
P 5 v e il 2k T 9 X e B R T A 2R e S A

100 300
4 AR S50 2
Fig. 4 Cloud diagram of stress distribution of gripper gloves
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Fig. 5 Stress-strength interference model
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