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Fig.1 Process route and forming setups of electromagnetic incremental forming of dummy fuel elements: (a) process diagram;

(b) structure of field shaper; (c) detailed dimensions of coil and field shaper; (d) 3D finite element model
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Table 1 Electromagnetic parameters defined in the finite

element model

EM Electric Relative
Material material conductivity/ o
identifier x107s:m’  Permeability
OFHC copper coil 2 5.96 1
Red copper field shaper 4 5.81 1
CLA16 steel outer tube 4 1.26 1500
CLAL16 steel inner tube 4 0.217 1500

®2 BRTREMBOZEERESH

Table 2 Mechanical parameters defined in the finite element

model
Densi Young’s . Yield
Material ke ) tzl/ modulus/ POIS.SOH strength/

g'm GPa ratio MPa

OFHC copper 7860 207 0.30 173

Red copper 8900 108 0.32 90
CLA16 steel 7000 200 0.33 500
20# steel 7850 207 0.30 329

True Stress/MPa
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Fig.2 Constitutive curves of CLA16F/M steel under different

strain rates measured by split Hopkinson bar tests
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Fig.3 Current-time curves in the forming coil under different

discharging voltages
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SOLID_GROUP
[foctive Plastic Suain
1.043+00
9.388¢-01
8.345¢-01_|
\ 7.3026-01_
\ 8258001 _

\ 521501 _I
\ ‘

. . ( | 4172001
Wrinkling  \fef ) (70
F‘J 2.086e-01
/‘ 1.043e-01

JJ' 0.000e+00

Wrinkling

EAE - N 0.3 mm IR AN R AL ISR I8 RAR T AR 4 A -5 AR T T 3

Effective plastic strain distribution and section profile of the clad pipe at a clearance of 0.3 mm and different discharging voltages:
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electromagnetic incremental formed clad tube at

different flyer tube-base tube clearances
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Forming Rules and Accurate Control Method of CLA16F/M Steel Fuel Cell Subjected
to Electromagnetic | ncremental Forming

Zheng Yong', Qiu Shaoyu', Wei Lianfeng', Yan Siliang®, Cheng Shijian’, Chen Gaozhan', Yao Lifu', Tian Darong'
(1. Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China, Chengdu 610213, China)

(2. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: This work is aimed to investigate time-spatial distribution rules and the effect of process parameters and geometric parameters
on the forming quality of CLA16F/M steel manufactured by electromagnetic incremental forming. Based on LS-DynaR8.0 platform, an
electromagnetic field-structure field sequential coupled finite element-boundary element model of electromagnetic incremental forming
process of dummy fuel element was established. With the aid of the numerical simulation model, the electromagnetic forming process of
dummy fuel element under different discharging voltages, flyer tube-base tube clearances and wall thickness of flyer tube were simulated
and analyzed, and the sample fuel element was manufactured, for the sake of studying the local plastic flow rules, defects generation rules
and characterizing the forming quality. Results show that oversized discharging voltage brings about the concentration of deformation
zones to both ends of the tube. Also, the collision between the flyer tube and the base tube is aggravated and section distortion is introduced.
Undersized discharging voltage cannot generate the collision, deformation and sticking and thus cause disconnection. Appropriate
clearance between base tube and flyer tube can effectively avoid wrinkling and nonuniformity of wall thickness. By comprehensive
optimization of process parameters, through-process high quality precise forming of defects control of dummy fuel element was realized
and the sticking precision between base tube and flyer tube reaches 10 um.
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