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a b s t r a c t
The helium-cooled ceramic breeder (HCCB) test blanket module (TBM) is the primary option of the Chinese TBM program. Current progress on the design and R&D for Chinese helium-cooled ceramic breeder
TBM (CN HCCB TBM) in China is presented. The main updated design and related R&D of CN HCCB TBM
are introduced brieﬂy. The mock-up fabrication and component tests for Chinese test blanket module
are being carried out. Recent status of the components and fabrication technology development is also
reported. The neutron multiplier Be pebbles, tritium breeder Li4 SiO4 pebbles, and structure material CFL1 are being prepared in the laboratory scale. The fabrication of 1/3 sized mock-up and construction of
a He test loop are being carried out. The key technology development is proceeding to the large scale
mock-up fabrication and demonstration tests toward on ITER testing.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction

2. Updated design

The helium-cooled ceramic tritium breeder (HCCB) with the
pebble bed concept was selected as the Chinese test blanket module
(TBM) design. Based on the test port limitation and test requirements of ITER IO, the preliminary conceptual design of CN HCCB
TBM was completed in 2009 [1,2]. The dimensions of HCCB TBM
are as large as half of the ITER test port and it is arranged with 2 × 6
modularized sub-modules (SM) [3]. In order to reduce the impacts
of the RAFM steel material impact on the magnetic ﬁeld ripple,
the updated design has been modiﬁed to minimize the mass of
RAFM material. An updated design to reduce the structure material CLF-1 and change the tritium layer arrangement direction has
been completed. The new conﬁguration will better satisfy the ITER
TBM design requirements. Corresponding design optimization of
the structure, neutronics, and detailed performance analyses have
been performed.
Current progresses on the updated design and analysis of the
structure, neutronics, thermal hydraulic, thermal mechanical, EM
assessment on the induced ﬁeld ripple are presented. Necessary
R&Ds on the low-activated CLF-1 steel development, fabrication of
the neutron multiplier Be pebbles and the tritium breeding material
Li4 SiO4 pebbles to be developed to the industrial production level,
and the He test loop construction are being done.

CB/He/RAFMs (ceramic breeder/helium coolant/reduced activation ferritic/martensutic steel) concept is adopted in the CN HCCB
TBM design. Lithium orthosilicate Li4 SiO4 is selected as the tritium
breeder. The RAFMs CLF-1 is used as the reference structure material. The helium gas is used as the coolant and the tritium purge
gas. The 2 × 6 sub-modules arrangement in the TBM module was
used to form the inner support structure and the breeding module. Main characteristics of the original TBM design are shown in
Fig. 1. Related design parameters and performance analyses have
been reported in Refs. [1,2].
In order to reduce the effects of magnetic ﬁeld ripple, the design
was updated with reduced RAFM mass. In addition, based on the
consideration of neutronics calculation and easy fabrication, the
arrangement of pebble beds in the sub-module is changed from
the former transverse direction to the current vertical direction. In
updated design, each sub-module has cooling plates fed in parallel
by high pressure helium. Flow-rates of He coolant are controlled
by the coolant bypass system between ﬁrst-wall and sub-modules.
Schematic view of the updated TBM module and the cross-section
of the sub-module are shown in Figs. 2 and 3.
As shown in Fig. 2, CN HCCB TBM has three bigger pipes that will
be connected to helium coolant system (HCS) and bypass system
for coolant helium and two smaller pipes that will be connected
to tritium extraction system (TES) for purge gas. It is consisted of
the following main components: BOX (including FW, caps, grids),
sub-modules, back-plate and support. TBM can be divided into two
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