201>

R

ZT PR




AN

7AW E AR i 75 0

B FEREIEARRE R




EHERY E (CIP) #E
2015 ¥ LAV PUrg P BRI ST B aFA / 2 Tl P Ra i
W bedn. —— Jdbat . EJEFREH A, 2016.12

ISBN 978-7-5022-7816-8

[.@2: . OF-- M. OBFEA-FFTRE -+
E-2015 IV. ®TL-24

op [ A 45 4E CIP B 4% 5 (2017) 56 016985 5

2015 ¥ Tl 7 e 4 FE 7 32 B 4 4

HRET o EEFREH M (bR T e X B AU 43 5 100048)
EEHE A
HARE kg EEIE

ERGE # ¥

FERLX BEX

EENF EER

R R bl Ep Rl A A BR A 7

% fH 2EpERE

7 & 890 mmx1240 mm 1/16

Bl 3k 11.25 F ¥ 300 TF

M & 20164F 12 A% 1 iR 2016 4F 12 A% 1 RENRY

H & ISBN 978-7-5022-7816-8 E it 68.00 T

Rk . http : // www.aep.com.cn E-mail : atomep123@ 126.com

& 1TH1E :010-68452845



(=T PRI R FR) RIEERS

O U 3

W OF dw g BEude

WHMBE Kb FmHF

Gi B (REARHFFTEHT)
MR & MW LA £T4a F @
XgR AT B B kWA EEA
FAH EHR HEE SHKR AL
WAk REH

RIEERIE it

DO 1] 2 R B P R A W A BT R X R S 5
(A% Tl V5 e B BRI S B AR 4R ) i 3

HREL A% 610225

£:) W (028)82850363

HFHEFS  zenglp@swip.ac.cn

& It www.swip.ac.cn




Editorial Committee of Annual Report
for Southwestern Institute of Physics

Editor—in—Chief

LIU Yong
Deputy Editor—in—Chief

TONG Honghui DUAN Xuru
Executive Editor

ZHANG Yiming ZENG Liping
Editorial Board

(Arrange in Chinese phonetic alphabetical order)

CHEN Liaoyuan DAI Bin FENG Kaiming JIANG Weihong
LI Qiang LIU Dequan KE Qi RAO Jun

SHEN Liru WANG Aike WANG Quanming  WANG Shiqing

XU Zengyu XUAN Weimin YAN Longwen YANG Qingwei

ZHANG Nianman

Address
Huangjing Road 5, Southwest Airport Economic Development Zone of Shuangliu,
Sichuan , China
Editorial Department of SWIP Annual Report
Southwestern Institute of Physics
Chengdu 610225 China
Tel: (028) 82850363
E-mail: zenglp@swip.ac.cn

URL: www.swip.ac.cn



]

20154F, REBE “+-F" MRIMKE 2%,
—IENR, Wb EEFESRAME. BENE. SET
PRBAR R = AR R R A0 SR, IR A B A dA
TASBMER, MEl. BEF. MEK, FiRs
A R Tl S P R F b AOAE EAE 45 o X —4E
REFRREE S A (HL-2A) 3 BB iIS £ 55
TR HUR ; HL-2A %8 ik 57 R it 4w i
s TTER 34 K [ Py AL A5 T91 44950 BUAE R U0 B 47
HBeLr A S — 3R, RSB T REE “+ =
SR IELT

1. HL-2A ¥JEBESCY#HE

HL-2A 38 i 7 BAFRIRLN 2MW/3.7GHz
R4 245, 2MW/105GHz/3s B, F [a] i i 2 45 Fi
ZRBECRRRG, HRAYFELRTR .. STHH
W, MZEHOCTW /. ZEE AL, B
F [ e 48 51 1% (ECEI) MR RE%H K
BUEFIAR, TEERTAETEEIERM. YLK
BT ZWMHARR R, £ HEAST, HRHA
BIRIRA AT ARS), BRARNT 10%; HiE+
PERINAA S B N RS 22 M S B AR fE H
R BRI FT T8, XA 18] e 35 B P A ML L 24 e L-H
HHPMERLS RIS I EI R NARNEN; HK
WL FIEFR o BB /R 5 B F R RERE . dEdtiRe F4a
HRE R FaFEMFE. Bb, 7€ ELM Z#H
FEb, NTM F 9 i B 55 5 1A il 2 4 ol R 42 gy T
i TARGFRYEER, XL A ITER BT TH R
RERKFR, ZBTHRREROTZXE, KA E
BT I RINB G T RIRGH TR (RF) BFIR.

2. HL-2M Big#E

2015 SFE A5 HL-2M FHILBm TH a4
T Z2FHE AR TF ) LB 4 A T 2R,

FMAEZE 20 M REEELEATR, #AEEE
BT R B EVLCESEH £ TR R TAEIE
TEFEAT: SERL 4 Shkop 2B plA S X shbl. HBh
RAGLRTAE, BRI EBITEARN; 2HTH
TF, HULIBRLEE LRI (CS) RIS IT , il
Bk a3 (PF) BRI R, &7 T PF B
FE#R AT dt—H41k HL-2M EHLER TR, %M
R TZHARME, e A
IRFZERLENUT . BIUT . KEFEY 2B TEE TR
AR

3. ITER ITRUBAERAESS

ITER SRR . ITER 55— B¥ il fE S vt
HARZER . WINfRR T Be/Cu B4R A E 1 CHE
TR, WIBEReE A =R, B&AFE
FERlE S —BEAR I RE 1. BEMRSCHE (MS) RIWAIA
UEBT BEAT 45 G883 ITER $047 F 0B R3; 52mR
SEEARSG (GIS) RS KSR RGERA
W, SHCEEEE ST Th&E ot
TERAR RGN, ST R Fi2H (NFM)
758 MR RART, FFREANE R4
Wit FFRFEREE (SB) RWaH ik .
SRR A R AR (0% 2 T 2 A% T4E. ITER
AR EESLBREEER (TBM) FARABRGHHE.
SERENENHTRERREN &R E MRS E R
B, FREMLHE RS (GDC) R FEAZ/R
HE RS (LP) RMEEITHEAES, FREEN
FREAME s BRI

ITER [E A BCEI H 7. 588 M A0 H 35
f£% ., SEM SMW SRR G A T.; 52 A ITER
30 % T A BB AL AR AR B B RAE S, B E
2MW/105GHz/3s B F [EIFEMIAFRSE; 2015 4F ITER it
WEAEm3AHE (124808 ) XEESEEmA (3




AU WA JE 3l

[, RO R AT ) de e A 2 5
KV, MTITRAS ST SEHBARIIE, X
S AH R A F SRR BT R L R SO

4. NFRBIAHH AR FAD

SRS TR BRI : IR BRI H S0,
Hesh B AR AL . BulksEs R TR PR BB
AR S TR A" RERILR, I Ak R IR B
BB (PL) RGBS SR AR AL, it A7 S AR Y
7 2= B MR AR ™ B, R F TIRITEOR
FEbR: S8R It T ARR I AL B A BT, A
TARRRST##OETe Otaoft) mesE, L
BBt e Zphab 2, EXmAPIPRARRTE
SRy, BPEOTRIES M (BOLTER ) OB E K
RIEALH . FHxd 7= b B LS 2R, e
R w0 R R Sk Rl4 (DLC) R)Z, JF
BT T /MR, T 2 HARCRBREITE,
MR AR A R RS, BHRIT & T THRR
5B b A e SR AL TZ R E AR (FR-4) &8
T2 AR R R T 2R EA
PRI, HERERIRR RO R TR AR
(FR-4) <& J@ fab B A s SR IR, )2 SR
REN T H P R RE R bR, IEFE#EAT 2RI EAR
(FR-4) B T ZIT R0 ARt T2,
SERURET R A AR BRI W 5 B IR R TR UL AL 2
TZ2H R, e TR R w87 fon T,
CEE - R, X PR YRR AR 5t A ik AR AR T2t
IR T, M EER R, WEE P FR.

FRARER TR TREBOAR S Bt — IR B
W, FRAAFEFEHH RiFR R T 20 1k,
LA IR R R BB AR AA NS08, @A RETE TR
x| BIRSEHAIMAEL =B REFLER

farhn, IR 6 Tk, ERRLIEE 89 1,
SRR “2015 HEAGHTAA B E R FRE

2015 4F, BefE E A EE T LR FEARRL
775, FARSVEC TS 107 /. BHiELH 78 fF (H
FRLF 42 1) , EEREFREANEH 43 1F (H
HRMER T F) o hIRBTRIEREPFRZRELR
He (ITER ) REMSZHEORWIEL “ B AR IR 544 L B
12 PEREM A R AR 7 I H 3R H AR SR A 2wl
FHAR R, LKA PBERAFRERA
R=FR 30,

CETA P9 e BT ST B AR R ) R EE . B AL
S WRFR e S4B . BOARTT &AL 45 7 I R
HEVG, WREBIB TSR SR EEH R
AW L NN . ERRH NN, ERR
B4 AE SRARRIIE K™ T R S SIS A, LAFEBY
BEH TR REEH TR B AR BERBT . BT AL
SR EEH R 2RI KieE
DRSS TE B4R , R B B S =L

B P R Y BRI 5 B

o din



2015 is the ending year of “the twelfth five—year
plan” at the Southwestern Institute of Physics (SWIP).
In 2015, according to the SWIP overall working plans and
major objectives to carry on the harmonious development
on the fusion research, higher education, and plasma
technology application, SWIP has focused on the main
research tasks, guaranteed the profit increase, and put
emphasis in innovation, thus accomplished favorably
the yearly tasks assigned by the China National Nuclear
Corporation (CNNC).

In the year of 2015, many scientific results were
obtained for the first time on the HL-2A; modification of
HL-2A also progressed well in various perspectives; and
the anticipated goals were realized in the ITER project as
well as ITER-related tasks in China. The comprehensive
strength of SWIP has been enhanced, and the objective
of the “the twelfth five-year plan” at SWIP has been
fulfilled.

1. Progress in the HL.-2A physical experiments

On the HL-2A, a 2MW/3.7GHz Lower Hybrid
Current Drive (LHCD) system with the new type PAM
antenna, a 2MW/105GHz/3s Electron Cyclotron Resonance
Heating (ECRH) system and a multi-channel laser blow—
off system have been developed and put into use in the
physical experiments. A number of new diagnostics,
including the multi-channel laser interferometer/
polarizer, multi—channel charge exchange recombination
spectroscopy, Electron Cyclotron Emission Imaging (ECEI)
and Microwave Reflectometers, have been successfully
upgraded and played important roles in the experimental
studies.

Many research results have been achieved for
the first time in the experiments. The current drive was
done with the PAM antenna for the first time during the
H-mode and the reflectivity was below 10%; The internal

transport barrier was realized during plasma discharges
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with high power neutral beam heating; In the study of
H-mode physics, new findings have been obtained on the
generation mechanisms of the radial electric field, the role
of the impurities during L-H transition, and the dynamical
process of the pedestal. In addition, the low-n Alfvénic
ion—temperature—gradient mode, the non-resonant
e—fishbone and the double e—fishbone modes were all
observed for the first time. Significant results were also
achieved in the ELM mitigation and NTM control as well as
the control and mitigation of the plasma disruption. These
studies are highly relevant to the ITER operation, thus
have drawn extensive attention in the international fusion
community. Besides, SWIP has designed and developed
the high-power RF ion source independently. The helium
circuit experimental platform with the highest operation
pressure in China has been built up for the helium cooling
operation and control technology research. This equipment

will support the fusion research in the future.
2. Progress in the HL-2M construction

In year 2015, five key technical reviews for the
machining of the HL-2M coils and most technical tests
for the toroidal field (TF) coils have been finished. Twenty
sectors of the vacuum vessel have been manufactured
and the overall machining of the whole vessel has been
started. The principal materials for the machine supporting
structure were being prepared and the welding was being
done at the same time. The final assembly of the 4#
Generator Motors was completed, and the electromotor
and auxiliary systems were also installed. The preparation
work for the commissioning was basically fulfilled. The
machining and the delivery tests for power supplies for the
TF coils and the central solenoid (CS) were completed. The
design scheme for the poloidal field (PF) power supply was
fixed, and the contract for the PF rectifier transformer was
signed. The installation scheme for the HL-2M machine

was further refined, the related key technologies have been
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prepared, and the first edition of the installation documents
was finished. The final acceptance check for the extension
project for the HL-2M machine hall, Generator Motors
hall, water pump room was completed and related files
were recorded in the local government. These halls have

been put into use.
3. ITER related tasks

Breakthroughs have been made in the manufacture
of the ITER first wall. The technical problem with regard
to the unstable Be/Cu connection has been solved. The
production line for the first wall has been basically built
up, which shows that SWIP is capable of manufacturing
the first wall panels independently. The certification of
the magnet support (MS) procurement package passed
the contract acceptance check by the Chinese ITER DA.
The final review for the procurement package of the gas
injection system (GIS) and the gas distribution system
was completed. The research on the machining of the
key components of the converge tube assembly has been
carried out and related system structural design has been
executed.

The final design for the Neutron Flux Monitor
(NFM equatorial window #7) procurement task has been
in good progress and the preliminary design for the
procurement packages of other windows has been started.
The design optimization for the Shield Blanket (SB)
module procurement package, development of the thermal
helium leak test equipment, and development of the plug—
in coating technologies have all been commenced. The
ITER Helium Cooled Solid Breeder Test Blanket Module
(HCSB-TBM) has been preliminarily designed. The first
small-size helium circuit with high temperature and high
pressure for the fusion research in China has been built
up. New short—term design tasks were assigned in the
Glow Discharge Cleaning (GDC) procurement package and
Langmuir Probe (LP) system procurement package, which

are carried out to solve problems on the main schemes and
technical difficulties.

For the ITER related projects in China, researches
on the neutral beams were completed, and the SMW
neutral beam system components have been machined. The
researches for the ITER special project —— ECRH project
were completed, and the 2MW/105GHz/3s ECRH has been
built up; Three of the 2015 ITER related special projects
in China (including 12 research topics) and 3 research

projects with other institutes have been inaugurated.

4. Application technology R&D and other
fields

Technological innovation and R&D have been
improved to promote the technological achievement
transformation in the plasma technology application. The
finalized production line for the two-layer FCCL type
ion plating equipment has been improved so that the
polyimide film adherence and wrinkling problems have
been solved. This is the novel technique in China and
abroad as well. The two-layer FCCL type products have
been manufactured by batch. All of the products have
passed the acceptance check and met the design technical
specifications. The surface treatment equipment with high
cleanness ion beams was developed to repair the damage of
the laser parts (optic parts) with different sizes and do the
ion beam polishing as well as etching treatment. Related
technological tests have been handed to users. Surface
treatments for the damage repair of formal products (optic
laser parts) were about to be carried out.

Based on the need to resist wear, tear, and corrosion
of the high—end home decoration production, a new
technology has heen developed to prepare the DLC coating
on the special shaped products, and this coating has been
produced in small batch. This technology has already won

orders. According to the trend in the electronic materials




market, the metallization technologies for the alumina
ceramics copper clad laminate and the epoxy laminate
(FR—4) were developed: the alumina ceramics copper clad
laminate metallization will replace the present hot pressing
bonding method, therefore, the performance and quality
will be greatly improved. The epoxy laminate (FR-4) has
been metallized and electro—coppering thickened, and the
one—layer sample has met the usability indicators. The
multi-layer epoxy laminate (FR-4) technology was being
developed. Besides, the treatment technologies have been
constantly optimized. The batch treatment technology to the
carbon fiber composite microwave horn conductive coating
deposition has been developed, and the ground test piece of
the satellite antenna has been machined. According to the
technical requirement of the new type military electronic
products, emphasis has been put in the development of
batch treatment technology for insulating coating of military
electronic components, and the technology has been fixed.
The product quality has been stressed so that the defects
of the window film plating equipment have been remedied
and the plating technology has i)een greatly improved.
Therefore, the product performance has been improved to
meet the user’ s need.

The Engineering and Technical College of Chengdu
University of Technology has further promoted the
education and teaching reform to explore new modes
for talent cultivation. Based on the concept of putting
the engineering disciplines first, with the objective of
cultivating high—quality application orientation talents,
the College has focused on the building of three provincial
teaching practice demonstration centers on engineering,
nuclear engineering and technologies and economic
managements, respectively. Six new disciplines have been
approved, so the total disciplines have been increased up
to 89. It won the honor of “Demonstration College for

Creative Talents Cultivation of China in 2015” .

In year 2015, 77 papers were published in domestic
and international journals and 107 papers and posters
were presented in scientific conferences. 78 patents were
applied (including 42 invention patents), and 43 patents
have been approved (including 7 invention patents).
The project of “Development of Mechanical Property
Test System for the Low Temperature Environment
Materials and Components” for the ITER magnet support
procurement package undertaken by SWIP won the first
prize of Science and Technology of CNNC. Three other
projects won the third prize of Science and Technology of
CNNC.

The Annual Report summarizes the important
progression in the scientific research and technology
developments and applications in SWIP. Thus, it is deemed
as an indispensable part of the academic achievements of
SWIP. The 2015 Annual Report has kept to be concise but
topic prominent, featuring the highlights in fusion research
and plasma technology application, to facilitate the quick
understanding of our progress in various fields for the
readers. We hope that all staffs and readers pay special
attention to the Annual Report and feel free to let us know

your suggestions or comments.

Director of Southwestern Institute of Physics

D, Yorg
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Fig. 1. (a) Evolution of D, emission; (b) Lissa-
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and the envelope of density fluctuations in the phase

space.
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