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Table 1 Main parameters of synchrotron radiation light source in the world (part of) ?%

Synchrotron Electron energy/  Electron emission/ BPM resolution/ Ray focus size/
o Country/generation Year
radiation light source GeV m sad um nm
ESRF France/3rd 1993 6 3.8x10° ~1 <100
APS USA/3rd 1995 7 3x10° ~1 <<100
SPring-8 Japan/3rd 1997 8 2.8x107° ~1 <100
Diamond UK/3rd 2007 3 2.8x10° ~1 <<100
SSRF China/3rd 2009 3.5 4x10° ~1 <100
TPS China/3rd 2015 3 1.8x10° ~0.3 <10
MAX IV Sweden/4th 2016 3 1.2x10™ ~0.1 <10
HEPS China/ath Building 5 <1x107° ~0.1 <10
| e o~
I m‘-”"; "f'—' = I € g4 R
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Fig.1 Distribution map of major neutron sources in the world
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Table 2 Design parameters of four materials engineering diffraction spectrometers (part of)
Spectrometer Wavelength/nm Spectrometer resolution/% Sample processing throughput/n <m? s

0.144 at 60 Hz
0.288 at 30 Hz
0.432 at 20 Hz

SNS VULCAN'®!

0.45 at high intensity mode

0.25 at high resolution mode

3.0x107 at high resolution mode/2 MW
1.2x10°® at high intensity mode/2 MW

0.154 at 50 Hz
0.307 at 25 Hz
0.460 at 16.7 Hz
0.615 at 12.5 Hz

ISIS ENGIN-X[2%

3.010°%/160 kW

0.377 at 25 Hz
0.754 at 12.5 Hz

J-PARC TAKUMI?"

0.17 at high resolution mode

0.40 at high intensity mode

2.2x107 at high resolution mode/1 MW
4.8x10° at high intensity mode/1 MW

0.207 at 25 Hz
0.754 at 12.5 Hz

CSNS EMD

0.25 at high resolution mode

0.50 at high intensity mode

5.4x10° at high resolution mode/100 kW
1.7>107 at high intensity mode/100 kW
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Fig.2 Sample holders of synchrotron radiation LPBF: (a) CAD rendering of the sample holder geometry in imaging mode; (b) similar

CAD rendering of the sample holder in diffraction mode; (c, d) photographs of the sample holder with glassy carbon windows and

a substrate; (e) ex situ image of a typical single weld track in the sample holder*!
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Review on Key Common Technologies of Metal Additive Manufacturing Based on
Synchrotron Radiation and Neutron Diffraction Analysis

Zhang Nan '3, Wang Miaohui’, Zhang Shuyan ?, Ge Xueyuan®, Zhang Ping?, Li Jing®, Zhang Zhihao®
(1. Beijing National Innovation Institute of Lightweight LTD, Beijing 100083, China)
(2. Centre of Excellence for Advanced Materials, Dongguan 523808, China)
(3. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The metal additive manufacturing technology has the intrinsic characteristics of “micro-area super-metallurgy” and “rapid
cooling & solidification”. Realizing the dynamic monitoring and control of the evolution of defects, stress and organization in the additive
manufacturing process is currently the difficulty and hotspot of the international frontier research in this field. In this paper, starting from
the key common problems of metal additive manufacturing in the fields of aeronautical & space and automobile, the research progress of
metal additive manufacturing, based on two methods of synchrotron radiation and neutron diffraction, showed in the following aspects:
metallurgical dynamics in metal additive manufacturing and in-situ analysis of its internal defects, super conventional solidification of
liquid metal, microstructure and phase transition process, formation and evolution of internal stress. Subsequently, the deficiencies of the
research progress were explained, and the future development of metal additive manufacturing was prospected.
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