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SRS GIR (Buropean Synchrotron Radiation Facility, ESRF)/ frTD19 £kl F 2 T./EF 19-35
keVU7181; [E P F¥#E6YR (Shanghai Synchrotron Radiation Facility, SSRF) IHIE X G RAZR L8k mf
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Table 1 Performance parameters of SDB

Specification Design goal Test result

Photon Energy >20 keV >20 keV
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Single Pulse Flux (White Beam >1X10° phs/pulse @ 6 mm Gap, 3.2x10° phs/pulse @ 6 mm Gap,
Mode) 200 mA 100 mA
Single Pulse Time Resolution 420 ps 190 ps
>2 X 108 phs/pulse @ 5 mm Gap, 1.9x10° phs/pulse @ 6 mm Gap,
Single Pulse Flux (um Focus Mode) phs/pulse @ P
200 mA 100 mA
Minimum Focus Beam Size (only
10x10 pm? 5.5%4.6 um?
available in M- hutch)
Time Resolution 0.6 us @ XRD 92ps @ XRD

1 SEHE) NI F LU NS N E L L0 uh

HEPS /2 WHH 55— & 5 VAT AR R AR SOEIR, 23 B X O Ads FieE R 58
JEws AT YEm SRS ERE . SDB /& HEPS B b B+ U sk Lkutiz —» 73 1 HEPS =t T
REfE. Mo AT ERIIL S, OB, e IR Bt 2 MOLRER S X R REIX, AT
SEHL B AD-ZERDI (8] 73 e . KA A - RS 2 B M RERAE, DRSaR(&R . # fTit 22 &
Zitrizli. SDB &4 KE 220 m FIRK AL, EAMAI M. B AN =058, 705K R E
(IS5 TR AN FIREE HARISIe it e, Horh BEBSOGIR £12 200 m [’ 3A 50 L M1E /& sh 25 nék
e, W 1o LOWIE R KA 18] AT 3o A R TR N BB o6 1 2, ARSI 0 7R SR IE 6 EOK Bk X 5
HOLHRSE, SERITECAREATS v T, AT S N APRLE S FF . BOESESIES B
AL BZS WIS, IO AL 235 7 AR T 45 S5 VR BE ) STk
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1 Z5K BN Jy 24 2l R sl AN 3RS g vl A1 = B
Fig.1 Layout of the Structural ics BQamline (SDB) and the dynamic loading experimental station

1.1 X B4R

HEPS fifi {735 B 7 At 96 GeV, HENBITHRE VR 100 mA, Z5150) )15 28wk A%

R U112 fiK R PR K B 3% 2% (Cryogenic Permanent Magnet Undulator, CPMU)
PLipE 2 AE = RE XD EEPTER, HSENE 2. U2 NI G, FEPGEEEH 20-28

V. 2 HATE PR ERAHRERM S CPMU. U14.2 ATSEH 43 keV Jt
I, ATSEIIEANGE B A AR E B oA (W1 21.7 keV A 65 keV) , B2
4.2 PRI Hh 4 .
2 SME R & uh CPMU 3%

Table 2 CPMU Parameters of SDB

keV, j:/_\El!."f/\ E'_‘
TR R
FinA U12 1

U112 Ul4.2 Unit
Minimum Gap 5.2 5.2 mm
Periodic Length 12 14.2 mm
Number of Periods 166 140 /
Undulator parameter K 0.36-0.91 0.55-1.32
Peak magnetic field on axis B, 0.32-0.81 0.41-1 T
15t Harmonic Photon Energy 20.9-24 14.4-20.9 keV
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1%t Harmonic Brightness 4x10%2 2.7x10%2 phs/s/mm?/mrad?/0.1%BW
15t Harmonic Central Cone Flux 7.7x1014 1.4x10"5 phs/s/0.1%BW
Power 5.88 8.88 kW
Center Cone Angle 4.88/3.71 6.83/6.05 prad
Equivalent Light Source Point Size 9.68/2.78 9.82/3.22 pm
10" F T T T T T =
C = CPMUO1 FluxDensity-Energy 3
C = CPMUO2 FluxDensity-Energy -
— 15
S 10°F =
=1 - 5
m B ]
O\O = -
L] n -
o
T 1°F 3
IS C :
"; i i
= _
> 10 F
‘@
C
(]
[a]
5
T 10°F =
11 1 I I I ]
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Harmenhic’Energy (keV)

B2 ksl 715 et 1 e - ST R I 22

Fig.2 Photon energy—brightness tuning curve of the Structural Dynamics Beamline

1.2

X S B G B T et i Xt KA B il WA 51, B NER B TR AL 200 m [ BhA
g sRIe s, AT Ry E 3, \ ozl oA s KA R R EE  (Water Cooled Adjustable
Aperture, WCA) . AL W45 (High Heat Load Chopper, HLC) . ZZEH A3 (Double
Multilayer Monochromator, DMM) . HJGHRITT (White Beam Shutter) B4 E &4 KA F A
(Compound Refraetive’lens, CRL) .

SERI BN AR IR X S 2R FRUACK A UR VA A 15 pradx 15 prad £ 70 pradx70 prad, KAKE
AT bR BRI Rl oA B4R AT ZR B KT B R s i 2 ALKV B PR T T BRI R 20
Fouft BRI, P B3O 1 2 B IR AR BN 2 E B B 2%, WS =N RHIE R
[X 21.7keV. 43 keV. 65keV HIRERDIHM, RALHTELIN 2.8%k0; PIHENIA R EITHES
Al MO, BEAFRERESR A S, BAFRBEER X SR ERININ L WERIFE S
R MFTAFEIEHERNTR, RAEBEY (1-12mm) « EEEREE (100-500 pm) FIZHER A
(<100 pm) ZF77 30528, WK 3.

' B A AU I /K7 AT DG B SR, B T B S WA B RLAE, A S ARG T
i, A SEIRE B ORI AR E P, EEH T RIS LER: MOKRER A S &N
ABEHHERGH, SRR FRERMHZ BRAORANARE CRL EHEAE, LHZ M
Mo ZEBERNOTCK I EEDIRE,  FH T T R AR AT 5 S5

=3B FHERE R RENTIS TR
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Table 3 Parameters of the focused spot at characteristic energies for dynamic loading experiments

Photon Energy/ Focus Beam Size/ Flux/
keV um? phs/s
59.4x56.2 3.5x10'°
21.7
218.8x175 3.6x10'°
5 84.2x35.2 4.7x10"
240.6x265.6 5x1013
65 98.4x30.4 1.2x10"
197.6x261.8 1.3x10"
CRLI CRL2
ﬁ it
HLC /'t

3 SDB s B SR LA Te A R K

Fig.3 Schematic layout of optical elements for dynamic loading expefimentat'SDB

1. 3 BIASINEL L0k

AL A4 SDB A NS85 (L-hutch) B8 IR B0 A7 T BE B9 6 IF 5 20 200 m
A DESCIGMR, mEEILE 1. SDB WRHEF LG KA, BLE 1 2R RIS TE, Jf
HA 7 10 RGP AT LGS S RHIE P RS 4 s 46 I8 XA SRR AR MBI 55

L #ERIT R Sh A I se i & B, 9 7 BRI BB %, MRS B X HZotH 771 1)
KEEH 23 m, 4 RAKCFRAERAE 7R LM E28 0, MR &R ERER 1 4 m REHF
AN T BRI BN B, @ A RO e, JF AT BLRIE Ve 2 38 1 - B i+, HAr
CAC B 1 2 Fhaha ek B B4R md 4kns Wiz bl Ve Bl I RE 70, W03k 4 Fos. 42
12mm A1 20 mm PLRCEREN 8 5 g AR/ AT S 44 500-10000 s A8 A — 2%/~ 2% 20 mm A 5T
FARER M AT S 100-4000 my/s ks B INAR, 2 B — U U TS B BT 17 & R ) B
B, A&/ 8 mm HARE M AR SN AT 1), G BRI RO 2 8

(Laser Doppler Velocimetry, KDVQ) AR EENI&E R4t F 08K 1053 nm I EEBOCMEREE, #

Jik bt RE BT IR 100 J@LS ns, LA (AR AN ZS (AP Th e, PIARMLTE m R AR E R (>107sD)
OGRS IR 2 A, JFIC A AR = SR 351X (Velocity Interferometer System for Any
Reflector, VISAR) ZEIH ARG

x4 MBRESHR

Table 4 Parameters of Loading Equipments

Loading Equipment Specification Parameters Loading Capacity Strain Rate (s™)

Loading mode: compression

Quasi-static loading
/ tension; 0.001-5 mm/s 104~10!

systems
Maximum load: £5 kN
. . Drop hammer mass: 2.5 kg; )
Drop-weight loading Impact velocity: <4
Maximum loading height: 1 10~102
system m/s
m
Split Hopkinson pressure Bar diameter: 12 mm and Impact velocity: <30 102~10*
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bar (SHPB) 20 mm m/s
Split Hopkinson tension Bar diameter: 12 mm and  Impact velocity: <30
bar (SHTB) 20 mm m/s

.. . Projectile velocity:
Miniature gas gun Bore diameter: ®8 mm
50-350 m/s

_ ) Projectile velocity:
Single-stage gas gun Bore diameter: ®20 mm 104~10°
100-1000 m/s

Projectile velocity:

Two-stage gas gun Bore diameter: @20 mm
500-4000 m/s
1053 nm;
) Maximum output energy: )
Hundred-joule laser Loading pressure up
) 100 J @15 ns; =107
loading system to hundreds of GPa

Pulse width: 3—15 ns, with

time shaping function

1. 4 ERFIRN RS

X T AN AR IS AN B AL LI TT, R AR ) SR IR DR EAT PRI D ) R, A
IR FE I RIERII 28 Gt 52 S5 ¥ 50 77 A 2R ot S B A 70 .- SDB-HISE I AR GEK HI 172 HEPS Jilid 25 #4 H
W RER R4, ATt S EM RERE SR AL M ANE S, ULRGRERDIER R
REVEU A RAF T, PRIE 10 ps FERAEIR A 6 ns A IRAELS 1) R GG -

sy [T b lSEANT Lo LT
HLC J—I—l;L ,,,,,,, J—L
ms Shutter Trigger ﬁ
eray o the Sample 1[1]]

Dynamic Loading Trigger ‘

Detector Gating Trigger 1 H

Detector GatinggTrigger 2 H ‘
Detector Gating Tfigger 3 H |
Detector Gating Trigger4 H

4 SDB HZk A A IS 56 73 8 BRAR NI 7 2

Fig.4’Schematic diagram of the frame-by-frame imaging detection timing sequence at SDB

X G 2 B BT R IR R M A 77 1%, R Ce:LuAG. Ce:LYSO %5 St A4 R IN SR A40KE X 5
LA TT WO, HIEMIE SR A RO G RGUHAT R, DLSEHLAL 6 ) AR 2 TR 2>
HEAR, I H I TR 23 R B TR A B WU, 0 BAD I TR 0 A, USRS B K o BB 73 R R
W7, PR EThRe AR 2 (B0 4) NS RIG R RMNL, (S BNLAGE R 1 ThRese
Bl e IHOCRCR, B MEIRN 2R R, F R B LR 4. X ERAT S S R
FH i UATAR 7345 2% MR SR I 2% Keck-PAD (Sydor) #EAT ELHE:HRM, TAETE 10MHz i A5 =i ml
TR IESE 8 SRR, i AL RS TRIFE RN AL B0 B0 B ik SR U O In B AN UM N3 ) S 30 5 oK o 5K
et () BRI A5 MRS RO R T3R8 5. fERERRE, ZFHRIN T BOE T RIS 2RI RE
71, TS ARSI AR AR BRI ET AT 78 70 S AN B R AL SR I 7oK, AR [R] 79 7 A< A0 4
8] 73 B R hn 5 WK 6.
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x5 RMFSHIIR

Table 5 Parameters summary of X-ray detectors

Minimum Maximum

exposure frame rate/
Application scenarios Pixel size/ time or pfs
Detector . .
pm? integration
time/
ns
Medium-to-high-speed High-speed CMOS video camera
o 20%20 159 200k
imaging SA-Z (Photron)
Ultra-high-speed Ultra-high-speed CMOS video
imaging, single-shot camera 30%30 100 ™
imaging Kirana (Specialized Imaging)

High sensitivity sSCOMS 4-frame
High detection .
) ) video camera
efficiency, single-shot ) 9%x9 3 13.8M
MF-QF-VIS-H20-F-297( Intelligent

imaging )
Scientific Systems)
High Frame Rate Integrated Pixel
Single- shot diffraction Array Detector 150%150 0.092 10M

Keck-PAD" (Sydor)
*Quantum efficiency > 90% @ (20-65keV), Dynamic range~1953

7 6 SDB #h7SINE LG uh B L E SRR R EE R TR 2 PRI

Table 6 Resolution specifications of the SDB dynamic loading'€xperimental station in white-beam and micro-focused modes

White beam mode (20-200keV)

FOV 13mm 10mm 4mm 2mm Imm
Spatial resolution 13um, 10pum 4um 2um lum
Temporal resolution <] 00ps* <100ps* <200ns 1~10us 5~20us

Micro beam mode (20-70keV)

Photon energy 21.7 keV 43keV 65keV

Temporalteselution 92ps* ~lus ~5us

*Determined by\the X ray single pulse duration.

HEPS KRN TS 648 HH i re B R 63 A (3k 28 WD 1 K ok [ ey v i S X
(Bl 5a) , S5K98) /123 2k (E 2 sR A1 v e FEAR 20T T e i FUAIC I [ 23 3 () sh A I d e ier (s
SRR, TEKR ] e A U B R SE 56 CAnos InE R S n ) , Z TAEBUT
B R oy B Re e, HI X R ERBk P SRR e, A E AP E . HEPS I CARE IS AT 28 S BIE N
3, Bk S I AIBR A 162 nso SRR SEIG H, S BTt 5 Fob =R R TS, DR
PEEEICIE R RERIUES, PR X S Eetif, DR, s Bk, PRI 56 R #s R AR
T A I B R . R P A 4 B Pk AR SAE A I RREAERAE SR IED . FoRER R
I\ AR BRI B R A R AS S SR Bl fil R I 2 DA 25 8 A5 5 O e, R AR 1 A% e R
)RS 75 R B AR B EIR . [ 5(b)AN(c) N 28 63 R IR 2 B ik ysb A% 5 3 (0t i 28, L
Akr (EMEFFS) RIER G R, RADOETERIT ) 40 ns () Ce:LYSO NERA (500 pm, % Al
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), HF 28 AR Mk rR RIS, H RS T AR L 63 AR AR I H 225 5L A A e 41
R

e e LN .\. t”"‘; /‘*'""‘"--..,,
‘(1m5
‘ .\ "lf T2ns \\\
L ] o p! f
| | by § f
* * 3 P |
I' . L] ® 1
\Q 28 Bunch »"‘ '.\H\ 63 Bunch p. ‘\ High-brightness mode
"o o o ® ..“... \
(a)
1200 '
\
635 7 yARS | \ N\
\
1000 y
§ £ 630 VAR N |
= g ¢
800 625 N
]
’ 1nSl\ﬁt? " ’ . e ;_ 4 . g L)
Slice
(b) (c)

Kl 5 HEPS yE ML S kb MR 8 (o) 28 WML 63 MU A e E AR (b)) 28 SRR S fik e
BAZRBRFE AR ZL (o) 63 TRTRLARSE Bkl i 1 05 B2 47 4 b 2
Fig.5 Schematic diagrams of HEPS injection modes andssingle-pulse detection: (a) 28-bunch, 63-bunch and high-brightness
injection modes; (b) scanning curve of single-pulse imaging intensity under the 28-bunch mode; (c) scanning curve of single-

pulse imaging intensity under the 63-bunch mode

2 &S

SDB 7ERE AT WA IS — R IR A PERE RSB0 R, £ TR AR IE S R . ik
PR IE A SR 7 BN AS AR BBk AT S S5 UG IR SR I N BB R R SN AR L s L A AR
NS AU L FH 7 75

2.1 ELEHRIT B SIR X FH&HEH4 A& (X-ray Phase-Contrast Imaging, XPCI)

WGt AR BT KWL SO A AEN LI R R B0, DR fRaIE KL e 1) 22 4l h, B B
QEfH“EﬁiEI13T§ﬂnéﬂ4\9ﬁlhi"éfh FEHEA B R4 (Engineered Materials Arresting System,
EMAS) 21, EMAS 81 R R /K Je Sl e N Bl iE, 7318 P4 10 KL REAE 128 Bfe i IR 05t 2 FLK
e B LAEL, Bl A AR A ORI, KRR e A BRI 2 FLEE R, HAEShE N
B/ AT AT AR =, ﬁﬁﬂﬁ%?%ﬂﬁﬁiﬂﬂ’]ﬁ%ﬁﬁn‘? B, L2 TAE. 75 SDB
15 2 2UE W 4 A% AT (Split Hopkinson Pressure Bar, SHPB) [ A] PLSZHIN A3 103-104 51 Y [l A
MBS i nEL, 456 HEPS (1568 X 2 n] LASEI 2 LK Ve RE A BB AR T AR5 AT A 1R PRk S5 A MR
A1,

K 6(a) e & 2 BRI 2 FLK Vel (FLERHN~20%) £ SHPB JI#E (RA240 1800 s
D AR B AS A TN S SR AL X S AR AR A AR T B . 12 S, s AR B S
100 kfps, B2 K/INN 20 pm/pix, EH 153Gk, BB HAZ R PR N~13.33 um/pix, FILAIR
FELE AR RS )RS 4 mmx4 mme A& 7 Ha] 53] 2 FLK P I FELE SHPB INER T A& A He bt
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W ANBERYE: INAATH (0-50 ps) B SRt i £ bic (¥ 32 SR80 B WA A DY S 8 A JF 1 ke Aot X
SEAH, W SEERAR D BRI FLIRI N80T 8 SO ERE , IR ERGUE e 2 FLIR AL 5 K AL BT DI
s NEH (60-110 pus) » N FIANS I LRSI &, AEBUREPTIIE B =M I BIR X
s, HABRIR XA P AE PR IR AT A TR Ptk e (120-170 ps) 5 SR At
FERE SR 2 RPN E S, X 5500 SRR AR} ) B I A AR AR AL 1 6(b)H,
BRI 22N 1 S 2 2 PSR PR BOMAR LR S PR R BL, A8 2R 9 52 i DR PAY & 45 e A T
BN AT R o S0 A 8 = IR A MNP 2 A BRAT, JFE B4y iR E R .

(a) (b) 60
c
o
8 .
5 o
[e)]
=
S = 40-
3 o
£ )
(@]
=
; 3 201
£
(@)]
{w
= L
1S
[V}
0 . ;
0 5 10 15

! Engineering strain (%)
6. ZFLKIRRFETE 7 B VE W S AR BTN (1800 s/ Wi Ba) B A A5 4% ik P2 J 487 X S 2 R AR 4 15 45
FA (o) TR /P A 25
Fig.6 Experimental results of a porous cement specimenssubjected t¢ SHPB loading at 1800 s™': (a) XPCI captured dynamic

compression process; (b) Enginecring stress-engineering strain curve

2. 2 SBIER I EASIE XPCI

DTG A AR Y B B M A G i 2 — TS e A S (b, FEHAE) R
R SRrhHsE i, HRphasgnel S ARSI T N EA AR E L BT T AR 5
B, 4R A2 PG IR IR Se s, USRI RIRERIBRIE . AT [R5 iR ATt
PR EE EARR G, Y REBE AT A k) P9 5 3 1R A 3 25 0 R S it J5 A7 i s W el

10
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-«—— |mpact direction

Impact direction

BEER. @I T BRI E R LI R EE R . (o) BRI R T R BB AR B R A 250 AR 45 R o AHRE AL
RIS 18] (]R8 9 10 p
Fig.7 XPCI captured ballistic impacts of 1 mm-diameter steel sphere p

K7, BIREHEEMEHE | mm BEARMERLIZ) 200 m/s EEE’J%%N’H}%?@ SRR SR XS R ARIEAH A 1

-

aAn{BR-based materials. (a) BR (b) Cu powder
frame is 10 ps

reinforced BR. The interval tim e

fﬁﬁm%8mm¢ﬂ*ﬁwiﬁﬁﬁﬁmT“§%"l%ﬁﬁ%ﬁmT%%ﬁ%%%ﬁﬁ%
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Fig.8 Experimental results of 6061 aluminum alloy subjected to plate-impact loading at a velocity of 400 m/s: (a)-(c) In situ

XPCI results captured spallation process; (d) Profile of free surface velocity
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Fig. 9 Time-résolyed2D-XRD patterns of the TRIP steel during SHTB loading: (a) t=15 ps; (b) t=45 ps; (c) t=75 ps; and (d)

1105 ps (sample thickness: 0.5 mm; exposure time: 2 ps; acquisition interval: 15 ps).
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Fig.10 (a) Local azimuthal integration profiles of the TRIP steel4within the horizontal +20° sector at t=15 ps and t=105 ps .
(b)-(c) Gaussian-limit pseudo-Voigt fitting across, the, complete 8.0-9.8° peak region at t=15 ps and fitting of the
corresponding peak near 8.7° at t=105 ps .
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(@) t = -72 ns (Static Initial State) (b) t = +72 ns (Thermal Strain)

(c) t=+216 ns (Melting In-progress) (d) t = +432 ns (Fully Melted)

11 TiAl 5 R AEBOG MBS A 2 b i Sk et 1) 23 9 SR AL Lawe g

Fig.11 Single-pulse time-resolved in situ Laue diffraction of TiAl single crystals during lasersinduced melting
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Abstract: The microstructural evolution of materials under dynamic loading is closely related to their
macroscopic mechanical behavior, and real-time in situ characterization is of critical importance for the
development of advanced materials and their applications under extreme conditions. The dynamic loading
experimental station at the Structural Dynamics Beamline (SDB) of the High Endergy Photon Source
(HEPS), a fourth-generation diffraction-limited light source, serves as a dedic¢atéd dynamic probing
platform with significant enhancements in photon energy, flux density, and temporal/Spatial resolution. The
beamline covers a photon energy range from 21 keV to over 100 keV, and,delivessra single-pulse photon
flux of 3.2x10° phs/pulse in white-beam mode. Leveraging the high-charge.bunch injection mode, it
supports multi-scale in situ characterization with time resolutions spanning from milliseconds down to
hundreds of picoseconds and spatial resolutions ranging from centimetersscale fields of view to micron-
scale details. The station is equipped with a variety of dynamie“loading devices, including gas guns,
Hopkinson bars, and a hundred-joule laser system, and is integrated-with multiple detection modes such as
X-ray imaging, diffraction, and combined multi-modal probing. This paper systematically presents the light
source, optical design, loading apparatus, and timing/detection systems of this experimental station.
Preliminary application results from typical impact experiments, including in situ high-speed phase-
contrast imaging of foamed cement compression, ‘penetration of rubber composites, spallation of aluminum
alloy, and dynamic deformation/phase transformation of stainless steel, are demonstrated. These results
fully validate the unique capabilities and broad application prospects of this platform for revealing cross-
scale mechanical responses and migroscopig,evolution mechanisms of irreversible dynamic processes in
materials.

Keywords: synchrotron radiation; insitindynamic loading probing; X-ray imaging; X-ray diffraction
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